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We can d i rec t ly  measure the intensi ty  of Poputus tomentosa Leaf in a hi9h 
sens i t i v i t y  photon counter a f t e r  fresh Leaves are picked from trees. This 
kind of t ioht , which can be detected without introducing any external 
influences, such as e lec t r ic ,  ma9netic field,  or other chemical factors,  is 
catted tow Level chemiluminescence related with the biochemical metabolism 
of oroanism, especiaLLy the oxidative metabolism. I t s  in tensi ty  is in di rect  
proportion to the square of radical concentration of RO2 e.9. I:KQ(R02) ' 

The formation of s inoiet  oxygen is responsible for the production of the 
tioht(Stawinska et aL.1985). This is an advanced opt ical  e tec t r ic  technotooy 
for photon measurement. ALthough very dim (10-10' photons/sec/c#), Low Level 
chemiluminescence is internat ty  associated with or0anism contamination or 
de toxi f ica t ion  effect ,  and also is sensi t ive  to chemical toxin, temperature 
and even the microscopic environmental chan9e in biological  creatures.  As 
a resul t ,  recently,  many of photochemists and photobiotooists  su99est that 
tow Level chemiluminescence from tivin9 creatures can be used to indicate 
environmentat poLLution. Professor Inab~ a Japanese sc ien t i s t ,  has already 
directed a reseach 9roup to s t a r t  the work ( Swinbanks 1986) . In our 
experiments we selected the ion9 9rowth perlod, targe Leaf and extensively 
planted broadteaf t r e e -  Poputus tomentosa as experimental materiaL, and 
studied the basic charac te r i s t i cs  of tow Level chemituminescenc from Leaves, 
such as the e f fec t  of "acid-rain" and sulphur dioxide ect . .  The purpose of 
this paper is supposed to provide a new method for detection of a i r  
poLLution and bioLogicaL evaluation. 

MATERIALS AND METHODS 

Because there is a difference in density of teal  9rowth in a tree, a piece 
of Leaf in the tree can not r e f l ec t  the a t t  ones . With a ra t io  of 
the n.,,bers of cottected Leaves (Dense, Sparse=l : 3), We coLLected the 
same Leaves in slze to do experlment.The measurln9 equipment was made by the 
Ins t i tu t e  of Biophysics, Academia Sinic~ and CoLony Corporation. I t s  
s ens i t i v i ty  is nearly one count per second which is correspondent to 
10 "= ampere opt icat  e lec t r i c  current. Standard error is smatter than 
0.89fi. Amon0 I0 repeated measurements, the standard error is tess than 0.59fi. 
PLuck Leaves and put them in sample room with the surface of the teaves 
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Figure I. In tens i ty  of Poputus tomentosa leaf 
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Fi9ure 2. Emission spectrum from leaf of Poputus tomentosa 

d i rec t ly  facin9 detector.  Measurement time is 500 seconds in which the f i r s t  
200 sec are measurement of induced or decay Luminescence and the last  300sec 
are measurement of tow level chemiluminescence. The intensi ty  is expressed 
as counts / 300sec. Emission spectrum is analysed with 20 in te r fe ren t i a [  
f i t t e r s  which are in range of 400 to 780na.Besides, absorbance and eff ic iency 
of photomuttiptier  are cal ibrated.  Emission spectrtm is plot ted by computer. 

RE~LTS AND DISCUSSION 

As shown in Figure 1, of the tow Lever chemituminescence from 100 pieces of 
[eaves of Poputus tomentos~ the maximum intens i ty  was 4831 counts/300 sec, 
the minimu was 281 counts/300sec, the avera9e was 2831 counts/300sec, which 
was 2.6 times intens i ty  of Jugtans cathayensis leaf, 3.2 times intensi ty  of 
Ginkgo bitoba leaf.  But the intens i ty  of Syringaobtata leaf was 1.3 times 
that of Poputus tomentosa which was nearly intens i ty  of Ionicera mocki leaf.  
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Table l. ln tensi ty  and percenta9e transmission of various species of Leaves 

Species Intensi ty  
(Coant/3OOsec) 

Poputus tomentosa 
Comue a t ta  L. 
Crataefus sp 
Catetpa specioca wand 
Gink9o bitoba 
Fraxinus chinensis 
Jugtans cathayensis 
Syrin9a obtata 
Hal Xian Hua 
Dispyros chlnensis 
Lonicera macki 

Tg~ Wei�ht 
(9) 

1678 0.08 0.45-0.56 
354 0.25 0.45-0.56 
590 0.12 0.45-0.56 
810 0.10 0.45-0.56 
521 0.14 0.45-0.55 
860 0.12 0.45-0.56 
641 0.17 0.45-0.56 

2159 0.18 0.45-0.55 
2255 0.18 0.45-0.55 
1354 0.22 0.45-0.56 
1539 0.12 0.45-0.56 

In Figure 2~ in the typical emission spectrum of Poputus tumentosa leaf in 
the wavetenth ranHe of 400 to 780 um, there were four bands of emission 
spectra in 475, 575, 660 and 745 um, the maximum peak was at 745 um. 
Moreover, i t  was evident that Leaf Luminescence was mainly contributed 
from the red [i9ht area pioted in the curve, which intensi ty  accounted 
for 82.5~6 of the to ta l  in tensi ty  . kccordin9 to the reported papers 
(Cadenas 1984 ), the Luminescence from red ti9ht area resulted from the 
formation of s ingiet  oxygen : 

RH +'OH -,- R'+ HzO2 
R' -{- 0z ~ RO0" 
RO0"+ RH ~ R'+ ROOH 
RO0"+ RO0"~ RO' + ROH + 'Oz 

'02 + 'Oz ~ 2 '02 + hv (k:478,580,634,710 nm) 

In addition, the luminescence from near 480 um may resul t  from the decay of 
carbonyt excited s ta te  to the 9round s ta te  (~=0)z  

R'O(C'=O) ~ RO(C:O) + hu (480 urn) 

From the below kinet ic  curve of Poputus tumentosa Leaf, we could find 
that Leaf in tens i ty  decayed with time by means of quasi-exponential 
taw, then, tended to reach a stable value. Decay emission resulted from 
induced emission a f te r  leaf was put into sample room, and disappeared within 
about 200 seconds, the rest  of Luminescence was due to biochemical 
metabolism. This was the reason that there was luminescence in the 
last  300 seconds. As in the Figure 4 are shown the intensi ty  changes 
of Poputus tomentosa Leaves in several continuous r a in fa l l s  in 
experimental areas during simmer, 1991. Using the Leaves picked in a bright 
day, June 4th, as the control group, i t  can be seen that the in tensi ty  of 
the leaves collected in rainy days of 8th, lOth, l l t h  of June great ly  reduced, 
but a f t e r  these rainy days the intensi ty  rose again. 
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Figure 3. Luminescence kinetic curve of PopuLus tomentosa Leaf 
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InfLuence of "acid-rain" on Leaf Luminescence 

The phenomenon that intensity reduced after  rainfaLL was aLso 
demonstrated by the intensity changes of Leaves picked l0 minutes 
after  or before the rainfaLL. For example, in June 25 the weather was 
inclement, before storm came the intensity of Leaves was 2051• 
counts/300sec . But the intensity of Leaves coLLected from the same brance 
of a tree decreased to 1009• counts/3O0sec , which reduced nearly 
50. B96.Why did the intensi t ies  of Leaves reduce rather than increase af ter  
the poLLution dust on the surface of Leaf was washed away by rainfaLL with 
pH 6.5 to 6.8 at that time. Can we assume rain washing as the damage of 
" acid-rain" to Leaves? In order to examine the suspposition, we coLLected 
Leaves from industrial  and hygienic areas to do washin9 experiments. The 
results  were Usted in TabLe 2 . I t  was obvious that intensity of Leaf 
washed with water rose, furthermore, the increase in industrial  area was 
greater than that of hy9ienic area the former intensity was 2.7 times the 
Latter. I t  was interesting that why rain can reduce intensity in the same 
condition such as water washing which can clean dust on the surface of 
Leaf.EvidentLy, i t  is necessary to further study the action of W ion on Leaf. 
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Figure 5. Inftuence of dituted suLphuric acid on 
from leaf of Poputus tomentosa 
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Figure 6. Emission change of Popu[us tomentosa leaf affected by H2$04 

Tabte 2. Lmninescence change of Poputus tomentosa reaves a f te r  water washing 

Area 
Intensi ty  (counts/3OOsec) 

Before washing After washin9 

A(Industriat  area) 4110• 5009• 24.06 

B(Hyoienic area) 1609• 1750• 8.80 

Increase of 
Luminescence 
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Setectin9 the same Leaves in size, percenta9e transmission, wei9ht and 
samptin9 period, five 9roups inctudin9 five pieces of Leaves each were 
iBer9ed in sutphuric acid solution, respect ively,  and their  in tens i t i es  
were measured a f t e r  40 minutes soakin�. As shown in Fi9ure 5 , compared 
with the resu l t s  of water soakin9, the in tens i t i e s  of Leaves i ue r9ed  in 
10" to 10 ~ M sutphuric acid decreased with the increase of acid 
content, this resul t  was similar  to that of "acid-rain".  There was no damaoe 
on the surface of Leaves. But when iaaer9ed in 9reater  than 10 ~ M suLphuric 
acid, surface of Leaf appeared yeLLow spots and i t s  Luminescence increased. 
White the concentration of sutphurlc acid was 9reater  than 10-' M, the Leaf 
was mostly dama9ed, and i t s  Luminescence rose dramaticaLLy. I t s  in tens i ty  
reached 6954 counts/300 s e c ,  which was correspondent to 4.9 times that of 
control 9roup. This phenomenon was very similar  to " flash emission " 
reported in references(Popp 1987). To observe the whole process in which 
taminescence of Leaf was chanoed because of the erosion of acid, the Leaf of 
Populus tamentosa imer9ed in a cup with 10 mL water was measured. 
Then, addin9 0.1 mL 10 ~ M H2S04 9raduatty into the cup , the experiment was 
repeated as described above. From the resul ts  shown in Fi9ure 6 , we can 
find that a f t e r  the i n i t i a l  addin9 of Ii2S04 solution, the in tensi ty  
reduced rapidly, but i t  varied with f luctuat ion a f te r  s l ight  r ise  of 
intensi ty.  When the content of acid was so high that Leaves suddenly 
became yeLLow and btiohted. MeanwhiLe, stron9 emission was accompanied. 
The two experimental resu l t s  discussed above su�oested that in the 
condition of weak acid, for exampLe, the i n i t i a l  toxic reaction of "acid-raln"  
resutt in9 in the decrease of tow Level taminescence from Leaf was essent ia l  
for takin9 measures to reduce or avoid poLLution in advance. PeopLe often 
consider sutphuric dioxide as one of the most dan9erous toxins. In order to 
observe the influence of S02 poLLution on Luminescence from Leaf of 
Poputus tomentosa , we selected a branch of a tree to do experiments . The 
branch was covered with a poLyethyLene film ba9 which was piped 
with S02 9as produced in chemical reaction by compressed a i r  into the 
ba9. Cottectin9 five [eaves in the same time interval  from the film 
ha9 and measurln9 intenslty.The qual i ta t ive  resut tes  were shown in Fi9ure 7. 
With the experiments, we concluded two resul ts .  FirstLy, "acid-rain" and 
H2S04 showed similar  ef fec t  on leaf luminescence. Luminescence from smoked 
Leaves was reduced. When smoked heavily by S02, these Leaves tended to be 
curly, drooped, or perished. At the same time, the luminescence curve showed 
"fLash emission" which meant that the leaves were perished. SecondLy, compared 
with control 9roup(Fi9ure 2a),emission spectrum of smoked leaf at 660 am was 

Table 3. Effect  of seasons on leaf Luminescence 

In 1991 
Measure 

May June July Sept. Oct. 

SO, 46 24 13 24 37 
( ~ 9/M') 

Intensity 734• 1009• 1505• 9303• 8130• 
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Fi9ure 7. Inftuence of a r t i f i c i a l  302 smoke on luminescence from 
teaf of Popuius tomentosa 

normat. I t s  in tensi ty  reduced 35~. But there was no d is t inc t  difference in 
btue ti9ht area, which was shown in Figure 2b, the resul t  was s ignlf icant  
to determine S02 pot tut ion on reaves. 

As shown in Tabte 3, the content of sutphur dioxide in a i r  9raduatty took on 
decreasin9 tendency from May to Jury. However, the luminescence of teal  
tended to rise,  namety, the hi9her the content of 302, the tower the 
tuminescence of teaf. This resut t  was simitar  to S02 smoke experiment. When 
sampiin9 took ptace in fa i l ,  the content of $02 increased s l ight ly  and 
tuminescence of teaf rose 9reat ty.This was poss ibt iy  retated with that teal  
appeared yettow when fa i r  came. In 9enerat, the luminescence of Poputus 
tamentosa leaf was changed with season, which decreased in sprin9 and summer, 
but increased in fa i r .  Compared with hygienic area as controt, there were 
d i f ferent  changes in Luminescence from leaves of Popuius tomentosa amon9 
industr iat ,  commercial and resident areas because of the various a i r  
pot iut ion of toxins. For exampie, because there was shorta9e of water and 
annuat pot tut ion of 302 from burnin9 coat, and even in summer there were 
some yettow spots and holes caused by pestes on teaf surface , so the 
in tens i ty  was 26~ tess than that of hygienic area.Besides, the intensi ty  in 
resident area in October was 2.7 times as much as in June. There was no 
s i9nif icant  change in hygienic areas. The in tens i ty  in industr ial  area 
was 9renter than that of hygienic area. 

Tabte 4. Luminescence from reaves in d i f ferent  functlonai areas 

Measure Industr iat  Commerc iat  Resident Hy9ienic 

SO,( p9/M ') 6-13 6-38 6-44 6-14 
June 

Intens i ty  1696___108 234+_473 1120___230 1494+_284 

$Oz( tt 9/hi') 6-83 14-108 20-78 6-22 
Oct. 

In tensi ty  1238+-143 3064+-491 2963+-535 
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In short, the tow tevet chemihminescence from teaf of Poputus tomentosa 
showed cer ta in  changes to some extent with "acid-rain " dmage and 
sutphur dioxide pottut iom and these changes were retated with the 
content of pottutant  or pot tut ion fever. Therefore, i t  was possibte 
that tuminescence from teaf of Poputus tomentosa may serve as an 
indicator to express a i r  pottution.  Without doubt, thls simpte, rapid 
method was more re l iable  and authentic than regular physicat or chemicat 
anatysis. 
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