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Abstract

Absorption of formaldehyde from the gas phase by the plants of Ficus genus was investigated. The
species promising for use in phytodesign in order to purify indoor air from formaldehyde were revealed.
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INTRODUCTION

At present, the biological approach to the
purification of indoor air from gaseous toxic
substances with the help of decorative tropical
plants is being developed. The experiments of
this kind were carried out for the first time by
the personnel of  NASA (National Aeronautics
and Space Administration) to purify the air in
the inner environment of  spaceships and or-
bital space stations. A very important discov-
ery was made in 1980: indoor plants are able to
remove volatile organics from indoor air [1]. The
experiments were carried out in Plexiglas boxes
with the species Scindapsus aureus, Chlorophy-
tum elatium var. vittatum and Syngonium podo-
phyllum. The results showed that Chlorophytum
comosum is able to decrease the concentration
of formaldehyde in the air to a substantial ex-
tent [2]. In addition, it was proven that about 30
house plant species (Aglaonema commutatum,
Azalea indica, Anthurium andreaenum, Araucaria
heterophylla, Begonia semperflorens, Dracaena
deremensis, Codiaeum variegatum, Maranta leu-
coneura etc.) are efficient in purifying the in-
door air from formaldehyde, acetaldehyde, ben-

zaldehyde, trichloroethanol, carbon monoxide,
xylene, toluene, acrolein, methyl ethyl ketone
and acetone.

The authors of [3, 4] studied the ability of
such house plants as Chlorophytum comosum,
Doritis pulcherrima and Epidendrum radicans to
absorb various hydrocarbons: toluene, benzene,
cyclohexane, n-hexane. Chlorophytum comosum
turned out to be the most efficient gas absorb-
er among these species.

Our investigations of the indoor air in kin-
dergartens of Novosibirsk, both with the in-
door sources of carbonyl compounds (construc-
tion materials, wallpaper, paints) and with out-
er sources (junctions of roads with heavy traf-
fic), with some decorative species planted in
them, demonstrated that in both cases the pres-
ence of  such species as Ficus benjamina,  Bill-
bergia nutans, Chlorophytum comosum is ac-
companied by a substantial decrease in the con-
centrations of carbonyl compounds in compari-
son with the rooms without plants in them. These
results provide evidence that it is urgent to study
the gas absorbing ability of tropical plants, in-
cluding the species of Ficus genus [5–7].
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The goal of the present work was to study
the outlooks for the use of different species of
the Ficus genus to recover the indoor air qual-
ity, in particular to decrease the concentration
of formaldehyde. The problems to be solved in
our investigation were: to adjust the laboratory
procedure to measuring the ability of plant spe-
cies to decrease the concentration of this gas-
eous pollutant; to examine the gas absorbing
capacity of 11 Ficus species under laboratory
conditions;  examination of  the gas absorbing
capacity of plants depending on the concen-
tration of formaldehyde, air humidity, expo-
sure, duration of experiment, and the leaf area.

EXPERIMENTAL

We examined 11 species of Ficus genus that
are most widely used in interior planting. Three
tight boxes made of a transparent material
(Plexiglas) were used in experiments. The di-
mensions of the boxes were 50 × 50 × 70 cm,
volume 0.175 m3.

Formaldehyde was chosen as the gaseous
pollutant. This is a priority pollutant of indoor
air [8]. Formalin was used as a source of form-
aldehyde under the laboratory conditions. The
concentration of formaldehyde in the gas phase
was determined by sampling it through its in-
teraction with 2,4-dinitrophenylhydrazine depos-
ited onto a sorbent. The hydrazone formed in
this reaction was identified and determined
quantitatively by means of high-performance
liquid chromatography (HPLC) [9].

The air under investigation was passed at a
flow rate of 1.5 L/min through sorption tubes
filled with comminuted quartz on which the so-
lution of 2,4-dinitrophenylhydrazine in water
acidified with sulphuric acid to pH 2 was de-
posited. The interaction with carbonyl compounds
present in the air occurs according to reaction
R1R2C=O + H2N–NH–C6H3(NO2)2

carbonyl   2,4-DNPH
→ R1R2C=N–NH–C6H3(NO2)2 + H2O

hydrazone
The formed hydrazones were identified by
means of HPLC with a Milikhrom-1 microcol-
umn chromatograph; detection was performed
on the basis of UV absorption at the wave-
length of 354 nm. Standard KAKh-2 columns

filled with reversed-phase sorbent LiChrosorb C18

were used. A mixture of acetonitrile with wa-
ter at a ratio of 3 : 1 was used for elution. The
quantitative determination was carried out with
the help of calibration plots obtained in experi-
ments with the hydrazone solutions of known
concentrations (prepared using a weighed por-
tion of specially synthesized individual hydra-
zones). The range of detectable concentrations
of carbonyl compound was 0.1 to 390 µg/m3.

The procedure included air sampling from
the boxes after the plants and vessels with for-
malin (15 %) were placed in the boxes. Forma-
lin served as a source of formaldehyde. All the
experiments were carried out in a room with
windows looking to the north in order to mini-
mize the effect of sunlight. The experimental
boxes contained the plants growing in pots, and
the vessels with formalin, while the reference
boxes contained pots with soil, artificial humid-
ifiers (wet strips of  filter paper),  and a vessel
with formalin. Measurements of formaldehyde
concentration depending on the required expo-
sure were made by inserting the sampling tube
with the reagent into the box through a spe-
cial orifice; it was tightly closed after sampling.
We studied the dependence of formaldehyde
concentration on the leaf area (0.14 and
0.30 m2), exposure, and humidity because it
may increase substantially in boxes for loner
exposure. The humidity in experimental boxes
increased as a result of transpiration of the
plants with different leaf areas; humidity in
the reference box increased due to artificial
humidifiers. The dynamics of  gas absorbing
activity was studied in daytime and at night.
Experiments were carried out in triple repeti-
tion. The gas absorbing activity was considered
to be pronounced if formaldehyde concentra-
tion decreased by more than 10 %.

The primary goal was to determine the sta-
bility of Ficus species under investigation to
formaldehyde and to measure the concentra-
tion at which a pronounced gas absorbing ef-
fect is observed. For this purpose, we studied
the absorption of formaldehyde by plants from
the gas phase in experimental boxes at the ini-
tial concentration varied within the range 200–
400 µg/m3, which exceeds the average daily
maximal permissible concentration (MPC) of
formaldehyde more than 100 times, and with-
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TABLE 1

Comparative evaluation of the gas absorbing capacity of the studied species of Ficus genus

at different formaldehyde concentrations

Species Initial concentration, µg/m3

100–150 200–400

Decrease in concentration, %,

after exposure, h

3 22 3 22

Ficus binnendijkii Mig 28±4 34±3 18±1 30±1

F. benjamina L. 39±3 43±5 25±1 35±3

F. benghalensis L. 18±2   9±3 11±2   6±1

F. carica L.   6±1 14±5 11±1   6±5

F. elastica cv. ‘Melany’ Roxb. ex Hornem.      0 20±5   3±1 12±1

F. lyrata Warb. 26±6 36±4 11±1 15±2

F. macrophylla Desf. 11±1 28±5   5±1 15±5

F. natalensis Hochst.   7±5 17±3      –      –

F. rubiginosa L. 13±3 22±6   8±5 17±4

F. retusa L. Mant. 27±5 34±2 10±2 13±1

F. pumila L. 13±4      0      –      –

*Note. The average daily maximal permissible concentration of formaldehyde is 3 µg/m3; this is a level safe for
humans when acting during 24 h.

in the range 100–150 µg/m3 (30–50 times higher
than the MPC). The concentration of formal-
dehyde was measured after the plants were kept
in experimental boxes for 3 and 22 h.

Comparative chromatographic studies of the
ethanol extracts from the leaves of F. benjam-
ina L. before and after the contact with gas-
eous formaldehyde were carried out. The chem-
ical composition was determined using a Mili-
khrom-1 liquid microcolumn chromatograph.

RESULTS AND DISCUSSION

As a result of experiments, a decrease in
formaldehyde concentration for its initial value
within 100–150 µg/m3 was observed for all the
studied 11 species of Ficus genus, as shown in
Table 1. In the case of the high formaldehyde
concentration (>100 MPC), the ability of plants
to absorb formaldehyde decreases, but all the
studied species exhibit physiological stability to
the action of this gas (only F. carica exhibited
some injury of young leaves). A decrease in
formaldehyde concentration in the presence of
plants after 22 h reached the maximal value
and accounted for 30 % of the initial level (200–
400 µg/m3); at lower concentrations the decrease

reached 40 %. The highest activity in decreas-
ing the concentration of formaldehyde within
this range was exhibited by F. benjamina,
F. binnendijkii (by more than 30 %), F. retusa,
F. lyrata, F. macrophyllia, F. elastica and F. ru-
biginosa (by 20 %). The species F. benghalensis,
F. carica exhibited activity only for a short time
interval (see Table 1).

On the basis of the data obtained, we chose
an optimal range of initial concentrations of
formaldehyde for revealing the gas absorbing
capacity of plants; further experiments were
carried out with formaldehyde concentrations
below 100 µg/m3.

While developing the procedure, it was nec-
essary to examine the effect of air humidity
on gas absorbing capacity of the species be-
cause the humidity in boxes differs substan-
tially from the humidity in rooms. For exam-
ple, it was discovered that the rate of relative
humidity changes in boxes is directly depen-
dent on air temperature in the room, leaf area,
and exposure. At the room temperature of 22–
23 oC, air humidity in boxes becomes substan-
tial after only 1 h. It reaches its maximum within
the first three hours and then stays at the same
level during the entire experiment (Table 2).
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TABLE 2

Changes in air humidity in experimental boxes depending on exposure

(in experimental boxes with F. benjamina)

Exposure, h Humidity, %

in reference boxes in experimental boxes

without humidifiers with humidifiers Sl = 0.14 m2 Sl = 0.30 m2

(Sl = 0.30 m2)

1 77±3 85±3 88±3   93±3

2 86±2 89±2 92±2   96±0.5

3 90±2 91±2 95±2   97±2

4 91±1 92±1 95±2   98±2

5 91±3 93±3 96±2 100±0.5

6 91±2 95±2 96±2   97±3

7 91±1 96±0.5 96±2   97±2

8 95±0.5 96±0.5 96±0.5   97±2

9 95±0.5 96±0.5 98±2   98±2

Note.   Here and in Tables 3, 5: Sl is the leaf area.

TABLE 3

Changes in formaldehyde concentration in experimental boxes with F. benjamina
and in the reference box depending on exposure

Time of day, h Exposure, h Formaldehyde concentration, µg/m3 Decrease in concentration (A), %
Reference* Experiment Reference Experiment

(Sl = 0.30 m2) (with humidifiers) (with plants)

10-00 1 54±4/51±4 41±5 5±4 27±7

11-00 2 52±5/53±7 39±5    0 37±7

12-00 3 56±6/55±7 34±5    0 34±3

13-00 4 57±7/54±5 34±5    0 38±5

14-00 5 53±7/54±7 32±5    0 37±4

15-00 6 54±8/55±7 32±3    0 44±2

* The first value: without humidifiers; the second value: with humidifiers.

One of the goals of the investigation was
to determine the humidity of air on changes in
formaldehyde concentration in boxes. This is
connected with the fact that formaldehyde
forms a hydrate when the humidity of the air
is high; this hydrate is less toxic for plants than
the anhydrous form which is prevailing at low
humidity [9]. The data on changes in formalde-
hyde concentration in the experimental boxes with
plants and in the boxes with artificial humidifiers
are shown in Table 3. One can see that an in-
crease in humidity in boxes alone has no effect
on the decrease in formaldehyde concentration.

To reveal the mechanism of formaldehyde
binding in plants, we carried out a compara-

tive chromatographic investigation of the ex-
tracts from F. benjamina L. before and after
contact with gaseous formaldehyde in the con-
centration of 150 µg/m3 (Fig. 1). One can see
that a new peak appears after the contact; its
retention time is about 4.5 min. Formaldehyde
is likely to enter a chemical reaction in the
leaves; the substance detected as a new peak
is formed as a result of the reaction.

At the next stage of work, we studied chang-
es inn formaldehyde concentration depending on
exposure. Formaldehyde concentration in boxes
was measured in daytime and at night (Table 4).

Studies of  the dynamics of  formaldehyde
absorption with sampling every hour during a
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Fig. 1. Chromatograms of  the ethanol extract from F. benjamina
before (a) and after contact with formaldehyde (b).

TABLE 4

Changes of  formaldehyde concentration in the experimental boxes with F. benjamina

in daytime and at night depending on exposure

Exposure, h Time of day, h Initial concentration, µg/m3 À, %

Reference Experiment

1 10-00 45±4 41±5 27±7

2 11-00 46±2 39±5 37±7

3 12-00 44±4 34±5 34±3

4 13-00 43±3 34±5 38±3

5 14-00 46±2 32±5 37±4

6 15-00 46±3 32±3 44±2

1 21-00 54±4 41±5 25±4

2 22-00 52±5 37±9 26±4

3 23-00 56±6 34±6 40±6

4 24-00 57±7 34±5 41±1

5   1-00 53±7 33±5 39±2

6   2-00 54±8 32±3 39±4

6-hour period in daylight and at night showed
that a substantial decrease in the pollutant con-
centration is observed within the first 3–4 h of
experiments, after that absorption takes place
uniformly during the whole experiment. The data
obtained provide evidence that F. benjamina
absorbs formaldehyde at night with almost the
same efficiency as during the day.

We studied the dependence of gas absorb-
ing capacity on the plant leaf area. The data
on changes of formaldehyde absorption by the

plants of  F. benjamina and F. binnendijkii spe-
cies depending on leaf area for exposure 3, 6
and 9 h are presented in Table 5.

It was established that the simultaneous in-
volvement of two plants causes a faster and
stronger decrease in formaldehyde concentra-
tion than in the case when only one plant is
used; however, the effect is not linear (the con-
centration decreases not by a factor of 2 but
by a factor of 1.4–1.6 times).

A comparative analysis of  the degree of
gas absorbing capacity for different plant spe-
cies and different exposure, and the absorbing
capacity depending on the total time during
which a plant was used in experiment (Fig. 2)
showed that the total time does not affect the
gas absorbing capacity of  F. benjamina and F.
retusa. For the F. benjamina species,  perma-
nently high (40–50 %) absorbing capacity is ob-
served. The species F. lyrata and F. pumila are
characterized by a sharp decrease in the gas
absorbing capacity when they are frequently
used in experiments.

On the basis of the data obtained, it may
be concluded that it is reasonable to use some
species of Ficus genus possessing pronounced
gas absorbing capacity to improve the indoor
ecological situation. Among the studied species,
the most promising ones for use in phytodesign
turned out to be F. benjamina,  F. retusa,  F.
lyrata, F. binnendijkii. The plants of these spe-
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TABLE 5

Changes of  formaldehyde concentration in experimental boxes with F. benjamina and F. binnendijkii

depending on the leaf area at different exposures

Species Exposure, h Formaldehyde concentration, mg/m3 À, %

Reference Sl, m2 Sl, m2

0.14 0.30 0.14 0.30

F. benjamina 3 142±17 102±17   88±14 28 37

6 133±17   94±18   86±13 29 42

9 139±18   92±15   80±14 34 47

F. binnendijkii 3 155±4 132±4 111±3 15 28

6 153±4 127±4 103±3 17 33

9 159±4 118±4 105±3 26 34

Note. For designations,  see Table 2.

Fig. 2. Dependence of the gas absorbing capacity of plants
on the total time of use in experiment. Experiments were
carried out for three days from 10 to 16 h.

cies possess the ability to decrease the concen-
tration of formaldehyde in the air substantial-
ly (by 30–40 %),  and F. benjamina is a univer-
sal biological twenty-four-hour filter.

CONCLUSIONS

1. All the 11 studied species of Ficus genus
turned out to be physiologically stable to the
action of formaldehyde within the concentra-
tion range 100 to 300 µg/m3.

2. The highest activity in formaldehyde ab-
sorption was exhibited by the species:
F. benjamina,  F. binnendijkii, F. retusa (30 to
40 %). They turned out to be the most stable
species against the action of the high formal-
dehyde concentrations. The efficiency of form-
aldehyde absorption by these plants is almost
the same for different concentrations.

A substantial decrease in formaldehyde
concentration under the action of the studied
Ficus species occurs mainly within the first
3–4 h. F. benjamina absorbs formaldehyde uni-
formly during day and night.

With an increase in the leaf area, a faster
and more substantial decrease in formaldehyde
concentration is observed, though the effect is
not linear.

F. benjamina and F. retusa conserve the abil-
ity to absorb formaldehyde during the whole
experiment, while the gas absorbing capacity
of F. lyrata and F. pumila decreases sharply in
the case of frequent use in experiments.

3. F. benjamina is the most promising spe-
cies for use in phytodesign as a biological filter
because this species possesses the ability to de-
crease formaldehyde concentration in the air
substantially.
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