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Abst强ct：Ten plants from Marantaceae farnjlies and ten plants from Pteridophytes were tested for their abilities of re—

moving formaldehyde(FDH)in the air．Each of the plants was placed for s即en days in a 1．O m×1．O m×0．8 m

91ass bOx filled谢th FDH谢th the initial concentration ofl5 mg／m3．Some plants such as N∞￡fop抛矗s竹id“sVolu—

lum，Ch￡nf^已n Z“66盯，i以，zn showed the top resistant ability to FDH；some plants such as CnZⅡ￡^e口or撒fn，ChZ口f^阳sP一

￡om，G口缸f^∞倒dy，and(kZn￡^组ros已。一picta showed medium resistant ability to FDH；other species such as N∞f—
fo户￡盯is挖趔“s，PfP—s知“一西，RP—s跏矗，0门竹i5 cv．Victoriae，P地以s c化ficn cv．Alb01ineata，NP夕^r0ZP户i5∞趔i如￡缸，

CvcZ050，Ws声n，诅s缸if“s，B￡砌，z“m o一册￡丑如，j切hr祝孢fn疣coZor，and(麓Z口￡^8盘朋6ri，硷showed no resistance to FDH．

The absorption of plants for FDH in the glass chanlber was found especially apparently different during the first three

days．The fastest purification rates of FDH were found in species such as C．g咖i，zn，Mif，．050，—“m p“竹c￡n￡“，"，and the

slowest were found in species such as C．抛ras饿c“5，P．研si厂0门扔s cv．victoriae，N．行id“s cv．Volulum，and C．sP￡osn．

In conclusion，8 species of the potted plants which could be recommendable to be used{or FDH purification were N．

前列“s，C口如￡^∞rof“行di如￡缸，P．c邝fim cv．Albolineata，C．orm衄，P肠fyfP—Mm 6i，k彻f“m，N．九id“s cv．Volulum，

C．ros咿picta，and C．／砘ddy，because these plants have high absorption ab订ity to FDH and have 1ess damage．

1畸words：formaldehyde；indoor potted plants；IⅥarantaceae；Pteridophytes；purification
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竹芋科和蕨类室内盆栽植物对

甲醛净化作用的研究
周俊辉1*，岳宝超l，陈水渐1，徐会连2

(1．仲恺农业工程学院园艺园林学院，中国广东广州510225；2．日本国际自然农法研究中心，日本长野390一1401)

摘 要：以竹芋科和蕨类室内盆栽植物各10种为试验材料，分别置于体积为1．o m×1．o m×o．8 m密封玻璃

箱内，甲醛起始浓度均设置为15 mg／m3，连续观察7 d。结果表明：卷叶巢蕨(N∞￡fo户￡Pris扎id“s cv．Volulum)、矩

叶肖竹芋(巳胁矗阳z舶ersi彻口)对甲醛抗性最强(I级)；银线竹芋(C．o砌衄)、银羽斑竹芋(C．卵￡os口)、翠叶竹芋

(C厂形d勿)和彩虹竹芋(C．roseo_picta)抗性较强(Ⅱ级)；巢蕨(N．起id甜s)、傅氏凤尾蕨(P￡P矗s如“r蒯)、银脉凤尾蕨

(P．鲫s2厂o"”is cv．Victoriae)、银心大叶凤尾蕨(P．c肥￡im cv．Albolineata)、肾蕨(NP加roze户is∞趔i如z施)、华南毛

蕨(C∞zosoⅢs加阳s越f“s)、乌毛蕨(Bze如咒“优or塘n缸如)、花叶竹芋(Marn挖细抚∞幻r)和天鹅绒竹芋(C．z幻矗m)抗

性最差(Ⅳ级)。甲醛处理后，密封玻璃箱内甲醛浓度均呈递减变化，递减最快都集中在试验后1～3 d之间。吸

收甲醛最快的植物是天鹅绒竹芋和星蕨(Mifrosor“优加以c抛f“m)，最慢的是华南毛蕨、银脉凤尾蕨、卷叶巢蕨和
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银羽斑竹芋。对甲醛处理产生伤害反应少或较少，而吸收能力强的前8种植物是：巢蕨、青苹果竹芋(C．r0地谢i一

如z缸)、银心大叶凤尾蕨、银线竹芋、二歧鹿角蕨(P肠z弘析“柳肪／k，∞f甜m)、卷叶巢蕨、彩虹竹芋和翠叶竹芋，可作

为甲醛净化专用植物应用推广。

关键词：甲醛；盆栽植物；竹芋科；蕨类；净化作用

Increasing uses of resins and solVents such as

formaldehyde(FDH)in construction and decoration

materials have caused severe ponution of indoor air．

FDH is a kind of c010rless chemical with a strong pun—

gent odor，especialy steadily releasing from ind00r dec—

oration materials for three to fifteen vears． FDH 1ike

other chelllicals such as benzene causes serious hazards

to human health and is classfied as the first class of hu—

man carcinogens by International Agency for Research

on Cancer(IARC)because it is capable of inducing

cancers and tumors．

Interest in the indoor air quanty has become an

earnest issue in China since there is a serious Droblem

o{eXcessive use of FDH in housing c。nstruction，refor—

mation and decoration． Yu&而ng(2005)monitored

more than fifty new decorated bedr。oms and found that

the pollutants such as FDH，benzene and other v01at订e

organic compounds exceeded the hmited standards by

36．8％，38．4％and 12％，respectively．The adoption

of energy。saving proposals to reduce the reIease of in—

door p011utants has 1ed inefficiency in improvement of

indoor air quality and consequently makes potential

health hazards remaining． It is one of today’s hottest

research subj ects how to use indoor plants to absorb

and remove the indoor air poIlutants． The earIy re—

search was carried out by W01verton of National Aero—

nautics and SDace Administration(NASA)and the re—

search group listed the top ten plants which were effec—

tive in clearing and eliminating odor，purifying air，and

absobing and decomposing FDH，benzene and other

pollutants(Wolverton，1997；W01verton以以Z．，1985)．

These plants include spider plant((玩Zo"9户^y￡“m co栅一

s跏)，English ivy(He矗er口靠已paZP咒sis var．si行e竹sis)，
A10e vera，DmcnPnn m72der如咒n，D．"讹rgi撇妞，D．

加g凇挖s var．A钇ss伊踅g∞咒8，mother-in-law’s tongue
(Sn以s8说erin ￡ri，矗sci口￡a)， S． ≠ri／hsci口f口，(二弓，‘6e，’况

Ja，”P50咒ii，Chinese evergreen(AgZ。o以卯m spp．)，peace

1ily(S户口￡^i声^了比甜，扎∥Dri6“心d“静2 cv．Clevelandii)，and

Pri￡c矗n九童in gn乱dic矗口乱d娩． Recent years，many re—

searchers and scientists in China focused on selection of

plant species that are effective in absorbing or rcnlo—

ving FDH from indoor air(Li，2006；Zhou P￡口Z．，2006；

Huang以以Z．，2008；Cao P￡nZ．，2009；Xiong&Su，

2009；Wu 2006)． Plants such as MD竹s￡g，u deZifiom，

Fic“5已缸s￡钯，(流Zorop^y￡“优∞mosⅡm，and Opuntia

strictia have proved capable of absorbing FDH in the

air． However，effective species are stin 1imited． No—

ticeably，it is stm difficlut to eli面nate FDH，benzene

and other indoor air pollutants in low concentrations．

The previous studies showed that many potted plants

had more or Iess abiIities of absorbing and decomposing

FDH and benzene． Moreover，the Dots，culture media

and micro。rganisms in the media also showed ability of

absorbing FDH to some extent． However，the puri“ca—

tion effecLs of the tested plants，such as C撬ZD7．o户五yf“m

co仇osM，竹and Sci，2如户s“s日“，℃“卵，were inconsistent in

different researches．Although ten species of the plants

such as Sfi咒dn夕s“s a“rP甜咒，A5p口，4口gz￡s sP￡口fe“s，S口咒一

sP说Pr施￡矗知sc如尬cv．Hahnii，C矗￡or0声^∥￡“m∞mD—

s“m，AgZ以。咒肋2cz∞mm“缸z“m cv．White Rajah，Ag肠一

。起黝∞研研征细￡“优cv．Red Narrow，Ag￡口07z硎n com—
m“￡口￡“7，z cv．7Reubii，Sci行c如户s“s夕if￡“s cv．心gyraeus，

国s据臧‘g地趔i5，丹iZ谢阴dm靠sodi煳i cv．Wendimbe
were recommended for FDH purification(Zhou甜日Z．，

2011)．But there is still much work to seek for H10re

plants not only with good performance to remove air

pollutants，but also with less or no damage to human

beings． Therefore，in the present study，plants from

the Marantaceae and Pteridophytes were tested for

their abilities to absorb or remove indoor FDH and

other pollutants as we¨as the resistance to FDH，in

order to provide re{erence to the utilization of plants

for indoor air Durification．

1 Materials and Methods

Twenty potted plants from the Marantaceae
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and Pteridophytes were used as experimental mate

rials(Table 1)．

Table 1 Twenty potted plants used from

the Marantaceae and Pteridophytes

Marantaceae Pteridophyte

(1口Zn￡^en crocn￡n B￡Pf^n“，n orie竹￡口Z8

(1口Z口￡^en，rPddy C了“osor“s户n，usi￡ic“s

(麓Z以如∞Z“拍P，苫iⅡ疗n^彳ifrosorw优西“珂cf口￡“m

(k￡n￡^e口7n口忌Dy口n口 Neo￡￡opfPri5粗id“5

[kZ口￡^e口o，72n￡n NPo￡￡op￡eris超id“s cv．Volulum

(1n￡nf^e口rosPo—picta NPp^rofPpis cordi．厂0ZiⅡ

(：1口￡口￡^en ro￡Mndi／bzi口 Pznf了fPriMm 6i．厂“rcn￡“，咒

(hZ口￡^en sP￡os口 P￡Pris f，℃fifd cv．Albolineata

(1nZn￡^en 2已6rinn Pf已ris已nsi内r，”is cv．Victoriae

Mnrnn缸6icofor P船一s，矗“ri“

1．1 ExperimentaI treatments

The tested potted plam was placed in a glass cham—

ber with a wall O．8 mm thick and inside voll】me of O．8

n13(1．O m×1．0 m×O．8 m)．Inside the chmber placed

a sHlaU fan and a themometer．1he Drobe of fom】alde—

hyde(FDH)inspector(Ke Emuo trading Co．，Ltd．of

!、henzhen)、^阻s inserted into the chanlber thmugh a hole

of l cm diameter． The hole was removabIe and fitted

with a rubber gasket and clamps to provide an airtight

seal(Wolvenon以口Z．，1985)． The imtial concentration

of fomaldehyde was set up to 15 n堰·rrr3．The experi—
mental temperature was controlled at(20±1)℃．Three

treatnlents、^陀re designed as fonowed：(1)plant potted in

the medium was placed in the chamber而th 15 mg·瓜3

FDH；(2)the pOt谢th medium but谢thout plant was

placed in the c}lamber谢th 15 mg·nf3 FDH；(3)the

chanlber only filled埘th 15 mg·rrr3 FDH as contr01．

1．2 Measurement of chlor叩hyll

0．2 g fresh diachyma was obtained from the mid—

dle part of one leaf without venation before treatment

and in the 7th day after being treated for measurement

of chlorophyll，respectively． Leaf chlorophyll was ex—

tracted by 95％ethanol(Wang，2006)．The concentra—

tion of the extracted chlorophyU was measured at 665

nm and 649 nm wave 1ength using a UV—Vis spectro—

photometer(TU一1810 Model，General analysis instru—

ment Co．，Ltd． of Beijing)．Concemrations of chlom—

phyU a(C'A)，chlorophyU b(CB)and the total chloro—

phyll(C})were calculated using equations as C_一

13．7D665—5．76D649，CB一25．8D649—7．6D665，and CT

—CA+CB一6．10D665+20．04D649，where，D665 and

D649 were the optical density(OD)values of chlorophyll

at 665 nm and 649 nm，respectively．

1．3 Measurement of leaf ce儿membrane permeabnity

The fresh diachyma was measued for cell mem—

brane’pemeab订ity before treatment and in the 7th day
after being treated，respectively．’I’he djachyma was

rinsed 3 times with deionized water and the surface wa—

ter was absorbed with filter paper． Then twenty 1eaf

discs each in O．5 cm diameter taken by h01e Duncher

were immersed in 20 mL deionized water for three

hours． The electrical conductivity(EC)(recorded as

C1)of the water after the leaf immersion was meas—

ured．Then the leaf samDle was boiled for 1 5 min and

the EC(C2)was measured again after the water c001ed

down to the room temperature and was replenished to

20 mL with deionized water(Huang P￡口Z．，1990)．The

leaf cell membrane permeability(Lc)was calculated as

Lc(％)一100×(C。／C2)．

1．4 Other measurements

The fomaldehvde concentration in the chamber
was measured eVery day after the experiment began．

The fresh aboveground part taken from the plant was

weighed as fresh nlass． Then these materials were

dried in the microwave oven for drv mass deterrnjna—

tion(Yu P￡nZ．，2007)．The damage of the tested plants

in the formaldehyde air was scored from 0 to 4 degrees

with the hurt increasing．

2 Results and Analysis

2．1 Plant response caused by fOrmaldehyde

The ranking fOr hun respOnse of potted plants to

fOrmaldehyde(FDH)pollutionⅥ阻s n协de shown in nble

2 according to(Zhou甜吐，2011)．It啪s suggested that

species 1ike N．行id“s‘、厂01ulm’ and C Z￡￡6沈，．sin舰
showed more resistant ab订ity to FDH danlage and

grouped into Grade 1．These plants such as N．前id“s，P．

知“一Pi，P．跏si如门咒毋cv．Victoriae，P．f形fi∞cv．舢bo—

lineata，N．∞刑i厂0锄，C册r口s砒“s，B．ori伽缸如，M
臃coZor，and C z已幻t，硷showed lower resistance to fonn—

aldehyde．7rhe plants before(1eft in the franle)and after
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Table 2 Damage response and grade for twenty potted plants after treated by
FDH

S口ecies Response of potted plant
brade

C．￡“66Prsi乜竹口 0nly 8 tiny spots on leaves
1

C．or咒n缸 Only 1 etiolatied Iower leaf blade，more spots on other leaVes，most leaVes were normal z

C．JPf05口 0nly 2 eti01atied lower leaf blades，a few spots on other leaVes，most leaVes
were normaI z

C．rrP矗dv 0nly 3 eti01atied 10wer 1eaf blades，a few spots on other leaVes，most leaVes were normal
z

C．，-osgD—picta 0nly 3 entirely brown lower 1eaf blades，more brown spots on other leaVes，but stem 1n good condltlon
Z

P．6i^rcn￡“m Browning and rotten on half Ieaves． The plant would recoVer from the damage 3

C．，眦毒Dvn"口 8 eti01atied 1eaves，densely black or water stains spots on some leaVes 0

^t声M咒f￡n￡“m Black m01dy on top leaf blades，nomal damage on lower stem． The pIant would recoVer from the damage 3

C．croc口缸 4 etiolatied 1eaves，severe water stains Spots on other leaves．The plant would recoVer fram the damage
3

C．r。￡“ndi如Zi口 5 etiolatied leaves，many spots on other leaves，but stem in good condition． The plant would recoVer
3

N．”涮“5

P．妇≈r崩

p．ensiformts
cv．Victoriae

from the damage

Completely water stains spots and mould on most leaVes

Water stains spots on a11 leaves，plant dried

Water stains spots on a11 leaves，plant d ried

P．f，曾￡icn Water stains on whole plant and died 4

cv．AIbolineata

N．cordi内Zi口 Most leaves were dropped，water stains on whole plant and died 4

C．声n，u5i￡如“5 Water stains on whole plant and died 4

B．o“P川纽ZP Water stains on whole plant and died 4

M．6icoZor Only few leaves were green，putrescence and sear on most leaVes 4

￡：：!!型!兰 Q呈!：!!!型!!!!!兰!!曼坚!!：!!翌2生兰!z!!!!呈!坠墨!旦!尘!!!呈!!!!!!!!翌!———————————．!一

Table 3 FDH concentration per day(mg·m一3)in the chamber

Day after being treated

Species
l d 2 d 3 d 4 d 5 d 6 d 7 d

C．f“66Prsi∞口 13．40 12．45 3．54 1．27 O．28 0．。o 0．00

C．or竹n妞 14．09 11．56 1．94 O．36 O．07 0．04 0．01

C．5已￡05n 14．87 13．40 5．63 2．79 O．98 0．12 O．00

C．，M矗dv 14．09 6．07 1．47 O。14 O．OO O．oo O．00

C．rosPo—Dicta 14．09 7．45 2．56 0．35 O．01 O．01 0．01

P．抚^rcnfHm 13．40 4．73 1．23 O．32 O．11 O．07 O．07

C．舢女ov口n口 13．40 12．70 5．09 1．89 O．42 O．00 0．03

At声“nf￡ⅡtMm 14．09 1．11 O．23 O．05 O．00 0．Oo O．Oo

C．crocd￡n 14．74 10．32 4．62 2．99 O．j6 O．26 O．04

C．r叫“ndi内Z谊 14．87 8．78 1．94 O．36 O．04 O．00 O．01

N．"id“5 14．09 8．87 4．54 1．03 O．18 O．00 O．01

P．佑““酣 13．40 7．44 4．66 2．47 1．29 O．47 O．04

P．ensi内rjwi5 cv．Victoriae 14．87 7．95 6．24 4．30 2．65 1．09 O．26

P．cr酣ifn cv．Albolineata 14．09 3．85 1．94 O．62 0．26 0．05 O．03

N．∞r出舳Z妇 13．40 13．40 5．15 2．23 O．12 0．12 O．05

C．由口r乜s以ifM5 14．74 12．61 7．34 3．30 2．12 O．48 O．08

B．onPn￡nZP 14．∞ 8．12 2．60 1．34 O．11 0．08 O．04

M．6i∞Zor 14．09 9．34 1．60 0．07 O．01 O．00 O．Oo

C．ze6rinn 14．74 7．29 O．07 O．04 O．04 O．04 0．04

CK 14．87 13。40 13．40 9。26 4．62 2．81 1．11

(nght in the frame)subjected to FDH pollution are

shown in Fig．1． The concentration of formaldehyde in

the chamber was decreased fast in the first three days．

The fastest purmcation of FDH was found in species

such as C zP谚i，2n，M． 痧“以f配￡“m，and the slowest was

found in species such as C。夕＆rn5如ic“s，P。e咒si，br—

miscv．Ⅵctoriae，N．挖id甜s cv．V01ulum，C．s以om，and

N．∞r以内f如(，工hble 3)．

2．2 Absorption of FDH by potted plants

As shown in 7rable 4，the top five plants which

had high FDH absorp“on per dry weight were N．程i—

d“s，C r0￡乱咒反内Z沈，P．c化￡ic口cv．Alb01ineata，P．抚一

以rcn￡“7挖，and C o"2n￡口． The hurt response of potted

plants to FDH pollution was divided into 10 scores
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Fig·l Ph。‘。s of s。me p。tted piants before(Ieft in the frame)and after(right in the frame)subjected t。FDH p。lluti。n

according to(Zhou Pf nZ．，2011)． The score of the

FDH absorption per dry mass was made an adiust—

ments'that was，used the 4th day’s concentration

su bstltuted for the seVenth day’s． The integrated

eValuation on the FDH purification e“ect of Dotted

plants was shown in Table 5．The top eight plants

for FDH purification effect according to their inte—

grated eValuation were 1isted in Table 5．N．柏id“s．

C·ro￡“"di／bZin，P．fr8fif口cv．Albolineata，C．or咒n一

勉，P．6i厂“rfnf能m，N．”id“5 cv．Volulum，C．，．osPo—

picta，and C．／’厂Pddy for the integrated score was

surpass 3．60 respectively．

2·3 Changes in total chlorophy¨concentration and

cell membrane permeability

According to changes in ceIl membrane permeab订一

ity(CMP)，plants were divided into three groups．The
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the top plants，outstanding for their low hurt response

and high absorption ability． We could not compare our

results with other researchers(Zhou Pf口Z．，2006：Li

2006；jⅣang P￡口z．，2007；Huang P￡口z．，2008；Cao甜

口Z．，2009；Ⅺong&Su．，2009；Tian以口Z．，2011)．灿一

though they tried to give the ranking of FDH purifica—

tion ability，the number of tested potted plants were

both few and insystelllic，or there were some problems

in their experiment designs． For example，they wraped

or sealed the pot，media and the bottom of the tested

plants with plastic bags or films(Zhou，P￡nZ．，2006；

Achkor P≠aZ．，2003；Song P￡口Z．，2007)，without e—

nough number of plants，in turn，without enough tillers

or shoots，which could not ensure high FDH absop—

tion． There may be three ways for potted plants to re—

act to FDH air poUution．The first with high absorpa—

tion but weak resistance to FDH damage，showed obvi—

ous hurt morphology，for eXample，in plants such as N．

∞趔i如砌，P．如“，．概，C．加r口s娩c“s and P．e咒si如mi5
cv．Victoriae． The second showed weak absorpation

but strong risistance with nomal morph0109y by tak—

ing avoidance strategy to protect itself． P1ants such as

C．Z“6畦配，百ia，zn and C．or，z口厶口belong to this group．The

third showed absorpation and transfoming ability with

more or less hurt responses，included plants such as C

ro￡“咒di／．0Zi口，C．sP￡os以，and C．，．0seorpicta． It was per—

plexed that some plants had higher absorption ab订ity

for FDH，but had lower cen membrane pemeability，
vice versa．This mechenism may be need further studies

in f1】ture．

4 Conclusions

In conclusion，8 species of the indoor potted plants

which could be recommendable to be used for fomal—

dehyde purification were N．押id“s，C．，．0￡“孢di／-0Zi口，P．

c愆￡icn cv．Albolineata，C oM口纽，P．6i^枷￡甜m，N．
押id“s cv．V01ulum，C rosP0_picta，and C．加ddy．
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