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Phytoncide, a forest healing indicator, is known to help suppress depression, anxiety, and stress of human.
Furthermore, it has positive effects on blood pressures, pulses, and mood fluctuations. Previous studies mostly
focused on phytoncide emission trends and its concentration prediction in forest. Moreover, a direct com-
parison of phytoncide concentrations between existing studies is often challenging owing to the use of dif-
feringunits, target analytes, analysis conditions, as well as unreported concentrations per type of the compound.
Therefore, this study evaluated the overall performance of adsorption sampling and thermal desorption coupled
with gas chromatography to evaluatethe phytoncide concentration in a forest atmosphere. To this end, the anal-
ysis quality management and analysis accuracy were evaluated for on-site samples in two different laboratories.
The phytoncide analysis results obtained from each laboratory can serve as reference data for the adsorption
capture-thermal desorption method applied to biogenic volatile organic compounds.
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Table 1. Chemical characteristics of BVOCs
Number Componenet CAS No. Chemical formular ~ Molecular Weight (Ocl?o;léggnz:lgtg )

1 Benzaldehyde 100-52-7 C;H,O 106.12 177~179

2 a-Pinene 7785-70-8 CioHig 136.23 155~156

3 Camphene 79-92-5 CioHig 136.23 159~160

4 Sabinene 3387-41-5 CioHig 136.23 163~164

5 B-Myrcene 123-35-3 CioHig 136.23 167

6 -Pinene 18172-67-3 CioHig 136.23 164~165

7 Phellandrene 99-83-2 CioHi6 136.23 175~176

8 Eucalyptol 470-67-7 C,oH;30 154.25 176 ~177

9 3-Carene 498-15-7 CioHis 136.23 170~172

10 a-Terpinene 99-86-5 CioHi 136.23 173~175

11 p-Cymene 99-87-6 CioHi4 134.22 176 ~178

12 Limonene 5989-54-8 CioHig 136.23 175~177

13 1,8-cineol 470-82-6 C,oH;s0 154.25 176 ~177

14 y-Terpinene 99-85-4 CioHig 136.23 182

15  trans Sabinene hydrate 546-79-2 C,oH;30 154.25 200~201

16 Fenchon 4695-62-9 C,oH;s0 152.23 192~194

17 a-Terpinolene 586-62-9 CioHis 136.23 184~185

18 Camphor 76-22-2 C,oH;s0 152.23 204

19 Borneol 464-45-9 C,oH;50 154.25 210

20 Menthol 89-78-1 C,oHy0 156.27 216

21 a-Terpineol 98-55-5 C,0H,;60 154.25 217~218

22 Nerol 106-25-2 C,oH;sO0 154.25 222 ~223

23 Pulegone 89-82-7 C,0H;60 152.23 224

24 Geraniol 106-24-1 C,oH;50 154.25 229~230

25 Bornyl acetate 5655-61-8 C,H,,0, 196.29 223 ~224

26 trans-Caryophyllene 87-44-5 CsHy, 204.35 262 ~264

27 B-Farnesene 18794-84-8 CisHyy 204.35 252.5~292.5

28 Valencene 4630-07-03 CisHyy 204.35 274

29 Nerolidol1 7212-44-4 C;sH,0 222.37 276

30 Nerolidol2

31 a-Bisabolol 23089-26-1 C;sHy0 222.37 324
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Table 2. Instrumentations and operating conditions for the thermal desorption and GC analysis.

Parameter Forest Welfare Research Center P CAM Korea
Model TD-20(Shimadzu, Japan) TurboMatrix 350(PerkinElmer, USA)
Desorb temp 280°C 300°C
Desorb time 15 min 10 min
Valve temp 280°C 200°C
Thermal Cold trap hold 10 min 5 min
desorption Cold trap high 300°C 300°C
Cold trap low -25°C -30°C
Transfer line temp 280°C 250°C
Desorb flow 30 ml/min 40 ml/min
Cold trap Tenax TA Tenax TA
Model GCMS-QP2020(Shimadzu, Japan) GCMS-QP2010 Plus(Shimadzu, Japan)
Column Rxi-1ms(60 m, 0.25 mm, ID 1.0 um) DB-1(60 m, 0.25 mm, ID 1.0 pm)
Split ratio 10 10
Gas . Oven temp 50°C — 5°C/min — 120°C — 3°C/min — 50°C — 5°C/min — 120°C — 3°C/min —
Chromatographic 210°C — 30°C/min — 280°C(2min) 210°C — 30°C/min — 280°C(2min)
system Column flow ImL./min ImL./min
MSD MSD

Detector

Interface temp. 250°C
Ion source temp. 200°C

Interface temp. 250°C
Ton source temp. 200°C
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Table 3. Results of TD-GC/MS-based calibration of phytoncide in this study: determination of the coefficient(r?), relative
standard error(RSD, %) and estimation of the LDLs for target phytoncide

Determination of the coefficient and
relative standard error

Instrumental detection limit

Componenet A Lab B Lab Spiked A Lab B Lab
Benzaldehyde 0.999 8.6 0.999 35 5 0.14 0.02 0.4 0.20 0.02 0.6
a-Pinene 0.996 8.4 0.999 6.0 5 0.52 0.12 2.5 0.10 0.01 0.2
Camphene 0.999 9.1 0.999 6.3 5 0.66 0.07 1.5 0.10 0.01 0.2
Sabinene 0.998 6.4 0.999 24 5 0.72 0.08 1.6 0.18 0.02 0.4
B-Myrcene 0.999 6.9 0.999 0.8 5 0.49 0.75 14.9 0.05 0.01 0.1
B-Pinene 0.999 6.6 0.999 4.6 5 0.07 0.01 0.2 0.03 0.00 0.1
Phellandrene 0.999 7.1 0.999 0.9 5 0.21 0.02 0.5 0.04 0.00 0.1
Eucalyptol 0.998 8.5 0.999 22 5 0.20 0.02 0.4 0.07 0.01 0.1
3-Carene 0.999 7.6 0.999 1.4 5 4.21 0.47 9.3 0.80 0.09 1.8
a-Terpinene 0.995 8.8 0.999 1.1 5 1.20 0.13 2.7 0.79 0.09 1.8
p-Cymene 0.999 6.7 0.999 1.3 5 0.44 0.05 1 0.05 0.01 0.1
Limonene 0.997 7.8 0.999 0.9 5 0.11 0.12 2.3 0.21 0.02 0.5
1,8-cineol 0.999 6.9 0.999 1.0 5 1.61 0.18 3.1 0.26 0.03 0.5
v-Terpinene 0.999 8.3 0.999 0.6 5 0.20 0.02 0.4 0.07 0.01 0.2
trans Sabinene hydrate 0.990 9.9 0.999 5.8 5 2.21 2.36 41.5 0.21 0.02 0.4
Fenchon 0.984 6.8 0.999 2.1 5 0.46 0.05 0.9 0.18 0.02 0.4
a-Terpinolene 0.996 7.5 0.999 0.9 5 0.72 0.08 1.6 0.80 0.09 1.8
Camphor 0.996 5.7 0.999 1.3 5 0.17 0.02 0.3 0.13 0.01 0.3
Borneol 0.989 4.9 0.999 3.1 5 1.47 0.24 4.2 0.68 0.08 1.3
Menthol 0.992 8.0 0.999 5.9 5 0.11 0.31 5.4 1.38 0.15 2.7
a-Terpineol 0.993 6.7 0.999 1.1 5 0.28 0.34 5.9 0.10 0.01 0.2
Nerol 0.976 17.1 0.996 6.4 5 1.27 0.35 6.2 0.80 0.09 1.6
Pulegone 0.987 5.9 0.999 0.6 5 1.78 0.20 3.5 0.18 0.02 0.4
Geraniol 0.960 14.8 0.992 9.9 5 1.43 0.16 2.8 0.47 0.05 0.9
Bornyl acetate 0.994 5.6 0.999 1.3 5 0.10 0.01 0.2 0.09 0.01 0.1
Trans-Caryophyllene  0.997 8.7 0.998 1.8 5 0.70 0.08 1 0.46 0.05 0.7
fB-Farnesene 0.993 7.8 0.999 22 5 1.40 0.16 2.1 0.18 0.02 0.3
Valencene 0.997 6.1 0.999 1.4 5 1.16 0.13 1.7 0.15 0.02 0.2
Nerolidol1 0.977 8.3 0.998 6.0 5 2.76 5.21 63.6 1.01 0.11 1.4
Nerolidol2 0.976 9.3 0.998 8.9 5 0.76 3.01 36.8 2.11 0.23 2.9
a-Bisabolol 0.976 8.8 0.993 9.8 5 2.33 0.26 32 1.98 0.22 2.7

a)The IDL for the concentration unit was estimated using the assumption for 9L of air sampling.
b)The ppb unit was converted from ug/m® at a condition of 25°C, latm
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Table 4. Results of the recovery test for the analysis of BVOCs based on thermal desorption

Direct injection

Termal desorption

Componenet Recovery(%)”
Area RSD(%) Area RSD(%)
Benzaldehyde 1,090,565 333 1,057,102 5.63 96.93
a-Pinene 1,988,535 1.63 1,658,599 6.79 83.41
Camphene 1,101,490 3.88 938,395 6.80 85.19
Sabinene 2,323,833 2.60 2,122,512 7.58 91.34
B-Myrcene 2,338,742 1.84 2,292,385 6.42 98.02
B-Pinene 2,603,736 6.29 2,149,915 6.41 82.57
Phellandrene 3,136,476 3.14 2,924,351 5.81 93.24
Eucalyptol 1,240,755 3.44 1,132,316 4.62 91.26
3-Carene 899,446 343 815,433 4.63 90.66
a-Terpinene 1,142,449 3.47 1,084,228 432 94.90
p-Cymene 5,295,667 3.30 5,049,737 4.86 95.36
Limonene 1,776,633 2.69 1,718,186 4.73 96.71
1,8-cineol 407,081 4.56 362,443 6.57 89.03
y-Terpinene 2,336,941 3.57 2,252,676 4.08 96.39
trans Sabinene hydrate 568,489 0.98 468,023 438 82.33
Fenchon 1,428,873 3.25 1,323,933 4.09 92.66
a-Terpinolene 1,557,510 3.12 1,492,829 4.23 95.85
Camphor 1,342,866 332 1,261,370 3.95 93.93
Borneol 413,590 2.30 392,118 4.45 94.81
Menthol 206,326 2.68 191,966 2.86 93.04
a-Terpineol 1,465,329 2.38 1,377,457 3.68 94.00
Nerol 840,286 6.46 709,530 8.54 84.44
Pulegone 627,123 3.24 584,955 2.50 93.28
Geraniol 108,118 6.21 91,954 8.74 85.05
Bornyl acetate 1,466,886 3.25 1,406,335 2.59 95.87
trans-Caryophyllene 502,327 4.21 488,341 2.46 97.22
p-Farnesene 1,286,624 8.68 1,262,800 2.16 98.15
Valencene 797,045 6.93 791,979 4.99 99.36
Nerolidol1 442,762 7.32 403,868 438 91.22
Nerolidol2 570,205 7.94 508,981 7.19 89.26
a-Bisabolol 949,725 7.51 908,284 6.08 95.64
*Recovery(%) = Thermal desorption area/direct injectionx 100
Table 5. Comparison of phytoncide concentrations for duplicate pairs
A Lab B Lab .
Number Component Difference(ng) RSD(%)
Average(ng) Average(ng)

1 Benzaldehyde 19.69 21.03 1.33 11.6

2 a-Pinene 0.85 0.85 0.01 35.0

3 Camphene 0.70 0.77 0.07 26.9

4 B-Pinene 0.14 0.16 0.02 343

5 Camphor 0.48 0.34 0.14 23.1
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Table 6. Comparison of field blanks for duplicate pairs

gl - upaR

=gt

A Lab B Lab
Number  Componenet Field Field Field Field Field Field
blank1(ng) blank2(ng) blank3(ng) blank1(ng) blank2(ng) blank3(ng)
1 Benzaldehyde 0.93 0.77 0.77 3.02 3.35 7.83
2 a-Pinene N.D. N.D. N.D. N.D. 0.81 1.33
3 Camphene N.D. N.D. N.D. N.D. 0.51 0.71
4 Sabinene N.D. N.D. N.D. N.D. N.D. 0.75
5 B-myrcene N.D. N.D. N.D. N.D. N.D. 2.16
6 I-Phellandrene N.D. N.D. N.D. N.D. N.D. 0.42
7 a-Terpinene N.D. N.D. N.D. N.D. N.D. 0.53
8 p-cymene N.D. N.D. N.D. N.D. N.D. 1.55
9 I-Limonene N.D. N.D. N.D. N.D. N.D. 5.33
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