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Abstract 

The physico-chemical characteristics of plate making effluent was toxic due to the sodium, potassium, 

calcium, magnesium, nitrate, sulphate, BOD, COD and heavy metals. The present study evaluates the effect of plate 

making effluent on growth and biochemical characteristics of Capsicum annuum. The effect of various concentration 

of plate making effluent on the growth and biochemical characteristics of vegetable crop was analyzed after 90th days. 

The reduction in all the growth characteristics and biomass accumulation was parallel to decrease in carbohydrate, 

protein and nucleic acid content of the leaf and an increase in the anthocyanin,  L-proline , peroxidase  catalase and 

leaf nitrate activity.   
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INTRODUCTION 

 Pollution is one of the major challenges of today’s civilization. Industrial activities generate a large number 

and variety of waste products. The nature of industrial waste depends upon the industrial processes in which they 

originate. In India, it is found that one-third of total water pollution comes in the form of industrial effluent discharge. 

The problem of adequately handling industrial waste waters is more complex and much more difficult because 

industrial waste water varies in nature with organic or mineral matter or with corrosive, poisonous, inflammable or 

explosive substances particularly heavy metals. 

Sivakasi is located at 9.45°N 77.8167°E and has an average elevation of 101 metres (331 feet). The town is 

located in Virudhunagar district of the South Indian state, Tamil Nadu, at a distance of 74 km (46 mi) 

from Madurai.  Sivakasi grew as an industrial town specialising in firecracker, match, printing industries and fireworks 

factories especially plate making industry. Hence it is programmed to evaluate one plate making effluent and  its effect 

on the growth characters of Capsicum annuum L. 
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MATERIALS AND METHODS 

Collection of plate making effluent 

The plate making effluent was collected from outlet from plate making offset printers from Sivakasi. 

Virudhunagar district ,Tamil nadu  in a sterilized container and used for analysis [1]. 

Physico-chemical characteristics of plate making effluent  

The physico- chemical  parameters such as pH, Electrical conductivity, total solids, total dissolved solids, 

sodium, calcium, magnesium, sulphate, bi-carbonate, phosphate, chloride, nitrogen, Biological Oxygen Demand and 

Chemical Oxygen Demand were analyzed. The waste water was filtered through whatman filtered paper No.1 Filter 

paper in all cased before analysis. Heavy metals were analyzed using AAS technique. The Water Quality Index (WQI) 

is bound to depend on the indented use of the water. The standards for drinking water recommended [2] by BIS for 

the 10 parameters chosen for the analysis along with the assigned weights [3]. 

Collection of plant materials. 

Seed source. 

Seeds of Capsicum annuum L was collected and pre-treated as per the procedures of Tamil Nadu Agriculture 

Centre, Kovilpatti. Virudhunagar district, Tamilnadu, India. 

Seed treatment 

Healthy Capsicum annuum L seeds were washed with running tap water and it was followed by distilled 

water. Various concentrations of plate making effluent were made such as 10,20,30,40 and 50%. Seeds were soaked 

in ground water for 2 hours and kept as control. For the experiments, the seeds are soaked in various concentrations 

in the Plate making effluent for 2 hours. Both the control and experimental seeds were allowed to grow in pots 

containing a mixture of 3 types of soils namely red, black and sandy soil in the ratios of 1:1:1. These experimental 

sets were kept in diffused light at room temperature. The experiment plants were watered (250ml) every day with the 

respective concentration of plate making effluent. The control sets were supplied with ground water. After 90th days 

of growth various growth and biochemical characteristics were analyzed.  

Growth and Biochemical parameters. 

 Growth and biochemical constituent were determined after 90th  days of treatment. The germination percentage 

shoots length, root length, fresh weight and dry weight [4], The plant vigour index [5], The total Chlorophyll and 

Carotenoids[6], Anthocyanin[7], Carbohydrate [8], Protein[9], Nitate reductase[10], Catalase and Peroxidase[11], 

Proline [12] Free amino acids[13] and Leaf nitrate [14] were estimated . 
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RESULTS AND DISCUSSION 

The physico-chemical characteristics of plate making effluent are presented in Table-1. The pH of the plate 

making effluent was 8.2. The electrical conductivity of the plate making effluent was high 13.4 dS/m indicating the 

presence of high concentration of ionic substances in the plate making effluent. The total dissolved solids in the plate 

making effluent were 10090 mgL-1. The contents of sodium, potassium, calcium, magnesium, sulphate, chloride, 

phosphate and bicarbonate of plate making effluent were presented in Table - 1. The BOD and COD value of the plate 

making effluent 2251 mgl-1 and 6753 mgl-1. The WQI was 47.96 which showed that the pollution level of the plate 

making effluent was “Moderate” in the rating scale (as per the tables Water Quality Index in earlier chapter on 

Materials and Methods) 

The percentage reduction was observed in various parameters of different treatments and when compared 

with the control was taken as the index to understand the level of suppression. Of the various percentage concentrations 

of the plate making effluent, the most inhibitory was noted at 50 percent concentration and other concentrations 

brought about considerable inhibition of the parameters analyzed. (Table -2) 

Regarding percentage of germination efficiency, the 50 percent concentration of plate making effluent cause 

a maximum percentage of reduction in Capsicum annuum L.  Shoot and root length was found to be affected in higher 

concentration due to hazardous chemicals present in the effluent. Analysis of data revealed that the level of inhibition 

of this feature was correlated with increasing concentrations of the effluent. 

The percentage of reduction of fresh weight and dry weight was observed with increasing concentration of 

plate making effluent. Leaf area was observed to be decreased with increasing concentration of plate making effluent 

and the level of suppression in all the treatments was found in the case of Leaf Area Index. The condition was still 

worse in the case of Vigor Index as the effluent increased. 

In the biochemical parameters also, the plant showed declining trend with increasing concentration of the 

plate making effluent. The inhibition was found to be the greatest at 50 percent concentrations when compared with 

the control. The chlorophyll a and b and total chlorophyll of Capsicum annuum L grown in different concentrations 

of plate making effluent are presented in Table-3. The total chlorophyll content was reduced with increase in the 

concentration of the plate making effluent, at 50% concentration, the total chlorophyll content of was inhibited. The 

similar inhibition was observed in carotenoids  also (Table -3) 

In the vegetable crop plants the carbohydrate content was found to be decline with increasing concentration 

of the plate making effluent. A reduction in soluble protein level eventually leads to increase in free amino acids 

content. Hence the free amino acids content was observed to increase with increasing in the concentration of plate 

making effluent. L-proline content was found to increase with increasing concentration of plate making effluent. L-

proline may be accumulated due to stress. 

The leaf nitrate content showed an increase in accumulation with increase of the plate making effluent. The 

nucleic acids are liable to effluent treatment which leads in all the other metabolic activities. Both the nucleic acids 

(DNA and RNA) were found to decrease with the increasing concentration of plate making effluent when compared 
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to the control. Since the observed biochemical contents in the present study showed impairment when compared to 

the control some key enzymatic activities were analyzed. It was observed that leaf nitrate accumulated in all 

concentration of vegetable seedlings grown. As the enzyme nitrate reductase (NR) is responsible for the concentration 

of nitrate it’s in vivo activity was analyzed. The in vivo NR activity in the leaves of Capsicum annuum L was found to 

be reduced, when compared with control. The oxidative enzymes are believed to play an important role in conserving 

the structural integrity of the membranes in experimental stresses. Hence the enzyme peroxidase and catalase activity 

were analyzed. The peroxidase and catalase were found to increase more than that control. 

Discussion 

The plate making effluent contains high values of electrical conductivity, total dissolved solids, cations and 

anions. The high amounts of total solids, sodium, chloride, sulphate and presence of heavy metals the effluent inhibits 

the uptake of other elements by plants. A similar observation was reported in tannery effluent, The leather industry 

produces wastewater which was highly concentrated with ions and was also varied in characteristics as numerous 

processes are involved and employed in the processing of leather [15].   

From the results it was clear that seed germination was inhibited gradually with increase in the concentration 

of plate making effluent. Beyond 50% (v/v) concentration of effluent, there was no germination at all. Excessive 

amounts of EC, TDS, cations and anions present in the plate making effluent inhibit the germination of seeds. 

Reduction in germination and growth of wheat was reported when irrigated with effluent containing high value of pH, 

EC and TDS [16].  A similar reduction in the germination of seedlings due to the effluent treatment was reported [17]. 

In the present investigation the plate making effluent  showed high values of EC, TDS, sodium, chloride, sulphate, 

BOD and COD which may inhibits the uptake of water and other ions, thereby reducing the germination percentage 

and plant growth. The percentage reduction in shoot length and root length, total fresh weight and dry weight decreased 

in Capsicum annuum L in treatment with various concentration of plate making effluent was noted. High amount of 

anions and cations are present in the effluent affected the Vigour Index of the plant growth.  Several author reported 

that the inhibition of root length caused by heavy metals may be due to metal interference with cell division, together 

with inducement of chromosomal aberrations and irregular mitosis[18]. which can be effected on seedling growth 

[19].      

The total chlorophyll content, which is an indicator of the photosynthetic activity of the plants, showed a 

marked reduction in all the treatments. The total chlorophyll content was found to be decreased with increasing in the 

concentration of plate making effluent when compared with the control. This may be due to increasing concentration 

of EC, TDS, cations and anions present in the effluent which destabilize the chloroplast pigment, which in turn reduces 

the leaf chlorophyll content [20]. Carotenoids protect the chlorophyll from photo damage and photo bleaching [21]. 

Decrease carotenoid content was observed in the present investigation. It might have accelerated the chlorophyll 

damage. The anthocyanin content increases with increasing concentration of effluent as a stress response. It was 

observed increased chlorophyll content in leaves in responses of tannery effluent supply [22].  

The carbohydrate and protein content was found to be decreased with increasing concentrations of the plate 

making effluent. A reduction of chlorophyll synthesis might have reduced photosynthesis.  The change might have 

affected the photosynthetic activity of the plant and hence there was a reduction in carbohydrate contents [23]. Protein 
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is one of the major components for biochemical activities. In the present study, the greatest reduction of protein content 

was observed in the treatment Capsicum annuum L with plate making effluent. As a result of protein degradation, the 

availability of free amino acids is high. The free amino acids content increased with increasing in the concentration 

of plate making effluent and increased than the control plants. L-proline accumulation observed in the present study 

indicated the stress character of plate making effluent. Aminoacid and proline increased with match and sugar industry 

effluent treatment [24, 25]. The leaf nitrate content increased in the crop species. The leaf nitrate content of Capsicum 

annuum L was more than that of the control plants at 50 % concentration. Similarly leaf nitrate was observed to 

increase with decrease in nitrate reductase [26]. 

The nucleic acid content decreased in the effluent treated plant. Both the DNA and RNA content were 

inhibited high at 50% concentration. The reduction in the quantity of both DNA and RNA in roots under tannery 

effluent was suggestive of the fact that their deficiency may lead to reduction in protein synthesis [27]. The NR activity 

decreased in all the treated experimental plants. It might have been due to the disturbance of enzymatic activity, ultra 

structural damage of enzyme, inhibition of mobilization of solution which in turn delays the activation of denova 

synthesis of enzyme and due to the disturbance in accumulation pattern of nitrogenous enzymes [28].The peroxidase 

and catalase activity was increased with increasing concentration of plate making effluent.. Capsicum annuum L 

showed highest peroxidase and catalase than that of the control plants. Similar trend was already reported in Tannery 

effluent [29]. There was a report of increasing concentration of sodium chloride had enhanced in catalase activity [30].  

Peroxidase activity increased was correlated with the reduction in chlorophyll content, fresh weight and biomass. 

Catalase is a special type of peroxidase enzyme it catalyses the degradation of Hydrogen peroxide [31].  This may be 

related to the reduction in the growth of all the treated plants. Increases in catalase and peroxidase in effluent treated 

plant indicate the stressed nature of the plants. This can be further understood by the observation of accumulation of 

anthocyanin, proline, aminoacid and leaf nitrate and reduction in chlorophyll, carotenoid, carbohydrate, protein, DNA 

and RNA contents and NR activity. Germination percentage decreased with rise in tannery effluent concentration. 

Effluent at 25% concentration induced the growth in root length, shoot length, biomass, photosynthetic pigments, 

protein and free amino acid. While effluent 50% concentration had reduced the  root length, shoot length, biomass 

and biochemical attributes as compared to the control and 25% effluent treatment except starch contents. 0.05mM 

have not shown much effect as compare to control where as growth and biochemical parameter were reduced in 

0.1mM Cr concentration, At 100% effluent concentration growth were completely retarded. The results revealed that 

low concentration of effluent influence the better growth and development of ADT-37, ADT-39 and Red gram (LR-

47) [32] Technical applicability, plant simplicity and cost-effectiveness are the key factors that play major roles in the 

selection of the most suitable treatment system for inorganic effluent. All the factors mentioned above should be taken 

into consideration in selecting the most effective and inexpensive treatment of effluent order to protect the 

environment. 
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Table -1. Physico- chemical characteristics of Plate making effluent 

 

 

 

 

 

 

 

 

 

 

 

                         

 

 

 

                                               *All the values are expressed in mgL-1 except pH and Electrical conductivity (dS/m) 

 

Table -2 Effect of various concentrations of plate making effluent  on growth characteristics of Capsicum annuum L.  after 

90th day. 

* Values of seedlings length, fresh weight and dry weight are mean ± standard error of 5 observations.  All the values are 
expressed in mean ±  standard error of 5 observations 
 

 

Table -3 Effect of various concentrations of plate making effluent  on biochemical  characteristics of Capsicum annuum  L.   

S.No Parameters Plate Making 

effluent  

1 pH 8.2 
2 Colour Blackish blue 
3 Temperature 30 
4 Electrical conductivity 13.4 
5 Total solids 10090 
6 Total dissolved solids 9843 
7 Total suspended solids 247 
8 Sodium 741 
9 Potassium 20.1 
10 Calcium                104 
11 Magnesium 178 
12 Sulphate 691 
13 Chloride  1227 
14 Bicarbonate 1.2 
15 Nitrogen 21.1 
16 Phosphate 10.6 
17 Sodium Absorption ratio. 10.07 
18 Soluble sodium percentage 62 
19 BOD 2251 
20 COD 6753 
21 Cadmium 0.0091 
22 Chromium  0.031 
23 Cobalt 0.0547 
24 Cupper  0.0728 
25 Water Quality Index 47.96 

S.No Parameters Control 10% 20% 30% 40% 50% 

1 Germination (%) 100 96 85 76 64 55 

2 Shoot length (cm) 15±0.4 
 

16.2±0.05 13.2±0.02 12.3±0.04 11.5±0.09 8.20±0.05 

3 Root length (cm) 10.2± 0.45 9.91±0.45 8.20±0.04 6.3±0.75 3.2±0.45 2.0±0.89 

4 Fresh weight (g) 6.47± 0.45 6.21±0.45 4.12±.0.23 3.52±0.45 2.4±0.67 1.2±0.40 

5 Dry weight (g) 1.20±0.65 1.0±0.31 0.91± 0.34 0.64±0.23 0.35±0.67 0.31±0.90 

6 Leaf area ( cm) 98.2.0±0.45 100.2±0.54 87.42±0.45 90.9±0.67 85.3±0.34 73.4±0.23 

7 Leaf Area Index 45.71±0.41 46.23±0.43 39.6±0.54 25.4±0.43 18.6±0.56 13.2±0.45 

8 Vigour Index 2520.0 2506.56 
 

1047.2 1413.6 940.8 561.0 
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after 90th day.  
 

        
   *All the values are expressed in mean ± standard error of 5 observations 

   *All the parameters are expressed in mg/g-1 fresh weight. 

 

 

 

 

 

S.No Parameters* 
 

Control 10% 20% 30% 40% 50% 

1 Chlorophyll –a 0. 850± 0.076 0. 812± 0.045 0.720±0.054 0. 692±0.034 0.521±0.056 0.310± 0.046 

2 Chlorophyll –b 0. 550± 0.023 0.521± 0.043 0. 476±0.067 0. 320 ±0.098 0. 297± 0.030 0.242± 0.045 

3 Total Chlorophyll 1.400±0.075 1.33±0.056 1.99±0.045 1.012±0.056 0.818±0.064 0.552±0.034 

4 Carotenoids 0.63± 0.23 0.59± 0.34 0. 52± 0.98 0.495± 0.56 0.421± 0.56 0.392± 0.90 

5 Anthocyanin 0. 10± 0.05 0.15± 0.65 0.19± 0.34 0.23± 0.45 0.34± 0.05 0.45± 0.54 

6 Carbohydrates 34. 65± 0.03 31.00± 0.05 28.45± 0.56 25.90± 0.45 19.5± 0.56 152.3±  0.45 

7 Protein 54. 3 ± 0.043 51.23± 0.043 49.55± 0.034 42. 4± 0.065 32.5± 0.056 23.4± 0.076 

8 Free amino acids 12.5± 0.045 18.43±0.034 24.09±0.045 34.4±0.045 45.43 ±0.088 56.36±0.065 

9 L-proline 2.92± 0.045 3.5±0.056 5.7 5±0.067 6.96± 0.034 7.8±0.045 9.72±0.034 

10 Leaf nitrate 23.53±0.032 28.93±0.085 34. 5±0.054 42. 5±0.034 48.93±0.056 54.78±0.045 

11 Nitrate reductase 18.3±0.02 15.3±0.04 12.4±0.04 10.3±0.02 9.14±0.04 8.98±0.02 

12 Peroxidase 1.25±0.31 2.52±0.34 3.44±0.34 5.49±0.45 6.5±0.45 7.2±0.89 

13 Catalase 3.3± 0.067 3.9±0.056 4.25±0.089 5.29±0.045 6.33±0.034 7.2±0.056 

14 D. N.A 2.1± 0.02 1.92±0.04 1.75±0.65 1.54±0.09 1.34±0.03 1.2±0.05 

15 R.N.A 1.2± 0.23 1.05±0.34 0.98±0.5 0.87±0.67 0.65±0.89 0.53±0.37 
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