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Air Pollution Assessment Using Plant
Chlorophyll Fluorecence Responses of Plants

Atmospheric Environment Team
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Jin-a Park, Il-sang Bae, Nam-jin Kim, Kwon Jung and Seok-won Eom

Abstract

This study was carried out to measure the Chlorophyll fluorescence of plants to
assess air pollution at 14 sites near air quality monitoring stations from May to August
in 2012. The air quality of Namsan monitoring stations, which are representative sites
of urban forests, demonstrated similar levels with common urban air quality, while the
levels of air pollutants in road side monitoring stations, which are influenced by
automobile emmisions, were shown to be higher than general air pollutants levels. The
regional environmental stresses on plants observed were classified as urban, roadside,
and suburban, listed in descending order of plant stress observed. Fm / Fo values of
urban, roadside, and suburban areas were 3.513, 4.527, 4.705, and 6.271, respectively.
The environmental stress OJIP curve appears to be more severe for trees in roadside
areas. Eight plants observed in order of descending photosynthesis yield levels were
euonymus, apricot, cherry, zelkova, and ginkgo. Zelkova and ginkgo, which are widely
planted trees, showed intermediate levels of photosynthesis yield. NO,, CO, PM10, and
wind speed were positively correlated with the first fluorescence response(F,), while
temperatures were negatively correlated. The correlation efficients of the maximum
fluorescence(F,) with TSP, PM;o, PM,.s and PM,;o were higher for smaller particulates.
Cherry and apricot were found to have values for Fv/m that were higher than 0.8,
indicating normal plant physiological activity, while ginkgo and zelkova, with Fv/m
values of less than 0.8, were observed as experiencing environmental stress.

Key words : air quality, Chlorophyll fluorescence, plants environmental stress.
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Fig. 1. Chlorophyll Fluorescence measuring sites.
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Fig. 2. The concentration of gas phase material
in ambient air.
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Fig. 3. The concentration of particle phase
material in ambient air.
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Table 1. Chlorophyll fluororescence measured at some park, load and forest in Seoul city

(unit : ymol + m? - SV)

area F, Fin Fy Fu/Fo Fo/m
Park 292 1534 1243 5.253 .810
near road 279 1263 984 4.527 75
central park 244 1309 1066 5.365 811
central forest 266 1295 1029 4.868 193
near central forest 188 1179 992 6.271 .840
near central road 237 1155 917 4.873 193
background forest 250 1198 948 4.792 790
ambient 279 1135 856 4.068 147
downtown 228 801 573 3.513 679
near downtown 197 9217 730 4.705 7186
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Fv(or Fm).
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Table 3. Photochemical quenching and non-Photochemical
Kwangjin monitoring station

, NOy, CO, TSP, PMuy,

PM; 5,

151 S froldE 0.01004 A

quenching parameter of trees near the

Obs Fs Fms Y qP aN NPQ ETR
1 764 769 0.006 0.015 0.733 1.17 0.3
2 557 585 0.047 0.191 0.882 1.85 2.3
3 474 506 0.063 0.477 0.946 2.3 3.1
4 433 467 0.072 0.992 0.978 2.58 3.6
5 412 446 0.076 0.992 0.995 2.14 3.8
6 395 434 0.089 0.992 0.992 2.85 44
7 386 419 0.078 0.992 0.992 2.99 3.9
8 378 416 0.091 0.992 0.992 3.01 4.5
9 372 409 0.09 0.992 0.992 3.08 4.5
10 368 407 0.095 0.992 0.992 3.1 4.7

note) ¢P = (Fm’ - Ft)/Fm" ,

NPQ = (Fm-Fm')/Fm’

aN = (Fm-Fm")/(Fm-Fo)

Fms =

Fm -

Fs

Table 4. The correlation coefficient between fluorescence parameter and air pollution item

Item  height NO2 NOx CO TSP PMyo PMs 5 PMi, SVZ::; Temp.
Fo -0.191 .336** .259* .459™* .329* 279% 0.193 0.183 299%F - 395
Fm  -.483* .359** 31T .269* 453% A464* .538** 763" -0.048 -0.112
Fv  -.484* .322%* .292%* 0.202 4227 A446™ .534** ST5T7 -0.109 -0.045
Fv/m -.471* 0.132 0.145 -0.033 0.116 2127 .302%* 556" -.268" 0.002
note) significance level: ** : 0.01 * :0.05
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