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Abstract 

Environmental pollution is one of the undesirable side effects of industrialization and found responsible factor for 

environmental degradation. Water samples and crabs Barytelphusa cunicularis were collected from Gadhinglaj tahsil and 

analyzed for Physico- chemical parameters where the distillery effluent mixes and heavy metals respectively. The results 

showed high range of Temperature, pH, TS, TDS, Chloride, and COD. The heavy metal contamination was in the order of 

sodium > iron >potassium >copper >Zinc. Freshwater crabs Barytelphusa cunicularis) exposed with altered physico-

chemical parameters due to discharge of distillery effluent. Hepatopancreas of the crab subjected for different histochemical 

analysis of muco-substances. Neutral mucosubstances and acidic mucosubstances were altered as pollution increases. It 

hampers the digestion in crab. Depleted mucosubstances concentration of digestive an organ as per water pollution discussed 

in relation to digestive physiology of the crab. 
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Introduction 

Direct discharge of industrial effluents in to rivers 

and run off from fields in to the ponds, lakes and rivers 

are causing serious concern about water pollution 

particularly with respect to inland fisheries. These 

effluents and their toxic effects on aquatic animals by 

depleting the dissolved oxygen, altering the pH, salinity, 

CO2 content, and thereby directly and indirectly affecting 

the life cycles as well as metabolic activities of the 

aquatic animals at the biological levels. Our present 

knowledge of industrial effluent is still limited to few 

(David and Ray, 1960; Stephen, 1987). The effluent 

when discharged into receiving water body without 

adequate treatment can cause irreversible changes like 

high temperature and increased pH of the received 

stream. The soluble chemicals and dyes present in waste 

water will interfere with the green aquatic plants. 

Colloidal organic matter and soluble inorganic salts will 

increase turbidity of this water. All these lead to a large 

increase of COD and BOD values of that water body 

(Hussain et al., 2004) and make that water unfit to use by 

aquatic animals and plants. 

Histochemical studies on invertebrates have 

revealed that various types of cells and glands contain 

neutral mucopolysaccharides, sulfated acidic 

mucopolysaccharides, dermato-sulphates, sialomucins 

and hyluronic acid. Albanese et al. (1978) showed the 

presence of neutral mucosubstances, weakly acidic 

mucosubstances, along with phenolic compounds and 

proteins with S-S groups in Pisania maculosa. The ratio 

of the neutral mucosubstances to the acidic 

mucosubstances was dependent on the environmental 
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condition and the stress. Many investigators have used 

histochemical techniques to evaluate the stress effect 

caused by heavy metals on the animals (Jackim, 1970; 

Thurberg et al., 1977; Sastri and Sharma, 1980). They 

found that heavy metals have specific binding affinity to 

sulfahydryl groups of mucosubstances. This would 

naturally alter the concentration of mucosubstances 

leading to hyper secretion or inhibition in the cells. The 

metal induced alterations in the mucosubstances may be 

considered as more or less accurate indicator of toxicity. 

There is scanty information about the changes in 

mucosubstances occurred due to the different heavy 

metals in the vital organs of crustaceans. So it was 

decided to study the direct discharge of industrial 

effluents on the histochemical changes in neutral and 

acidic mucosubstances, proteins and lipids in 

hepatopancreas of the freshwater crabs Barytelphusa 

cunicularis.  

Materials and Methods 

Study area 

Gadhinglaj is important tahsil of Kolhapur district, 

Maharashtra. Geographically has latitude 16°13´26”N 

and longitude 74°26´9” E. River Hiranyakeshi (Plate I) is 

one of the important flowing in two states of India 

(Maharashtra and Karnataka). The River originates at 

Amboli hill station at Sindhudurg district of Maharashtra, 

and enters into district Kolhapur. Major area of the basin 

of river is under agricultural practice, whereas remaining 

is forest covered. The quantity and quality of water from 

this river is affected by municipal, industrial as well as 

agricultural discharge. So, for the present study two sites 

were selected from Hiranyakeshi River. Site I 

(Mahagoan spot N 16°9’54” E 74°19’58”). Site II 

(Nangnur spot N 16°14’3” E 74° 29’46”) where the 

distillery effluent from Hira sugar factory directly mixed 

at this site.   

Water sampling 

          The present study, water samples were collected 

from collection sites. Samples were brought to the 

laboratory by using plastic containers for analysis of 

different physico-chemical parameters applying standard 

methods (APHA, 1985; Trivedi et al., 1987). Base level 

heavy metal analysis was carried out by using Atomic 

Absorption Spectrophotometer (AAS) (Kemito 

company-201). During study Physico-chemical 

parameters like temperature, pH, dissolved oxygen and 

free CO2 etc. were determined at the sampling sites 

respectively. 

Animal collection 

The freshwater crab barytelphusa cunicularis were 

collected from site I and from site II the animals were 

collected where the distillery effluent discharged into 

river. Crabs having equal size (carapace width 13.1-13.5 

cm and body weight 215-217 gm) were used for 

experiment. 

Histochemical methods 

General microtechnique procedure was followed 

for preparation of blocks. The sections were cut at 4 to 5 

μ and various histochemical techniques were employed 

for detection of neutral mucosubstances and acidic 

mucosubstances (sulfomucins, sialomucins, and 

hyaluronic acid) employed in the present investigation 

and their specificity are described below: [A] Neutral 

mucosubstances: 

(a) Periodic acid-Schiff reaction (PAS) (McManus, 

1946; Hotchkiss, 1948) 

(b) Malt diastase digestion-PAS (Lillie, 1954; 

Lison, 1960) 



 

 

Table 1. Determination of physico-chemical parameter from study sites for the year 2013-14 

2013-14 

Parameters\Site I II WHO standard 

Temperature(ºC) 22.83±1.37 26.16±1.25 < 40 

Ph 7.43±0.062 6.54±0.48 6.5-8.5 

TS(mg/l) 66.5±8.79 783.16±180.91 500 

TDS(mg/l) 59.5±7.86 560.25±172.88 500 

Chloride(mg/l) 17.26±5.13 53.37±13.3 200 

COD(mg/l) 6.13±3.65 532.43±292 30 

DO(mg/l) 7.05±1.51 2.36±0.98 5-7 

                

Table 2. Metal concentration at study sites (2013-14) 

Metals/ Sites (mg/l) I II WHO standards 

Iron 0.33±0.32 2.009±1.37 0.30 

Sodium 6.75±1.56 30.25±3.27 - 

Potassium 1.36±0.127 6.16±3.98 - 

Copper BDL 0.11±0.036 2.0 

Zinc BDL 0.33±0.493 0.5 

 

Table 3. Tissue metal concentration of freshwater crab at study sites 

 

 

Table 4. Staining intensity in hepatopancreatic cells of Barytelphusa cunicularis in control and polluted 

Components Procedure Staining intensity 

 

Fe, Na, K, 

COD, Cu, Zn 

 Control Polluted 

PAS ++M +++M 

AB pH 1.0 +T ++T 

AB pH 2.5 +T ++T 

AB-Alcian blue, PAS-Periodic acid, T-turquiose, M-magenta, +-moderate reaction, ++- strong reaction, +++-very strong reaction 

 

Metals/ Tissues (mg/gm) I II 

Iron 0.285 1.0274 

Sodium 2.46 13.2876 

Potassium 0.43 7.90771 

Copper BDL 0.03491 

Zink BDL 0.0697 



 

 

[B] Acidic mucosubstances: (a) Alcian Blue (AB) at pH 

2.5 (Mowry, 1956) 

Results 

Alterations in physico-chemical parameters 

indicate the status of pollution was expressed in Table 1 

and 2. The various metal deposited in tissue 

hepatopancreas expressed in Table 3. 

Temperature 

  The effluent temperature plays an important role in 

making an effect on certain chemical and biological 

reactions taking place in water which affects organism 

and inhabitation of aquatic media. It depends upon 

season, time sampling etc. The water discharged from the 

industry which has generally high temperature, affects 

the land adversely. The temperature at site-I was 

recorded 22.83±1.37°C and at site-II was recorded 

26.16±1.25°C. The temperature of the discharge should 

not exceed 35°C. The high temperature (i.e.) 40°C has 

adversely affected the biochemical reactions in aquatic 

animals. 

pH 

  In the present investigation, pH value site-I and II 

were recorded as 7.43±0.062 and 6.54±0.48 respectively. 

According WHO standards the pH of the effluents should 

be in range 6.5 to 8. Relatively low pH values at site-II 

due to use of phosphoric acid and Sulfur dioxide during 

cleaning of sugar cane juice. pH is one of the important 

biotic factor that serves as index for pollution. The 

factors like photosynthetic exposure to air, disposal of 

industrial effluent and domestic sewage also affect the 

pH of the water which adversely affecting the species 

diversity. 

TS: The average range of total solid content was 

maximum at site II (783.16±180.91 mg/l), while 

minimum at site-I (66.5±8.79 mg/l). The total solid 

content at site-II was beyond the range of WHO 

standards. 

TDS 

In the present investigation, concentration of total 

dissolved solid found high at site-II (560.25 mg/l) which 

has decreased potability and reduced utility of water for 

drinking, irrigation and industrial purposes. Minimum 

range of TDS was seen at site-I (59.5 mg/l).  

Chlorides 

The most important source of chloride in natural 

water was discharge of sewage. The minimum value of 

chloride was (17.26 mg/l) at site-I whereas, maximum 

(53.37 mg/l) at site II. Water analysis from site-II 

indicated that it was contaminated due to organic content 

of sewage, agricultural wastes inducing fertilizers etc. 

Thus, presence of chloride in natural water is attributed 

to dissolution of salt deposit, discharge of effluents from 

chemical industries oil well operations.  

COD 

COD found reliable parameter for analysis of 

water pollution. Maximum range of COD found at site-II 

(532.43 mg/l) while minimum at site-I (6.13 mg/l). The 

chemical Oxygen demand test determines the oxygen 

required for chemical oxidation of organic matter with 

the help of strong chemical oxidant. The COD is a test 

which is used to measure pollution of domestic and 

industrial waste. The effluent is measured in term of 

quality of oxygen required for oxidation of organic 

matter to produce carbon dioxide and water. It is a fact of 

all organic compounds with few exceptions that they can 

be oxidized by the action of strong oxidizing agents 

under acidic conditions. COD is useful in pinpointing 

toxic condition and presence of biological matters. In the  



 

 

Fig. 1. Map shows the study area and its location 
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Fig. 2. I: Freshwater crab Barytelphusa cunicularis, II: Position of Hepatopancreas, III: PAS positive material in from site I, 

IV: PAS positive material in from site II, V: acidic mucosubstances from site I, VI: acidic mucosubstances from site II 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

present investigation, COD at site-II indicated high 

organic pollutants in the sample. 

Dissolved Oxygen 

 The analysis of DO is very important in water 

pollution control as well as waste water control. Aquatic 

ecosystem totally depends on DO, various biochemical 

changes and its effects on metabolic activities of 

microorganism were very well documented. Its presence 

was essential to maintain variety of forming of biological 

life in water and effect of water discharge in water body 

are largely determined by oxygen balance of the system. 

In the present investigation, DO at site I and II was 
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recorded 7.05±1.51 and 2.36±0.98 mg/lit respectively at 

site II it was sufficiently low than the WHO standard 

values. 

Iron 

Iron content of water was high at site-II (2.009 

mg/l) while minimum (0.33 mg/l) at site-I. The iron 

metal concentration in hepatopancreatic tissue at site-I 

was 0.285 mg/gm and at site-II 1.0274 mg/gm. 

Sodium 

The maximum range of sodium analysed at site-II 

(30.25 mg/l) while minimum at site-I (6.75 mg/l). The 

sodium metal concentration in hepatopancreatic tissue at 

site-I was 2.46 mg/gm and at site-II 13.2876 mg/gm. 

Maximum sewage discharge was found at site-II leading 

to its pollution as compared to others. 

Potassium 

The high concentration of potassium was noted at 

site-II 6.16 mg/l while minimum at site-I 1.36 mg/l. The 

potassium metal concentration in hepatopancreatic tissue 

at site-I was 0.43 mg/gm and at site-II 7.90771 mg/gm. 

Copper: The copper concentration at site-I was below 

detectible level at site-I while at site-II it was 0.11 mg/l. 

The copper concentration in hepatopancreatic tissue at 

site-I was below detectible level and at site-II 0.03491 

mg/gm. 

Zinc 

The copper concentration at site-I was below 

detectible level at site-I while at site-II it was 0.33 mg/l. 

The copper concentration in hepatopancreatic tissue at 

site I was below detectible level and at site-II 0.0697 

mg/gm. 

Histochemical alterations at site-I 

Histochemistry is the aspect of histology 

concerned with the identification of chemical 

components in biological cells and tissues. It is 

concerned specifically with the chemicals within, 

between, and forming the biological cells and tissues 

themselves. In the present study, Freshwater crab 

Barytelphusa cunicularis used for the histochemical 

study against altered physico-chemical parameters and 

metal deposition. Histochemical components were 

detected by using standard histochemical technique as 

Periodic Acid-Schiff (PAS), Alcian blue (AB) pH 1.0 

and 2.5 staining technique. These techniques were 

applied to investigate the alterations in glycoprotein, 

polysaccharides and sulfomucins. The detected 

histochemical alterations were as follows. 

The hepatopancreatic tubules were enclosed by a 

basal lamina and contained a central lumen. Three types 

of epithelial cells were recognized in these tubules: R-

cells, F-cells and B-cells R-cells, the most common cell 

type observed, were characterized by variable numbers 

of cytoplasmic vacuoles. Histochemically muscular layer 

showed higher percentage of neutral mucosubstances 

with ample glycoproteins, indicating low concentration 

of weakly acidic hyaluronic and sialomucins in it. 

Control group of hepatopancreatic acini were stained 

intensely pink by PAS staining technique and showed 

negligible amount of acidic sialomucins in the cellular 

architecture. In AB pH-1 staining reaction these cells 

were stained faint blue indicating very low concentration 

of weakly sulfomucins. In AB pH 2.5 staining technique 

cells were stained intense blue showing low 

concentration of weakly acidic sulfomucins (Plate 2, Fig. 

3, 4 and 7).  

Histochemical alterations at site-II 

Hepatopancreatic cells in polluted region showed 

epithelial cells with depleted concentration of neutral 
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mucosubstances against increased acidic 

mucosubstances. It was observed that, the concentration 

of hexose containing neutral mucosubstances declined as 

the animal exposed to pollution. With respect it was 

found that, acidic mucosubstances as hyluronic acid, 

sulfomucins and sialomucin showed enhanced 

concentration in the digestive gland. The increased acid 

mucosubstances is for to compensate the stress effect on 

the hepatopancreatic cells. The epithelial cells showed 

low concentration of neutral mucosubstances with less 

glycogen content. The acidic mucosubstances increases 

as per rate of pollution. In AB pH-1 staining reaction 

these cells were stained intensely blue indicating 

concentration of sulfomucins.  The connective tissue and 

muscle showed slightly reduced concentration of neutral 

mucosubstances (Plate 2, Fig. 4, 6 and 8). The 

histochemical alterations as per staining intensity 

described in Table 4. 

Discussion 

In a developing country like India, distillery 

industries have become a major source of pollution, as 

88% of its raw materials are converted into waste and 

discharged into the water bodies (Jain et al., 2001), 

causing water pollution. The disposal of large quantities 

of biodegradable waste without adequate treatment 

results in significant environmental pollution. This is the 

major source of aquatic and soil pollution. The discharge 

of wastewaters from distilleries is becoming increasingly 

restricted as pressures from environmental regulations 

increase and as awareness of the negative impacts of 

seasonal discharges of water containing high nutrient and 

organic loadings into water courses spreads (Pant and 

Adholeya, 2007). At present, there are 285 distilleries in 

India that are producing 2.7 billion liters of alcohol and 

generating 40 billion liters of wastewaters annually 

(Raghukumar et al., 2004). The healthy aquatic 

ecosystem depends on the biological diversity and 

Physico-chemical characteristics (Venkatesharaju et al., 

2010). The temperature is basically important parameter 

for its effects on the chemistry and biological reactions in 

water. A rise in temperature of the water leads to 

speeding up the chemical reactions in water reduces 

solubility of gases and amplifies the taste and odors. The 

temperature of water ranges from 7 to 11ºC has a 

pleasant test. Temperature can determine the rate of 

biochemical reactions in the aquatic environment or 

whether they can occur at all.  At elevated temperature 

metabolic activity of an organism increases. The 

organisms with low tolerance are called, stenothermic. 

The disease resistance in aquatic animals also decreases 

with rise in temperature. Temperature also plays an 

important role in the determination of various other 

parameters such as pH, conductivity, saturation level of 

gases and various forms of alkalinity. Temperature is an 

important parameter, with major influence the growth 

and distribution of flora and fauna. Thus, it is key factor 

which plays a vital role in maintaining the freshwater 

ecology. It also influences both the abiotic and biotic 

factors of ecosystem. Temperature variation in 

freshwater habitat is smaller and the changes occur very 

slowly. During summer the upper water becomes warmer 

than the bottom layer. Because of mixing of water by 

wind action, the temperature is nearly uniform. However, 

the upper warmer layer is termed as epilimanion and 

bottom layer is called hypolimnion, in between these 

layers is the thermocline. Temperature has variable 

effects; it may kill some organisms and may stimulate 

the growth of other (Kotpal and Bali, 1989). 
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Das et al. (2008) reported that the pH gives an idea 

of type and intensity of pollution which influence aquatic 

production. In the present study, site-II indicates high 

intensity of pollution as compare to site-1. The total 

concentration of dissolved solids in a water body found 

useful parameter in describing the chemical density and 

productivity of the water (Jhingran, 1982). High content 

of dissolved solids has elevated density of water, 

influencing osmoregulation and reducing gas solubility 

utility of water for drinking, irrigation and industries 

(Manivasakam, 2003). According to Jain et al. (2003), 

the higher concentration of total suspended solids was 

found due to insoluble organic matter in sewage. Results 

Indicated enrichment of suspended solids at site-II found 

unfit for drinking, irrigation and also for industrial 

purpose. The industrial discharge and sewage disposal 

has increased the content of sodium, when present in 

high concentration which limits the biological diversity 

(Adoni et al., 1985). The total dissolved solids 

concentration in the effluent represent the colloidal form 

and dissolved specters. The probable reason for the 

fluctuation or value of total solids and subsequent the 

value of dissolved solid due to convent collision of the 

colliding particles. The rate of collision aggregated 

process is also influenced by pH of this effluent. In the 

rainy season less concentration of total dissolved solids 

are obtain due to dilution of waste effluent with rain 

water (Hosetti et al., 1994). In the present investigation, 

site-II TDS values are much higher compared to WHO 

Standards 500 mg/l. Chemical pollution in aquatic 

ecosystems, found to be major environmental concern. 

Pollution decreases the water quality, subsequently 

affects organisms inhabiting in the system. Chemical 

oxygen demand (COD) found measure of the oxygen 

equivalent of the organic matter of water which was 

susceptible to oxidation by a strong chemical oxidant. 

Thus, COD found to be, reliable parameter for judging 

the extent of pollution in water (Amirkolaie, 2008). The 

COD of water increases with increasing concentration of 

organic matter (Boyd, 1981). In our investigation, COD 

concentration was comparatively higher at site-II and III 

due addition of chemical and Municipal waste as being 

discharged. Thus, we found that industrial waste has 

affect over the hatching, failure of trout eggs, and effect 

over diurnal and seasonal behavior, changed migration 

capacity. Overall resulted to decreased the tolerency of 

species. It has been observed that because of pollution of 

chemicals, domestic wastes, metal pollution cause 

change in the species diversity. 

Chloride is considered to be an indicator of higher 

pollution due to higher organic waste of animal origin so 

in the present study site-II showing higher pollution. 

Moundiotiya et al. (2004), Mishra et al. (2008) and Arya 

et al. (2011) also reported similar results. The toxicity of 

zinc, lead, copper, and phenols to rainbow trout 

increased at lower DO concentrations (Lloyd and 

Herbert, 1962). The effects of low DO levels in the 

presence of other stressors may also result in some 

adverse effects in aquatic organisms. In present study the 

animals from site-II may adversely affected by exposed 

pollution. Heavy metal from man-made pollution sources 

are continually released into aquatic ecosystem (Ozturk 

et al., 2008). Contamination of aquatic ecosystems (eg 

lakes, rivers stream, lagoons, oceans etc), with metals has 

been receiving increased worldwide attention 

(Diagonmanolin et al., 2004; Singh et al., 2004; Farkes et 

al., 2007). Thus, heavy metals are a special group of 

contaminants of water reservoirs. The heavy metals have 
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prolonged persistence (i.e.) non-biodegradability in the 

nature. Excess deposition of heavy metals and its 

accumulation in organism causes toxic effect over the 

body (Kwon, 2001; Kaur, 2012). The major source of 

contaminants is untreated or partially treated effluents of 

the industries, which directly discharged in to the river 

streams (Sehgal, 2012). 

Sodium is the main cation of natural minerals 

which dissolves in water. The excess sodium and 

chloride in drinking water may induce heart failure and 

hypertension (Husain and Ekbal, 2003). The industrial 

discharge and sewage disposal found increased the 

content of sodium, sodium salts impart water with 

softness (Adoni et al., 1985). Sodium when present in 

high concentration limits the biological diversity due to 

osmotic stress (Adoni et al., 1985). Present study 

revealed that minimum sodium content was observed at 

site-1 throughout the year 2013-14 while maximum 

sodium was noted site-II indicating that continuous 

industrial and sewage disposal. Potassium found vital 

role in the metabolism of freshwater organisms (Krishna 

Ram et al., 2007). Cell membrane continually pumps the 

potassium and sodium, which requires the expenditure of 

large amount of energy (Goldman and Horne, 1983). The 

high concentration of potassium content was noted at site 

I while minimum at site-II. It is the main cation in natural 

freshwater and plays a vital role in metabolism of fish 

environment and is an important macro-nutrient (Krishna 

et al., 2011). As site-I had higher potassium 

concentration indicating high growth rate of organisms. 

Present study revealed that minimum Iron content was 

observed at site-I throughout the year 2013-14 while 

maximum Iron was noted at site-II. Thus, site-I showed 

that Fe content was in the range of permissible limit 0.3 

mg/l of WHO (2003). 

The direct and indirect effect of iron contamination 

decreases the species diversity and abundance of 

plankton and benthic invertebrates (Fritz et al., 1975). Fe 

found to induce free radicals that, causes breaks in 

nucleic acid and oncogene activation (Reizen and Wang, 

2001). Thus, the animal from site-II might be influenced 

by iron content in water as well as tissue. Even though 

zinc is an essential requirement for a healthy body, 

excess zinc can be harmful, and cause zinc toxicity. In 

nature the surface water concentration of zinc is usually 

below 10 μgl-1 and in groundwater between 10-40 μgl-1. 

In tap water, the zinc concentration can be much higher 

as a result of the leaching of zinc from piping and fittings 

reported by Elinder (1986). Moreover, the significant 

deposition of Fe, Cu and Zn that are observed in water 

and sediments suggests that there is an additional 

enrichment of the element into different areas. The fact 

that Fe, Zn and Cu are essential elements taking part in 

various metabolic processes and enzymatic reactions 

they may be naturally occurring in abundance in the 

environment (Ibrahim, 2007; Carlos et al., 2007; 

Mekkawy et al., 2008). Tayel et al. (2008) observed the 

increase of these metal accumulations in fish muscles 

and returned that to the increase of total dissolved metals 

in Nile water and sediments. The presence of higher 

concentrations of Fe, Cu and Zn in different fish species 

due to exposed to higher concentration levels of these 

elements through water, food and sediments are not 

suitable for human consumption (Karadede-Akin and 

Unlü, 2007; Farombi et a,., 2007; Bahnasawy and Khidr, 

2011). 
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Metals can form metal complexes or coordination 

compounds mainly with sulphahydryl group, amino 

phosphates with hexose containing mucosubstances etc. 

Therefore, it is not surprising that metal act as inhibitors 

of the mucosubstances and they also stimulate the 

secretion of the acidic mucosubstances under toxic stress 

condition (Anderson and Weber, 1977). Many workers 

found decreased concentration of neutral 

mucosubstances due to metals toxicity in the cells and 

the glands of many organs (Verma and Chand, 1986; 

Lomte and Patil, 1989; Sontakke, 1992; Valarmathi, 

2000). Thurberg et al. (1977) observed histochemical 

changes in digestive gland of Homarus americanus, and 

found increased concentration of acidic mucosubstances. 

Brouwer et al. (1984) found decreased concentration of 

proteins and lipid in the gills of the Callinects sapidus. In 

our histochemical study, it was observed that, toxic stress 

environment of altered physico-chemical parameters and 

metals the secretion of neutral mucosubstances was 

decreased. These effects may be due to the higher 

utilization of neutral mucins, glycogen, proteins and 

lipids to overcome the toxic stress on the cellular 

metabolism. On the other hand, the toxic effects of 

metals caused enhancement in the concentration of acidic 

mucosubstances such as weakly and strongly sulfated 

acidic mucosubstances-sulfomucins and other acidic 

mucosubstances such as hyaluronic acid and sialomucins 

also in the cells. The quantity and the quality of acidic 

mucosubstances were increased in the targeted cells and 

tissues. High depletion or hyper secretion of neutral 

mucosubstances, acidic mucosubstances such as 

hyaluronic acid, sialomucins, and sulfomucins may cause 

severe and permanent damage to the cells or tissues. Due 

to the decrease in glycogen, protein and lipid 

concentration and increase in acidic mucosubstances, the 

secretion of hepatopancreatic cell automatically 

decreased. 

Conclusion 

 Pollution in aquatic ecosystem, especially riverine 

systems is a major environmental disturbance. This type 

of pollution resulted to decreased water quality which 

directly or indirectly affects aquatic organisms. In the 

present there is depletion of glycogen, protein and lipid  

which might be due to the direct effect of Physico-

chemical parameter as chloride, sodium, COD, TS, TDS 

and metals like iron, potassium, sodium, copper and zinc 

developing stressful conditions which causes distinct 

changes in secretary physiology with abnormalities at 

tissue level. 
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