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Abstract: Toxicity evaluation of industrial wastewater has been done by using bioassay system of an aquatic plant Lemna minor at 
different time intervals. Growth inhibition was measured as reduction in fresh and dry weight in industrial wastewater and sewage 
water, exposed L. minor plants. Results of fresh and dry weight indicate significant decrease in industrial wastewater and sewage 
wastewater during the different seasons of the year. At 72 and 96 hr of industrial wastewater exposure, decrease in chlorophyll 
content was significant in comparison to control. Decrease in total protein content was 32.5%, 14.7% and 30.6% at 96 hr of exposure 
in industrial wastewater in premonsoon, monsoon and postmonsoon season. Exposure of industrial wastewater to L. minor shows 
that it is a highly sensitive plant to the pollutants present in industrial wastewater.  
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Introduction 
 

 With increasing industrial development, safe disposal 
of industrial wastewater is one of the major ecological 
challenges. Therefore, environmental degradation has now 
become a global problem and maintaining ecosystem health is 
a serious issue being confronted by the environmentalist. Due 
to lack of effluent treatment facilities and proper disposal 
system of wastewater, water bodies are getting polluted day by 
day and causing adverse effects on soil, water bodies, 
agriculture, flora and fauna, because of presence of toxic and 
persistence chemicals. Disposal of industrial effluents into fresh 
water bodies deteriorates water quality, which is necessary to 
sustain aquatic life, primary productivity and food chain (Rao et 
al., 2001). If environmental safety of such massive amounts of 
wastewater is assured by industry or by pollution control 
boards, then treated industrial wastewater may be potentially 
used for fish production, irrigation for non-edible cash crop, 
aquaculture and for many other uses (Wong et al., 2001). 
Therefore, aquatic vascular plants are receiving more attention 
for their potential use in screening, phytotoxicity studies of 
chemicals and as a useful bioindicators (USEPA, 1996). L. 
minor is a floating, vascular, fast growing plant, consists of 
single flat oval leaf like frond with a single root, small in size, 
ease of culturing, vegetative reproduction, cost effective and 
worldwide in distribution in fresh water bodies. These 
advantages make it useful species for laboratory toxicity testing 
over the other aquatic plants.  
 

Toxicity testing of tannery effluent and toxicological 
evaluation of sodium chloride have been performed by Verma 
et al., (1999 and 2001) using L. minor bioassay. The growth of 
the plant decreases progressively with the increase in 
concentration of sodium chloride as compared to control. The 
ecological impact of cadmium, linear alkyl benzene sulfonate 
and their combined exposure to L. minor showed decrease in 
the 14C incorporation into proteins, DNA, RNA and 
phospholipids, to a greater extent than the individual exposure 
(Singh et al., 1994). Duckweed is also sensitive for boron 

concentrations and tests reveals significant reductions in growth 
rate and percentage of abnormal fronds (chlorotic, necrotic and 
dead) (Davis et al., 2002). The concentration of biologically 
available boron and the potential for toxicological problems are 
expected to increase in the future due to increase in mining 
activities and use of agrochemicals etc. (Butterwick et al., 1989). 
Decrease in chlorophyll content, chloroplast activity, peroxidase 
and nitrate reductase activity was observed at 5 µg/l of 
Triphenyltin treatment (Song and Haung, 2001). Triphenyltin is 
an antiflouling agent in paints and their application to boat hulls 
has been widespread because of their effectiveness over the 
copper oxide paints. Toxicity of heavy metal Cd to L. minor, vary 
with environmental factors such as temperature and pH (Chawla 
et al., 1991; Bergman et al., 2000; Chawdhuary et al., 2000).  
 

 Inorganic materials are the major pollutants 
encountered in nitrogenous fertilizer industry. The pollutants 
present in fertilizer industry wastewater are lubricant oils, 
sulphuric acid, caustic soda, ammonia, urea, arsenic, phosphate 
and fluoride. In the present study bioassay was performed with 
L. minor using fertilizer factory wastewater and sewage 
wastewater at Phoolpur industrial area of Allahabad, U.P. India.   
 

Materials and Methods 
 

Lemna minor L. was collected from fresh water ponds 
and cultured in Hoagland’s medium. The healthy plants were 
used in the tests after one week of culturing (EPA, 1975). Test 
was performed on known weight basis in 250 ml glass beaker 
with 150 ml of wastewater and control. Wastewater samples 
were collected from the IFFCO at Phoolpur industrial area of 
district Allahabad in three different seasons such as 
premonsoon, monsoon and postmonsoon in the year 2001. The 
physico-chemical parameters of wastewater were analyzed 
according to standard procedures of APHA (1996). 
 

Lemna minor plants were exposed to control water, 
industrial and sewage wastewater for 24, 48, 72, and 96 hr 
Exposed plants were kept in control conditions under 16 hr of 
fluorescent  light   and   8 hr of  dark  period in a BOD  incubator  
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Table – 2: Fresh weight changes in Lemna minor due to wastewater exposure at different time intervals in different seasons. 
 

Control Industrial wastewater Sewage wastewater Duration  

(hr) Premon Monsoon Postmon Premon Monsoon Postmon Premon Monsoon Postmon 

24 34.7±2.1 28.9±1.6 38.5±1.9* 32.1±1.7 32.9±2.4* 34.1±0.8 35.3±2.1* 33.8±4.3 32.8±3.8 

48 38.2±1.8 30.6±3.0 43.8±2.3* 34.8±2.7 33.8±1.6* 36.8±3.1 40.4±0.9* 38.6±2.5 36.1±4.1 

72 45.5±3.1* 43.5±2.8* 45.6±3.4* 36.3±3.3 38.2±2.5 35.3±2.0 41.2±1.3 40.2±3.2 33.7±2.6 

96 47.2±2.0* 45.3±3.0* 46.3±3.5* 35.3±2.8 37.6±1.0 36.2±1.4 38.6±2.7 41.4±1.8 36.4±5.1 

Values one arithmetic mean + SD of three determinations. 
* p<0.01 indicates percentage 1% of significant alteration. 
Premon = Premonsoon;  Postmon = Postmonsoon 
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Fig.1: Effect of wastewater on total chlorophyll content of Lemna minor at different time intervals in premonsoon season. 
 

0.56

0.58

0.6

0.62

0.64

0.66

0.68

0.7

0.72

0.74

0.76

24h 48h 72h 96hDuration (h)

T
o
ta

l c
h
lo

ro
p
h
y
ll 

(m
g
/g

 f
re

s
h
 w

t.
 t
is

s
u
e
)

Control Industrial w.w. Sewage w.w.
 

 

Fig. 2: Effect of wastewater on total chlorophyll content of Lemna minor at different time intervals in monsoon season. 
 

(Super Deluxe Model, York Scientific Industries, New Delhi) at 
a temperature of 24±1ºC. Fresh weight of each replicate test 
was recorded separately at 24, 48, 72 and 96 hr. Changes in 
dry weight were also determined at different time intervals of 
exposure according to methodology of Buckely et al. (1996). 
For chlorophyll estimation the plants were harvested at 24, 48, 
72 and 96 hr of exposure, homogenized (5% w/v) in cold water 
and aliquots were processed for chlorophyll content after 
extraction with 80% acetone. Chlorophyll content was 
determined by the method of Arnon (1949). Protein was 

precipitated by trichloroacetic acid (TCA) by the method of 
Lowery et al. (1951). Precipitate was washed twice with 90% 
acetone. BSA was used as a standard. Absorbance was 
recorded at 660 nm by using UV-visible spectrophotometer 
(Systronic model No. 117). All the experiments were conducted 
in triplicate and average values represented. The relative 
standard deviations of means of triplicate measurement were 
less  than  5%.  The  student  ‘t’  test described  by Fisher 
(1950) was employed to calculate the statistical significance 
values. 
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Fig. 3: Effect of wastewater on total chlorophyll content of Lemna minor at different time intervals in postmonsoon season. 

Fig.4 Effect of wastewater on protein content of Lemna minor  at 
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Fig. 4: Effect of wastewater on protein content of Lemna minor at different time intervals in premonsoon season. 
 

Results and Discussion 
 

The physico-chemical properties of industrial 
wastewater and sewage water with control are presented in 
Table 1. Values of EC, BOD, COD, phosphate, TS, TDS, TSS, 
Ca, Cl parameters were significantly high (p<0.01) in industrial 
wastewater in premonsoon season. In sewage water values of 
pH, BOD, COD, phosphate, TSS and Ca were higher (p<0.01) 
than control. In monsoon season EC, BOD, COD, phosphate, 
TS, TDS, TSS, Ca, Cl were high (p<0.01) in industrial 
wastewater and pH, BOD, COD, phosphate, TSS, Ca, Cl 
values high (p<0.01) in sewage water. Whereas during 
postmonsoon season values of EC, BOD, COD, phosphate, 
TS, TDS, TSS, Ca, Cl were significantly high (p<0.01) in 
industrial wastewater in comparison to control. 

 

Changes in fresh weight of L. minor showed steady 
increase in growth of controls (Table 2). Exposure of industrial 
wastewater and sewage water retarded growth of L. minor at 
72 and 96 hr (p<0.01). At 24 hr exposure with sewage and/or 
industrial wastewater in premonsoon season, changes in fresh 
weight was not significant. In postmonsoon season changes in 
fresh weight was (34.1%) in industrial and (32.8%) in sewage 

water exposed L. minor. Significant decrease 35.3% (p<0.01) 
was observed at 96 hr in industrial wastewater exposure in 
comparison to control in premonsoon season. Changes in fresh 
weight indicate that in exposed L. minor plants, growth 
retardation takes place in comparison to the control. In sewage 
water, slight increase in fresh weight recorded was 3.2, 5.6, 4.9 
and 3.3% at 24, 48, 72 and 96 hr, respectively in premonsoon 
season than the industrial wastewater. The mean values 
showed reciprocal relationship between fresh weight (growth) 
and industrial wastewater exposure at 72 and 96 hr Initially 
increase in fresh weight of industrial and sewage water exposed 
plants was slight but at 72 and 96 hr it decreases significantly. 
In bioassay experiments, the exposure time has great effect on 
biological response. Changes in dry weight were 30.8% 
(p<0.01) of L. minor exposure with industrial and sewage water. 
In our study at 72 and 96 hr in industrial wastewater exposure 
fresh weight and dry weight decrease was 29.5, 35.3, 27.9, 
27.2% and 37.6, 32.4, 34.7, 37.6% (p<0.01).  
 

Chlorophyll content increases in control at different 
time duration in premonsoon, monsoon and postmonsoon 
season  (Fig. 1,  2 and 3).  In  premonsoon season at 24 and 48  
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Fig. 5: Effect of wastewater on protein content of Lemna minor at different time intervals in monsoon season. 

Fig.6 Effect of wastewater on protein content of Lemna minor  at 
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Fig. 6: Effect of wastewater on protein content of Lemna minor at different time intervals in postmonsoon season. 
 

hr chlorophyll content increase was 9.2% and 10.3% in sewage 
water. At 72 and 96 hr of industrial wastewater exposure, 
causes decrease of 8.7% and 10.3% in chlorophyll content in 
comparison to control. In monsoon season decrease of 4.4% 
was observed in industrial wastewater exposure at 96 hr. In 
postmonsoon season decrease of 10.4% was observed in 
industrial wastewater in comparison to control.  
 

Decrease in total protein content was 32.5%, 14.7% 
and 30.6% (p<0.01) at 96 hr in industrial wastewater exposed 
L. minor in premonsoon, monsoon and postmonsoon season in 
comparison to control (Fig. 4, 5 and 6). In premonsoon season, 
at 24 hr of exposure to industrial wastewater, increase in 
protein content was 6.7% in comparison to control. At 48, 72 
and 96 hr of exposure 6.9%, 26.4% and 32.5% (p<0.01) 
decrease was recorded in industrial wastewater in comparison 
to control. Exposure of industrial wastewater to L. minor 
showed more decrease of protein and chlorophyll content than 
sewage wastewater. Time dependent toxicity was observed on 
growth of L. minor with the exposure of industrial and sewage 
wastewater. Chlorophyll and protein content decreases 

progressively with increasing exposure time. Chlorophyll content 
of Wolfia globosa was not much affected at lower levels of Cr 
and Cd in the first 48 hr. However, it gradually decreases with 
increase in the metal concentration after 72hr. At 2 mgl-1 of Cr 
the decrease was 51% whereas in case of Cd exposure 
complete chlorosis was observed at this concentration. 
Inhibition in biomass at 1mg l-1 Cd and 2mg l-1 Cr was also 
observed. A linear uptake of Cr and Cu by plants was observed 
and the accumulation of metals increases with the increase in 
concentration and treatment duration (Garg and Chandra, 
1994). Significant reductions in multiplication rate and final yield 
of L. trisulca occurred at an external Cd concentration of 17.9 
ppb (Huebert and Shay, 1991). Zn decreases the multiplication 
rate and final yield in cultures of L. trisula at concentrations of 
3.0 to 4.5 µM and decrease in duration of exposure of Cd, 
causes increase in biomass of aquatic plants and sequestered 
higher amount of Cd, which causes reduction in the external Cd 
concentration (Huebert and Shay, 1992). Chlorophyll is an 
important pigment of the photosynthetic activity and responsible 
for maintaining primary productivity. Industrial wastewater not 
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only affects the chlorophyll content but the chloroplast activity 
also (Song and Huang, 2001; Baron et al., 1995; Lewis, 1995). 
Butterwick et al. (1989) observed chlorosis, necrosis and death 
of L. minor  plants  exposed  to  boron  concentrations  at  22.4 
mgl-1. Boron moves into the transpiration stream and 
accumulates at the stomata’s of leaves and interferes with 
transpiration and gaseous exchange. The higher 
concentrations of heavy metals in industrial wastewater 
exposed plants after 72 and 96 hr also indicate tissue injury 
and lowering of protein content. Decrease in protein content 
was recorded in Cd and LAS exposed L. minor plants (Singh et 
al., 1994). Increase of exposure time adversely affects the 
physiological process, which leads to death of the plants. 
Uptake of toxic chemicals by plants from wastewater occurs 
through the physiological process of ion transport and it also 
depends on the physiological status of the plant also 
(Telesseire et al., 1998). In the initial periods (24 and 48 hr) of 
exposure of industrial wastewater to L. minor, enhancement in 
biomass is observed but later on at 72 and 96 hr, growth 
retardation occurred due to uptake of heavy metals which 
results in the decreased metabolic activity as toxicity set in. The 
present data indicates that industrial wastewater and sewage 
water is adversely affecting growth of L. minor at the longer 
periods of exposure. 
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