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Abstract. Foliage plants were evaluated for their ability to sorb carben
mosexide and nitrogen dicxide, the twe primary gases producsd dering the
combustion of fossil fuels and tobacos. The spider plent (CRloropiytem elofon
par. mitrerum) conld sorb 2,88 pp OO/ em? leaf surfsce in & & h photoperiod, The
gulden pochos | Scindepsus aurens) sorbed 0.98 pg CO/c® leaf surfece in the

In & system with the spider plant, >3 of an initisl concentration of 47
ppm NOsz could be removed in 6 b from s vold volume of spproimately 0.35 =3,

Ome spider plant potted in 8 3801 gall container can sorb 3300 ug CO and
effecy the removal of B500 pg NOo per hour, recogniving the fact thet a
significant fraction of NO¢g at high concentrations will be lost by surface sorp-
ton, dissaslving in meisture, ¢te.

Additional Index Words: foliage plants, carbon dioxide, nitrogen dioxide,
combustion pases, spider plants, golden pothos, Chiorophytum elatum par.

viteztum, Scindspsus oureus

Introduciion. Two primary sources of indoor air pollotion are tobacco
smoking end the combustion of fosall fuels in heaters, gaa stoves, waler
heaters, eic. Combustion products are becoming an even greater threst to gur
health doe to increased sealing of homes, offices, and other structures for
energy comservetinn. Redvesd ventilstion eomcributes to a buildup of such
gaseous combustion products as carbon mosexide (CO) and nitrogen dioxide
(NOsg).



Carbon monoxide is & prodect formed cdusing Imcomplets eombgstion.
Hemoglobi kas 210 times the affinity for CO than it has for oxygen: conse
guently, very low comceatrations of carbes monoxide in the air can sobstan-
tially elevate the carboxyhemoglobin concentration in the blood. Three to fve
percent saturation of hemoglobin with CO may sdversely affect one’s ability to
detect small, unpredictable emvirommentsl changes. At 4 to 5% saturation,
natients with cardiovascular disease can exacerbate their symptoms (National
Rasearch Council. 1877

During cooking with a gas range, crrhap manoxice levels can incresds up
s 500 ppm [National Research Council, 1881, Carben monoxide kevels of 2.5
15 ppm have heen measured iz restauranis. The mein sourcs waa sttributed to
sobacco smoking [Seppinen and Unsitale, 1977). Other measurements of C0 =
confined areas have indicated buildups of 30-20 ppm (Russel of al. 1973
SeppEnen, 1977: and Srch, 1267k

The current EPA standerds for carbon monoxide are 9 and 35 ppm for §
and 1 h average exposures, respectively. ALY ppm CO and 8 h, 1.4% saturation
of hemmoglobin with CO will secur during heavy activity, At 35 ppm a=d 1 b,
2 Of% sgturation will oerur during beavy activity (Mational Resesrch Council
1977k

Indesr combustion can also contribute to the buildup of nitrogen doxide.
Nitrogen dioxide concentrations equal to or grester than the current ambiest
air quality standard of 0.05 ppm ame not unusual in kitchens whers gas is used
for cooking, At these concentrations, nitrogen dicxide may affect semscry per
ception, especially dark adaptation, end produce eye imitation (National
Research Counsll. 1976: Goldsmith and Friberg, 1977). Nitrogen dioxide can
produss trapsient and long-term damage to both amall bronchisl aireays amd
alveslar tizsue. Exposure of rats to a misimum of 2 ppm nitrogen dicxide for 4
houss stimulated the differentiation of nonciliated cells into mature clara cells
and cliated colls in the bronckial airways (Evans and G. Freemas, 1980). This
effe et raises the possibibty that chronic exposare opuld lend to chronic bronchi-
iza

The Natiomal Aeronautics ==d Spece Administratien (NASA) at the
“atisnal Space Technology Laboratories {NSTL) kas conductsd research for
many yeass on the use of natgral systems far wastewsater rreatment and water
reclamation. This research has besn expanded to inchade the evaluation of
folizpe plants for air filtration and purification in closed systems such as space
stations and energy-effcient homes. The first studies concentrated on form-
aldehvde removal and found that the spider plant (Chlorophytem slatum war
wirtatum) is particularly efficient in removing this orpanie from contassinated
air (Wolverton o L, 1954

This paper contains data from experiments where foliage plants ware test-
od for their nhility to remove the two primary combustion gases. carbof
monoxide and nitroges dioxide.

Materials and Methods. A. Experimental Apparatus. The svatem chown
in Fig. 1 consists of o Plexiglas cubical chamber, 73.7 cm on each inside edge
The resmavable top was fitted with 2 rubber gacket and clamps. To this top was

3

-H.l:t&'._'.]'t‘Elﬂ.l copper cofl which wes used to control temperature and hamidity by
continuously circulating water at 209C through the coil. The chember =as
illuminated continuously with ten Sylvania wide spectrum Gro Lux Bghts. The
average frradiance reaching the plants inside the chamber was 3500 lox (325
fe). Air imside the chamber was continucusly circulated with a battery-
operated, portable fan The thermoreter and hygrometer were mounted inside
the chamber for internal temporature and relstive bomidity messurementa,

B. Experimental Procedure. Experimental rans wers conducted with all
components of the syatesm deseribed above in plece in the folowmg manner

1. nopotsar plants in arder to leak test the system:

2, two watered, soil-flled pots (388 capacity each) to establisk the sor-
bancy _nE the potiing medium:

T two spider plants | Chlorophyrum elzrum ver. vittetem) potted in 382
ContAneTs;

4, two spider plants with surface ares of potting soil at base of plants
covered with aluminom faal [(for 3:1]-2 El:ptr.iml'_ﬁ ﬂﬁ]}":li

5, wwo polden porhes |Scindopsus cureus) potted in 3.8 containers
icarbon monoxide expeciments oalyl

Fig=w 1, Mexigles vesr chmnher comtainssg gobden pochos SEoivdonsns sureus s



The chambar ptmosphere was contaminated by metering in either a carbon
onoride mizture (938 ppm C0, 20.6% O, N2 balance) or nitrogen disxide
afptiare (0.672% KOs, balance air), Following contamination, the system wes
sTlowed to equilibrate & min, and an initial messwrement performed. The con-
saminant of interest waa monitored with an appropriste Drager gas detector
m.wmmtammﬁnmwmmlnﬂr
sinn, the internal temperture and relative humidity were secorded, and the
amthMmmm-MMdemwm
was calealated as the tots] internal volume of the chamber less the volume of
ﬁemppnaﬂ.fanmunﬁaﬁugdeﬁ:n.udﬁlhipnuuﬂﬂhgmamm
lead bicmass.

The plants wee acclimated for several weeks to spprox:mately the same
environments] conditions of temperaturs, Eghting. ete., in order to minimize
cress The leaf surface srea was determined by tracing the leaves on paper of
uniform consiatoncy, weighing the tracings, and converting the total paper
mass to its equivalent surface ares.

Besults and Sscusson. Genersl datz eollerted for sach set of experizments
pertinent to calculating mass quantities for gases is presented in Table I. Table
11 contsing the actual atmospheric concentrations of CO and NOo under var-
souss comditions ne a function of exposure time in the sealed chamber.

System closnre was verified with the CO control w/e pot experiments.
When pots were added to the otherwise empty chamber, the soil sorbed 14% of
sthe 00 in 24 b The 5, cereus and C elztem por. wittatum removed T5% and
» 96% of the OO iz 24 h. Based on the photosynthetic areas (Table ITI). the C
elatum per pittatum's removal rate for OO was approximately 3 times faster
at & b, resulting in 2.86 pg COVom? leaf surface removed as compared to 0.98
wg COvem? leal surface for 5. auress.

Nitrogen dioxzide was very unatable as demonstrated in the control ex-
periments. In order to separate the remeval of NOs due to the plants verses the
muﬂdutﬂthwtﬁntﬂﬂ.lmtdphﬂ!!:pﬂiﬂﬂhmmlﬁtﬁ
the surface of the soil covered with foil. The emergent leaf surface avea by itself
could remove 299% of the initial 47 ppm (34, 234 pg) of NOg in 6 b, as well as
the aod exposed Chlorophytum system, The plant systems, soil4xposed and
cil-covered, removed 3,53 and 3.29 pg NOgo/cm? leaf surface area in 6 h

If & kitchen sontaimed 50 ppen OO 2od 005 ppem NO2 and had 2n 2p-
proximate void velume of 22 m3, a purification system would nesd to be cap-
shle of removing 1.4 x 10° ug OO 2ad 2.3 x 103 wg NOs per hour, recognizing
the fact that a significant fraction of NOb at high concentrations =ill be lost by
sorption on most exposed surfaces, dissolving in water, etc. Based on this data,
soe =pider plant per rocm where combustion is securting in conjunctioe with
the normal air exchange and other factors would help to alloviate the buildup of
0.

Due to muck higher potentizl concentrations of OO and its greater
=tability as compared to ¥0g, meore plants would be seeded o provide reliable
assurance of better air quality. In a previous repart by Wolverton #f &l | 1984
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-, formaldehyde, an example home of 167 m? heated srea with 2.5 m celfings
o 4 morst case basis would need up to 70 spider plants in 3.82(1 gal) pots to
sorh the formaldehyde ontgased from ures-foam insolation, resins and other
synthetic products and evolved from a gas stove. An average situation with
low background contaminant levels would only require 1525 such plants to
maintain a clean atmesphenic environment indoors as well &8 provide s baffer
for transient vepers from new products. These plants could be contained in a
solarium through which eir from the central hest/air conditioning system is

pulled. The same system could help remowve 2.3 x 109 ug OO per hour. Thia
capacity. in addition to the CO lost through the normal air exchange, =ould.
greatly increase the air quality of the entire home.

Table TL Mean contaminant concentrations &% & fonction of exposore time.

E@-u-i;mu:t Concentration, 'p;.m:@'
Oh 2h 6h 24h
Carbon monoxide:
1. Controls w./o pots 110 110 109
2. Controls w/pots 125 115 107
3. Seindapius sureisd 113 B4 28
4. Chisrophytum elatuwm 128 = RE <3
oar, vibtzipm
Nitrogen dioxide:
1. Controls w'o pots 43 14 16 2]
2. Controls wipots 44 ] 4 1
1. Chlorophytam elatum 458 e <05 < 0.5
pr, wittenm o
exposed)
4. Chlorophyturs eletum 47 T <05 <05
par, virfarum (aoil
covered)
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