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Foliage Plants for RemovingIndoorAir
Pollutants from Energy-efficientHomes1
C. MCDONALD,2ANDE. A. WATKINS,JR.3
REBECCA
B. C. WOLVERTON,2
A sealed, Plexiglas chamber with temperatureand humidity control and illuminatedexternallywith widespectrumgrowlights was used to evaluatethe ability
of goldenpothos (Scindapsusaureus),nephthytis(Syngoniumpodophyllum),and
spiderplant (Chlorophytumelatum var. vittatum) to effectthe removalofformaldehydefrom contaminatedair at initial concentrationsof 15-37 ppm. Under
the conditionsof this study, the spiderplant provedmost efficientby sorbingand/
or effectingthe removalof up to 2.27 ugformaldehydeper cm2 leaf surfacearea
in 6 h of exposure.Theimmediateapplicationof this newbotanicalair-purification
system should be in energy-efficienthomes that have a high risk of this organic
foam insulation,
concentratingin the air, due to outgassingof urea-formaldehyde
particleboard,fabrics and variousothersyntheticmaterials.
The accumulation of gaseous toxic substances in the air of poorly ventilated
places has been known for many years, but only in recent years recognized as a
potential indoor health hazard in energy-efficient homes (National Research Council, 1980, 1981a,b). Owing to the ubiquitous and increasing use of resins and
solvents in most materials found inside modem homes, indoor air pollutants such
as formaldehyde have increased significantly over the past years. The adoption
of energy-saving proposals to reduce ventilation rates in homes has aggravated
problems of indoor air quality and increased potential health hazards. One study
of an energy-efficient home with an average air change per hour of 0.2 ach found
the unoccupied and occupied dwelling to contain an average formaldehyde concentration of 80 ,g/m3 (0.067 ppm) and 240 ,ug/m3 (0.2 ppm), respectively. New
mobile homes with air change rates of 0.16 ach were found to contain 40-2,900
AtgCH20/m3 (0.03-2.4 ppm) (National Research Council, 1981b). Irritation of
the eyes, throat and lungs, respiratory disorders, and allergies have been associated
with high formaldehyde concentrations (Porter, 1975; Rostenberg et al., 1952;
Roth, 1969; Shipkovitz, 1968; Tabershaw et al., 1979; Vehara, 1978; Wayne et
al., 1976).
NASA at the National Space Technology Laboratories in Mississippi has conducted research for many years using natural processes for waste recycling and
air purification and revitalization for closed ecological life-support systems (Wolverton, 1980, 1982; Wolverton and McDonald, 1981). Recently, research at this
laboratory has been directed toward the development of a biological air-purification system for closed systems such as space stations and energy-efficient homes
using houseplants that produce abundant foliage. This report presents data from
this project. The common spider plant (Chlorophytum elatum (Ait.) (R.Br.) var.
vittatum Hort.) (McDonald 013940, USoMI), golden pothos (Scindapsus aureus
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Plexiglas test chamber containing golden pothos (Scindapsus aureus).

(Linden& Andre) Engl.)(McDonald 013943, USoMI), and nephthytis(SyngoniumpodophyllumSchott.)(McDonald013944, USoMI), low light-requiringhouseplants, were enclosed under controlled environmentalconditions.
EXPERIMENTAL METHODS AND MATERIALS

A clear, cubical chamber (Fig. 1), measuring73.7 cm on each inside edge and
constructedof 12.7 mm (0.5 in) thick Plexiglas, was used to contain the plants
in a sealed environment. The top was removable and fitted with a rubbergasket
and clamps to provide an airtight seal. Attached to the top was a copper coil
throughwhich water maintained at 20°C was continuously circulatedin order to
regulatethe temperatureand humidity inside the chamber. The artificial lights
wereGeneralElectricwide spectrumgrowthlights that remainedon continuously.
The averageirradianceon the leaf surfaceof the plants throughthe Plexiglas top
was 3,500 lux (325 fc). A battery-operatedfan was placed in the chamber for
continuous air circulation. A special porthole fitted with a septum was used to
insert a Bendix disposable cartridgefor monitoring formaldehydein air with the
aid of a Bendix calibratedhand pump designed for that purpose. The detectable
concentrationrange of the Bendix cartridgeis 2-20 ppm formaldehyde.
The air in the chamber was contaminatedwith formaldehydeby pumping air
into the chambervia a gas scrubbingapparatushalf-filledwith a 37%formaldehyde
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solution. The chamberformaldehydeconcentrationwas manipulatedby varying
the length of time that air was bubbled throughthe formaldehydesolution.
After contamination,the chamberwas allowed to equilibratefor 5 min and the
initial formaldehydeconcentrationmeasured. The formaldehydeconcentration
was periodicallyanalyzed in the same manner from that point on.
The chambertemperaturefrom a thermometerplaced inside the chamberand
the barometricpressurewere recorded at the time of each formaldehydemeasurement.It was assumed that the pressureinside the chamberwas equal to the
atmosphericpressure.
The plants used in these experiments were acclimated for several weeks to
approximatelythe same environmentalconditions of lightingand temperatureto
minimize any stress resultingfrom the closed environment. The volume of each
pot was estimated by measuringthe volume of water that a similar pot could
hold. The total leaf surface area of each plant used in these experiments was
determined by tracing the shape of each leaf on paper of uniform consistency,
cuttingthe tracingsout and weighingthem. The surfacearea was calculatedfrom
the total weight of the tracingsand the averagecm2/g of the paper.
Controlexperimentswere conductedpriorto placingplantsin the system. These
experimentswere conducted with all the equipment in place except plants. Controlswith and withoutpots containingsoil wereconductedto determinethe degree
potting soil containing microorganismsacts as a sink in sorbing formaldehyde.
The air was contaminatedwith formaldehydeand monitored initially and after
6 and 24 h. The system proved to be airtightwith no loss of formaldehydein the
plant-freeand pot-free formaldehydecontrol experiments.
Experimentswere then conducted with Scindapsusaureus, Syngoniumpodophyllum, and Chlorophytumelatum var. vittatum.In each experiment, 2 plants
of the same species potted in containers with 3.8 1 (1 gal) volumes each were
enclosed in the chamber. The effective volume of contaminated air (Vca)was
calculatedto accountfor all items thatreducedthe chambervoid volume excluding
the volume of the emergentleaf biomass. The Vcawas correctedto STP [standard
temperature, 0°C or 273°K (°K = T, °C + 273°), and pressure, 760 mm] according

to the gas law relationshipof:

V,P

T1

V2P2

T2

RESULTS AND DISCUSSION

The first 2 sets of experiments were performedto verify system closure and
determinethe sorbancecapacity of the potting soil. The empty chamberproved
to be effectively sealed by its ability to maintain a constant formaldehydeconcentrationof 17 ppm over a 24-h period as shown in Table 1. The second set of
experiments in which 2 pots filled with a commercial potting soil mix demonstrated that the potting soil would sorb formaldehydefrom air by reducingthe
formaldehydefrom 15 to 10 ppm in 24 h. The results are consistent with those
of other investigators in which soil is confirmed to act as a sink for carbon
monoxide and other gases and volatile chemicals(Smith et al., 1973). Potting soil

This content downloaded from 137.132.123.69 on Wed, 10 Apr 2013 11:52:36 AM
All use subject to JSTOR Terms and Conditions

WOLVERTONET AL.: REMOVINGINDOOR POLLUTANTS

1984]

rABLE 1.

227

MEAN DATA FOR CONTROLS (WITH AND WITHOUT SOIL-FILLED POTS) AND FOLIAGE

PLANT EXPERIMENTS.

Formaldehyde, ppm

Barometric
pressure,
mm

Mean leaf
surface
area, cm2

No. of
replicates

Experiment

0h

6h

24 h

V,I, 1'

Temp
°C

Controls w/o pots
Controls w/pots
Scindapsus aureus
Syngonium podophyllum
Chlorophytum elatum var.
vittatum
Set 1
Set 2

17
15
18
18

17
12
9
9

17
10
6
6

362
356
354
355

28.3
28.0
29.2
27.8

765
765
765
764

0
0
9,340
8,549

3
3
7
6

14
37

2
8

356
359

26.3
23.8

763
763

7,086
6,135

7
3

<2
<2

Corrected to STP.

is not a sterile medium. Consequently, the natural microbial population will
metabolize nonrefractive organics such as formaldehyde and restore the soil's
capacity to sorb organics.
The formaldehyde concentration in the chamber decreased by 50% to 9 ppm
with the Scindapsus aureus and Syngonium podophyllum in the first 6 h and
leveled off at 6 ppm during the exposure period between 6 and 24 h. In the first
set of experiments with Chlorophytum elatum var. vittatum, the formaldehyde
concentration decreased rapidly from 14 to 2 ppm in 6 h and below the detection
limit of 2 ppm in the interval between 6 and 24 h. Due to these unexpected results,
another set of experiments were conducted with the Chlorophytum elatum var.
vittatum in which the formaldehyde initial concentration was increased to 37
ppm. After 6 and 24 h, the formaldehyde measured 8 and <2 ppm, respectively.
The total mass of formaldehyde in the chamber atmosphere at each monitoring
interval was computed in Table 2. One ul of formaldehyde at STP has a mass of
1.339 j,g. Scindapsus aureus and Syngonium podophyllum can sorb and/or effect
the removal of 0.46 and 0.50 ,g CH2O/cm2 leaf tissue area, respectively, in a 6-h
photoperiod. The Chlorophytum elatum var. vittatum effected 4.7 times more
formaldehyde removal or 2.27 4lg/cm2 than either of the other 2 species studied

TABLE 2.

TOTAL FORMALDEHYDE MASS AND THE CHANGE IN MASS (A) AT EACH INTERVAL

PER AREA LEAF TISSUE.
A formaldehyde/area
leaf tissue, Aig/cm2

Total formaldehyde (jg)
Oh

Experiment

6h

24 h

6h

24 h

-

Controlsw/o pots

8,240

8,240

8,240

-

Controls w/pots

7,150

5,720

4,767

-

-

0.61
0.67
>0.81
>2.74

Scindapsusaureus
Syngoniumpodophyllum
Chlorophytumelatum var.
vittatum
Set 1
Set 2

8,532
8,556

4,266
4,278

2,844
2,852

0.46
0.50

6,674
17,790

953
3,846

<953
<961

0.81
2.27
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to date under the same conditions. In addition, Chlorophytumelatum var. vittatum is capable of sorbingatmosphericformaldehydedown to lower levels.
As discussed in the introduction, a representativeenergy-efficienthome with
furniturewas found to sustain an averageformaldehydeconcentrationof 240 ,ug/
mr3with an 0.2 ach. Therefore,on an average,48 ,g/m3 are outgassedevery hour
or 1,152 ,ugCH2O/m3/d.An average home of 167 m2 heated area with 2.5 m
ceilings (1,800 ft2 with 8-ft ceilings) has a total volume of 418 m3 and would
outgas daily approximately482,000 Agformaldehyde.In addition, cooking with
a gas stove would add an estimated 100,000 ,tg formaldehydeto bring the total
formaldehydeto 582,000 Ag.Based on the Chlorophytumelatum var. vittatum
data, one spider plant in a 3.8 1 (1 gal) pot can effectthe removal of 7,000-8,000
,ugCH20/d. To meet the air purificationneeds of the home just described, approximately 70 spider plants (3.8 1 pot size) would be needed to purify the air
continuously. As researchin this area continues, more plants will be identified
for their ability to sorb and/or effect the removal of formaldehyde and other
volatile chemicals as efficientlyas the spider plant.
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