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The Role of Planls In Removal of Air Pollutants 

D. O. Chilcote \ 
Farm Crops 

A substantial amount of research has been reported con­
cer~ing the effect of air pollutants on plant growth and crop 
production; however , information describihg the capaci ty of 
plants for removal o f pollutants from the atmosphere is much 
more restricted . Several articles can be found in the liter.., 
ature suggesti ng that plants may be of significant value as 
filters for air pollutants (BulgaKov, 1964; Doolittle, 19691 
Popov, 1965 ; Rich, 1970; Smith , 1970; Spilhaus, 1969). Quan­
titative info rmation, however, is very limited. 

An exception is an arti c l e published by Hill (1971) who 
evaluat ed the capability of an alfa l f a canopy to remove gas­
eous air pollutants. Hi s resul ts shm..ed that an alfalfa can­
opy removed gases from t he atmosphe re in the following order 
of uptake: hydrogen fluoride (HF) > sulfur dioxide (S02) > 
chlorine (CL2 ) > nitrogen di oxide (N02) > ozone :03) > per­
oxyacetil n i trat e (PAN) ~ n itri c oxide (NO) > carbon monoxide 
(CO). The absorpti on r ate of NO was low and no absorption 
of CO was noted by alfalfa wi th the methods used . 

Hill points to the rather rapid removal of most gaseous 
air pollutants from the atmosphere and suggests that s i nce 
vegetation covers 90 percent of the land a rea in the United 
S tates, it would seem logical to consider vegetation as a 
sigrlificant s i nk for pollutants. This would be particularly 
t r ue since the leaf surfa c e area of plants is usually many 
time.s the corresponding l and surface are a and the cel l sur­
:ace are a surrounding the 5nner cel l u l ar air spaces within a 
l eaf is considerably higher than the leaf surface area. As 
noted by Hill, the s t omatal apertures must be considered an 
important mechani s m for plant uptake whe n we are dealing with 
gaseous polluta tS. The solubility of 'va riou s air pollutants 
in cellular cons t ituents was also foun d to be an important 
f actor determin ing the amount and rate of up take of pollutants 
into the plant. Hill also noted that the removal of submic­
ron size suspended part i culates by v egetation appears t o be 
rel a tively s low in compari son to removal of most of the gas ­
eous pollutants. 

Smith (1970) in discussing removal of air pollutants by 
p l an ts, cited indirect evidence supporting the e ffect i veness 
of trees as filters for particulates and aerosols. A case 
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in point ""as t he r eduction in pollen count provided by a can­
opy in a Pennsylvania forest. Evidence of materials that 
are f o und inhigh concentrations by plant tissue analysis but 
are not f ound within cells of the plant suggest primarily a 
surface filtering effectiveness of plants for particulate 
and aerosols. Radioactive fallout measurements also demon­
strate the ·importance of plants in trapping ~articulate mat­
erial. 

In order to evaluate the role of plants fo r air pollution 
abatement, it wo uld be desirable to consider the uptake , 
movement, and poss i ble interaction of specific k inds of pol ": 
lutan ts in and on vegetation. 

Le a d 

Lead content in vegetation has been wide l y studi ed. 
Ke l l~r (1970) has note d that crops and trees accumulate lead 
in and on the ir leaves. Con centrations were a functi o n of 
traffic dens ity, season , age of vegetation,. and the vert ical 
and hori zon t al di stance from the high\4ay. Much of t he lead 
was found on the pl ant' s surface and this lead washed o f f 
only to a limited e x tent. Unwashed crops 100 rr eLers from 
roa ds r anged f rom 0 .3 to 0.5 ppm (parts per million) for 
cere als to 2 to 8 ppm for hay . Conifers were specifical ly 
note d as having excellent air fi 1tering capacity. Dedolph 
(1970) note d that air and soil de position of lead on pla n t s 

was the signi f i cant source of lead found in plants. Francis 
(1 968) reported that root uptake of lead is essenti a lly n on­
exi s tant . Deposition of lead on leaves by rainfall was con­
sidere d a p rimary mode of entry into plants. The general 
trend of research tends to confi rm that lea d absorption is 
minima l either by the leaves or roots. Schuck strongly sug­
gests th a t most lead exists on the plant in dust form. Sup­
port for this position is provided by Maeno (1969) who found 
that lead d ust on several plants averaged around 932 ppm, 
while plant absorbed lead was only in the range of 25 ppm. 

Su lfur Dioxide 

Leaf absorption of sulfur dioxide is well documented 
(Materna, 1963; DeCormjs , 1969; Guderian, 1970a ) . Leaf mar­
gins and tips are a prime site for absorption (Kohout, 1966) . 
High peri ods of photosynthesis tend to favor sulfur d ioxide 
absorption; Guderian (1970a, 1970b) also reports that sulfur 
accumu lation in plants is increased wi th lower sulfur dioxide 
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concentrations and increased e xposure time . 502 is absorbed 
at night at about one-third t he daylight rate. Metabolic 
utilization by t h e p lant and ease of translocation of organic 
sulfur accounts for the re l<!ltively high rate of absorption. 

Fluorine 

Papers publi s hed by Hill (1960), Garber (1962), and Mc ­
Cune (1970) i nd ica t e that fluorine is readily taken up by 
plan ts . Fl uori de i n the plant is directly related to expo­
sure time and concentration wi th the leaf as the prime abO: 
sorption area. Tr ee bark, especially that facing the source , 
has been shown t o absorb .signi fi cant amounts of fluorine 
(Garber, 1962, 1966) . As with other pollutants, plant nec­
rosis increases wi t h higher concentrations. 

Carbon Monoxide an d Carbon Dioxide 

Research has b een report e d indicating plant uptake of 
carbon monoxide. De lwich e (1970) found signi fic an t uptake 
as well as emission of CO by plants . However , Hi ll (1971 ) 
foun d no CO uptake in alfalfa canopies. Carbon dioxide fi x­
ation by plants has been studied widely from the standpoint 
of a plant nutri en t. Fixation of C02 increases at higher 
atmospheric con cen trations, and thus this response may pre­
vent dramatic atmo spher ic C02 concentra tion increases (Pet­
erson, 1969). 

Particulate Ma t eri a l 

The filteri ng of dust by plants is commonly assumed. 
However, the eff iciency of such filte ring has not r ece i ved 
much attention . Further i nvestigation is needed in this r e ­
gard . Voloshin (1962) and 5itnikova (196 4 ) have substantia­
ted that ~ust on pl a n ts reduces photosynthesis and increase s 
plant temperature s. Di f ferential r es istance to smoke and dust 
accumulation Was noted in the species of plants investigated . 

Othe r Pollutants 

Plant absorption of other pollutants such as chlorine I 
ozone , perox'jacetyl nitrate, and nitrogen m:ide should be 
inve stigated further; particularly since some are unstable 
and f orm reaction products with other atmospheric components 
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or po llutants. Hill (19711 has shown a lfalfa f o liage t o be 
a s ink f o r t h e afore me ntioned pollutants. The relative up­
t ake o f po llutants such as NO and PAN appe a rs low, but s ome 
o f the rea c t ion products (e.g., N02 ) may be taken in more 
re a d ily. Ri ch (1970) noted that ozone was tak e n up p ri mar il y 
through stomata. Uptake was similar to water vaper and was 
proport ional to leaf a rea. 

New de velopme nts in the area o f plant breeding must be 
considered in order t o e va l uate plants in t e nns of their c ap­
ad ty to remove air pollutants. Re cent work by Howell (l97l ) 
wi t h alfalfa and .Tohnson (1971) with sweet corn, demonstrated 
t h e possibi li ty o f se l ecting plants for r es l 3 tance to a ir 
po l lution damage. If the basis for r e si s tanc e is related t o 
the capacity for a plan t to remove and de t ox i fy a ir pollutants , 
then pe rhaps eVe n more effective cleans ing of the atmosphe re 
by plants c o uld be a n t ic ipate d. Furthe r studies are obvious ly 
ne cessary t o descri be t he basis for re s istance in p l ants. 

I n c ons ider i ng p l an ts i n the role o f s i nks for air pol­
l ut ants , it must be recognized that there are important se a ­
sonal and spe cies di ffe rences . Coni fers would of course have 
a lea f s u r fa ce area throughout the year whe r e a s dec i d uo us 
t r ee s are re s tricted i n surface area t o on l y twi g s and ba rk 
duri ng the winter s e a s on. The effect o f specific nutrien t 
applic a t i o n and ge neral soi 1 ferti li ty leve l would be impor­
tant in detern.1 ning crop surface area ' and metabolic act! v i ty. 

Other orga nisms , such as lichens, may also warrant at ­
t e nt ion (Skye, 1968) although extreme s ensitivity to po llu­
tants may l essen the ir value. It has be c o me increasingl y 
e vident that t h e s o il and particularly the mic r oflora play 
a n i mportan t r o l e in the removal of certain air pol l utants 
(Abe l es, 1971; Inman, 1971). 

Basic studies are ne c e s sa ry t o furth e r des c ri b e the me­
t h od s by which p lants are ab l e to absorb and trans loc ate 
exogenous subs tances. For e xample, Franke (1960) showed the 
i pertance o f t he ecdo desmata in the a s s imil a tion of materi ­
a l s t hrough t h e l e af. Studies with specific e mp hasis on the 
air pollutants seems warranted. 
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