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ABSTRACT 
 

Pesticide wastewater contains toxic and inhibitory compounds, which adversely 
affect biological growth. Another major challenge with these effluents is high total 
dissolved solids (TDS), thereby making maintenance of an active bacterial 
population in bioreactors difficult. An additional problem is the wide variation in 
ingredients making up the composite stream because of product and schedule 
demands. Consequently maintaining a steady state in reactor performance is a 
challenging task. This paper is concerned with exploring the role of nutrients and 
bioaugmentation towards maintaining steady state reactor performance with the 
observed odds and maintenance of the active biomass. Isoproturon is a phenyl urea 
herbicide, the production of which generates effluent with high COD. A continuous 
activated sludge reactor of 5 L capacity was started with sludge from the ASP of a 
leading pesticide manufacturing industry as seed. Successful treatment (91% COD 
reduction) of such a stream was achieved using bioaugmentation techniques. The 
initial biomass in the reactor was systematically augmented with a special culture 
for 1 month. Regular monitoring and biomass addition further stabilized the 
bacterial population. The reactor consistently gave high COD reduction (80-90%) 
during its operation. 

Key Words : ASP, Isoproturon, Bioaugmentation, Pesticide, Effluent, COD, 
Shake flask studies 

 
INTRODUCTION 

Isoproturon (3, 4 isopropyl phenyl 1, 1-
dimethyl urea) is an odourless white 
crystalline powder with molecular weight of 
206.3 (empirical formula C12H18N2O). It has 
a melting point of 153ºC-156ºC, with water 
solubility of 65 mg/l at 22ºC. It is very stable 
to light, acids and alkalies, but is 

hydrolyically cleaved by strong alkalies on 
heating. It is an effective herbicide for pre 
and postemergence control of blackgrass, 
silky bentgrass, wild oats, annual meadow 
grass, ryegrass and many broadleaf weeds in 
spring and winter wheat, spring and winter 
barley and winter rye.  

It has been estimated that more than 
three quarters of the total herbicide load of 
the effluent of the rural waste water * Author for correspondence 
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treatment plant consists of isoproturon. 
Isoproturon acts by passive absorption by the 
roots by penetrating the membranes of 
cortical cells in and forward movement into 
the stele and upwards in the transpiration 
stream. The absorption spectrum is similar to 
chlorophyll and acts by blocking oxygen 
evolution which results in chlorophyll 
degeneration and chloroplast disorganization 
leading to progressive chlorosis, retardation 
of growth and death of the plant. 

Generation of pesticide waste is an 
inevitable by-product of every aspect of 
pesticide technology. The largest problem 
seems to be handling of wastewater. While 
the problems start with contaminated water, 
the soil eventually ends up receiving the 
waste when no mitigating practices are in 
force. The soil and water contamination 
problems are linked, so any solution must 
focus simultaneously on both media. Perhaps 
the most immediate need is to develop 
portable, efficient and cheap technologies to 
clean wastewater that can not be recycled. 
Without such technology, soils will continue 
to become contaminated, raising the 
probability of ground water degradation. 
Contaminated soils still require cleaning, but 
these can be removed from a site and stored 
until affordable remediation strategies are 
permitted or further developed. 

The effluents from pesticide industries 
mainly consist of a mixture of intermediates, 
by-products, starting materials, pesticides 
and related compounds. The hazardous 
nature of these compounds call for 
appropriate cost effective measures for their 
breakdown and detoxification prior to their 
discharge in the effluents from pesticide 
manufacturing units and other related 
industries. 

Effluents from pesticide industries are a 
serious environmental hazard due to their 
toxic nature and high organic content. These 
waste waters need to be effectively treated 
before being discharged into water bodies. 

Although various physico-chemical, and 
biological treatment options are being 
exercised currently, while the physico-
chemical methods are prohibitively 
expensive, and do not provide satisfactory 
solution to the environmental concerns, the 
biological options have limited success due 
to microbial limitations.  

Due to the complexity of the problem, 
cost effective treatment of the organics in the 
effluents from pesticide manufacturing units 
require development of special cultures and 
methods. Moreover, each industry at any 
given location produces a wide variety of 
pesticides at various time intervals and the 
effluents of all production units should meet 
the Pollution Control Board Standards. 

This study focused on evolving a 
treatment strategy (a combination of physico-
chemical and biological methods) for 
effluents from pesticide manufacturing 
industries using bioaugmentation.  

Bioaugmentation is defined as the 
application of selected microorganisms to 
enhance the microbial population of an 
operating waste treatment facility to improve 
efficiency or lower operating costs. Even 
though, the natural population may develop 
into an acceptable one, there may be 
performance limitations that can only be 
overcome through the introduction of 
superior strains of microorganisms. The goal 
of bioaugmentation is to enhance the growth 
of the residual organism of choice by 
establishing fresh useful organisms by 
inhibiting the proliferation of non essential 
organisms. 

Typical bioaugmentation products 
consist of blends of several strains of 
microorganisms, usually bacteria and fungi. 
The organisms are isolated from nature and 
are not genetically altered in any way. They 
are selected on the basis of accelerated 
reproduction rates and their ability to 
perform specific functions, such as good 
flock forming capabilities to enhance settling 
or ability to degrade specific compounds.  
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In this study the process of 
bioaugmentation was carried out by 
enriching the actual active biomass, 
responsible for degrading the organics 
present in the IP effluent. The degrading 
organisms were isolated on plates with the IP 
effluent as the sole carbon and nitrogen 
source and growing colonies were picked 
and enriched separately in the effluent 
supplemented with Luria Bertanii medium. 
The enriched culture was added to the reactor 
at fixed intervals.  

MATERIAL AND METHODS 
Reactors had two compartments-aeration 

and settling tanks. Aeration tank was of 5L 
capacity and 20 × 20 × 14 cm dimensions. 
Settling tank was of 7 × 20 × 10.5 cm 
dimensions and 1.015 L capacity.  A Perspex 
plate separated the two compartments. Along 
with the flow, biomass from the aeration tank 
entered settling tank. Here due to quincent 
conditions, biomass settled down and slide 
towards the aeration tank over a sliding slide 
placed lengthwise. Sheets placed at an angle 
on the corners prevented dead zone 
formation. Content of aeration tanks were 
agitated by compressed air supplied via 
ceramic diffusers. Dissolved oxygen (DO) 
level was maintained in the range of 4-5 
ppm. The reactors were fed by using 
peristaltic pump (Electrolab). Buckets were 
provided for both feed and effluent 
collection.  

The reactor was started with 2L of seed 
(sludge from the ASP at the factory) and 3 L 
IP effluent and run on batch mode for 7 days 
before shifting to continuous culture with an 
HRT of 72 hrs. The IP effluent had a pale 
colour and characteristic odour. It was toxic 
above 15%, as was observed from growth on 
plates of different concentrations of IP and 
Agar Agar. Growth was observed on 10% IP 
plates and therefore 10% IP was finally 
selected as feed (COD 4000 mg/l), with 
supplemental phosphate at 25 mg/l. After 21 

days of operation, 1L sludge from a CETP 
was added to the bioreactor.   

Fresh sludge and sludge from the 
reactors was streaked on 10% IP-Agar plates. 
The colonies were picked up and inoculated 
in shake flasks containing 0.1% Luria 
Bertanii medium initially, followed by only 
the feed to the reactor in subsequent 
transfers. Every 48hrs, 50% of culture was 
added to the reactor. This procedure 
continued till the COD removal efficiency 
improved to about 90% and the rector 
achieved steady state (about    months).  

Samples were drawn from both the inlet 
and outlet and analyzed for parameters like 
COD, BOD, Phosphate, Ammonia, total 
solids, total dissolved solids, total suspended 
solids, MLSS, MLVSS and SVI using 
Standard Methods. Biomass was analyzed by 
respirometric methods (A and B) and by 
using PCR techniques. 

In Method A, the sludge was added with 
3 ml, 1X LB broth and kept on shaker for 24 
hours. The sludge was centrifuged at 13000 
rpm for 2 minutes. 50 mg pelleted sludge 
was resuspended in 0.5 ml of 20 mm 
phosphate buffer and was used for each 
reaction of oxygen utilisation using different 
substrates. Substrates used were : citrate, 
pyruvate, salicylate, catechol, aniline and 
chloronitrotoluene. (20 mm per reaction i.e. 
20 microlitre per 3ml reaction volume.) 20 
microlitre of substrate (from 20 mm 
concentration stock) was used per reaction 
with sludge and final volume made up to 3ml 
by 20 mm phosphate buffer. The remaining 
sludge was again added with 5ml LB broth 
and incubated at room temperature (27oC) for 
24 hours. Next day the oxygen uptake was 
done again using the present sludge and same 
set of substrates. 500 mg of pelleted sludge 
was inoculated in 50 ml 0.1X LB broth and 
incubated overnight on a shaker. The 
respirometric assay of this reactivated sludge 
was also done in the next day, using the same 
set of substrates. 
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In Method B, two plates were made, one 
of LB and other of 10% IP effluent, and both 
were streaked with the colony suspension. 
Isolated colonies were picked from the plates  
(2 from LB plate and one from IP plate), and 
inoculated in 5 ml LB broth. After 24 hours 
of incubation at 29ºC the respirometric 
assays were done using 20 mm of different 
substrates (20 microlitre per 3ml reaction 
Volume). 1.5 OD per reaction, of culture 
suspension was taken. 

For detection of the degradative capacity 
of sludge biota for chlorophenols and 
aromatic phenols, which are highly non-
biodegradable, a special gene study is carried 
out for different sludge systems. The DNA 
material was extracted from the sludge and 
PCR was run using four novel primers. 

Primer for the gene for the 16s RNA 
fragment in eubacterial cell, primer for the 
gene for the enzyme catechol, 1-2 
dioxygenase, known as CAT12D primer, 
primer for the gene for chlorophenol 
deoxygenase known as Ch1PD primer, 
primer for the gene for Phenol, 
monooxygenase known as PheMOX primer. 
The PCR products were further run on 
agarose gel. 

RESULTS AND DISCUSSION 
Table 1 presents the characteristics of 

various streams considered for treatment. 
Fig. 1 presents the profiles of COD, BOD, 
TDS, TSS, SS, VSS, phosphate, ammonia 
etc. IP stream had COD of about 42,000 
mg/l, BOD 1000 mg/, ammonia 2000 mg/l, 
pH 8 and TS of 20,000 mg/l. 

Table 1 : Characterization of various streams of effluent 

Characteristics Composite Isoproturon Cypermethrin 
COD 1033 47367 9234 
BOD 223 820 1644 
BOD : COD ratio 0.216 0.03 0.178 
Total solids 7000-25000 19816 153774 
Total dissolved solids 6000-20000 14200 134052 
Suspended solids 1000 2386 1602 
pH 7.5 8-9 0.92 
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      With an inlet pH of 7.0, pH in the reactor 
increased to 9-11 overnight, adversely 
affecting biomass stability and growth. The 
pH of the feed was therefore pre-adjusted to 
3-4 which was adequate to maintain reactor 
pH in the desired range of 7.5-8. 

Initially, at high pH, foaming was a 
problem, which resulted in biomass wash 
out. Optimization of pH to about 8, led to 
significant decrease in foam formation and 
the addition of antifoaming agents was 
avoided. 

HRT was maintained at 90 h for a week, 
followed by reduction to 72 h. Once 85% 

COD reduction was achieved, an attempt was 
made to further reduce HRT to 48 h. 
However, this resulted in a sudden drop in 
COD reduction. The HRT was thus fixed at 
72 h for the rest of the study. 

COD of inlet feed, at 10% COD, was 
about 3100 mg/l. Sludge from the aeration 
tank of the ETP of the industry, after primary 
treatment, demonstrated COD reduction of 
about 5-10% for 3 weeks. Addition of sludge 
from aeration unit of a CETP, to the IP 
reactor, resulted in increase in COD 
reduction to about 20%, overnight. This was 
followed by further improvement in COD, to 
about 60-70%. Subsequent to this 
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Fig. 1 : Profile of change in COD, BOD, TDS, TS, TSS, phosphate, ammonia, and SVI during 

reactor operation treating Isoproturon effluent. 
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development, colonies grown in 100 ml 
medium, in shake flasks were added (50 ml), 
every third day, to the reactor. The remaining 
50 ml of the medium was supplemented with 
IP reactor inlet feed and incubated in shake 
flask cultures. Such structured and period 
bioaugmentation improved the COD removal 
efficiency to 90-92%. An increase in the 
concentration of IP, from 10 to 15%, resulted 
in decrease in COD reduction efficiency to 
50%. The concentration was thus reduced to 
10% again. 

BOD was only 3-10% of the COD, with 
BOD: COD ratio of 0.03, indicating the IP 
effluent as non-biodegradable. BOD was also 
reduced to about 90% in the IP reactor. 

MLSS during initial start-up was 7000 
mg/l. It reduced to 2500 mg/l in 2 weeks due 
to non-recycling of sludge. Regular recycling 
maintained biomass at 6000-9700 mg/l. 
Regular bioaugmentation and culture 
addition increased the biomass concentration 
to 13,600 mg/l. The sludge colour was dark 
chocolate brown during start-up. However, 
addition of culture changed the colour to 
grayish-brown after bioaugmentation with 
shake flask cultures and remained so till the 
end. Regular addition of sludge was 
necessary as the culture in flasks was single 
cell with no flocks. The culture will washout 
in a continuous reactor. However, regular 
addition helped in ingraining the cultures in 
to the sludge permanently resulting in high 
COD removal. Culture addition was stopped 
after reactor achieved steady state. Growth 
on 10% IP plates with IP as sole source of 
carbon helped in bioaugmenting the reactor.  

MLVSS was 4233 mg/l initially, which 
improved to 5000 mg/l. The percent MLVSS 
varied from 52% to 65%. SVI was 26.5 
initially, which increased to about 45 and 
finally 70.  

Ammonia concentration varied initially 
from 60-325 mg/l. Ammonia in the outlet 
was 2-3 times more than that of the influent, 

thereby also increasing the pH. Ammonia is 
probably a degradation product of urea, 
present in the effluent. The smell of 
ammonia could be detected in outlet of IP 
reactor, but not in the inlet.  

Phosphate was added to the inlet to give 
final concentration of about 70 mg/l. The 
concentration varied in the range of 50-77 
mg/l. Out of the phosphate provided, the 
organisms utilized 15-35% and remaining 
went unutilized.  

Biodegradation of isoproturon has been 
observed to occur in natural environments 
such as soils or aquifers, albeit at very low 
concentrations within the mg/L range1,10. The 
degradation rate of isoproturon is slow 
because of the presence of a bulky 
substituent like an isopropyl group which 
seems to affect the transformation rate16.The 
inability of some biomass to degrade 
isoproturon could also be attributed to the 
chemical behavior of the herbicide (i.e. low 
solubility in water, approximately 60mg/L at 
20 1C), which limits it bioavailability2. It has 
been also postulated that nitrogen-containing 
organic compounds, such as isoproturon, 
may not biodegrade easily in systems with 
high nitrogen availability1,10.  

Successful bioaugmentation requires 
total system management. The sytem must 
provide an acceptable work environment by 
controlling the key parameters like pH, 
temperature and oxygen levels. The 
organisms should also be compensated with 
nutrients to ensure good growth and a 
healthy population. Ozone is very effective 
in removing isoproturon, and it is only the 
time (5–15 min) required to do so that is 
affected by the conditions5. Biodegradability 
of isoproturon was enhanced (70% 
considered biodegradable) by the photo-
Fenton treatment after 12–25min. It may be 
concluded that the photo-Fenton treatment 
consistently enhances biodegradability of 
wastewater containing pesticides4. 
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CONCLUSIONS 
A combination of molecular tools with 

appropriate bioaugmentation strategy can 
also work synergistically in treating difficult 
wastes containing isoproturon like 
herbicides. This study conclusively 
demonstrates that strategies like 
bioaugmentation with inputs from genetic 
techniques and nutrient optimization can be 
successfully applied to the treatment of 
pesticide wastewaters. Isoproturon effluent 
has been successfully treated with continuous 
bioaugmentation strategy resulting in COD 
reduction increase from 5% to about 95%.  
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