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Abstract: Background, aim, and scope Owing to the rapid development of modernisation and urbanisation,
living standards have gradually improved. However, the widespread use of high-energy-consuming indoor
appliances and furniture has made indoor environments a primary environmental problem affecting human
health. Sick building syndrome (SBS) and building-related illness (BRI) have occurred, and indoor air
conditions have been extensively studied. Common indoor pollutants include CO, CO,, volatile organic
compounds (VOCs) (such as the formaldehyde and benzene series), NO, (NO and NO,), and polycyclic
aromatic hydrocarbons (PAHs). VOCs have replaced SO, as the “The Fourteenth Five-Year Plan” urban

air quality assessment new indicators. Indoor VOCs can cause diseases such as cataract, asthma, and lung
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cancer. To protect human health, researchers have proposed several indoor air purification technologies,
including adsorption, filtration, electrostatic dust removal, ozonation, and plant purification. However,
each technology has drawbacks, such as high operating costs, high energy consumption, and the generation
of secondary waste or toxic substances. Plant degradation of VOCs as a bioremediation technology has
the characteristics of low cost, high efficiency, and sustainability, thereby becoming a potential green
solution for improving indoor air quality. This study introduces the research status and mechanism of plant
removal of indoor VOCs and provides an experimental basis and scientific guidance for analysing the
mechanism of plant degradation of pollutants. Materials and methods This study reviews studies on the
harm caused by indoor pollutants to human health and related sources, mainly investigating the degradation
of indoor formaldehyde, BTEX (benzene, toluene, ethylbenzene, and xylene) plant mechanisms, and
research results. Results Plants can remove VOCs via stomatal and non-stomatal adsorption, interfoliar
microbial, rhizosphere microbial, and growth media. Benzene, toluene, and xylene (BTX) are adsorbed by
pores, hydroxylated into fumaric acid, and then removed into CO, and H,0O by TCA. Formaldehyde enters
plant leaves through the stomata and epidermal waxy substances and is adsorbed. After the two steps of
enzymatic oxidation, formic acid and CO, are generated. Finally, it enters the Calvin cycle and removes
glucose and other nontoxic compounds. Discussion The non-stomatal degradation of VOCs can be divided
into adsorption by cuticular wax and active adsorption by plant surface microorganisms. The leaf epidermal
waxy matter content and the lipid composition of the epidermal membrane covering the plant surface
play important roles in the non-stomatal adsorption of indoor air pollutants. The leaf margin of a plant
is an ecological environment containing various microbial communities. The endophytic and inoculated
microbiota in plant buds and leaves can remove VOCs (formaldehyde and BTEX). Formaldehyde can be
directly absorbed by plant leaves and converted into organic acids, sugars, CO, and H,O by microbes.
Bioremediation of indoor VOCs is usually inefficient, leading to plant toxicity or residual chemical
substance volatilisation through leaves, followed by secondary pollution. Therefore, plants must be
inoculated with microorganisms to improve the efficiency of plant degradation of VOCs. However, the
effectiveness of interfoliar microbial removal remains largely unknown and several microorganisms are
not culturable. Therefore, methods for collecting, identifying, and culturing microorganisms must be
developed. As the leaf space is a relatively unstable environment, the degradation of VOCs by rhizosphere
microorganisms is equally important, and formaldehyde is absorbed more by rhizosphere microorganisms at
night. The inoculation of bacteria into the rhizosphere improves the efficiency of plants in degrading VOCs.
However, most of these studies were conducted in simulation chambers. To ensure the authenticity of these
conclusions, the ability of plants to remove indoor air pollutants must be further verified in real situations.
Conclusions Plant purification is an economical, environment-friendly, and sustainable remediation
technology. This review summarises the mechanisms of VOC plant degradation and presents its limitations.
Simultaneously, it briefly puts forward a plant selection scheme according to different temperatures, light,
and specific VOCs that can be absorbed to choose the appropriate plant species. However, some studies
have denied the purification effect of plants and proposed that numerous plants are required to achieve
indoor ventilation effects. Therefore, determining the ability of plants to remove indoor VOCs requires a
combination of realistic and simulated scenarios. Recommendations and perspectives Plants and related
microorganisms play an important role in improving indoor air quality, therefore, the effect of plants and
the related microorganisms on improving indoor air quality must be studied further and the effect of plants
on indoor VOCs will be the focus of future research.

Key words: plants; VOCs; removal mechanism; indoor air purification; microorganism
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AR R R YEA VLS Y (volatile organic
compounds, VOCs) Wi N E N EEG YY) ( Geiss
etal.,, 2011; Yeetal.,, 2017; Heeley-Hill et al.,
2021) . ERIEME N VOCs fuffikikaZk | Mk
K. HFERIE. )R, B, MR, WS, M
X FRBAEEHELEMEAVILAEY (oxygenated
volatile organic compounds, OVOCs ) 5%, 154 .
PeHA . BRDIEE (WM OmE ) « AR H2R,
LR (BTEX) 423 Wi WL VOCs
( Jenkin et al., 2008; Yang et al., 2009; Irga
etal., 2013; Waring, 2014), —L£VOCs AJfEZE
WIS R AL AR R e, e FEE
CEF IR A WLAE KBS (Jenkin et al., 2008;
Waring, 2014) . £ i %% # 7F H /& A1 BTEX ¥
Birposr NARA B . 2w, BOEMER, BT
TR AR E E Z R4 " (USEPA) Fi3k [
A AR IR BT AN Sl e I 4y Jo 44

1T VOCs X NERAFTESE S, 24 E%/
X T VOCs Z N2 UsthkbrifE, RIE (GB/T
18883—2022, N U BTEbRIE) MUAE 8 h 3N
TVOC IBRMEA 0.6 mg-m > ( rhie A RILAN I 5
737 B BRI A R A N R R [ SR A
EHMEG 2, 2022) ; FUWEHLIX 201947 A 1 H
BN (IVAE SR E N S
B51) HUE 8 h TVOC #eEERR B 200 pg-m ™ (5
Hgk ) 600 pg-m” ( RAF%% ) ; 3£[E LEED &
o 3R ST 7R 2 A1 WELL JAFAR ML TVOC 1
FRAE M 0.5 mg-m> (X, 2019) .

Ry, ZAENE TR AR EEN
A VOCs & i bR IR 5™ 1, 2003 424 B
=, FRE 6 AT Y R A 54 B A 66.58%
81.48% FY A 1 Ji % A5 A0 PP ik B o [l o b oA
(0.10 mg-m”) (WkZ£IC5%:, 2005) . 2001 4EFF
5 W Bl %o A S5 1 B )R & N VOCs #E 47 T M
0, v VR B S LR 9.0—42500 pgem Y, R
A2y (R, W %, M- HOE, |-
HLOAB-THOR . SRR O ) WL R
156.7—1214.4 pg-m~ (Haoetal., 2014 ) ., A\ 2002
AEF] 2004 47, FRE 1241 POEGHEE R PR
AR BE 43910 124.04 ug-m ™, 258.90 ug-m™
H1189.68 pg-m> (FRARESE, 2007) .

P2 N2 A BGEVEN, #R il
WE E A (255845, 2015; Ears, 2020) .
o TP E & —Fa e ik, IR EN

HERBEHEAR, TR KR, 80 g
FE 57 SEAS AR, el A AARfR RO, [RIA A
FIF AT B FE ( Bringslimark et al., 2009;
Thomsen et al., 2011) , KHZ3H 7 XFE, BI7E
20 fit2e 70 4EAR, REEZEME MK (NASA)
SR TR IO B AR ) 18 52 2 P 2 AR e AR
#1525 ( Wolverton et al., 1985) , - Fh
TE= N Th B s SO 71, Tl <
) VOCs ( . 2R, Aok, WIR, Fht
Ml a-JRIE5 ) DICHERMADA (Yang et al.,
2009) . EANE A HEERY], S ( Epipremnum
aureum ) . G RIE (Syngonium podophyllum ) F
M 2% ( Chlorophytum comosum ) 1 6 h N 0] Z:[R
2.27 ug HE ( Wolverton et al., 1984 ) , KFE4F
% ( Dieffenbachia amoena ) W{E 35 pmol-m s
F190 pumol-m*-s' Ay IRGREE T £ 0—1.2%
10° pg-m~ I ZE (Porter, 1994) , /K¥EHI 454
AT A 7d £ % 79.87 mg-m” 2 (Irga et al.,
2013) ., HETCAWIEIFEE T 60 ZMm] LR
. 60 Fpal LR, 67 Fhnl LR L. 15 Fpal
L T H XY (Kvesitadze et al., 2006 ) .
[ A FE ) 22 B % N VOCs A SeF oY (TE14L
HE, 2016) o TEH ULEY 73 FAEY 13 Fpoa] Xk
B 0.1%—9.99% 2%, 17 Fal 5Bk 10%—20%
A, AT 17 Rl Bk 20%—40% 4, 3 Fhl
25 Bk 60%—80% [ % (Liu et al., 2007) ., 7E%
P 25 Al 3Rk 4 180 d = P BTEX, M
(7.91£3.72) pg-m” &= (0.39+0.34) pyg-m >, Z
ZEM (37.2+352) ug-m” [EZE (1.4+0.5) ug-m >, —
FZEM (100.8+111.7) pg-m ™ [ % (2.8£0.7) pg-m ™,
BRI (46.8+44.1) pgrm” [ % (2.1+0.9) pgrm
1117 FP A A4 e A (7.3 4 1.7)—(24.0+6.7) pg-m
W (Daietal., 2018) .

AP TR LB s N2 T L JF
Je—2efit 5y, (EAAFZaH, IR E B kg
T EMIE . BA B R, A FLWR R
VTR AT VE R VOCs MR, 2 BRASCR Ik
TARALEE AR L L5 (Jen et al., 1995) , H
R VOCs M i 4% B ZEFIAR K, 21717 B A 40
FHOCH T A= 1 £ Bk ( Yang et al., 2009) , JCid
+ 355 37 F b AT 2B % N VOCs ( Wolverton and
McDonald, 1983 ) , F-¥H 2 A 2Bk
A CO, Fil H,O ( Ugrekhelidze et al., 1997; Collins
et al., 2000; Howsam et al., 2001; Peck and
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Hornbuckle, 2003 ) . {HZEAhE= HIFEHTSY, AF
PIFFEN B3R — B R A BT B R ST o

ARSCELRIR T Y% N VOCs 25 R 19 = AL
IR FEHE RS, FFRAT T A ME ) 25 bR 5 o H
BTEX MUHLEE S F o iR, adl: (1) SFLIREH
FEHESALRE . (2) MBS LB, (3)
PRI bR A (4) AR ATRMAEY . LU
WA P 25 B 15 Gl Wy L BB A4 S 06 FE Atk AR 2 4
S by i R e < A 8

1 VOCs

1.1 VOCs

TR ENREEZRRK, HRESEN
RS A ) 2Bk VOCs R = k. AFFE I
T AR X KBEATE R, S5
FEES—AF R TAEY R CE,  H U B e AN 38 XU
I 72.0 pg-m” BEZE 33.7 pg-m >, 76 i KUY )
M 70.6 pg-m P EZE 10.7 ng-m >, AEAREIE
RARZS Ty, FRORTN 2R )W B AN A2 A W) A S 1)
20 (Lim et al., 2009) . B& 7 SCg0 Rl R4 25
R AE R, BN 2 RN g R
(R, Ay N TE BT SRR E IHEN P REZEN
VOCs #it, KIEAY G, BN =R
Ve FE I 80.8 pg m” BEZE 66.4 pg-m >, IR
275 ug-m > fEZ 106 ug-m >, FIHIMVAE R
M 7.20 pgom” FEE 1.96 ug-m>, iSRG I
FVEFUAEAC ], £ 2R 0 = F R B ok B 34 0 A3 B
WAL (Kim et al., 2011) . A] WAEY) £ BRis g
P ROR AT RE s K oy 3 N BRI A 2%, RO
GRS 225 M AN RE VAR IR HLASCR . IR,
FEARA G, O AE HE R RO 5 45 At 2% 14 [
FEREO T, TR, JFREZAP
TTRES, ARTSHER AT 25 R TS G 85l
1.2 VOCs

H 15 K 2 B0H 9 & Bk VOCs 14 AL B 53 %
AL S 56 A8 19 77 15 ( Wolverton et al., 1985;
Wolverton et al., 1989; Dela Cruz et al., 2014) .
SIS — B 7E B P PN RS IO B S e o rh gk
17, BRI —BCOhBE, BRER TS
MRS . Ki 320 SOk BRI, R A B8 A
R i, LREERR R AR A RS,
ol 7 100 08 2 28 s AL b T 5 40 ke f A KA TR T
VOCs LRaH, SLg bR S e g rh i A —
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5%

W B T5 Yety, (ECHREGREE | TR R0 X 5 B R
Feorr, AT VOCs 19 LBRRCE
AFEFEPIXT VOCs B L BRBCRARKZEH. 1l
. vHE#E (Hedera helix) . %4t ( Chrysan-
themum morifolium ) . Ji4E¥# ( Dieffenbachia
compacta ) MEEEAE 2 mg-m* HEEEZE T 192
KRR 88% . 84%. 96% Fil 94% ( Aydogan and
Montoya, 2011) . FEHYARFZA LU ZE PR VOCs 1Y
EBRRCRWAF, Flhn: [ (Zamioculcas zamii-
Jolia ) SALXIA . B R — BRI BR800
B 80%. 76%. 75%. 73%, FAREXENTH %
[ K0 5 ok 20% ., 23%. 25% 11 26% ( Sriprapat and
Thiravetyan, 2013) . [ #F— D RaxX i 4,
THIRAIRITEE N VOCs XHEY) A= PRAFPE 5200
1.3 VOCs

KA 7 %% (scanning electron micro-
scope, SEM) Z3#r, I AR AS AR L0 5L 0 il 4% 1 5
5 AR ) 3R Z G5 R AE, Gl ik SEM 43 AT
RILAE Y e MR S5 R = 253 VOCs B R
W AE . B, RIEHEL % (Tillandsia
velutina ) B R BIRIRAE R — Py 57 b v LAAR
PHEE (Lietal, 2015) ; HAEEEZE 12 h )5,
A IR R B A R Y v E A 1060 pgm R RE |
546.67 ug'm >, FRET 48.42%, T EARIRIIRIL
TRET 22.51%, MERMEBRZ, HA7R T
K, EEEHEERE SR (Jinetal., 2013) , [A]AT,
SEM 73 M i AL 3] % 4 25 S VOCs X<
LA AE BRI A 3R . Lietal. (2021) &3
=M 22 TE 37.5% IR P AL 7 d RS
HINT 19.77%, YEEEW/D T 28.66%, HIEEAIfHiS
FLIF AR /INEE 253 G

3 1k 3% L T 4 4% (transmission electron
microscope, TEM ) 431 ] i — 20 W0 A 4 210 i
1E VOCs S5 T 1 AR BURp 28k . WIS 3 B
IR SR XY A — e i, RIS =R
B REEAL RS, AR AR 0 T RO E Ak A
S, ULETH A T i R A R ik
W, WA KRG 00k 2 W T R Y RE 28 55 (Li
etal., 2015) . ¥H FMERMH LR ATE 2.5 mg-m ™

2 (Jinetal,, 2013) ., BrTHES, —HEWD
AT 3 A A I A 7, PR B A R AR
FEAEN SR L RN L, mTR ) R
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PR SR B ik A2, BT R ERT IR
WEWCRE )78 55 . PRLIHOGA4E A i 2 9 5 R ] g
AR D XA BLTS G W i L BR &% ( Sriprapat
etal., 2014) .

2 VOCs
2.1

R AT DL 3 B R s P 35 43 25 B VOCs,
- 25 BRIB A E AR AL (Trga et al., 2018 ) Fi
AL ( Ugrekhelidze et al., 1997 ) LK H
TR . AR T B S AL R VOCs, T
i AE AL ZBR VOCs 1R 78 02 36 K2 £ ot )2 i i
[} ( Moeckel et al., 2008 ) , VOCs tin] 5235 )z
I AE R T AR I U T5 44 (Wolverton et al.
1985) o 5t J2 1t 32 B Hy KRR R D7 R S H 45 b
iy (fskeke. B, BE. B, BRANER ) A4 A
B %) i ( Eglinton and Hamilton, 1967 ) , &k & fk
B0 SR BE AR 25 5 WK B A B2 il O
TEM R R, MR Y IR T AT s AP R
IR, RAMAREN A FREEABEN,

AWFEE IR PR 2 ER BTX (8, %
TR RIFEEPLEE. BTX gt A FL A
FA RSSO , AP ORI R A AR, —
RIFAA L 3- I BL-2- TGl . ARJR &l Ak A
E DR —RIRIEIS (TCA ) #EfiAz L CO, il
H,O (Ugrekhelidze et al., 1997; Kvesitadze et al.,
2006) o HEESEARLYI N IS 2o i WD A S
FALAE TR, #E—20 4 CO,, fefm i ARIRSC
TEAAE A A AL TE LAY (B 1) (Giese
et al.,, 1994; Hanson and Roje, 2001; Kim et al.,
2008; Song et al., 2013; Zhang et al., 2014; Sun
etal., 2015) .

2N VOCs 1Y 25 BR AR 2 B AL KR 1952 e
( Sriprapat et al., 2014 ) . JERRSCAF N HEE . 28N
2R L BRACE = TAE R, &R <ALt
RN 2Ty, TAERR IS ThUE G (Yoo etal.,
2006; Kim et al., 2008; Treesubsuntorn and
Thiravetyan, 2012) . SRS RIRISH Y ISR
TERIAITFHC, FIRIKHT, 4 H MO SRS 3 G 2R
B, KPR ZRANE O e £ BRSCRBA 52
EAEMSEE, UARFIAEYIH AL VOCs
BIVE AN HE—ME 1M1 ( Sriprapat and Thiravetyan,
2013) .

. FR, THR R
. . BTX . Formaldehyde
SN S R 0
Benzene, toluene Xylene )]\
Tr H™ H
l Ring cleavage l
R CH; O j)]\
— OH 3
H OH
ON H,C MH -
OH L Formic acid
PR 3-F R0 T A R
Muconic acid  3-methyl-2-butenal l
\_’_l 0=C=0
—EALR
o Carbon dioxide
HO
\H/\)‘\OH |
0 FIR B
=0 Calvin cycle

Fumaric acid

|
=RBRIEH
TCA cycle

1 AR BTX R RS
(51 Kimetal. (2018) )
Fig. 1 Removal of BTX and formaldehyde by plants
(from Kim et al. (2018))

2.2

TP it BRJe — 58 2R A YT 2k
AL, VOCs AT o3 47 4 14 9 14 S A= 9 ok 2 Bk
( Mercier and Lindow, 2000) . VOCs #Aa4iR )
Ja5KEEAS G, Ra 5. JER. AR
AN T WA S, o NIRRT LBk, DT
FUEW I (Ugrekhelidze et al., 1997 ) .

Schmitz et al. (2000 ) #F “C bric g T
SR FIEMS ( Ficus benjamina ) W 7 X HI P g
W, Heam AR AR, JESE T BiRBEIS . 7ERRR
T, WEES LY A S S H A
Pt R0 Y R I S0 It 3 7 o il 2 55 1 T 2 AR S
FHFAL R CO,. AR . Hif HO, H
HRES E M AL IR R . SRR E
Higdh (El2) .

{HF A MY 2 BRZE N VOCs I RCRAT AR,
X B Py M B8R B b2 e O v R R
M3 B R T5 4y, DU 5 538 4o 45 48 ) 42 A AR
A Wy e 2 v M 25 R VOCs 1Y %% ( Barac
etal., 2004) . . 250146 ( Bougainvillea
buttiana ) & WGP I AR TG R, $E T 2
R0 L BR230% (Sangthong et al., 2016) , B
THOR AR A . TR R T M
TR, XPHOREE. T R, NIR. RN
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23-T LR, R AT, 2,6- —H AR
By, 4- 550 -3,5- “HERORIPRR . RHEE . A
e, WZBE, 1-NliE. 3- Ak -2- TIRME (Gibson
et al., 1974; Jorgensen et al., 1995; Schnoor
et al., 1995; Rylott and Bruce, 2009; Sangthong
etal., 2016) (&13) ., —SEPAHYMRAR 31 R
MR D) 25 A TE I R T RBE$E 5 VOCs R
K fn. WA ZEAUFT R ( Bacillus cereus ERBP )
REAE FE FHE T BRI 3R 10T, e SR 2 FAT T 2
PR 1 min PERE, 7E 24.56 mg-m [ I
WZET, WI{E 72 hikE] 78% AYKBRACK, MiAd:
T 25 A R Y 55 k= O 2 BRSO 65%
( Khaksar et al., 2016 ) ., BEREZEAIFT /R —Fp
FA LAY A K 0 D REPE AR A 1 )5 A= e A A

.......

R
Z SCOOH
7 '\_COOH

R
=0

~ | COOH
7

0.
COOH
R R COOH
OH

OH

» MHEE4LZ0 Palisade cell

45 2

A YL Vascular tissue

AR AU YA B L br s SOh U, SR A4 02
o AT A RO LA DR B A i 9 A T 5 LR R R
16 FRAATE. AL, B Y LEREE T Ve
R A 5e 25 R854 G4 ( Burkholderia cepacia G4 )
() pTOM HH 2 2 3 JooRn 2 A 88 20 0 B 3 28411 v
FEIRTET (B. cepacia L.S.2.4) , 13 2|4
PR LB RO 3, (AR 3 PR RRAIL,
o R B A S T R T 50%—70%
(Barac etal., 2004) ., 4R, MFrE—PFEN %
FHWIHEE, SRZESR, KRR (Kinkel,
1997 ) , MBRIUEY R L BRSCRAEAR KRB 1 A)y
SRAFTEARMGER, 1 B2 Y R AT G SR,
N F AW . B RN FR 2 A W 0 R O ik
(Weietal., 2017 ) ,

RERINGS

Trichome

Epidermis

Spongy layer

R EYH Guard cell — g Pt
COHH I TALEEN  H,OM10,8 1f
CO, enters SALHEH
through stoma  H,0 and O, exit

through stoma

SO;—= SO} — SOF”
Sagr L PMER_BAR
Cysteine Proteins
\ Ik
A I0EH ik
Glutathione

NO, —%> NO; *— NO; —= NO —= NO, —= N,
TN, AR
NH, Amino acids
CH,0 — HCOOH — CO, +H,0

N\ AL, B

Organic acid, sugar

TR R R By . A EDRORR M RS R, R DL SRR (PMs ), IERRE SO, NO, #il CH,0 25
Bt AN G ERRREE AR ZERDR A REH R, BUEITTR VOCs (MR RY ) FeAb b it B Nl Tes 19 &4

(518 Weietal. (2017) ) .

The middle panel represent an aerial part of a plant. Right panel shows a magnified schematic cross section of a leaf where leaf surface and trichomes

can retain particulate matter (PMs) and stomata adsorb or absorb PMs as well as how leaves can assimilate SO,, NO,, and CH,O to simple organic

compounds, amino acids, or proteins. The left panel depict a magnified leaf surface with bacteria, which can biodegrade or transform volatile organic

compounds to less toxic or nontoxic ones like benzene and its derivatives that can be degraded through Ortho pathway or Meta pathway (from Wei

etal. (2017)).

K2 HBREERPLE
Fig. 2 A schematic illustration of phyllosphere
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CH3
CH;
H3C
CH;
] = R _
m-xylene M- R
\ p-xylene
O/ CH; l
HO CH3 0\
~CH; HsC”
o o~ CHs
CH; ¢
- H
2,6-= H A HE KB ?
2,6-dimethoxyphenol X 7‘:@ 4 %% _'3435- 2,5-— S H-4-
> p-tolualdehyde “RAEERR Ll
) 4-hydroxy-3,5-dimethoxy 2,5-dimethoxy-4-
l benzoic acid methylbenzaldehyde
HyC.__CH, ' '
CH3
4-5 T 2

1-isopropyl-4-methylbenzene

H;C OH
A} (6] 0
HO  CH;

2,4-— 32 H-2,5-— F1H-3(2H)-H I
2,4-dihydroxy-2,5-dimethyl-3(2H)-furanone

CH; o 0
— 0 OH OH
\ cH, — — —

3- ﬁ3E2 TR ll}ﬁTﬁ

[icd
3-methyl-2-butenal Maleic acid )iTﬁt%
Fumarlc a01d
[0}

" % H;C \)I\OH H)

[0} OH CH3
—REWH -
Dihydroxy acetone Proplomc acid Propanedlal

S

Acetlc acid

3 MR RBR HOR A AR (5] Sangthong etal. (2016) )
Fig. 3 Proposed three isomers of xylene degradation pathway by B. buttiana (from Sangthong et al. (2016))
2.3 NN RN I N | R T R R G s 7 i)
AW RW VOCs Tl 445 Rt Em RRIEADRFACA LIS R, AR i bR
VINR AR BRIAE Y Bk HEWIIRBRRBREAA EWRErE, MWmsEIA PSR HRER M HK (F)
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BiiE, 2006) . A AR BRGLA P AT 2 R Y A
KEAY) ., TERIE], 92% 114 H i J2 9l AR Br sl 26 i
ARG Y EER A bR, Hid 90% iy HYEE R
JEH TAEYAR BRI D AR R PR, A+
BEMMZBHEH (Kim et al., 2008 ) . ¥ [ M S &
( Fittonia verschaffeltii var. argyroneura ) F1EK
2% (Hoya carnosa ) g2 THARFP24H, RGN
FEPIARBR AT T 42 PPl BRI OR A4, JH2:

B15E
Bk VOCs 14270 J Pl — M2 SO A8 i 2 o e

H1ETF A I, FRA tod (toluenedioxigenase ) iR
s oy — R AR R U R UCEE, BN tol
( toluenemonoxigenase ) 4% ( Zhang et al.,
2013) . 4 HAEE i tod AR, (HH R —
FR 2 R] e 2xid 1o tod 8% tol 342484k ( Tsao et al.,
1998) (K 4) , XEBHE > E YAl g5 | ATl
NIRRT, RIETREATRBR R T .

CH3COOH

OH
HO
¢ COOH
CH3 CH, L
OH CH,;CHO + CH;COCOOH
10 11 - COOH
+ | S \/\[(
OH co o]
2 3 : ?
CH; CH,0H CHO COOH
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1: toluene, 2: o-cresol, 3: m-cresol, 4: 2,3-dihydro-2,3-dihydroxytoluene, 5: 3-methylcatechol, 6: 2-hydroxy-6-oxo-hepta-2,4-dienoate, 7: acetate,
8: 2-oxopent-4-enoate, 9: 4-hydroxy-pentanoate, 10: acetaldehyde, 11: pyruvate, 12: benzylalcohol, 13: benzaldehyde, 14: benzoic acid,
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(1974), Collins et al. (2002)).
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Fig. 4 Bacterial metabolism of toluene
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