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Abstract 

Industrialization is although a boon for developing countries like India, its effect on environment is equally dangerous. 

The industrial effluents discharged are highly ecotoxic causing ecological imbalances in the environment. Hence there is a need 

to remediate the contaminated environment with eco-friendly techniques. The study determines the physicochemical parameters 

of different stages of tannery effluent from a treatment facility along with its cytogenetic effect. It further analyzes the phytotoxic 

effect of different stages of effluent on two plant varieties, Arachis hypogea and Sesamum indicum. It also aims to reduce the 

phytotoxic effect of tannery effluent on the plant species by using the screened chromium tolerant bacterial isolate from the 

tannery effluent, chromium hyperaccumulator Brassica juncea and the combined treatment integrating both. From the study it 

was revealed that the treated tannery effluent had significant toxic effect on the seed germination, growth and biomass content of 

both the plants. The combined treatment (application of chromium tolerant strain and hyperaccumulator) was found to be 

effective in reducing the phytotoxicity of tannery effluent. Though treated tannery effluent exhibited adverse effects on plant 

growth and survival; it was significantly reduced with integrated biological treatment. Further study on the bacterial isolate by 

molecular approaches can reveal the mechanism of remediation and strain improvement. A safer method has to be employed for 

the disposal of chromium hyperaccumulator. 
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Introduction 

 The tanning industry is one of the oldest 

industries in India. The tannery effluents cause irreversible 

damage to the water bodies and associated environments. 

The treatment of tannery effluent does not remove the 

contaminants below the permissible levels (Srinath et al., 

2002) and uses chemical coagulants that produce sludge 

where disposal becomes difficult  and contaminates the 

dumpsite (Shukla et al., 2011). Hexavalent chromium in 

tannery effluent affect the growth of Phaseolus sp. (Nath  

et al., 2005). The cytotoxic effect such as disturbance of 

microtubules, chromosomal aberrations was reported in 

Euglena gracilis (Fasulo et al., 1982) and Allium cepa 

(Donghua Liu et al., 1992). Many chromium tolerant 

bacteria  are  isolated  from  the  effluent that can withstand  

stress and remediate contaminated environment (Mondaca 

et al., 2002; Mishra and Doble, 2008; Srivastava et al., 

2008; Verma et al., 2009). Phytoremediation of the tannery 

effluent contaminated sites was also performed (Vajpayee 

et al., 2001; Shukla et al., 2011). The combined treatment 

employing both the microbe and chromium 

hyperaccumulator simultaneously in this study is the first 

report of its kind. This study aims to determine the physico-

chemical parameters and cytogenetic effect of tannery 

effluent from the treatment plant. It also emphasize the 

toxic effect on tannery effluent on Arachis hypogea and 

Sesamum indicum and the biotreatment methods employed 

to reduce the toxic effect exerted by the treated tannery 

effluent. The combined treatment integrating both the 

chromium tolerant bacteria and the chromium 
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hyperaccumulator was found to be effective in reducing the 

phytotoxicity of treated tannery effluent comparatively. 

Materials and methods 

Sample collection 

 The different stages of tannery effluent from a 

treatment facility, Pallavaram Tanners Industrial Effluent 

Treatment Corporation Limited, Chennai was collected as 

raw sample (RS), primary treated sample (PTS), aeration 

tank sample (ATS) and treated sample (TS), labeled and 

stored appropriately. 

Analysis of Physico-chemical parameters  

 The essential physico-chemical parameters of all 

the tannery effluent samples collected was analyzed using 

standard APHA. 

Analysis of cytogenetic effect of tannery effluent 

 The cytogenetic effect of different stages of 

tannery effluent was determined by onion root tip squash 

method. The dilutions were made with the raw sample 

alone (RS1-80%, RS2-60%, RS3-40%, RS4-20%). The 

percentage of mitotic index and mitotic anomalies 

(Buckton and Evan, 1973) was calculated. 

Isolation and screening of chromium tolerant strain 

 The chromium tolerant strain was isolated from 

the tannery effluent by standard procedure and identified 

with Bergeys Manual of determinative Bacteriology (9th 

edition). The chromium tolerant strain was screened using 

agar dilution method (Cervantes et al., 1986), broth dilution 

method (Calomoris et al., 1984) and chromium reduction 

test (Jeffery et al., 1994). 

Effect of tannery effluent on the seed germination 

 The two plant seeds, Arachis hypogea and 

Sesamum indicum were selected based on its prevalence 

around the tanning industrial area. Seeds were examined by 

petridish culture method for seed germination and growth 

parameters such as seed vigour index (Abdul-Baki and 

Anderson, 1973), seed germination index  (Mugnisjah and 

Nakamura, 1984), relative toxicity of the effluent 

(Chapagain, 1991), seedling length, fresh and dry weight of 

the seedlings. 

Biotreatment using pot culture experiment 

 The seedlings of Arachis hypogea and Sesamum  

indicum were sown in pots containing soil applied with 

treated tannery effluent since this was let into the stream of 

water body nearby after the treatment from the treatment 

plant, which is being used for irrigation purposes. The 

treatment was carried out as follows:  

T1–seedlings maintained as control with distilled water;  

T2–seedlings maintained with treated tannery effluent;  

T3–seedlings maintained with treated tannery effluent on 

application of 1 ml of 0.1 OD chromium tolerant bacterial 

isolate; 

T4-seedlings maintained with treated tannery effluent 

where the seeds of the chromium hyperaccumulator, 

Brassica juncea was also sown together. T5-seedlings 

maintained with treated tannery effluent employing 

combined treatment where both the chromium tolerant 

strain and the hyperaccumulator were integrated. The 

growth and biomass parameters such as plant height, fresh 

weight, dry weight and the number of leaves were 

estimated. The chromium content from the 

hyperaccumulator after digestion and the chromium 

tolerant strain were estimated as mentioned above. 

Statistical analysis 

 All the experiments were carried out in triplicates 

and the data was subjected to standard deviation and 

Analysis of variance by one way method. 

Results and discussion 

Analysis of Physico-chemical parameters   

 The physico- chemical parameters of different 

stages of tannery effluent from the treatment plant was 

analyzed and reported (Table 1) as carried out by many 

researchers all over the world (Mariappan  and  Rajan, 

2004; Boulhassan et al., 2008; Deepali et al., 2009;  

Nazmul islam et al., 2011;  Kausa Ahmed et al., 2011).  

The pH of the raw sample was found to be acidic (Deepali 

et al., 2009) and all the other samples were found to be 

slightly alkaline due to the addition of alum in the primary 

treatment. The BOD of all the samples showed much 

variation due to the high amount of   organic loads. TDS 

showed much variation, highest in the aeration tank sample 

followed by the raw sample due to section proteins, hairs, 

skin and emulsified fats removed from the hides. 
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Table 1. Physico-chemical parameters of tannery effluent 

Parameters RS PTS ATS TS 
Std. limits 

US/RAS/92/120 

Colour Grayish black Brown Light brown Light brown        --- 

Odour Objectionable Objectionable Objectionable Objectionable        --- 

pH 2 8 8 8 5.5 – 9.0 

TDS  (mg/L) 15221 14345 15447 6650 --- 

TSS (mg/L) 1190 1023 1150 760 100 

BOD (mg/L)) 1780 1240 1278 840 250 

COD (mg/L) 650 632 350 210 250 

Total 

chromium 

(µg/ml) 

78.76 1.06 1.06 0.55 

 

0.1 

 

(Kathrine and Schwedt, 1994). High COD levels indicate 

the presence of biologically active organic substances. 

Maximum chromium was found in the raw sample in 

accordance with the findings of Nazmul Islam et al. (2011) 

which was above the standard limits. 

Fig. 1.Cytogenetic effect of stages of tannery effluent 

 

 

 

 

 

 

 

 

RS – Raw sample, RS1 – (80% of raw sample), RS2 – 60% 

of raw sample, 

 RS3 -40% of raw sample, RS4 – 20% of raw sample, PTS 

– Primary treated sample,   

ATS – Aeration tank sample, TS- Treated sample. 

Analysis of cytogenetic effect of tannery effluent              

The percentage of mitotic index was comparatively low in 

all the dilutions of raw effluent than the other samples (Fig 

1). The mitotic anomaly such as C- mitosis, mitosis 

inhibition was found to be high in the lowest dilution of 

raw sample. Chromium in tannery effluent excerts 

genotoxic effect due to its potential to cause variousforms 

of DNA damage (Blasiak and Kowalik, 2000; Matsumoto 

et al., 2003). 

Isolation and screening of chromium tolerant strain 

 Out of the 13 isolates screened for chromium 

tolerance (250 – 2000 µg/ml), only three isolates tolerated 

above 1000 µg/ml. The isolate that tolerated 2000 µg/ml 

was determined to be chromium tolerant (Bacillus sp.) 

(Table 2). Bacterial resistance to chromium has been found 

in many genera such as Pseudomonas, Alcaligenes, 

Streptococcus, Enterobacter, Bacillus (Garbisu et al., 1998; 

Megharaj et al., 2003). Chromium tolerance mechanism in 

bacteria have been reported to include reduction, 

methylation, precipitation at the cell surface blocking 

cellular uptake by altering the uptake pathway and removal 

from the cytoplasm by efflux pumps (Lovely and Philips, 

1994). Chromium tolerant strain isolated from 

electroplating industrial effluent (Bacillus marisflavi and 

Arthrobacter sp.) was found to tolerate 700 mg/L and 

biosorb 95% of initial 200 mg/L of chromate (Mishra and 

Doble, 2008).  Aerococcus, Micrococcus and Aeromonas 

were found to tolerate 400 mg/ml of chromate in both 

aerobic and anaerobic condition (Srinath et al, 2002). 

Chromium tolerant microbes were even isolated from 

tannery effluent contaminated environments (Camargo      

et al., 2003; Viti et al., 2003). 
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Hexavalent Chromium Reduction
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Table 2. Characteristics of chromium tolerant strain 

Characteristics Chromium 

tolerant strain 

Shape Rods 

Gram's Stain G+ve 

Motility Motile 

Carbohydrate  Fermentation +/- 

Gelatin  Hydrolysis  + 

H2 S Production / Gas 

Production 

- 

Indole Production - 

Methyl-red test + 

VP Test - 

Citrate Utilization + 

Catalase activity + 

Oxidase activity - 

Triple Sugar Iron Test  Alkaline butt 

& slant 

Starch hydrolysis - 

 

Fig. 2. Chromium reduction by strain 

Effect of tannery effluent on seed germination 

The seed germination parameters showed higher 

percentage of decrease over the control in all the effluent 

sampled at regular intervals. Raw sample was found to be 

toxic to Arachis hypogea than other samples whereas 

Sesamum indicum was found to be susceptible to all the 

effluent samples. Similar inhibition of growth and biomass 

was observed in (Phaseolus mungo Roxb) black gram and 

(Raphanus sativus L) radish (Nath et al., 2009). The seed 

vigour parameter of both the plants were adversely affected 

by all the effluent. All the effluent exerted a higher toxic 

effect on the germination of Sesamum indicum. The 

toxicity of the effluent decreased gradually from raw 

sample to treated sample. Aeration tank sample delayed the 

germination of the seeds due to the increased amount of 

suspended solids generated during mixing. 

Fig. 3. Effect of tannery effluent on seed germination and 

growth of Arachis hypogea (P1) and Sesamum indicum 

(P2) 

 

 

 

 

 

 

 

 

 

 

 

SL– Seedling length; FW– Fresh weight; DW- Dry weight 

 

Fig.4. Seed germination and vigour parameters of tannery 

effluent on Arachis hypogea (P1) and Sesamum indicum 

(P2)  

 

 

 

 

SGI- Seed germination index ; SVI- Seed vigour index 

RTE- Relative toxicity of the effluent 

Biotreatment using pot culture experiment  

 As evidenced earlier the treated tannery effluent 

had adverse effect on the germination, which was assessed 

further by pot culture method to analyze the growth and 

biomass of both the plants. The biotreatments (T3, T4, T5) 

enhanced  the   growth  and   biomass content of   the plants 
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 comparatively than T2. Out of the biotreatments employed, 

the combined treatment (T5) integrating the chromium 

tolerant strain and the chromium hyperaccumulator was 

found to be effective in reducing the toxicity of the treated 

tannery effluent on plants followed by the microbial 

treatment(T3) and the chromium hyperaccumulator (T4)  

individually. The F value was found to be significant at 

p=0.05 for all the parameters between the treatments in one 

way ANOVA analysis. The phytotoxic effect of treated 

tannery effluent was reduced by the application of minerals 

such as iron, potassium and iron by Nath et al, 2009. The 

bacterial strains isolated from tannery effluent such as 

Bacillus brevis (Verma et al., 2009), Acinetobacter sp, 

Pseudomonas sp (Srivastava et al., 2008), Serratia 

marcescens (Mondaca et al., 2002;  Campos et al., 2005), 

Bacillus circulans and Bacillus megaterium (Srinath et al., 

2002) were also used for the biosorption of chromate. The 

woody plants such as Terminalia arjuna, Prosopis juliflora, 

Populus alba, Eucalyptus terticornis, Dendrocalamus 

strictus was used as phytoremediator for the removal of 

chromium (70.22%) from tannery sluge (Shukla et al., 

2011), Vallisneria spiralisL. (Vajpayee et al., 2001) for the 

removal of chromium from tannery effluent and 

Phragmites australis that accumulated chromium in its 

rhizome and hence may not be considered as chromium 

hyperaccumulator (Calheiros et al., 2008). 

Fig. 5. Biotreatment using pot culture experiment to reduce 

the toxic effect of tannery effluent on Arachis hypogea 

 

 

 

 

 

 

Fig. 6. Biotreatment using pot culture experiment to reduce 

the toxic effect of tannery effluent on Seamum indicum 

 

 

 

 

 

 

 

Conclusions 

 The treated tannery effluent exerted high toxicity 

on the germination, growth and biomass parameters on 

Arachis hypogea and Sesamum indicum. Sesamum indicum 

was highly susceptible to tannery effluent than Arachis 

hypogea. All the biotreatments (T3,T4, T5) significantly 

reduced the phytotoxicity of the treated tannery effluent 

compared to that of the effects caused by treated tannery 

effluent (T2) but did not equate to that of the control (T1). 

Finally, the combined treatment was more efficient in 

reducing the phytotoxicity of the treated tannery effluent on 

both the plants and enhancing its growth than the microbial 

remediation follwed by the chromium hyperaccumulator. 

The study suggests further field trial and varietal screening 

for the effective utilization of treated tannery effluent.  
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