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Suggestions for Improving the Accuracy of Calculating Emissions of
Natural Volatile Organic Compounds
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Abstract  Volatile organic compounds (VOCs) are precursors that generate ozone and ultrafine dust through photochemical
reactions in the ambient. These VOCs are classified according to their emission sources, and among them, natural VOCs (NVOCs)
from plants such as trees account for about 80% of the total VOCs emissions. Due to the topographical characteristics of Korea,
the ration of forests and urban forests is high, so emissions of highly reactive NVOCs can cause high concentrations of air
pollution, so NVOCs emissions must be accurately estimated. Therefore, in order to increase the accuracy of NVOCs emission
management, this study investigated the current status of calculating emissions of NVOCs at domestic and foreign, and
identified problems with the domestic emission management system. As a result, it was confirmed that the factors that affect
the accuracy of calculating emissions of NVOCs is emission rate, emission flux, emission factor, and source classification code
(SCQ). It was also confirmed that there was a great difference depending on the region, species, age of trees and measurement
period (season). However, there is a problem in that study on these emission characteristics of NVOCs is very insufficient and the
currently used code (SCC) does not match the current situation. In order to supplement these problems, a roadmap including
solutions such as the development of a Korean model and the establishment of an integrated management system was
prepared and presented. Furthermore, to accurately calculating domestic NVOCs emissions, it is judged that continuous study
on the factors affecting NVOCs emissions should be conducted.
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Emission Rate (ugC gdw™*h™1)
= total flow rate (L h™1)
x sample concentration (ugC L™1)

=+ total dry weight of leaves (gdw) (1)
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Table 1. Standard emission rate of NVOCs studies conducted in domestic (Yu and Son, 2021).

ERs (ugC gdw™ ' h™)

Trees Ref.
Isoprene Monoterpene

Carpinus laxiflora 0.76 - Kim and Lee (2012)
Platanus orientalis 67.011 - Son etal.(2012)
Prunus serrulata MDL - Son etal.(2012)
Quercus acutissima" 1.16 - Kim and Lee (2012)
Quercus acutissima® 0.038~0.062 - Lim etal. (2011)
Quercus aliena 9.83~78.8 - Lim etal. (2011)
Quercus crispula 12 - Kim and Lee (2012)
Quercus mongolica 7.06~64.4 - Lim etal.(2011)
Quercus mongolica 31.532 - Son etal.(2012)
Quercus serrata” 59.87 - Kim and Lee (2012)
Quercus serrata® 101.4~130.5 - Limetal.(2011)
Quercus variabilis 0.035~0.092 - Lim etal. (2011)
Styrax japonica 4,94 - Kim and Lee (2012)
Zelkova serrata MDL - Son etal. (2012)
Abies holophylla - 1.89 Son etal.(2012)
Abies koreana - 1.86 Kim and Lee (2010)
Chamaecyparis obtusa - 0.52 Kim and Lee (2010)
Cryptomeria japonica - 1.22 Kim and Lee (2010)
Larix leptolepis - 0.457~0.622 Kim et al. (2007b)
Pinus densiflora - 1.734 Son etal.(2012)
Pinus densiflora - 0.817~1.787 Lim et al. (2008)
Pinus densiflora - 1.78 Kim and Lee (2010)
Pinus koraiensis - 0.366 Son etal.(2012)
Pinus koraiensis - 0.033~0.182 Son etal. (2015)
Pinus rigida - 0.228~1.263 Son etal.(2015)
Pinus thunbergia - 1.34 Kim and Lee (2010)
Ginkgo biloba MDL - Son etal.(2012)

Kim and Lee (2012), 2Lim et al. (2011)

mic flow-throw chamber (Winer, 1983)2] @42 X ¢
2t Kim (2001)2] dynamic flow-through chamber A]
2§lo] o] AofA o AREE AZ SIS
AT} (Ahn et al., 2022; Jung et al., 2021; Kim et al,
2020; Son et al., 2015, 2012, 2006; Lim et al., 2011; Lim
et al., 2008; Kim et al., 2007a, 2007b).
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japonica), 7¢I (Q. acutissima), ATHF(C.
laxiflora), U5 (Q. variabilis) <22 VEFITYE
HAE49 B 28 ERsE AUF (A. holophylla),
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Fig. 1. Seasonal variations in monoterpene emitted from
coniferous trees ("Sampling site: Gumsung mountains, 2Sam-
pling site: Worak mountains) (Yu and Son, 2021; Son et al., 2015;
Lim et al., 2008; Kim et al., 2007b).
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Fig. 2. Seasonal variations in emission rate of NVOCs from
domestic broad-leaved trees (bar: Monoterpene, plot: Iso-
prene) (Yu and Son, 2021; Kim and Lee, 2012).
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27 vhebdeh S B9 oF 2 ol Ha Qi S bl 4 9] RO R S

o] @FollAe o oz 2 ApolE HYth AT EUFE (Pinus)2 A AA42] 66.8%E 2145}
(Q. mongolica)®] U} F=0] MIESHE A4 2 = 2UTF(P densiflora)©} 7.3% 5 AHA|5h= ZH7(P
= 9F 108 o4 Zpo|7t YEelgTh oY tREe koraiensis) & EZl= FQ HAS &olth AUF9

@7 B FUT AFoRAE AL ABA A, F £ G WS WD
ool e 1 A7} ojS Aol UERME A 45 HolT QSIAN, HFRA (Quercus) T G4
Gt & AT, ol 4%e) 4 Sl v o] 29l @7 Fuiel 2 Aol molx Usich. 2
NVOCs9] HiE4E7 715, o], 42 Soll Wb o) (Bao et al. 2008)9] A5 A7 AW] B9 ALpe

Table 2. Isoprene emission rate of Quercus.

Emission rate (ERs, ugC gdw™ ' h™")

Genus Species Location Ref.
Isoprene
59.87 Korea Kim and Lee (2012)
115.95(101.4~130.5) Korea Limetal. (2011)
serrata 15~30 USA Gara et al. (1993)
224.21 Japan Bao et al. (2008)
247 Japan Ohta (1986)
aliena 44.3(9.83~78.8) Korea Limetal. (2011)
7.06~64.4 Korea Limetal. (2011)
mongolica 31.532 Korea Son etal.(2012)
Quercus 348 China Klinger et al. (2002)
crispula 12 Korea Kim and Lee (2012)
P 26.04 Japan Bao et al. (2008)
1.16 Korea Kim and Lee (2012)
acutissima 0.05(0.038~0.062) Korea Limetal (2011)
0.18 Japan Bao et al. (2008)
variabilis 0.035~0.092 Korea Limetal. (2011)
65.5 China Zhihui et al. (2003)

Table 3. Monoterpene emission rate of Pinus.

Emission rates (ugC gdw™' h™")

Genus Species Location Ref.
Monoterpene
1.734 Korea Sonetal.(2012)
1.302(0.817~1.787) Korea Lim et al. (2008)
densiflora 1.78 Korea Kim and Lee (2010)
0.15 USA Martin etal. (1991)
Pinus 10.28 Japan Bao et al. (2008)
0.2 Japan Yokouchi and Ambe (1984)
0.366 Korea Son etal.(2012)
koraiensis 0.108(0.033~0.182) Korea Son et al.(2015)
0.26 China Klinger et al. (2002)
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Table 4. NVOCs emission rate of Ginkgo.
Emission rates (ugC gdw™" h™"))
Genus Species Location Ref.
Isoprene Monoterpene
MDL - Korea Sonetal.(2012)
<0.1 - China Xiaoshan et al. (2000)
<0.1 - USA Guenther et al.(1994)
MDLOR <1 - USA Kesselemer and Staudt (1999)
3.0 Japan Hatanaka (1993)
Ginkgo biloba 0.01 - China Liu et al.(2022)
0.00 - Japan Mochizuki and Tani (2021)
<0.01 0.2+0.1 China Wang et al.(2003)
0.0017~0.43 - China Lietal.(2011)
<0.01 0.2+0.1 China Zhao et al.(2004)
1.01 241 China Gui(2019)
Table 5. NVOCs emission rate of other trees.
Emission rates (ugC gdw™' h™")
Genus Species Location Ref.
Isoprene Monoterpene
67.011 - Korea Sonetal.(2012)
Platanus orientalis 25.2 - China Xiaoshan et al. (2000)
20 - USA Gunetheretal.(1994)
10.9~27.5 - USA Kesselemer and Staudt (1999)
MDL - Korea Sonetal.(2012)
Zelkova serrata 042
<0.01 (0.26~0.58) USA Curtiset al.(2014)
Cryptomeria iaponica - 1.22 Korea Kim and Lee (2010)
P Jap - 2.81 Japan Curtisetal.(2014)
Chamaecyparis obtusa - 0.52 Korea Kim and Lee (2010)
yp - 348 USA Curtiset al. (2014)
(P, densiflora)7} =] & T2 A3 Ao] Wo v]  EH|2H O] o Wang et al. (2003)T} Zhao et al.
s oF 1120 oo 2 vl g 2 ke UERRT AT 00418 A9l Al Ae] AL fARE SEAE
B A9E FRat o] AT At Akt skl 4 gloltt 1 Anse FHos B, 2
A UrERt T (3 3). FURE A AAIZ 02 NVOCsE o & &35}
SHUT (Ginkgo biloba)w A=0] 7t=4 & oF & £EUS SIT 5 AATE 11 ] ZEpFol
11%E 226, 4bof vl Aaitehbarte] vk Rt ujEsE Avh= 759
o] T2 TA|H | Ao} A o ® @ ERY7HE
*301 —EE Fgolrh. 12y 23uFolA HlEE= 2.2 HIEEA

o] AZA ] AL L et al. (2011)T Gui (2019)2 A9
St RE 75‘_3401]*1 HETM olel2 Yehdow, A&
= Ao A ko 2 siEEHITH(E 4). B

Tl

el haEst 248 27 4% F 9%
tisiAf et FAA|FRo] ASE o] AR HlEEH 2~
7H AP E Ak o714 AAYAF-S Specific leaf weight
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T 62 TN #F 952 HlELet ABAT
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2 Hh4 wiEEH e 2UR (P densiflora) >
27 AU (P, rigida) > S G (L. leptolepis) > ALt
(P, koraiensis) =22 UEF} O™, o= ERs2} &
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Table 6. Emission flux considering leaf biomass (Yu and Son,
2021).

Emission flux

Trees Seasons (ugCm2h™) Ref.
S 1,000.1 .
Pinus densiflora u.mmer Lim et al. (2008)
Winter 597.4
Summer 381.9
Pi igi 1. (201
inus rigida Winter 68.2 Son etal. (2015)
Larix leptolepis Summer 223.6 Kim et al. (2007b)
Summer 98.3
Pinus koraiensi: 1.(201
inus koraiensis Winter 197 Son etal. (2015)
Quercus serrata 42,081
Quercus acutissima 25.544
Quercus aliena Summer 32,702 Limetal. (2011)
Quercus mongolica 24,111.5
Quercus variabilis 14.42

923

2 Z=X|o|t}(Yu and Son, 2021). tHF-E 9] Hj&S3 A
= ojgo] ALurTt Ege HEE A2 20 9
7] W2o G B} Qo] ohE AET EAf

] #EE8 A EUT(Q serrata) > 23U (Q
aliena) > AZUF(Q. mongolica) > /5 (Q
acutissima) > 2T (Q. variabilis) <=0 2 LENG
T} (Yu and Son, 2021).

2.3 HiEA>
NVOCSJ &A= 5E o9 ARHY o9
A ATHEES 2Jv|stH, ERs?F FAAIE (Foliar
biomass density, FBD)<] #.22 WEHT] ofdf, Zt
=4 HE Eh}‘%ﬁ%ﬁ%ﬂiﬂi ke gt
= ARERITE AA] Bl M AR Gl HlE
B A AL Guenther et al. (1993)0] AT Alo]| 7]

551 o]

B

T 7

Emission flux(ugC m~% h™1)
= ERs(ugC gdw™! h™1) x FBD(gdw m™2 area)
(3)

Flux(ug/m?/yr) = fe x D Xyd (4)

AA =W olA BilETEE A5 ] flste] A=
HiEAE ZAsh7] flst] =7 d7|ed=d viE

o AP B el WEASe) Bge dEst
At @7t W1 ABY MiEe A B V)

(” 7). @A =7} EHﬂiu%’.‘:_‘ & A o
= VZHA] Ugkom, gl F-22] £59] NVOCs Hl&

Table 7. Emission factors of major domestic trees (National air pollutant emission calculation method manual V).

Emission factor

Description Species
Isoprene Monoterpene Other VOC
Quercus mongolica 27.304 0.0985 15.127
Deciduous forest Quercus serrata 47.679 0.0166 26.735
Quercus variabilis 0.0169 0.00948 1.101
Quercus acutissima 0.0288 0.0162 1.88
Pinus thunbergia 0.0793 2.0876 1.2965
Plantation forest Pinus rigida 0.0203 0.436 1.277
Larix leptolepis 0.0431 0.0374 0.694
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Table 8. Duplication rate of emission factors.
VOCs classification Emission factor Duplicate count Duplication rate
Isoprene 0.0431 25 71%
P 29.75 3 9%
0.6007 5 14%
Deciduous forest 0.0748 7 20%
Monoterpene
0.0374 13 37%
1.1254 2 6%
Other VOCs 0.694 28 80%
0.0431 9 82%
Isoprene
29.75 2 18%
Evergreen
0.0748 3 27%
broad-leaved forest Monot
onoterpene 00374 8 73%
Other VOCs 0.694 11 100%
0.0793 4 31%
Isoprene 0.17 5 38%
0.0431 2 15%
4.5005 3 23%
Coniferous trees Monoterpene 0.0374 3 23%
2.1001 2 15%
1.2965 5 38%
Other VOCs 2.7782 4 31%
0.694 2 15%
29.75 2 11%
59 1 -
Isoprene 0.0431 9 50%
0.17 2 11%
0.0793 2 11%
0.0374 9 50%
4.5005 1 -
Plantation forest 0.6902 2 1%
Monoterpene 2.0876 1 -
2.1001 1 -
0.3003 1 -
1.1254 1 -
0.694 12 67%
Other VOCs 2.7782 2 11%
1.2965 2 11%
L avRel Re Tyt /12 Sl Sk 2 BUEE /02 JERISY] vt
G 23S A2 BrEH =S viEchy] wid ot iEAIS7E 2850 AATHE 8). shHAIRE A
of, Rie|EHe] WEswe] et A EAlske A5 A AR s25%E AAel] g, 5
A g4 doich Agsde 2 SRR vEA B8 HA8E 9 F7HA9 a7t Waskt A
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Field Resolving Problem Application-Diffusion Development
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of major domestic species
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simplify | Simplify of
Source Classification Code || Unban Forest
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Integrated Management Establishment of a NVOC
Platform Management Platform

Fig. 3. Strategic roadmap for managing NVOCs emissions.
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