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WE: [ B8] AR 3 Fw M BE LA IAEY (VOCs) M =AM A s 2 tER ., [ Fk] K8 RBLH/
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Effects of volatile components of three evergreen plants on air anion
and microorganism

ZHAO Yahong', XU Cuixia’, MA Ling', WANG Bin', WEI Saijun', LU Jiaxin', GAO Yan', ZHANG Rumin'

(1. School of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Zhejiang
Academy of Forestry, Hangzhou 310023, Zhejiang, China)

Abstract: [Objective] The objective is to study the effects of volatile organic compounds (VOCs) from three
evergreen plants on air microorganism inhibition and air purification. [Method] The composition and content
of VOCs in Myrica rubra, Vatica mangachapoi, Camellia sinensis in single tree and open field were analyzed
using thermal desorption system/gas chromatography/mass spectrometry (TDS-GC-MS) technique. The effect
of VOCs on airborne microorganism was investigated by natural sedimentation method, and the number of air
anion was measured. [Result] The main VOCs of M. rubra were a-oxalene, parsley alcohol, rolene, limonene
and nonaldehyde, in which terpenes accounted for 78.5% of the total. The main VOCs of V. mangachapoi were
acetyl acetate, octyl butyrate, cis-3-hexenol, pinocarvone, nonanal, decanal, and octanal, in which ester
compounds accounted for 54.1% of the total. Acetyl acetate, octyl butyrate, methyl salicylate, nonanal, decanal,

limonene were the main VOCs of C. sinensis, and ester compounds accounted for 40.8% of the total. The VOCs
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in open space were benzene, accounting for 74.2% of the total. The VOCs in M. rubra garden were benzene and
terpene, accounting for 54.8% and 35.6%, respectively. The VOCs in V. mangachapoi garden were benzene and
terpene, accounting for 35.4% and 52.2%, respectively. The VOCs in C. sinensis garden were benzene and
terpene, accounting for 50.1% and 36.5%, respectively. The daily average number of air anion in M. rubra
garden, V. mangachapoi garden, C. sinensis garden, and the open space was 2 559.2, 2 660.0, 1 878.4, 1 078.8
per cubic centimeter, respectively. In M. rubra garden, V. mangachapoi garden, and C. sinensis garden, daily
average bacterial inhibition rate was 45.5%, 48.7% and 39.3%, respectively, daily average inhibition rate of
fungi was 39.0%, 35.8% and 34.6%, respectively, and that of actinomycetes was 42.3%, 42.2% and 39.7%,
respectively. [Conclusion] Plant VOCs can inhibit the growth of airborne microorganism, promote the
formation air anion and improve the air quality. [Ch, 5 fig. 2 tab. 38 ref.]

Key words: botany, Myrica rubra; Vatica mangachapoi; Camellia sinensis; volatile organic

compounds(VOCs); air anion; microorganism
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Figure 1 Total ion flow diagrams of three evergreen single plant VOCs
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F1 3IFHEFB VOCs DD

Table 1 VOCs components of 3 evergreen plants

TR (x10° g ™)

Fre {47 Bt 7] /min FERVEANY) g
Wt HH #*
1 6.941 O\ M 2-hexenal C¢H,,0 - 2.24+0.52 -
2 7.113 i -3-C M cis-hex-3-en-1-ol CeH,00 - 14.03£3.02 -
3 7913 F-Jfinonene CoH g - - 5.57+0.76
4 8.232 Pifi¥heptanal CH,,0 - - 2.68+0.45
5 8.652 7% H fifanisole C;HgO - - 21.64+3.38
6 8.655 T A fianisole C;HgO0 - 1.66+0.34 -
7 9.070 a-JEMio-pinene CioHg 4.57£1.56 4.3240.26 2.10+0.73
8 9.711 1,4-FR 2 i 1,4-cyclohexadiene CoHy4 0.47+0.07 - 5.96+0.66
9 10.708 HH:Mmyrcene CioHj6 5.99+3.59 3.34+0.31 -
10 11.023 S octyl aldehyde CgH,40 - 3.39+0.88 5.76£0.37
11 11.150 TR B2 Bk cis-3-hexenyl acetate CgH 4,0, - 90.40+8.80 59.16+4.67
12 11.230 Xt — % K para-dichlorobenzene Ce¢H4Cpp 0.49+0.01 13.98+1.44 9.94+0.55
13 11.586 4B A4 420-cymene CioHya - - 2.15+0.76
14 11.693 Fri&)filimonene CioHys 38.07+2.00 3.34+£0.97 5.64+0.26
15 12.228 B ¥4 ocimene CioHys 43.46+1.54 4.65+3.77 6.70+0.22
16 13.478 L Miperillene CoH,40 2.86+0.86 - 2.07+0.24
17 13596 HWElinalool CyoH,50 7.07+2.04 - 2.69£4.00
18 13.695 T-Mnonanal CoH 0 4.0240.89 12.90+4.36 11.34£0.18
19 13.999 AT Frfflpinocarvone C,0H,40 1.64+0.36 8.97+2.46 8.70+1.19
20 14.144 H4fsdurene C,oH,40 7.90+0.90 - -
21 14.357 7 1B (-)-carveol CoH;60 55.35+4.55 1.70+0.37 -
22 14.652 5% i ffiallo-ocimene CioHj6 4.01+1.49 - -
23 14.754 K lcmaphenone CoH;6O - - 1.50+0.39
24 15.467 W7 menthol CoHy0 - - 2.1740.57
25 15.744 HEBEN AR glycinosinine CsH,(N,O4 - - 4.39+0.80
26 16.083 KR H Bmethyl salicylate C¢HgO; - 2.82+0.28 6.17£1.02
27 16.353 &% decanal C,oH,00 - 5.09+1.58 6.18+1.03
28 21.249 T2 Befisheptyl butyrate C,,H,,0, - - 4.36+0.40
29 21.878 THR¥MRoctyl butyrate C,,H,,0, - 5.73+0.68 8.56%1.47
30 22.983 a-fiARKia-cedrene CysHy, - 4.64+0.34 2.35+1.35
31 23.183 Fi 1 ficaryophyllene CsHoy 17.83£2.17 - 3.35+0.65
32 23.458 5|7 #8 Msallo-aromadendrene CsHyy 5.73+0.23 - -
33 24.085 -2 s a-humulene CysHy, 98.08+1.92 - -
34 25.074 AE M1 chamigrene CisHyy 13.86+1.14 - -
35 25.093 B-ZEHJdiB-selinene CsHyy 6.63£1.13 - -
36 25.265 I K M selinene CysHy 11.5741.64 - -
37 26.515 ¥ fEeudesmol C,sHy0 1.2240.11 - -
38 27.497 T FABcedar camphor CysHy0 - - 5.48+1.11
39 28.263 7 M B spathulenol C,5H,,0 4.35+0.72 - -
40 28.675 H T H A kP caryophyllene oxide C,sH,,0 9.72+0.33 - -
41 31.655 A G5 B2 5 TR figisopropyl myristate C,;H;,0, - - 3.28+1.79

Uil “=7 FaRME G Y

HHEREA ISR C T
22 3FEEZMEZTS VOCs 5

M 2 FER 2 ATLAE Y 28 VOCs st s B o Ftlghel . 250 . ol . 25t =5
AP FEEOEURE N, WAHDREBIGE, XLEERERI G I T WA e 20 A 12 Fh
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Prln, Ho: SRR N BT 742%, 2 RS R 10.3%, 3 MRRds SRR 11.9%, 2 F
B 5 B 3.6%. iR 23S VOCs FEAGIIH 10 e, 4 e85 BB 54.8%, 3 Fhikde
BRI 35.6%. T HEEE s Ah VOCs JERI O B, 3 FhORZE b BRI 35.4%, 4 Fhilia 25 5 B
52.2%, 1 FREE2E B 3.1%. AP RIH 13 Fiib &9, HG 4 FORZS 5 B 50.1%, 5 Fh
M2 7 B 1Y 36.5%

PR 3 v 2 i Bl RN 2s B b a3 SO VOCs &8 : gl VOCs Simfm, HChZR . ik, %
Myl 75 M FE A2 2L A R T 35% . M IEZAL A P i N BVIAR YO S A . A5k .
Hghel, AL A Y SR NS EMR O 20 Wil . AshE . T
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Figure 2 Total ion flow charts of air VOCs in 3 evergreen plants gardens
*x2 IMERMEZES VOCs 37
Table 2 Air VOCs composition in three evergreen plants gardens
) o IETRIAR/(x10° g ™)
F%  PREEEE/min HHIER Y [ty
ZEWH FHg 1l H gl PN

1 7.116 . Hethylbenzene CeH, 13.98+5.26 59.43+7.27 - 57.85+1.59
2 7.326 X} —F Zkp-xylene CeH, 21.0147.82 107.81+8.90 131.5146.62 98.27+2.25
3 7914 K Histyrene CgHy 11.3246.19 125.71+4.70 58.61+2.11 128.58+2.48
4 8.125 T-%sEnonane CoHy, 1.83+0.77 - - -
5 9.080 o-JEMipinene CioHyg 4.64+1.36 190.60+4.80  245.10+12.45  143.96+5.53
6 9.484 % Mscamphene CioHps - 19.33+6.35 25.54+8.06 18.48+2.82
7 9.875 3-Z 3 H % 3-ethyltoluene CoH,, 4.68+1.32 - - -
8 9.916 M cumene CoH,, - - - 34.70+4.54
9 10.254 F&Hi3-carene CioHyg - - 48.49+4.29 -
10 10.265 & Hisabinene CioHs 3.11£2.20 - - 17.3543.25
11 10.625 2,6-—H #- St dimethyloctane CyoHa, 2.64+0.57 19.15+1.80 - 21.86+4.05
12 11.246 Xt — 4 Hpara-dichlorobenzene CeH,4Cl,y 4.90+1.08 47.35+1.06 40.95+5.09 30.52+0.93
13 11.580 [A] 4 £ fEm-cymene CoHyy - 22.59+2.85 - 25.55+3.43
14 11.703 ¥ 4iilimonene CioHyg - 11.00+7.78 21.68+1.07 15.11£2.16
15 13.695 T-®fnonanal CoH ;O 1.58+0.37 - 19.98+4.13 -
16 16.339 & decanal C,oH,,0 1.17+0.83 - - -
17 21.886 T ER¥iabutyric acid, octyl ester ~ C,H,,0, - - - 22.61+1.12
18 25.089 +HkEpentadecane CsHs, 4.4942.62 17.66+3.33 61.14+3.69 14.03£9.92
V. =7 FoRARMBEULE Y

23 IWMEFMEETSABFHLRE

A& 3 AT, A T BUIE 13:00 F /i, 7E 7:00 F1 19:00 e . Mg, M. 25PN, 250 H
S 3 9K 2 559.2. 2 660.0, 1 878.4. 1 078.8 1 -em”, #% M b th 7E 7:00 25 K B T R B
13:00 H 7:00 3870 T 63.9%, 19:00 Lt 13:00 B4/ T 44.0%; 5 HEbe iy 0788 740, 13:00 L 7:00 W2 T
47.8%, 19:00 Lt 7:00 W/ T 21.4%; Z5be i BB 41 7:00 [ 13:00 £ 51.6%, [ 19:00 £ 19.9%.
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Figure 4 Variation of microbial content in three evergreen plants gardens
3 itk

T EE R AR E VOCs RIS EaYE K2R, MR s (] 1Y 22 7 S BRI Y VOCs 9 B2
SHplHAH B MR, RECEPE L. 8 MRl Cupressaceae(BH Thuja sutchuenensis . H A
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Figure 5 Effect of 4 monomer concentrations on the micro-organisms
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