
Toxicity of Titanium Dioxide Nanoparticles on Growth Kinetics of Activated Biomass 
Parnab Das, Narendra Bagdiya and Arun Kumar* 

Department of Civil Engineering, Indian Institute of Technology New Delhi, India 
*Corresponding Author: arunku@civil.iitd.ac.in; +91-11-2659-1166 (Phone); +91-11-2658 1117 (Fax) 

 
ABSTRACT 

 
This study focused on effect of titanium dioxide (TiO2) 
nanoparticles (NPs) on growth kinetic parameters of aerobic 
sludge bacteria and its associated toxicity to the activated 
biomass of a typical sewage treatment plant. Initially no 
difference in lag periods or exponential growth periods was 
found due to presence of nanoparticles. Also, a considerable 
amount of decrement in the absorbance values of the 
bacterial growth phase due to the toxicity of the NPs with the 
highest toxicity obtained during the stationery phase after 72 
hours with a reduction of almost 52% in presence of 2 mg/L 
and 72% in presence of 20 mg/L of TiO2 NPs. Further, the 
amount of culturable bacteria also was reduced to almost 
50% due to the effect of 2 mg/L and 20% due to the presence 
of 20 mg/L of TiO2 NPs, indicating effect of NP on 
culturability of bacteria. More kinetic studies using TiO2 
concentrations till 20 mg/L are required to understand its 
toxicity to activated biomass. 
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1. INTRODUCTION 
 
 Nanoparticles come in to existence with the advent 
of complex molecular processing and nanotechnology in 
modern ages. A nanoparticle can be defined as the smallest 
particle that behaves as a whole element in terms of its 
properties. Usually a nanoparticle ranges between the sizes 
of 1 nm to 100 nm.  The word nano derives from the Greek 
word ‘nanos’ which means dwarf or extremely small.  
 The sources of nanoparticles in day to day life are 
mainly consumer products like sunscreen and deodorants 
used frequently in modern life. Other than this paints, 
varnishes etc add to a considerable amount to the 
nanoparticle bulk amount ejected in the environmental 
media.  
 The production and use of titanium nanomaterial in 
different consumer and health products has increased in day 
to day life, thus it was necessary to put stress on the 
monitoring and assessment of toxicity posed by the titanium 
nanoparticles to the environment. About 90,000 tonnes of 
titanium and about 4.3 million tonnes of titanium dioxide 
metal are being manufactured yearly [3] 
This leads to the involvement of many potential hazards 
posed by the nanoparticles to the living systems present in 
the environment.   Silver nanoparticles are found in many 
cases accumulated in the blood of the human or In the colon 
of the person causing colon cancer [3]. Silver nanoparticles 
are found to be accumulated even in the heart, liver and 
kidneys of a person [1]. These engineered nanoparticles 

ultimately find its way through different transport routes and 
ultimately end up in the waste water and waste water sludge 
[2].   
 The accumulation of nanoparticle in the waste water 
sludge can lead to potential threat to the mix consortia of 
bacteria present in the activated sludge. The nanoparticles 
are either adhere to the microorganisms or taken up by the 
microorganisms creating a potential gradient of a 
nanoparticle based layer in and outside the microbial cells.  
The carbon nanotubes pose a potential threat to sludge 
bacteria in [7] with the decrement in the respiration rates in 
the presence different concentration of nanomaterials and 
also attachment of the nanomaterials on microbial cells 
through scanning electron microscope (SEM) analysis.   
 Monitoring of the titanium nanoparticles in the 
waste water treatment plant (WWTP) shows the 
accumulation of TiO2 nanomaterials in the bio solids ranges 
from 1-6 μg/mg and that in the raw sewage ranging from 100 
to 3000 μg/ L [6].  The value was much higher than the 
effective concentration level of 1 μg /L in the waste water 
influent. Thus it is evident that the presence of titanium 
metallic nanoparticles might threat the existence of mix 
consortia of bacteria present in the waste water treatment 
sludge. This may lead to the decrease in the treatment 
efficiency of the WWTP. 
 The objective of this study was to focus on the 
microbial growth kinetics of the mix culture of bacteria 
present in the domestic sewage water in presence and 
absence of titanium di-oxide nanoparticles and see the effect 
of toxicity of nanoparticles on the microbial growth at 
different time interval. TiO2 was selected due to increased 
usage and this there is high possibility of it coming in 
wastewater.  The amount of bacterial colonies presence after 
interaction with nanoparticles after incubation on nutrient 
agar plates for 24 hours was also studied. After the exposure 
of nanoparticles to the mix culture of bacteria on agar plates 
for 24 hours the morphology of the bacteria present in 
absence and presence of nanoparticles was studied by light 
microscope in order to assess the type of bacteria resistant to 
nanometallic stress.  

 This study will give an overview of the toxicity of 
the nanoparticle on mixed culture of bacteria present in the 
waste water. All the experiments were done in duplicates if 
not mentioned otherwise. 
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2.  MATERIALS AND METHODS 
 

2.1 Generation of mixed culture of biomass 
from domestic sewage 

   
 Domestic sewage water was collected from the 
internal drainage system, in the campus at Indian Institute of 
Technology, Delhi, India.  A biomass acclimatization reactor 
of 1 litre was set up for generation of appropriate amount of 
biomass containing 0.5% of glucose, 0.5% of potassium di-
hydrogen phosphate and 0.5% of peptone and 100 ml of 
domestic sewage water collected freshly and was aerated for 
48 hours. The generation of mixed culture of microbial 
population was visible from the appearance of turbidity 
inside the reactor. The mixed liquor was centrifuged, the 
supernatant was discarded and the cell pellets was collected.  
This cell pellets were re suspended in nutrient media and the 
growth of the microbes was studied. 
 
2.2 Growth kinetics study of the mixed culture 
of microorganisms 
 
 Three different semi-batch type bioreactors was set 
up containing 3.75 g of glucose, 1.14 g of ammonium 
chloride and 7.5 ml of 0.2 m of phosphate buffer per 1000 ml 
of the reactors and containing 2000 mg of the biomass 
generated from the acclimatization reactor.  The three 
reactors were containing 2 mg. and 20 mg of titanium di-
oxide nanoparticles and one reactor without nanoparticle was 
kept as control. The pH of 7-7.4 and a temperature of 36-
37°C were maintained inside the reactor for the optimum 
growth of the microbes. The growth of the microbes was 
measured by the UV-Vis spectrophotometer at 600 nm [8] in 
presence and absence of nanoparticles. Separate reactors 
were also put up containing media and only 2 m and 20 
mgper litre of nanoparticles and the value was subtracted 
from the absorbance values of the reactors containing both 
nanoparticle and bacteria to observe the actual growth of the 
bacteria due to the toxic effect of the nanoparticles for 7 days 
at different time intervals of growth. 
 
2.3 Toxicity of NPs on bacteria in solid media 

 
 Samples were collected from the aeration tank from 
the sewage treatment plant (STP) in New Delhi (India), 
diluted to 103 times and were mixed with a nanoparticle 
concentration of 2 and 20 mg/L in and 100 μl of this was 
spread on the Petri dishes containing nutrient agar. They 
were kept in the incubator for incubation at about 37°C for 
24 hour. After the stipulated time of incubation the number 
of bacterial colonies was counted [5]. A nutrient agar plate 
containing only bacteria was studied as a control. All the 
results were expressed in terms of CFU (colony forming 
unit) and were multiplied by the dilution factor to get the 
original population of the bacteria per ml of the sample. 
 

2.4 Morphology Study of the Nano particle 
resistant bacteria 

 
 Two glass slides were washed properly and cleaned 
with 95% pure ethanol in order to make the surface free from 
any kind of contamination. A loop of autoclaved water was 
put on the glass slide in front of the Bunsen burner inside the 
laminar air flow (LAF) and bacterial collected from bacterial 
colonies grown in absence and presence of   20mg/L of 
nanoparticle on the nutrient agar plates was thoroughly 
mixed together. A smear of bacterial cells was thus formed 
on the glass slide. The cells were heat fixed by taking the 
opposite side of the glass slide in front of the Bunsen burner. 
 The crystal violet stain was put on the samples as a 
primary stain and was kept for 1 minute. After that excess 
unbound crystal violet stain was washed by drop wise flow 
of water for 15 seconds. Gram’s iodine was added as a 
mordent for fixing crystal violet to the bacterial cells and it 
was kept for 1 minute. It was also washed by drop wise flow 
of water. The glass slides was then rinse with ethyl alcohol 
for 5 seconds to remove the excess stain and was again 
washed by drop wise flow of water. Lastly the safranin was 
added to the sample as a secondary stain and was kept for 1 
minute and was then washed by gentle flow of water for 5 
seconds. (Hans Christian Gram, 1884).The glass slides were 
then observed under the light microscope at 100x zoom 
under oil immersion. 
 

3. RESULTS AND DISCUSSIONS 
 

3.1 Effect of titanium NP on growth kinetics of 
the bacteria 

 
 It was seen that the titanium nanoparticles are 
having immense toxic effect of the different phase of growth 
kinetics of the bacterial population. Figure 1 indicates that 
the maximum effect control reactor is having normal 
absorbance values in the absence of the nanoparticles 
showing distinguish phases (lag, log, stationery and decay) 
of the growth of the bacterial population.  
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Figure 1: Microbial growth kinetics with
titanium dioxide nanoparticles 

 The absorbance values of the bacteria
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Figure 2: TiO2 NP-associated bacterial toxici
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Figure3: Growth of microbial co
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Figure 4: Morphology of mixed culture of bac
in the original sludge (A) and after the ex
mg/L TiO2 NPs (B) 
 
It is clear that among many gram positive and 
bacteria which is present in the original sludg
few are left after the exposure to metallic ox
titanium dioxide nanoparticle resistant bacteria
filamentous or round shaped. This may be
positive bacillus (cell wall violet colored) or 
coccus (cell wall pink colored). 
 

4. CONCLUSIONS 
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