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Relationship between NVOCs Concentration and Korean Red Pine
(Pinus densiflora S. et Z.) Forest Environment in Spring Season
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Abstract: This study aimed at a scientific examination of the relationship between NVOCs concentration and
the physical environment of red pine forest in spring season. Atmospheric NVOC samples in red pine forest was
collected through five trials conducted from March to May 2013, using Tanax-Ta-charged disposable tubes and
mini-pumps. At each trial, measurements were taken at three different points in daytime (sunrise, southing and
sunset). For maximum accuracy, two tubes were used for each measurement at the same location, and the mean
value was used for analysis. Compound analysis on the NVOC samples was done using the HS-SPME method
and GC-MS. Analysis of the relationship between NVOC and the physical forest environment found higher
concentrations of most substances, including a-pinene and B-pinene, with higher temperature, dew point, and
lower concentrations with higher wind velocity. The findings of this study offer scientific evidence which can
inform the creation of ‘healing forests’ and ‘recreational forests’ as well as forest environment in general,
helping to promote public health and recreational activities.
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Table 1. HS-SPME operarting parameters for NVOC.

Parameter Condition
Pre Incubation Time (sec) 20 sec
Incubation Temp. (°C) 40°C
Fiber Condition Temp. (°C) 280°C
Agitator Speed (rpm) 500 rpm
Vial Penentration (mm) 22 mm
Extraction Time (m:ss) 30 min
Injection Penentration (mm) 54 mm
Desorption Time (m:ss) 5 min
Post Fiber Condition Time (m:ss) 10 min
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Table 2. GC/MS operarting parameters for NVOC.
Parameter Condition
Column HP-INNOWAX (60 m x 0.25 mmIL.D x 0.25 pm, filmthickness)

Carrier Gas flow
Injection mode

He at 1 mL/min.
Pulsed Splitless

Injection port temp. 210°C
Transferline temp. 210°C
Initial Initial Rate Final Final
Oven temp. program Temp.(°c) Time(Min) (°c/min.) Temp.(°c) Time(Min.)
40 3 8 220 3
Post run 220°C, 5 min
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Figur 1. Characteristics of NVOC in Pinus densiflora forest.
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Figur 2. Variation of NVOC in Pinus densiflora forest.
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Figure 3. Physical environment of Daegwallyeong Pinus densiflora forest-may.
Table 3. Realationship between NVOC and Forest environment in spring season.
Humidity(%) Dewpoint (°C) [llumination (lux) Air Velocity (m/s) Air Temperature (°C)
NVOC Material r p-value 12 p-value I p-value . p-value i p-value
o-Pinene .000 961 481 .013%* .041 529 175 171 362 .040*
B-Pinene .007 .808 703 .001** .010 755 126 267 577 .004%*
Camphor .032 562 101 331 .026 579 .049 447 .104 312
D-limonene .010 765 743 .000** 011 758 .090 343 .609 .002%**
5-3-Carene .009 .833 266 179 .064 491 .199 212 188 282
y-Terpinene 125 303 217 .143 298 .081 379 .065 267 .098

*:3<r<.7,-3<r<-7
*¥*:.7<r<1,-.7<r<-1,r-value by Pearson correlation coefficient

B

o

L ZEE HA 0 lux~F 3L 2000 lux® LFEFTH
2 0.07 m/s~A3L 22 msE 24 Hlon U=
ot ehakal Wsle] L5 BT Fev YA
7asitrt oAl Sk oy 399 A thad
o2 & SAA7 vlste] =A YERsT.

©°
-
=

2o

do 2> ot
P 2N

.c»
=z
<
Q
O

v

M
o
H>
o
o
u
o
o]
=

=287 ] NVOCe] w0l PAlE IS ¥8]7] 9]
sto] & NVOC =259 w9 e|e7 el A=
E23519 ). Pearson “33HE4] 9] A3 (Table 3) T8 6%
o] E#(a-pinene, B-pinene, d-limonene, camphor, 8-3-
carene, y-terpinene)¥} E2]H73 A %2 o]&H, 2= &
AAA ] thste] ¥ 5 AATE T, a-pinene, B-pinene
Q)9 24L& FHIAITY fle AR e

%19l A3 F a-pinenedt E2]| 87 9] AAAA o Tt

[e1 o) e}

=
HBRAE A eske.
o] B25% FEI} HolA = Fo]

2d
=

AT 39lA 597 2F e NVOC &
To} &9 el Al diste] fekH o=
W83 2 BEAS BEsHl 8] flsiA FaE T B
d AUF$e NVOC T7A3S vl 2 A3, 7] A
Hare) ofshd AUF-&2] % a-pinene > B-pinene > d-
limonene?] A2 FAEXH| S HRIty H 351 oH
(Ji et al,, 2002) ¥ A= LA YEPSTE A&



488 IR

(ng/m3) Air Temperature
140 -

120 *
1.00
0.80 -
0.60 - * a-pinene
040 -

0.20 -

0.00 T T T T

. ,
0 5 10 15 20 25 30 (9

(ng/m?) Air Velocity
140 -

1.00 -
0.80 -

0.60 - * a-pinene

R? = 0.1752 *
040 -

020 - -

0.00 : ; : - " o)
0 0.2 0.4 06 08 1 M/

A|1034 A|3Z (2014)

(ng/m?)
140 -

Humidity

120 - *
1.00 -
080 +

0.60 - ¢ a-pinene
*

040 - R? = 0.0003

B A

020 - N
AR *

0.00 T T T T
0 20 40 60 80

100

Tllumination

(n9/m3)
1.40

120 ¢
1.00
080 -+
0.60 - * a-pinene
040 + R? = 0.0413
020 -+ -

*e L 4
0.00 T T T

1
0 5000 10000 15000 20000

* *

(lux)

Figure 4. Curve of Relationship between o-pinene concentration and Forest environment.
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