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ABSTRACT 

Preliminary results of our study related to simultaneous waste water purification by photocatalytic degradation of or- 
ganic impurity (Methylene Blue dye) and its effects on seed germination are presented here. It is interesting and impor- 
tant to know that complete degradation of the dye occurs within 2 hours and does not adversely affect the seed germina- 
tion process. It is concluded that waste water purification by photocatalysis and seed germination (agriculture) can be 
carried out simultaneously, opening a way for advanced agriculture. 
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1. Introduction 

Since the first report of Fujishima and Honda in 1972 [1], 
lots of work had been carried out on photocatalysis with 
major emphasis on waste water treatment [2-8]. Materi- 
als thoroughly studied for photocatalytic use are TiO2 
and ZnO [9-12]. Several other materials like Bi2MoO6, 
Bi2WO6, BiVO4, CdS, WO3, KTiNbO5 etc. have been 
studied for their photocatalytic property [13-17].  

Process designed for water reclamation and its subse- 
quent use is as follows. Waste water from industries, 
households and other sources will be going to a Photo- 
catalytic treatment plant where it will be treated and pu- 
rified. Other techniques and technologies like activated 
carbon adsorption, UV-treatment, membrane technology, 
and ozonation etc. may or may not be used in this treat- 
ment plant in addition to Photocatlytic treatment. Such 
treated water will then go for potable or non-potable use 
like agriculture—depending on its purity. 

The basic process involved in agriculture is seed ger- 
mination and growth and we were interested to know if 
the waste water treatment (by photocatalytic means) and 
seed germination can occur simultaneously. Via this 
communication, we present our preliminary results on 
simultaneous waste water purification by photocatalytic  

action and seed germination process. Methylene Blue 
(MB) dye is used as a pollutant. Although Methylene 
Blue dye is not that poisonous so as to kill/inactivate the 
seed germination process, it has indeed given us lots of 
insight towards our aim.  

2. Experimental  

Commercially available TiO2 (Hexon Laboratories Pvt. 
Ltd., India) is used as a photocatalyst which was used as 
received. Experiments were done in a glass tank (Length 
× Width × Height = 47 cm × 8 cm × 35 cm). Sweet corn 
seeds were used for studying the seed germination proc- 
ess and the effect of simultaneous photocatalytic degra- 
dation of organic waste material. Methylene Blue (MB) 
dye is used as an organic waste which is photocatalyti- 
cally degraded using TiO2 as a photocatalyst. All expe- 
riments were done under direct sunlight. During the ex- 
periments, seeds were protected from the direct sunlight 
by covering them with a paper. However, seeds were in 
contact with air throughout the experiments. Twenty (20) 
seeds were used each time for study. Methylene Blue 
solution (1 L) concentration (2.5 × 10−2 mM) and amount 
of TiO2 (3 gm) was kept same throughout all experiments. 
Stirring was continuously done using an electronic stirrer. 
Molecular structure of the Methylene Blue dye is shown  *Corresponding author. 
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in Figure 1. Two sets of experiments were done viz. with 
and without using the Germination paper. 

In the first set of experiment, germination paper 
(which is usually used by researchers while studying the 
seed germination process) is put in the sieve and the 
same is kept in contact with the Methylene Blue dye so- 
lution (containing TiO2 photocatalyst) under sunlight as 
shown in Figure 2(a).  

Second set of the experiment is done in exactly the 
same manner as first; except that germination paper was 
not used. Here, the seeds were kept on the sieve and were 
in direct contact with the Methylene Blue dye solution 
containing TiO2 photocatalyst. 

In both the set of experiments, continuous monitor- 
ing/observations were made regarding the time within 
which the Methylene Blue dye solution becomes com- 
pletely colorless; the process of seed germination is 
studied by noting the number of seeds which got germi- 
nated, measuring the root and shoot lengths on each day 
—until 7th day from the start of the experiment. Seeds 
were numbered for this purpose from 1 to 20. Observa- 
tions were also made if the seed coat of the seeds has got 
blue color—due to absorption of Methylene Blue dye 
from the solution. Comparison of the observations of the 
two set of experiments were used to draw conclusions.   

3. Results and Discussion  

Figure 2(a) shows the simultaneous photocatalysis and 
seed germination experiment using Germination paper. 
Blue color of the solution is due to Methylene Blue dye. 
After 90 min under natural sunlight, MB dye is observed 
to degrade completely and the blue color of the solution 
disappears. White color of the solution as in Figure 2(b) 
is due to the dispersed TiO2. Figure 2(c) shows the pho- 
tograph of the seeds germinated after seven days. It is 
observed that total eleven (11) seeds get germinated dur- 
ing this set of experiment.  

All germinated seeds show development of root and 
shoot parts. Multiple roots are observed on each seed 
with varying lengths while only one shoot was developed. 
The longest root is used for measurement. The length of 
the root and shoot are measured with the help of a thread 
—since the roots are observed to be curvy. Observable 
growth of the root and shoot was observed only after 3 
days. No blue color was observed on the seed coat of the 
seeds (either front or even back side), indicating thereby 
that Methylene Blue dye is not absorbed directly by the 
 

 

Figure 1. Molecular structure of Methylene Blue (MB) dye. 

 
(a) 

 
(b) 

 
(c) 

Figure 2. Simultaneous photocatalysis and seed germination 
experiment using germination paper: (a) At the start of the 
experiment—showing blue color of the solution; (b) After 
90 min—showing complete degradation of MB dye. White 
color is due to presence of TiO2; (c) Seeds germinated— 
after 7 days. 
 
seeds or seed coats. This is due to the fact that the ger- 
mination paper does not allow the Methylene Blue dye to 
reach to the seeds. The second possibility is that the dye 
gets degraded completely before absorption by the seeds. 

In order to understand further, another set of experi-  
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ment was done with the same experimental parameters, 
without using the germination paper. Here, the seeds 
were kept on the sieve and kept in contact with the Me- 
thylene Blue dye solution containing TiO2 photocatalyst. 
Seeds were kept in such a way that lower surface of the 
seeds were making a direct contact with the dye solution 
whereas upper surface with air. After 90 min under natu- 
ral sunlight, Methylene Blue dye is observed to degrade 
completely and the blue color of the solution disappears 
—as shown in Figure 3(a). White color is due to dis- 
persed TiO2. 

In all, nine (9) seeds were observed to get germinated. 
Lower surface of the seeds/seed coats were observed to 
be blue in color which is due to absorption of the Me- 
thylene Blue dye. However, the blue color was only lo- 
calized to the lower surface and do not gets penetrated 
throughout the seed. 

 

 
(a) 

 
(b) 

Figure 3. Simultaneous photocatalysis and seed ger-
mination experiment without germination paper: (a) 
After 90 min—showing complete degradation of MB 
dye. White color is due to presence of TiO2; (b) Seeds 
germinated—after 7 days. It is observable that only 
the back surface of the seed coat of few seeds has got 
blue color due to absorption of MB dye. 

Seed germination process was measured in terms of 
number of seeds germinated, average length roots and 
average length of shoots. Out of the multiple roots on a 
seed, the longest root is considered. Comparison of the 
results obtained in the two set of experiments (i.e. with 
and without using the germination paper) are shown in 
Table 1. Following observations are made. The germina- 
tion process in both the experiments has started on the 
forth day from the start of the experiment. No observ- 
able/measurable development of the root(s) or shoot has 
been observed in both the experiments for the first three 
days. Germination process is observed to be started on all 
11 seeds germinated in the Experiment-1 (with germina- 
tion paper) from the 4th day of the experiment. In Expe- 
riment-2 (without germination paper), 3 seeds starts ger- 
minating on the 4th day and then this number increasing 
to nine on the 5th day, which remains the same even on 
the 7th day. 

The total number of seeds that have got germinated in 
Experiment-1 (i.e. germinated seeds = 11) and Experi- 
ment-2 (i.e. germinated seeds = 9) are approximate- 
ly/experimentally same (at least comparable). Compari- 
son of the root and shoot length in both the experiments 
on each day indicates that the seed germination process 
in Experiment-2 is slow. Although, it is very difficult (at 
present) to point out the exact reason for the slow seed 
germination in Experiment-2, we speculate the possibil- 
ity of the following reasons: 1) Seeds in Experiment-2 
were directly in contact with plenty of water which may 
have resulted in over absorption of water by seeds; 2) 
Seeds were directly in contact with TiO2—a photocata- 
lytic material which can kill the organics. However, it is 
important to point out here that we observed no signs of 
damage to the seeds by say TiO2.  

Although Methylene Blue dye is not that poisonous so 
as to kill/inactivate the seed germination process com- 
pletely; it has indeed given us lots of insight towards our 
aim. We are planning our future experiments with a poi- 
sonous organic compound that can inactivate the seed 
germination process. Via this, we want to understand the 
time within which the complete degradation of this poi- 
sonous organic material (pollutant) should happen by 
photocatalysis action in order that the seed germination 
process can progress.  

It is safe to conclude here that simultaneous waste wa- 
ter purification by photocatalytic degradation of orga- 
nic/hazardous waste materials and seed germination is 
possible. Further, our observations indicate that the pho- 
tocatalytic degradation process should get completed 
within about 90 min. maximum time. Our present expe- 
riment and observations may lead to advanced agricul- 
tural processes in which waste water purification and 
agriculture (via seed germination) can simultaneously be 
done.  
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Table 1. Comparison of the seed germination process in the two set of experiments. 

Experiment-1 (With Germination Paper) Experiment-2 (No Germination Paper) 
Day Number of Seeds  

Germinated 
Average Root 

Length 
Average Shoot 

Length 
Number of Seeds 

Germinated 
Average Root 

Length 
Average Shoot 

Length 

1st day 0 0 0 0 0 0 

2nd day 0 0 0 0 0 0 

3rd day 0 0 0 0 0 0 

4th day 11 2.64 cm 1.6 cm 3 1.8 cm 0.63 cm 

5th day 11 2.78 cm 3.55 cm 9 1.4 cm 0.96 cm 

7th day 11 3.1 5.7 cm 9 2.6 cm 3.3 cm 

 
4. Conclusion  

We conclude here that simultaneous waste water purifi- 
cation by photocatalytic degradation of organic/hazar- 
dous waste materials and seed germination is possible. 
Further, our observations indicate that the photocatalytic 
degradation process should get completed within about 
90 min. maximum time—so that it does not affect the 
seed germination process adversely. 
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