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Seasonal Variation of Volatile Organic Compounds and Negative Air lons in Liquidambar
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Abstract: To reveal the species of volatile organic compounds (VOCs) released by Liquidambar formosana, the bacteriostatic effect of VOCs and
the purifying effect of air, the composition and content of single Liquidambar formosana and Liquidambar formosana forest were analyzed and
identified by thermal desorption gas chromatography-mass spectrometry (TDS-GC-MS),The results showed that there were 26 kinds of 3 types
compounds from VOCs of single tree, mainly limonene, myrcene, B-pinene, etc., terpenes accounted for 96.0% of the total VOCs. There were 28
kinds of 7 types compounds from VOCs in the stand, including terpenes and benzene, among them, there were 21 kinds of 5 types of VOCs in spring
and summer, 6 kinds of 4 types in autumn. Kinds and content of VOCs differed with seasons, total release in summer was 1.2 and 69.5 time of that in
spring and autumn. The negative air ion concentration in stand in spring, summer and autumn increased by 61.8%, 68.7% and 29.5% compared with

that in the control (open space). Compared with the control, in spring, summer and autumn, the bacterial content decreased by 27.9%, 49.5% and
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18.9%, while in spring and summer, the fungal content decreased by 21.4% and 38.3% respectively.
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FEPHE R A HL ( Plant volatile organic compounds, PVOCs ) A&l i ARy P9 vk A AR R4S B i A ARG 14
SRRV T, FEI MRS R RN ERINER AT, BAAR . A6 s
Ry S5 P MR PaE & IR R Osmanthus fragrans M R VOCs (LAY ) RERRIEZS S M
AR . Gomez-Rodriguez S4BT %4 Tagetes erecta FESAIFE L Py ol FEARTE MRG0 P Fusarium
oxysporum sp. Tl %20 B2EAHAS Wedelia trilobata Bt VOCs X /K AGFSIEFFi B4 Magnaporthe grisea.
IKABLCRHFIRTE Rhizoctonia solani Al F kAt ba A A 288 i 27 Fadil Z8 & 3L E BL.7F Thymus mongolicus .
%7 Rosmarinus officinalis FIFEHEA Myrtus communis R THI6 B A%G FEV01 G Salmnella typhimurium B Bl
EEYERS . F7E5 Citrus limon AE AR A42 Abies alba KSR A G REE L EN SR ED,

RN TR AR R A RV A, BRI . B SEERSEAITERT, R L BRI
T HERERADS S RS IR R . S LIRSS ES FIRESERIRE .. LR E
ZIREFHE, SERRERIEMHE, SPURMRHEZEIIN = S0 IR R LI E /K > Z5hk > gt >
R, R FIR ARSI A 2 SRR PR R TR AR ] il B B bR —

WAR Liquidambar formosana J&4:Z5##F} Hamamelidaceae #54)& Liquidambar $5M- 77 A, HET, XE
WO EEERFEE R AR SBAE T, (HER VOCs ITETEHIITE >, ik, 74
SCUMERAXFG, W5 T IERERREREA VOCs FIBERIARZES S, VOCs 5y, e TR E S5 FikE
AR, A T ARREIZE TR RARE) SRR 2 S0 R0, DI R AR TR v b O s 14
HEF IR

1 MK ETE

1.1 RIeHE

RIS AR T AT T 2 DT T ARMR R 25 2R AL XA AR AR S50 ) i B AAFR A 119°43'39
E, 30°1525"N, #HKZ39 m, WA AN TARAEAFERPT Pleioblastus fortunei A1 ARAE K 2% Aster indicus. B
J& Justicia procumbens ZERIANKEY), FXIEEELE 30 ~ 50 cm, HUBHIYIE S EL) 30%, AT HARA . HLEh4 K
HAbI5Yelsgm . J@prHar AR, RBERIE, P28, WIE, ARNEET, SRR, 247
SlH 16.4°C, FEHHEBIECH 1939.0 h, | HildERAR, HPSURA 5°C, Wimm A - 12°C; 7 HilE
W, HFRYRA 30°C, Mmirimia il 41°C, AEREKE R 1628.6 mm, A FHAHMHEEERE 70%LL | .
1.2 IR At e

WERRIESIILE 20 a 7645, “PREIEZR 15 m, “FIIMRLR 25 om, HEMRKHER T, JoW R ERYURI .
BRI AN TAlibk, 132, AR 900 m?, FMESEZ A 1 650 #k-hm?, HRHIE 0.8 7245, “F¥
BRIy 2 m, FELIEEARZE 15 m AL FTEARHBYEXT IR,
1.3 VOCs R&ES59H

PUEAEARE VOCs g . T 2019 4E 5 HZUGRBENEIFEITEXIS 9 1 0011 : 00, %M QC-2 BIRS %
B (AERtiigs sy BEA T ) |, RS SRR R AR O REETR AN AR BARAY VOCs, ARAERA
PR FE RE SR P T RS 5 PRINE I BARE, ARIER | AL, 36 5 IRER, REE AL TR FHE
R RETC BRI, REE VOCs e R AR R . AN 24 100 mL-min™, SRAHFH)A 1 h,

PERIARS VOCs E : T 2019 45K (5 H) L BEZE (8 A) fitkZ (11 H ) ZUKIEFEW GRS
B9 :00-11:00, RAFFBECRAESREMEMIEST VOCs, EHHLE 1.5 m AEHRER R ER, VOCs #H7R%
B MSIHESEE 5 AN, BN | S sREs, 3E 5 IREE . AEIERRRTE A 100 mL-min™, SRASEHEI A 1 h,
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SR AR -SAR B3-S ( TDS-GC-MS) BRAEIARSHT VOCs, {08 RS E &Sm0 T
O SR A NIST2008 i FEK:Z, HARECHGERMY VOCs fEEIE)% VOCs Byt fTEl:, SR)a1EE:
TEE T T — P BT, B ERE VOCs % 2775 R B RAER (8] Py & e A BB ) VOCs 4%
R PG R T 2 .

SRR L YT ( x 100.g7) = @
R s
1.4 ZFHEHETFHNE

RH YZQ-308A FRAREEFFRIN RS (HEMPIAIRA ) THES . EFAKETINEM VOCs II5E [FHF
KRR AR BR 2 S0 VR B, SRR BE A 1.5 m, I6/E) 25 min, 48 5 min id&—8dE, 35 kEH (1L
SHURRRIE 5 M) o
15 1EFEMECH

ZHHERN B R B MR R (FRAEANRSERER) | BRI (DT RS ) | RS
5 (EIR 1 SEE) o YHER AN AR RS GAO Y T, KAWL, 2 alekrEs .
HEE . B-URMG . v -BE&E (Sigma 2AFAF7) HIMAFIEME, HICHACK R A 100, 200, 1000 %,
Sy ARG 1 mL OISR, BN O mL B53R3E, Foor iR ot In e .

16 ZTEMEVRIRE

20194EFZF (S H) B (8 ) MekZE (11 H) , ZKEFENGEREBITCNKSM 10:00, RH BRUIE
PoREESNEY) (W . BRI ) |, /3 AENERIAR SXHRHEENL &% 5 ASREER, BRIk 5 AMER,
P AR SRR B T L4 B EREA KRS 0.3 m 245, &4 1.5 m BPARCEZE |, THHERILE, %
EES Y, BREFEES AP R 10 min J5, 35 BIRILE I B OB TF, BT 30 IR S b
F% 48 ~96 h, HMFKESE 48 h, EIAEIHE 72 h, MAEEFE 96 h Jo, R,

1.7 BUIRAIE
TR 1991 4EMIAT B A BT B ST 7ok 2 S e i B3R, TR S AR A i )
, . 50 000 x N
AR (A -m?) =T
A, NOBREFRIFEER TS (A) 3 AR ER (cm?) 5 T AERIETTHFAIFE] (min) .

SRR — AbBRE%
MW (%) = RS, — A #ixloo

YISt R

Kb, FraEdE R 5 IREE A FIE + brifEiRsE . 14 .

FIH Origin 9.0 %4 ( OriginLab 237, 25 #4F 12t
Gt TR, R One-Way ANOVA JHIFH A1 % 1::
PRSI TR, IFHEAT Tukey ZTHAE (P<0.05) . % ol

= 4r
2 HERGpH g ol N
0 ; 10 .15 2I0125 3I0 35 4IO

2.1 WMERELIR ST 7 I 1] /min

AR PR VOCs F85E H 3 28 26 Ffb &4 WA B 1 FHAMEHR VOCs &8 FIAE
1, #1). B 1 fL 10751, VvOCs Ll h & Figure 1 Total ion flow diagram of VOCs from single
BERGY , E 23 Bl AR (22.4% ) HEER( 12.3% ). L. formosana

B-URME (13.7% ) . v -l (5.7%) . G4 (1.2% ) |
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AR (2.0% ) 28, 5 VOCs B8 96.6%; B2l 1 FoaxAess, | VOCs SEH) 1.4%; BeZis
2 F, SrRIMI-3-CUE L IREE (1.4% ) FIBKIR — 208 (0.6% ), 5 VOCs B8 2.0%.
£1 WERHABER Vs WEERS

Tablel Main component of VOCs from single L. formosana

5 {84 B} 1) /min &Y s F WEHEAL (x10%g7) /%
1 9.023 o-JRME CioHys 12.32+0.14 6.0
2 9.234 B-IR M CioHis 28.35+6.29 13.7
3 9.533 ER: ] CioHys 1.65+0.12 0.8
4 9.747 HHEM CioHys 25.46+2.20 12.3
5 10.466 KA CioHie 20.37+3.82 9.9
6 10.818 3-EEME CioHi6 5.20+1.04 2.5
7 11.133 3- A CioHis 9.42+0.72 4.6
8 11.145 J5i-3- L 065 . B g CsH 140, 2.86+0.35 1.4
9 11.445 o- s S CioHis 12.68+2.79 6.1

10 11.594 ISR CioHus 2.88+0.30 1.4
11 11.953 T CioHj6 46.19+1.03 224
12 12.285 2 CioHie 1.14+0.88 0.6
13 12.579 Y- S CioHis 11.77£0.14 5.7
14 12.872 T T CioHis 1.53+0.31 0.7
15 13.351 Kb AT -1,4- 0 CioHie 7.43+0.52 3.6
16 14.009 PN CioH140 0.16+0.12 0.1
17 20.744 MM CysHa, 0.46+0.25 0.2
18 22.409 A RIAN CysHa, 0.26:+0.10 0.1
19 23.194 PeKarin CisHaq 2.55+0.17 12
20 24234 RIEAEL CisHy, 1.86+0.44 0.9
21 24.613 A 2L CisHy, 1.80+0.65 0.9
22 24.866 F W CisHas 1.51£0.52 0.7
23 25.079 bidis CisHas 4.20+0.80 2.0
24 25.138 FEAAE CRERS ) CisHas 1.97+0.95 1.0
25 25.721 FEEER CysHx 0.88+0.18 0.4
26 27.286 BRI — 2. B C1oH1,04 1.25+0.08 0.6
2t 206.16 100

22 FEEHREMHKES VOCs B HH
U 2 R 2 1, L B BRBUARREARAS S VOCs S 72 28 T, LUK . HMiTh &,
W1 VOCs WA & A, ERRRIA RS | B 12 6%, 695 i,

_ _ 6 =
T = ~Or =m ~ LS5
o 5F S st S St
~ B \ B 4
= il =
w3t = 3} * o3t
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z jueed
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1+ 1H 1F
0 0 O wlly 1 1 1 Ill 1 ]
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B2 REEHFWREMKRT A VOCs &5 FRB

Figure 2 Total ion flow diagram of VOCs from L. formosana stand at different seasons
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%, 5 VOCs B8 28.4%; WA 8 Fl, EE AWK (16.5% ) . L7 (12.4% ) %, 15 VOCs B &) 44.1%;
R SR, FERH 135-ME=M (10.1%) . FEkE (5.7%) . 1,2- &Lkt (3.0%) %, 5 VOCs Hig
B9 20.1%; BEZEPIcA 2 fh, 45 AZ R THE (1.0% ) FIARHE IR % THE (02%) , 5 VOCs MEH 1.2%;
WA 1R, R, 5 VOCs BEl) 6.1%.

%2 TREEHMERKES VOCs K5

Table 2 Components of VOCs from L. formosana stand at different seasons

WEHEAY (x10%g™)

=) B H A 4
B CREWTE)/min L&Y 7o a2V s HE s % Het
1 2.988 1,2- L% C,HyCl, 4.43+0.26 2.04+0.88 -
2 3111 K CeHs 1.310.86 1.20+0.70 - 4.23+1.42
3 3572 Bk C:He 8.38+0.85 4.77+0.94 -
4 4728  HIE C7H; 6.01+1.50 24.89+6.01 0.35+0.09 4.19+0.83
5 4.819 1,3,5- 0 =4 C;Hy 14.80+1.05 - -
6 5.465  FEhE CsHis 0.20+0.05
7 5779 ALK C.Cly 1.56+0.20 0.77+0.08 -
8 5957 LM THg CsH1,0, 1.48+2.09 2.96+0.04 - 1.13+0.31
9 7.099 K CgHyo 5.05+7.14 5.05+1.21 0.08+0.12 1.77+1.05
10 7312 XTHIZE CsHio 7.58+0.72 4.90+0.88 - 2.65+0.54
11 7.941 1 4-ZHIZE CsHio 4.18+0.90 2.55+0.51 0.23+0.03 1.57+0.63
12 9.067  a-JRME CioHis 2.5040.54 1.38+0.55 0.2120.04
13 9234  B-URME CioHis 6.00+0.48 11.60+0.39 -
14 9533 KM CioHis - 2.96+0.34 -
15 9747  HAEM CioHis - 5.10+2.89 -
16 9866  [H]ZIEHIZE CoHiz 2.75+0.89 0.19+0.27 - 0.56+0.06
17 10255 KT CioHis 0.43+0.61 - -
18 10.734  12,4-=HZ CoHi, 1.10+0.55 - - 0.30+0.12
19 11.238  X&HK CsH,Cl, 0.8240.16 0.61+0.87 - 0.57+0.35
20 11.445  o-WiS CioHis 2.34+0.73 -
21 1158  4ABAdeszs CioHus 0.37+0.52 -
22 11.953  Frigehd CioHis 7.92+0.05 18.1942.12 -
23 12,579 y-id ik CioHie - 3.300.90 -
24 12.872  WESh I CioHis - 1.45+0.23 -
25 23.194 AT CisHas - 0.51+0.11 -
26 25.069 Tk CisHa, 0.63+0.27
27 27319  SEYIEE CaHy0 3.63+0.02 5.61=1.31 -
28 32447 AR HE TSR TR Ci6H2004 0.3620.51 9.81+1.05 - 0.31+0.05
29 33217 2-FZXERN C1oH0 - - 0.10£0.15
30 34.146  TNKEER CisH3,0, - - 0.60+0.50
S 92.23 109.84 1.58 18.12
e =7 FORARINEI

B2, [FFERIE] 5 28 21 Pk &, Horb iSRRI 8 T, FEZER AT 16.6% ). B -TRKE 10.6% ).
AR (4.6% ) %, HEER) 40.5%; R0 7R, DIHZE (22.6%) . 27K (4.6% ) AEERS, 5 VOCs
MR 35.7%; BRZSAH 2 b, AR T HE (2.7% ) AR —HIR "5 THR (9.1% ) , 1 VOCs BE 11.8%;
SR 3P, EEONEE (43%) , 1 VOCs BB 6.8%; B 1 #h, KR4EPRE, 4 VOCs H&
1 5.1%.

K, R 4 25 6 Pk &t , H, F25cE 3 M, R NHZE (23.6%) . 47K (6.3%) . Al
THIZE (15.4% ) %%, 15 VOCs BB 45.2%; M0 1 #h, Ao, b VOCs BB 35.4%; MR
YA 1R, R o TR, 5 VOCs MBI 13.8%; BiREWIBCA 1 fh, R 2-+ 43, 5§ VOCs MBI 5.6%.

2, T RSz 3 28 12 ffk&d, HPZR2RYog 8 fl, b VOCs &R 87.4%; JR2-M)it
H2Fh, 5 VOCs MBI 4.6%; BERWTA 2 Fh, 5 VOCs MEH 8.0%, AFEIZEVIHFERAFN vOCs 5*t
HTE, & EEPERARNAY VOCs SRR/ AN ERAY 5.1 F1 6.1 £iF, BKZMEARME) VOCs BB
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23 FAREEBWEMMESHBFRETLK

HHIE 3 51, ASEIZE IR SRR S 08 K
FEAMEAI AR B, BRKRZ, KERk. B35
Ko BRI 23 S 008 IR B 4y L BRI T 39.3%
M1 55.6%, 3 A2 EREE (P<0.05) ; EZMN
B Z N FIRE L BESIEENT 41.9%
Al 65.9%, HXtER¥ZEREE (P<0.05) ; &, H.
K R A A PR 2 A0 07 5 - R B 0 Jnl) b R BREE T
61.8% . 68.7%Fl 29.5%, 55X} KRR 325 5 83 ( P<0.05 ) .
24 FAEEPNERHZSHEVRIETL

HE 4 50, ERARNE Y B EA R —
FER BN . EZRERIAR N A & & L R 2RI
TAREIRT 112.0%F1 166.0%, HiXx “ANZEYiZEH)
EREFE (P<0.05) ; F. . KBHRNHH SRS
HEAHEL A3 BRI T 27.9% . 49.5%7F1 18.9%, xfH 2 )
¥EREFE (P<0.05) .
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Figure 3 Variation of negative ion concentration in L. formosana

stand at different seasons.
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Figure 4 Air microbe content in L. formosana stand at different seasons

WA E R/ A em®)

il
ns
- '_I
ns
1 ns a
A
HB b |B|b|
wF HF KE
4

HBMAEMARN B B &2 L BB AR T 48.6%F 132.4%, SX - AFENZHHEREE
(P<0.05) ; #. EEEXRMILSBIART 21.4%F1 38.3%, EXHHRZ B ESEZE (P<0.05) . AR E
AR SHE 5, F. EE5EMELS IR T 12.6%F 16.7%, SXHEREEZEREFE (P<0.05) .

2.5 VOCs B3tz SHMEMRIHIH

B S 51, BEE SRR TE, B -URI . R . ARG v - s 5 Xk HEURH b X 240 17 B4 400 1) 1 T 14
5, 0. 1%V FE B -IRI TGN A P -5 0 HEURH LU 48 P A FI0 ] 2837018 30.0% 1 34.6% (P<0.05) , 1% H
RN ~y - s A R 0 B LG 2 P R R 28 53301 R 31.4%0 21.2% (P<0.05) ;5 1% EE A AEM | Frigédss |
y -1 ety AL T Xt HERH G 6T L TR 0 R 5 1R 28.7% . 35.3% 1 32.1% (P<0.05) , FlE R R T =i
ZRACFR B HERE LU R L O SV E ISR 0.1%IR BERPAEIG . B-RMA . ARG .y - S A 2 5 5% AR L %o
TR TR B A KSR, 1% B2 I A A A 4L 5 5% HERE L X TBCZR P i R A 27.8% (P<0.05)
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Figure 5 Inhibition of monomers on air microorganisms
3 it

YR VOCs BRI K & & 5HPIERK L BB . TR A& SR IE PRI N 2 UIAE . SR
Mentha piperita ZhiH HIRESHY VOCs LIk 32, BEEH RHIAEKA T, BB vOCs LIS L 3220,
HEMi AL Artemisia annua B-JRH A EEAY R IR TS, ARBRAERAEH R B ZSA R & B TR
B, IR AR Eucalyptus camaldulensis FIIFF#& Musa nana )BTRS Y . BB TE T 5405
TSR N, Arse b, AR SO P OB S B R BN E R RO R, F3 . BRIk
ZhEEMN FE KA B BERIARR, BERZSERMEE B WA, Bt AR mm s S an, k3
R, VOCs KEED. HIER 7R AZIRERE OB, B, ) Bgm, ERRHEhARK,
BRI, AN KA, RN AP AR, R, B VOCs BIRMZSRIES B L0, WY,
FEPIHE SR AV F R 28 A AR T BRI RLE S, (R A R, BRI, s,
MR, HEZSBNE, WAL, EFEWIREEAREH T AN, &R mRIERIAE B0 =
W 55— T R RE RS AR A A R S B, S S IR O, FEREZS AR AL T A R
fEAEm A S, WS SRR RS E T SRR B ZAEPEDY, X ETRE S EL VOCs Fh2EAI
R 2.

AR TR R R R B S ARSI B R Y —, AR S DG RSN A, AT
AR, B EIER, HREZRRINE . bk H SRRt 2 ek ST & DR M T A
BENEFHEEKTRED . BT S S NE FIREHREINE . KERTE. LTV, Xl 585N
T MR BRI BRI R AR, B B EEIMERR N S S5 PR RS VOCs
HIAS LR, DRSS IR RS . X7 R VOCs XS s ekt i
Wi VOCs Hs R0 DIFEL B R4 7, M2 B0 (SR ) | WIn (BEEERL ) | 58St O
BN ) FANIVE RSB REF = AR 2 s S s Si— TR R E KIS | A KR . BA
VERR, KIHEIMERPIENZF A TR 2SS T, RERREREAL, e, BATERES, M
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ETHENRIIRIRZS, ARNEYZ S0 TR D

YR VOCs HATGURIEMAEM N . A KFERNT, B OSASEEBEDERY, Wang Y 5
WFIE & PP AERE AT LU 280 Fr 43Rk Actinidia Chinensis ZEICSBEHIHI R E MR BRDS . AR, EBME
RIS VOCs LUBERZE DT, ARNANR . B . R & B TERAREE, ARIZETTIEERIAR N B0 |
HESEHEERT O, SRR ORI A wrpesu R IIERE . Frigeli . Bk
IEREMHIREY R RPREIRY VOCs MRS A KA MSIE RS, h T PR E RIS
i) VOCs HH BARIMB YT, BEFEREMSSh S R PBE . B-ORME . MG | - BT SRR R, 45
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