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Introduction 
Vegetation is known to act as an important sink for gaseous 
air pollutants. Since Hill (1) demonstrated that alfalfa 
absorbed inorganic air pollutants such as SOz, NO2, 03, 
and Cl2, a number of investigators have repeatedly con- 
firmed the absorption of SO2 (2 ,3) ,  NO2 ( 4 , 5 ) ,  and 0 3  (6, 
7 )  by plants. On the other hand, few studies have 
investigated the absorption of organic air pollutants by 
plants. Bacci etal. (81, and Simonich etal. (9,101 observed 
the leaf-air partitioning of lipophilic organic chemicals 
such as chlorinated hydrocarbons and polycyclic aromatic 
hydrocarbons. Accordingly, the planting of trees is one 
strategy for reducing the concentration of air pollutants in 
polluted urban and industrial areas (11). 

Atmospheric formaldehyde is given off as an exhaust 
gas from fuel combustion, solvent use, garbage incineration, 
and other activities (12). It is also produced by secondary 
reactions of hydrocarbons with 0 3 .  Recently, the atmo- 
spheric levels and environmental fate of formaldehyde have 
attracted attention as a major volatile organic pollutant. 
Gabele (13) reported that atmospheric formaldehyde may 
increase as a result of switching from gasoline and diesel 
fuels to methanol fuels. On the other hand, the indoor 
concentration of formaldehyde has been found to be higher 
than outdoors because of indoor sources such as wood 
products and furniture (14). 

Girard et al. (15) and Mutters et al. (16) observed the 
incorporation of atmospheric formaldehyde into sugars and 
amino acids in leaves of plants, although the absorption 
rate was not determined. To estimate the effect of tree- 
planting on atmospheric formaldehyde, it is necessary to 
determine the absorption rate of formaldehyde by trees. 
Therefore, the rate of formaldehyde absorption by oleander 
(Nerium indicum), which is popular as a street tree or garden 
tree in Japan, was measured. 

This paper describes the development of a reliable 
method for measuring the absorption of formaldehyde by 
trees and the effects of light intensity, transpiration rate, 
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FIGURE 1. Apparatus for measuring the absorption of formaldehyde 
by trees: A, NZ gas; B, mass flow controller; C, formaldehyde solution 
(37%); D, pump; E, activated charcoal; F, H20 bubbler. G, mixing 
chamber; H, buffer tank; 1, thermometer and hygrometer; J. exposure 
chamber; K, fan; 1. pump; M, dry gas meter; N, lamp; 0, water filter; 
P, to bubblers for sampling of formaldehyde gas, 

and formaldehyde concentration on the rate of absorption 
by oleander. 

Experimental Section 
Apparatus. Figure 1 shows the apparatus used for mea- 
suring the rate of formaldehyde absorption by trees. 
Measurements of formaldehyde absorption were conducted 
using a chamber system placed in a temperature-controlled 
room. The system consisted of two major components: 
gas conditioning instrumentation (Figure 1, A-G) and a 
cylindrical exposure chamber (H-0). 

Humidity-controlled pure air and formaldehyde-con- 
taining NZ were introduced into a mixing chamber (G). 
Formaldehyde concentration in the gas mixture was 
controlled by the flow rate of Nz, and the humidity of the 
gas was regulated by the temperature of a HzO bubbler (F), 

The exposure chamber system consisted of a 120-L 
cylindrical acrylic chamber U) equipped with 10-L buffer 
tanks (HI at its inlet and outlet. The rate of gas flow through 
the chamber was about 20 L min-l. Mixing of the chamber 
gas, facilitated by two internally mounted fans (K), was 
adequate for creating a uniform distribution of the form- 
aldehyde concentration. 

Mean inlet temperature and relative humidity were 26 
& 0.6 “C and 70 * 5%, respectively. The inlet concentrations 
of formaldehyde were within the range of 65-75 ppb and 
the photosynthetic photon flux density (PPFD) was 600 
pmol of photons m-z s-l (Koito Co. Ltd., IKS-25; calibrated 
by Li-Cor Inc., Li-185A) at the height of the plant inside the 
chamber, except for the experiments in which the inlet 
concentrations of formaldehyde or PPFD were varied. 

Measurement of Formaldehyde and Calculation of 
Absorption Rate. Gas samples in the inlet and outlet buffer 
tanks were drawn at a flow rate of 1 L min-I for 4 h through 
two bubblers in series, each containing 10 mL of 0.5% boric 
acid solution ( I  7) .  The solutions were combined, and the 
inlet and outlet concentrations of formaldehyde were 
measured using a AHMT (4-amino-3-hydrazino-5-mer- 
capto- 1,2,4-triazole) procedure (18). The absorption rate 
of formaldehyde was corrected by a “blank” experiment 
performed with an empty chamber. The corrected ab- 
sorption rate was calculated using the procedure of Hanson 
et al. (5). 
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Reliability of the Chamber System. The reliability of 
this chamber system was tested using cylindrical filter 
papers coated with trimethanolamine, which is an absor- 
bent of formaldehyde. The absorption rates of formalde- 
hyde using this chamber system were compared with those 
measured from the actual amount of formaldehyde ab- 
sorbed on the filter papers. Prior to the experiments, the 
gas mixture was passed through the chamber for more than 
30 min under the experimental conditions to equilibrate 
the system, then the filter papers were placed quickly in 
the chamber, and the experiment was started. After 4 h, 
the filter papers were extracted with distilled water by 
sonication for 15 min. A portion of the extracted solution 
was then analyzed using the AHMT procedure. 

Absorption of Formaldehyde by Oleander. The effects 
of light intensity and formaldehyde concentration on the 
rate of absorption by oleander were examined. After 
conditioning for more than 30 min, the rate of absorption 
by oleander was measured while varying the light intensity 
from 100 to 600ymol of photons m-* s-l. The transpiration 
rate was determined from the decrease in the weight of 
oleander planted in a pot, which was covered with a plastic 
bag. In the experiments whose inlet concentrations of 
formaldehyde were changed from 60 to 470 ppb, the rate 
of absorption of formaldehyde by oleander was measured 
for 8 h at a sampling flow rate of 0.5 L min-I. 

Results 
The variation in the inlet concentration of formaldehyde 
was measured every hour for 8 h. The relative standard 
deviation was less than 5.0%. The outlet/inlet ratio of 
formaldehyde concentration was 98.2 i+ 2.0% (n = 9) in the 
"blank" experiment. Figure 2 shows the results of absorp- 
tion of formaldehyde with the filter papers. The relationship 
between the absorption rate determined by the chamber 
method and the actual absorption rate of formaldehyde 
was linear (1.01 k 0.10, n = 20). 

Table 1 shows the rate of formaldehyde absorption by 
oleander at various light intensities. The absorption rates 
were normalized for leaf area (one side) and the outlet 
concentration of formaldehyde. Since a uniform distribu- 
tion of formaldehyde concentration in the chamber must 
be attained, the outlet concentration of formaldehyde was 
considered to be equal to that in the chamber itself (4). The 
absorption rates of formaldehyde by oleander were within 
the range 9.5-103 ng dm-2 h-l ppb-l and increased as the 
level of PPFD increased. 

Figure 3 shows the linear relationship between the 
absorption rate of formaldehyde and the transpiration rate 

TABLE 1 

Absorption Rate of Formaldehyde by Oleander 
PPFDa absorption rateb 

(Irrnol of photons rn-z s-l) (ng h-l ppb-') 

100 9.5 1.8 
200 28.7 f 8.0 
400 92.6 i 21.1 
600 103 f 26.5 

Photosynthetic photon flux density. Mean value and standard 
deviation of four measurements. 
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r 0 
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Transpiration rate (ma rim" h' mmHg'') 

FIGURE 3. Relationship between the rate of formaldehyde absorption 
and the transpiration rate of oleander. 

IO 

Formaldehyde concentntion (ppb) 

FIGURE 4. Relationship between the rate of formaldehyde absorption 
and formaldehyda concentration. 

of oleander, obtained from the experiments in which the 
light intensity was varied (T = 0.963, n = 16). The 
transpiration rate was normalized for leaf area and the vapor 
pressure of water differential between the actual value and 
saturated value inside the chamber. 

Figure 4 shows the relationship between the absorption 
rate and the concentration of formaldehyde, Within the 
concentration range of 35-245 ppb, the rate of formal- 
dehyde absorption increased linearly with increasing 
formaldehyde concentration. 

Discussion 
The results of the "blank" experiment indicated that the 
adsorption of formaldehyde to the walls of the chamber 
and the formation or decomposition of formaldehyde in 
the chamber were very small using this system. From the 
results of formaldehyde absorption with the filter papers, 
it was confirmed that this chamber system was applicable 
to the measurement of formaldehyde absorption by trees. 

The rate of formaldehyde absorption by oleander was 
103 ng dmW2 h-l ppb-l at 600 ymol of photons m-2 s-l. 
Rogers et al. (4) reported that the rates of NO2 uptake by 
loblolly pine and white oak were 5.2 x lo-' and 1.1 x lo-' 
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pg dm-2 min-' p p h - '  at 492 pmol of photons m-2 s-l, 
respectively. In our study, the absorption rate determined 
using the same units as those of Rogers et  al. (4) was 
estimated to be 1.7 x low2 pg dm+ min-l pphm-' at 600 
pmol of photons m-2 s-l. Thus, it was confirmed that 
atmospheric formaldehyde was absorbed by oleander at 
an absorption rate similar to that of atmospheric NOZ. 

The rate of formaldehyde absorption by oleander 
increased as the level of PPFD increased. This relationship 
agrees with the results obtained by Rogers e ta l .  (4 )  for NO2 
uptake by corn and soybean. They explained that the 
increased rate of NO2 uptake with increasing light intensity 
was due to a decrease in total diffusive resistance. In our 
results, a linear relationship between the rate of formal- 
dehyde absorption and transpiration rate was observed. 
Since the wind speed inside the chamber was almost 
constant, it is reasonable to consider that the resistance of 
the leaf boundary layer was constant and that the increase 
in the transpiration rate was equal to the increase in 
stomatal conductance. Consequently, the absorption of 
formaldehyde increased as stomatal conductance in- 
creased. Thus, we can conclude that formaldehyde is 
absorbed through the stomata. It was found by Hanson 
et al. (5) and Johansson et al. (19) that NO2 absorption by 
trees is strongly influenced by stomatal conductance. 
Omasa et  al. (20, 21) concluded that the absorption rates 
of Son, NOZ, and 0 3  can be explained by factors such as 
boundary layer and stomatal resistance, which are related 
to gaseous diffusion. The mechanism of formaldehyde 
absorption by trees is similar to that of inorganic air 
pollutants such as SOn, NOz, and 0 3  because of its 
hydrophilic property. 

As shown in Figure 4, increasing the concentration of 
formaldehyde did not affect the absorption ability of 
oleander, and no visible injury was observed during the 
8-h exposure period even at a high concentration of 245 
ppb. Singh et al. (22) showed that formaldehyde concen- 
trations in urban sites in the United States were within the 
range of 6.6-45.9 ppb. Zhang et  al. (14) found that indoor 
formaldehyde concentrations in six residential houses were 
within the range of 26.9-101.7 ppb. Therefore, trees have 
sufficient ability to absorb atmospheric formaldehyde in 
urban areas or within the home. 

Mutters etal .  (16) observed that plant growthwas higher 
when plants were exposed to high concentrations of gaseous 
formaldehyde (400 ppb) and that higher concentrations of 
sucrose and glycine in leaf tissue were associated with 
formaldehyde treatment. They concluded that atmospheric 
formaldehyde would probably have no harmful effect on 

short-term growth of beans at 400 ppb. Krd et  al. (23) 
reported that barley incorporated formaldehyde into sugars, 
amino acids, and choline in the leaves under light irradia- 
tion. Girard e t  al. (15) found that formaldehyde was 
incorporated predominantly into amino acids of younger 
leaves. From our experimental results, we cannot discuss 
the metabolism of formaldehyde in leaf tissue of oleander; 
however, it seems that similar metabolic pathways to those 
described above (15, 16,231 play an important role in the 
absorption of formaldehyde. It is concluded that trees in 
general could act as an important sink for atmospheric 
formaldehyde. 
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