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Abstract

In this study, a combination of sorbent tube (ST)-thermal desorption (TD)-gas chromatography (GC)-mass
spectrometry (MS) was used for quantitative analysis of liquid phase standards of 10 BVOC ((1) (+)-c-pinene, (2)
(+)-B-pineneg, (3) a-phellandrene, (4) (+)-3-carene, (5) o-terpinene, (6) p-cymene, (7) (R)-(4)-limonene, (8) Y-
terpinene, (9) myrcene, and (10) camphene). The results of BVOC cdlibration yielded comparatively stable pattern
with response factor (RF) of 23,560~ 50,363 and coefficient of determination (R?) of 0.9911~ 0.9973. The method
detection limit (MDL) of BVOC was estimated at 0.03~ 0.06 ng with the reproducibility of 1.30~5.13% (in terms
of relative standard error (RSE)).

Emissions of BV OC were measured from four types of fruit samples((1) tangerine(TO), (2) tangerine peel (TX),
(3) strawberry (SO), and (4) sepals of strawberry (SX)). The sum of BVOC flux (2_flux (BVOC) in ng/hr/g) for
each sample was seen on the descending order of (1) TX=291,614, (2) TO=2,190, (3) SO=1,414, and (4) SX=
2,093. If the results are compared between the individual components, the highest flux was seen from (R)-(+)-
limonene (265,395 ng/hr/g) from TX sample.
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Zo M= A7) A-el S v Faod dr]ed
E-o| gt o] 52 A FE-2 benzene, tolu-
ene, xylenes} 312 WHeEE AR5} 3Le] o3 71|
21913 w34 (anthropogenic VOC: AVOC) o 2 3E]
kAl gke} (Piceot et al., 2012). o] ¢} wlrix =2
%, 323 o] AAH WEYosne PP 44

=3 71
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& 3l isoprene, terpenef2] Ak FLA7
312 (biogenic volatile organic compounds: BVOC)
whg gke} (Wright et al., 2005). o] 52 <1$]%] wl| &
o] &R = 100 252 238 FER
W Ze] o] Fofx= oz oA it (Zemankova
and Brechler, 2010). 2003l 3 A #| el A bio-
genic non-methane volatile organic compounds (BNM-
VOC)E =43+ 73}, Azt hAgkel 29.6 Tg 5 iso-
prenee] 33.0%, monoterpenese] 25.5%, other volatile
organic compounds (OVOC)7} 41.5%% x}x|s}sich
(Poupkou et al., 2010).

7] Zel W% BVOCE: Ak} A< Axd
@z e 23 29EAe ANl FoF 4TE
3}7] = gk} (Pirjola, 1999). 1314 A4 58 E3)A]
AtdA oz WAsH= BVOCE AVOCS 2e], 84
& Aol peke Fushs Zle] folax shek(Byun
et al., 2005). w}e}r] BVOCS] Hhy 9l Exoj ofst
ARH AuAAE FEHE A 714 Bel)
FR23 715 AAME Aoz ik 4 gl

Yo of
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thre) el A7 As S osh Urat 3 R
o] Hel} oA FelM = At 452 BVOCE
Asl= S o & gt} (Fares et al., 2012; Jouquand
et al., 2008; Soares et al., 2007; Tarvainene et al., 2005;
Matich et al., 2003; Bowman et al., 1997). 3H73 7] =
2] BVOC:= AVOCe] ]3] o}7] BA7]<42] A =3
2t A A o] =3 A ot} mEbA] o] Bl Higt
&1 W E5A2 WSt el diste] AFeket A
FARE 3R 4 oy HAAAE s A
o] Folxe} Fa3dj)

¥ dAFelr= BVOCE A&st AeFwMAA +
%9 FaAe hdste] BVOCe did BA47|¢&
gkt A Frhska gAst At et o=
918, BVOC?| iAol 714 nl- o= A48l &
ZE vl dekzk (ST-TD)HFAle) 7)ukgh 3A]7)<49]
718A Q) AxHe] EAS AATFAZE o] 83|
A Ved FAeE ARt skels 18
o]d] ¥AM7&e] AAS Edz JdF AdA=E
o] &3] A gel gt wiEwke] A A=
of Hgstaat st o]Hd AT HH B3],
cheket vla AEE 28kt 53], BVOCe] A+
1 #4E 9% ST-TD #4714 A3 ARde
A} A BVOCS] 3488 7k Aoz o
o3 Zhmel 4] wla #4sslch
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Table 1. Basic information of 10 target BVOC and 2 reference AVOC investigated in this study.

Order VOC type Compound MW (g/mol) Formula CAS number?
1 (+)-0-Pinene 136 CioHis 7785-70-8
2 (+)-B-Pinene 136 CioHie 19902-08-0
3 a-Phellandrene 136 CuoHig 99-83-2
4 (+)-3-Carene 136 CioHis 13466-78-9
5 BvOC o-Terpinene 136 CioHie 99-86-5
6 (target) p-Cymene 134 CioHus 99-87-6
7 (R)-(+)-Limonene 136 CioHis 5089-27-5
8 Y-Terpinene 136 CioHis 99-85-4
9 Myrcene 136 CuoHie 123-35-3

10 Camphene 136 CioHis 79-92-5
11 AVOC Benzene 78.1 CeHg 71-43-2
12 (reference) Toluene 92.1 C/Hg 108-88-3

YChemical Abstract Service number
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(2) (+)-B-pinene, (3) a-phellandrene, (4) (+)-3-carene, 2.1.1 528 =
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Table 2. Preparation of liquid phase standard of 10 BVOC and 2 reference AVOC for the ST/TD/GC/MS-based analysis
in this study.

(A) Preparation of primary standard and working standard of 10 BVOC and 2 reference AVOC
(+)-0- (+)-B- o-Phell- (+)-3- o-Ter-  p- (R)-(+)- Y-Ter- Cam- Ben-

Compound Pinene Pinene andrene Carene pinene Cymene Limonene pinene Myrcene phene zene Toluene
Primary Con‘zsor)a“o” 990 985 9995 900 950 990 990 985 950 950 995 995
grade 8
chemical ?ge/r:g 086 08 085 08 08 08 08 08 079 085 08 087
Volume(uL) 40 40 40 40 40 40 40 40 40 118 50 50
Methanol 560 3060 3960 3960 3960 3960 3960 3960 3960 3882 3,900
PS volume (uL)
Co(r:ﬁiim)'o” 8494 8580 8496 7,713 7952 8514 8336 8373 7,515 2375010,920 10,771
Volume(uL) 400 400 400 400 400 400 400 400 400 200 400
Methanol
1st WS volume(uL) 15,800
CO(?;‘E)'O” 170 172 170 154 159 170 167 167 150 238 218 215

(B) Preparation of final (2nd) WS(1.5mL) of VOC for 4 point calibration
Mixing volume(uL) Mass(ng)

Metha- (+)-a- (+)-B- o-Phel- (+)-3- o-Ter-  p- (R)-(+)- 7¥-Ter-
nol  Pinene Pinene landrene Carene pinene Cymene Limonene pinene
50 1450 283 286 283 257 265 284 2.78 2.79 250 39 364 359

100 1,400 566 573 566 514 530 568 5.56 5.58 501 792 728 718

200 1,300 113 115 11.3 103 106 114 111 11.2 10.0 158 146 144

4 500 1,000 283 286 283 257 265 284 278 279 250 396 364 359

*BVOC injection volume was fixed at 0.5uL

Cam- Ben-
Order 1st WS Myrcene phene zene Toluene

W N -
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Table 3. The instrumental settings of GC-MS and TD used for the analysis of BVOC in this study.

GC (SHIMADZU GC-2010, JAPAN), MSD (SHIMADZU GCMS-QP2010, JAPAN)

Column: CP Wax (diameter: 0.25 mm, length: 60 m, film thickness: 0.25um)

Oven setting Detector setting
Oven temp: 40 °C(5min) lonization mode: El (70 eV)
Oven rate: 5 °C/min lon source temp: 230 °C
Max oven temp: 220 °C(9min) Interface temp: 230 °C
Totd time: 50 min TIC scan range: 35~ 250 m/z
Carrier gas: He (99.999%)
Thermal desorber (UNITY, Markes International, Ltd., UK)
Cold trap: Carbopack C+Carbopack B
Split ratio: 1:10 Trap low: 5 °C
Split flow: 5 mL/min Trap high: 320 °C
Trap hold time: 10 min Flow path temprature: 150 °C
Sampling tube
Absorbent: TenaxTA +Carbopack B+Carbopack X (in quartz)
Desorb time: 5 min Temp: 300 °C

2%&29] AVOC A#E (benzenez} toluene)= 4]l
ZPSe PAow BFARE 2AS o] 259
7%, 99.5% o] A} Qo o] YL Ui & v

She-g olgstel WA NS AR 27 364~
364ng/iuL} 359~359ng/l B & FFoz ZA|
e,

2.1.2 EAMdH
BVOC= BA3}7] £)3)], Mass spectrometer (Shima-

dzu, GCMS-QP2010, Japan)E #-3H3t GC (Shimadzu,
GC-2010, Japan)¢} TD (Markes International, Ltd,
Unity, UK) Al 288 AL-8-3kdeth. TD Al2~E1e] 74,
Carbopack C2} Carbopack B2 1:1
] &=23} (cold trap: CT)S FAIsIAT STZ X3
g BVOCEAE2 & 3¢l #3151l TD #4 A
ez ddie frdt ¥, CTelA 5°Cz AL
FESHA 223 o] HHA] 300°CelA 10+ <t
22tz 9gFA-e Gx3le] GCE FYslath GC=
F9438 BVOC AEE2 CP-Wax 22| (0.25mm ID
x60m L, 0.25um film thickness)& %3] £2|=2
=315k GC2] ovend 40°Col|A] 587 #-#] % 5°C
ming] £&x7 (FF2xE 220°C)e= 1cycew
5048 =702 AT

Hyn| 2 &3k

2.2 84 A #
BVOCe] wi&5AE& 73]

=

29|

S13hed, QA

k=) 7] 33 8F 3] %] A 29U A 65

A 7 5 e F oS Fd(ZFH e =
A A EE EhEe #d> (D) 9
(tangerine), (2) =74 (tangerine pedl), (3) =7]3}&-
(strawberry), (4) =7]12413] (sepals of strawberry)2] 4
71 Fioz FRdte] BASIH. 4714 AR
o] AL &Y A Aoz wiEskE AV
918, 600mL =7]19] UAAE o] 83} A=
Fegg Hod)
o 3Rttt (1) 238 TO, () 24 TX, (3) =
71385 SO, (4) =713l SX&2 27]313 . o
o =7]e} #AAZ SO9} SX Alsy EF 10go=z
FHlste] 7]2AQ AsE AbEslelo 183 23
THT TOS} TXE A59] oFe] F71gel vt Al
Fo|A WA E= AEEo] oEA Wtel=A] et
3t wlasly] $lsted, 10g A& 2ol = 50g9] A=
T HxR Fuste] A A 8o Ak djn|gt uj
Z%2] WA= A FAsAH 212 FH)E 4
7128 adlE 2F 1008 7o Ao 2=
-—,‘3_-— 7“‘6}%17] “HT‘ﬂl 509 /‘LLL = 719 tﬂﬂrx}i

435, 4
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Order 1 2
Sample name Tangerine Tangerine peel
Sample code TO X
Sampling date 2013-02-22 2013-02-22
Anaysis date 2013-02-22 2013-02-22
Weight of samples (g) 10.6 10.1

3 4 5 6
Strawberry Sepals of strawberry Tangerine Tangerine peel
SO SX TO5 TX5
2013-02-22 2013-02-22 2013-02-21 2013-02-21
2013-02-22 2013-02-22 2013-02-21 2013-02-21
10.0 9.65 50.9 49.7

Pictures

A5 AA
99.999%)= 100 mL/
min 402 287 EelF @ IEEENEORE

ZHE] ]| Zo] o]Ro]A|= ztzke] Y A2 ujE

23 TD-GC-MSe] #A4o H8317] $)3}led, 0.01
mLellA] 200mL 5Hg A2 AFHeteo AF s
Agx F33 (ST FYste] F2A]7]22 320°Cell
A AghEH(TD)AIZ] & GC-MS= 2A3ige) &3
SHel FA7)9] Ags F9T e FFRH|
g4 AA7IAS 50mL/minel| A 427F E 5],
Ao 9 ¥ 498 Aok 2

_Pl'

tlo ot Jé‘:

5& mlolv

A}

rﬂi

BvOCSe| 2 o Hraae|

& % BVOC A&Ee] A3 GC-MSHA 9
2o 94, 1052] BVOC A3} 2%9) rﬂﬂ]g—%
Bl U AYFAE AR 2 =

100 mL/mine] §-&o =2 5871 AA7 }.4% o
= ol AALL AR S o] L3l 4|2 =
= F03 2FARE 7 05uLF FAB 73
o ¥4 }aiu} BVOC 2428 o 43 A% % 2
2 Tenax TA, Carbopack B, Carbopack
Xg 77 50mgE 34 3% FAFRE AL
ok A Ee] Bel: wax Alde] 2] (CP-Wax colu-
mn, 0.25mm ID x 60 m L, 0.25 um film thickness)<&-
Ak o) Eel g Zledel AdelE 9,
w7 23817 (method detection limit: MDL)$} AFe) &

J

%2 2} (relative standard error, RSE (%)) 2 AF&3}4)
o} (A =2g]el] tak HlEAel AR olg 3.1 A
AAFAEE) o] W BFEARE o g3te] AT A
ZF QA= myrcenes 7|Fo 2 501ng/ul $F2)
2FAEE % 33) 13 FHs A RF A%
RSE) 7k =3 5% m|Rke] k53t 3t gxsled, 34
Aol g AR i A% 5s B

B A7 =ARNAF RS disk W AHESA
s A 2EAR F 4 e Aeael
dulscol 3|8l A& (myrcene’| & 1.25 ng/uL
benzene7|& 1.82ng/uL)ZE 0.5uL=rE 73 HkE
Q3te] Aabg AbEsioich. 1 A3 &A= 29pg
((R)-(+)-limonene)*l| A} 61 pg (o-phellandrene) 2] = 9]
= vebgeh AR FU¥sE 10mLz AT A
% o= 27t 59} 11ppte] B-& ol e

>

. 8t o EE

3.1 BVOCS| HUEN

BVOC 1059] E4lol| o3t A=A s I A8
H 7tx g onsl= 31-$-¢lA} (response factor: RF) =
g 4 gl 105 AR RFghS i+ 37,981+
7,060 18)3 FIAE AVOC 2329 RFLS s
28,942+15118 3tw3lgtl. BVOCY 7= FH1
Bl 7t= (benzene (RF: 27,873), toluene (RF:
30,010)) R} ofF 31.2% &A1 vielytet A A
o b3t EA B 10+2717] AR RFgES 13
2A9) A A8k 77} 7e] o-phellandrene(23,560) < ben-
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B (+)-o-Pinene
X Camphene

® (+)-B-Pinene
X (+)-3-Carene
& Mycrene

+ o-Phellandrene
A o-Terpinene

= (R)-(+)-Limonene
O y-Terpinene

O p-Cymene

© Benzene

A Toluene

B (R)-(+)-Limonene

762 <A™ - 37"
2,500,000+ (A) y((+)-a-Pinene) =37,859x
R*=0.9971
y(Camphene) 35,115x
R*=0.9947
2,000,000 y((ﬂ B-Pinene) = 33,606x
=0.9938
((+) -3-Carene) = 38,424x
RZI\ZO ey = 25,671
§ 1,500,000 Romosont
s y(a-Phellandrene) =23,560x
R*=0.9952
§ y(a-Terpinene) =40,206x
1,000,000+ R>=0.9916
y((R)-(+)-Limonene) = 44,570x
R*=0.9973
y(y-Terpinene) =40,440x
500,000+ R*=0.9926
y(p-Cymene) = 50,363x
R2=10.9958
y(Benzene) 27,873x
0 T T T . T : . R'=0.9991
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 Y(Z'I‘Olgl;geg)g_ 30,010x
Mass(ng)
35007 (B) TOS
3,000
n
2,500
o)) y((R)-(+)-Limonene) = 14.72x
£ 2,000 R*=0.9582
§ 1,500
1,000
500+
0 T T + + )
0 50 100 150 200 250
Injection volume (L)
y(y-Terpinene) = 212884x
5004 (©) TOS5 R*=0.9977
450 y(zp—Cymcnc) =0.7751x
4004 R*=0.9831
350 i/{(zl\iyor.(;s;;)=0.4286x
=)
< 3007 Y((+) B-Pinene)=0.3041x
g@ 250+ =0.9984
= 200 y((+)-a-Pinene) = 0.2283x
R?=0.9965
1504
y(a-Terpinene) = 0.0816x
100+ R*=0.9896
50 ~A  y(Camphene)=0.0107x
9 R?=0.9943
0 I:'a i T B y
0 50 100 150 200 250

Fig. 2. (A) Comparison of response factors (RF) between 10 target BVOC and 2 reference AVOC, (B) Relationship
between TO5 sample injection volume and quantified mass of (R)-(+)-Limonene, (C) Relationship between TO5

Injection volume (L)

sample injection volume and quantified mass of target compounds.

zene< toluene< (+)-B-pinene< camphene< myrcene
< (+)-o-pinene< (+)-3-carene< a-terpinene< y-ter-
pinene< (R)-(+)-limonene< p-cymene (50,363)<]

=718

8+3)x] A 29 A 635

B y-Terpinene
O p-Cymene

X Myrcene

A (+)-B-Pinene
© (+)-o-Pinene
® o-Terpinene

0O Camphene

Mz elgeh 7 22 FEE B9l p-cymeneo]
7} Fe 7k=9] o-phellandrene®c} oF 2vf A
vehge.
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Table 4. Results of ST-TD-GC-MS based-calibration of BVOC in this study: comparison of response factor (RF), deter-
mination of coefficient (R?), relative standard error (RSE, %) and method detection limit (MDL, ng and ppb).

Order voc Compound RF R? RSE* MbL

type ) (ng (PPb)°

1 (4+)-a-Pinene 37,859 0.9971 1.90 0.037 0.007
2 Camphene 35,115 0.9947 1.30 0.041 0.007
3 (+)-B-Pinene 33,606 0.9938 5.13 0.049 0.009
4 (4)-3-Carene 38,424 0.9929 1.60 0.039 0.007
5 BVOC Myrcene 35,671 0.9911 191 0.059 0.011
6 (target) o-Phellandrene 23,560 0.9952 249 0.061 0.011
7 o-Terpinene 40,206 0.9916 153 0.037 0.007
8 (R)-(+)-Limonene 44,570 0.9973 1.44 0.029 0.005
9 Y-Terpinene 40,440 0.9926 161 0.038 0.011
10 p-Cymene 50,363 0.9958 1.66 0.030 0.007
11 AVOC Benzene 27,873 0.9991 2.24 0.030 0.009
12 (reference) Toluene 30,010 0.9999 113 0.026 0.007

*Triplicate analysis of final WS(2nd calibration point: 0.5uL injection)
For MDL calculation, sample volume of 10 mL was assumed.

RPZk2 AA zA A 1259) Ao 25 0.99 of
Ao gk 13 2A9) 7o) FrsITh Rgke 7%
o2 ¥ A AAAE <3 vws R
BVOC #| 4 (R% 0.9942+0.0022) %} Z31A4)E (0.9995
+0.0006) 2 AFsHAl veRgel. BVOCe] gt 24
AE=E Al 2F22H (%, RSE)Z AH=3 A3, 3+
2.06+1.13%= elytar, BVOCS] v 7AE3H =
AF 419+111pg Fo= vepgd vparix =
25°C, 17]%%ell 10mL= =431, 7 0.81+0.20ppb
FEoz etk 271 FaARES] WEAHES
A (MDL):= 33 227+280pg $Fo= el
A 27 (25°C, 71sh & AAclsle] 10mLe A sdks
g3l BRE sx=2 MDLE 73Pd s 081+
0.17ppb +Fo 2 yepget. A3 o=z BVOCS] 1
WA FARETS ¥ 58 2o
7183l QA A2 ZH3h, & 4oA A A& nfe} 2
o] BVOC 452 Aoz AVOCSE fAksE 4=
Foz AFH HEEAL BTk

e Alme] EA F TO5 A Z2HE wiZo] o
Fo]z 7}~ Alge] ok ds) 1, 10, 100, 200mL 2]
4712 Rz AFsAo AFHE; kA AEs 92
A ] EAu 22 whger et o
23 o] o] &3fed, shte] A= el HA)
EFEAEE AT Al dnlsle] FFEARE =
Absksict. weba d%F2) FSC(F=AwH4): Kimand
Nguyen, 2007) W4lo2 59 F=o EFA|FA

23)% ZAAAT AN A A ol
=
=

TOSE FAMsth o1& B3, sweep gas A o= A
55 AT o, A5 AHFe] = Al A3}
Al Rkede] H& b gelsharat sisle. o3 Al
o] =

l

| F9133] 0] Wge] e 7]7)9) 7+ AFE plot
5L A3}, 23 2B, Coll A|A13F A= (R)-(+)-limon-
ene?] RFzLo] 1472 & Al (Y-terpinene: 2.29, p-
cymene: 0.78, myrcene: 0.43, (+)-B-pinene: 0.30, (+)-
o-pinene: 0.23, a-terpinene: 0.08, camphene: 0.01) %
of ¥l FAAsA Z g Helw L 1ExR
EAse A A 4 ok A A6 gt
H7ke R* 71502 & ), (R)-(+)-limonene: 0.9582
ol A (+)-B-pinene: 0.9984 ~Fo = HFA| g o] Az}
o mlsiAlE HefA At vl FudhA vebsio
RPgke] Aei- o vhe ARE F (R)-(+)-limonene,
Y-terpinene, p-cymene- 7H-g-q12H (RF)E arefsf &
o, mass 7| Fo 2 oln] I =i Aoz F
A},

_1

(

3.2 BHAIR £ BVOCS| 5% 2=

BVOC?S #FA&E o &4¥ Ax=dele AHrE
uigo g FH3E 47429 A RS AR
o} AR S =3 sweep gas HEE W 7|4
8= 39 A g6 93 BVOCY ¥ = xzlo]e} =7
£ Aksled, Alge] FEE 0.1~10mL7kA] A4
A =AM EAE. )8 EdE 1xxo=s
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(A) Concentration (ppb) of four fruit samples (TO, TX, SO and SX)

TO ~ % TX
= 357 @15 —é % 0.01 mL §
S 3 xiomL 2 < 5y elmL
% 25 24 .
g 29 . E 5] @ o 2 °
£ 5l £ o
3 . S 9
s 14 & @ 5 .
2 051 % 15
& o : . : . . 2 0 . : . . . . , ,
< & & < & < < & < < & & <
& & & & & & & & S & & & &
> & & d & & O & N & & S &
\'QS K /\}& ﬂe& Qgﬁ \pﬁ QQ’&Q %‘l K /«z& /\}\0 /&@& Qp%
& & « & ¥ «
€ &
Compound Compound
SO SX
2 351e1mL 3 357 ermL °
& 3{x10mL ; S 39 x10mL X
'5 2.51 E 2.59
- . Y 2
2 1.5 . , S 1.5
RS . s 1 X . .
2 0.5 2 054
g o0 . . . . . & 0 . . . . .
< < < ] < ] < < ] <
& E & & & & & & & &
;{" ®& \}&o &éQ\ /Cﬁ& /@gx ®£ \}&o &a&\\ /Cﬁ&
\X\ \x\/ < < \x\ \X\' Y <
& &
Compound Compound
(B) Concentration (ppb) of samples of five times more amount (TO5 and TX5)
TOS TXS5
—é 47 @ 1mL  x 10mL ﬁ —é 61 % 0.1 L
= 3.2 O 100 ML A 200 mL = 51 elmL ¢
= ® =
.8 S 4 L
g 2-; " o g ¥ o o M
5 15| ® w g, °
g & 2 L4
o o
S 05 " C 1
& 0+ T T T T T T T & 0+ . . T T . . T )
N NS & & g ¥ NS N < g ¥ < ¥ g ¥
& & & & R & ) 9 & NO & & & & & &
,wg\ @(‘& Seg\ KOS \}‘&e &@§ ,C\& ,@g\\ & 928‘ - &0&\ \}&9 &q‘&\ 'dé\
R & ¢ & « < & Q ¢ R « <
N &
Compound Compound

Fig. 3. Comparison of BVOC concentration (ppb) with different sample volumes.
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Table 5. Result of BVOC emission measurements from fruit samples: concentration (ppb) and flux (ng/hr/g).

(A) Emission concentration (ppb) of BVOC from four types of fruit sasmples(TO, TX, SO, and SX)

Concentration (ppb)
Order Compound
TO X SO SX
1 (+)-o-Pinene 12.6+2.12(16.8)% 2,170 16.2+2.37(14.6) 14.8
2 Camphene 0.73 82.0 0.73 0.73
3 (+)-B-Pinene 0.88 1,941 0.88 0.88
4 (+)-3-Carene 0.70 0.70 0.70 0.70
5 Myrcene 13.3+0.56 (4.19) 2,195+ 878(40.0) 7.88+0.05(0.62) 10.3+0.32(3.07)
6 o-Phellandrene 1.10 1.10 1.10 1.10
7 a-Terpinene 0.67 410 0.67 0.67
8 (R)-(+)-Limonene 1,257+213(17.0) 159,769+ 81,351 (50.9) 777+473(60.8) 1,120+575(51.3)
9 Y-Terpinene 132+1.36(1.03) 12,647+530(4.19) 52.3+2.08(3.98) 88.1+25.7(29.2)
10 p-Cymene 25.0+0.77(3.08) 1,055 16.2+1.50(9.26) 8.18+0.03(0.31)
>_BvOC® 1,440 180,269 870 1,242
(B) Flux (ng/hr/g) of BVOC from four types of fruit samples(TO, TX, SO, and SX)
Order Compound Aux (ngfhrig)
TO TX SO SX
1 (+)-o-Pinene 19.8+3.34(11.9) 3,605 27.1+3.96(10.3) 25.7
2 Camphene 1.15 136 122 1.26
3 (+)-B-Pinene 1.39 3,224 147 1.52
4 (+)-3-Carene 1.10 1.16 1.16 121
5 Myrcene 21.0+0.88(2.96) 3,645+ 1,459(28.3) 13.1+0.08(0.44) 17.9+0.55(2.17)
6 a-Phellandrene 173 182 183 1.90
7 a-Terpinene 1.05 681 111 115
8 (R)-(+)-Limonene 1,984+336(12.0) 265,395+ 135,133(36.0) 1,297+789(43.0) 1,940+ 996 (36.3)
9 Y-Terpinene 135+1.39(0.73) 13,587+570(2.97) 56.4+2.25(2.82) 98.6+28.8(20.6)
10 p-Cymene 30.2+0.93(2.18) 1,340 20.7+1.91(6.55) 10.8+0.03(0.22)
>.BvOC 2,190 291,614 1414 2,093
(C) Concentration (ppb) and flux (ng/hr/g) of samples with five times more amount (TO5 and TX5)
Order Compound Concentration (ppb) Flux (ng/hr/g)
TO5 TX5 TO5 TX5
1 (+)-o-Pinene 43.2+2.66(4.11) 4,540+1,039(22.9) 14.2+0.87(3.56) 1,527+ 350(16.2)
2 Camphene 1.87+0.12(6.17) 724 0.61+0.04 (4.36) 244
3 (+)-B-Pinene 53.4+4.49(5.60) 3,668 17.5+1.47(4.85) 1,234
4 (+)-3-Carene 0.70 0.70 0.23 0.23
5 Myrcene 75.2+6.90(6.12) 3,267+ 327(10.0) 24.7+2.27(5.30) 1,099+ 110(7.08)
6 o-Phellandrene 1.10 1.10 0.36 0.37
7 o-Terpinene 16.7+2.57(10.3) 417 5.48+0.84(8.89) 140
8 (R)-(+)-Limonene  3,561+1,671(23.5) 139,909+33,441(23.9) 1,169+549(23.5) 47,069+ 11,250(16.9)
9 Y-Terpinene 5474249 (22.7) 11,650+1,271(10.9) 116+52.8(22.7) 2,535+276(7.71)
10 p-Cymene 221+35.8(8.08) 2,759+ 1,366 (49.5) 55.6+8.99(8.08) 709+ 351 (35.0)
> BVOC 4,519 166,281 1,403 54,338

aMean-+ SD (RSE (%)), "Sum of concentration (ppb) and flux (ng/hr/g) of each compounds
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Fig. 4. Comparison of BVOC flux (ng/hr/g) from each of all four fruit sample types.
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(A) Comparison between different sample weights: TO vs. TOS
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Fig. 5. Comparisons of BVOC emission concentration (ppb)
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2 9T, 10: Camphene, 11: i-BuAl, 12: BuAc, 13: (+)-B-Pinene, 14: p-X,

1: PA, 2. BA, 3: MEK, 4: IA, 5: B, 6: VA, 7. MIBK, 8: (+)-0-Pinene,

15: m-X, 16: (+)-3-Carene, 17: Myrcene, 18: o--Phellandrene,
19: o-Terpinene, 20: 0-X, 21: (R)-(+)-Limonene, 22: Y-Terpinene,
23: S, 24: p-Cymene, 25: PPA, 26: BTA, 27: IVA, 28: VLA
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Fig. 6. (A) Chromatograms of BVOC the 4th point calibration of the final WS (25~ 40 ng for each BVOC: See Table 2) and

(B) Chromatograms of 4 samples (TO, TX, SO, and SX).
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Appendix.
Table 1S. Comparison of 4 fruit samples analyzed using different amount of sample volumes: Result expressed in both
concentration (ppb) and flux (ng/hr/g).

(A) Emission concentration (ppb) of BVOC from four types of fruit samples(TO, TX, SO, and SX)

Concetration (ppb)
TO TX SO SX
Order VOCtype Compoundsname |pjection volume Injection volume Injection volume Injection volume
(mL) (mL) (mL) (mL)
1 10 0.01 1 1 10 1 10
1 (+)-o-Pinene 111 14.1 0.67 2,170 14.6 17.9 0.67 14.8
2 Camphene 0.73 0.73 0.73 82.0 0.73 0.73 0.73 0.73
3 (+)p-Pinene 083 088 088 1941 088 088 088 088
4 (+)-3-Carene 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
5 BVOC Myrcene 129 137 1,574 2,816 7.84 7.91 105 10.1
6 o-Phellandrene 110 110 110 110 110 110 110 110
7 a-Terpinene 0.67 0.67 0.67 410 0.67 0.67 0.67 0.67
8 (R)-(+)-Limonene 1,407 1,06 217,203 102246 1,112 443 1527 714
9 Y-Terpinene 131 133 13,022 12,272 53.7 50.8 106 69.9
10 p-Cymene 255 24.4 0.70 1,055 17.3 15.1 8.20 8.16
(B) Flux (ng/hr/g) of BVOC from four types of fruit samples(TO, TX, SO, and SX)
Flux (ng/hr/g)
TO TX SO SX
Order VOCtype Compoundsname |piection volume Injection volume Injection volume Injection volume
(mL) (mL) (mL) (mL)
1 10 0.01 1 1 10 1 10
1 (+)-0-Pinene 175 22 111 3,605 243 29.9 115 257
2 Camphene 115 115 121 136 122 122 126 126
3 (+)-B-Pinene 139 139 146 3224 147 147 152 152
4 (+)-3-Carene 110 110 116 116 116 116 121 121
5 BvVOC Myrcene 204 21.6 2,614 4,677 131 13.2 18.2 175
6 o-Phellandrene 173 173 182 182 183 183 190 190
7 a-Terpinene 1.05 105 110 681 111 111 115 115
8 (R)-(+)-Limonene 2,222 1,746 360,948 169,842 1,855 739 2,644 1,236
9 Y-Terpinene 134 136 13,990 13,184 58.0 54.8 119 78.3
10 p-Cymene 30.8 29.5 0.89 1,340 22.0 19.3 10.8 10.8
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Table 2S. Concentration (ppb) and flux (ng/hr/g) measured using 5 times more amount (50 g) of fruit samples (TO5 and

TX5).
Concentration (ppb) Flux (ng/hr/g)
TOS5 TX5 TO5 TX5
Order  VOC  Compounds — — — —
group name Injection Injection Injection Injection
volume(mL) volume(mL) volume(mL) volume(mL)
1 10 100 200 0.1 1 1 10 100 200 0.1 1
1 (+)-a-Pinene 067 450 444 401 5275 3805 022 148 146 132 1774 1,280
2 Camphene 073 073 179 195 0.73 724 024 024 059 0.64 025 24.4
3 (+)-B-Pinene 0.88 488 57.7 538 0.88 3668 029 160 189 177 030 1,234
4 (+)-3-Carene 070 070 070 070 070 070 023 023 023 023 023 023
5 BVOC Myrcene 106 680 818 757 303 3498 035 223 268 249 1,021 1177
6 o-Phellandrene 110 110 110 110 110 110 036 036 036 036 037 037
7 a-Terpinene 0.67 193 167 141 0.67 417 022 632 548 464 022 140
8 (R)-(+)-Limonene 2,475 5,997 3,302 2,469 163,555 116,263 813 1,969 1,084 811 55024 39,114
9 Y-Terpinene 177 708 678 624 12548 10,751 37.7 150 144 133 2,730 2,339
10 p-Cymene 248 250 214 174 3724 1,793 622 628 538 436 958 461

k=) 7] 33 8F 3] %] A 29U A 65



