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Introduction

Commercial exploitation of coal in the state of Meghalaya,

North East India started in the 19th century as a cottage industry in

the Khasi hills and eventually proliferated to other parts of the state,

viz., Jaintia hills and Garo hills in the beginning of the 1970’s. The

coal mining activities in the area has an adverse impact on the

aquatic life, notably on fish diversity. Coal extraction in Jaintia hills

district is done by primitive sub-surface mining method commonly

known as “rat- hole” mining and the entire road sides in and around

mining areas are used for piling of coal (Swer et. al., 2003). Such

type of mining in the area has lead to soil erosion, scarcity of water,
pollution of air, water and soil, reduced soil fertility and loss of

biodiversity (Das Gupta et. al., 2002). Low pH and elevated

concentrations of dissolved metals in the water column and pore

water of stream sediment can be stressful or toxic to fish and aquatic

macroinvertebrates (Courtney et al., 2002; Dsa et al., 2008; Mac-

Donald et al., 2000; US EPA, 2002). Drainage from abandoned

mines affects the water quality and aquatic ecology of streams and
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Abstract

Ultrastructural changes in the gills of cat fish Heteropneustes fossilis exposed to coal mining effluent water

collected from Rymbai river in Jaintia hills, Meghalaya, India was investigated under scanning electron

microscopy (SEM). The pH of effluent water in the river was significantly low (2.5 – 3.0) due to coal mining

activity in the adjacent areas. The dissolved oxygen (DO) was 7.7 mg l-1 and conductivity 0.93 mS.

Morphological changes like dissociation of the epithelium (E) of branchial arches and gill filaments, hypertrophy

and disorientation in the array of lamellae were observed in the treated fish, leading to fish death. The primary

and secondary gill lamellae (PL and SL) exhibited fusion, distortion and loss of alignment. Some of the gill

rackers showed necrosis at certain places. The morphological features of the gills as revealed through SEM

were highly deteriorated when compared to control.
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lakes in coal mining regions worldwide (Nordstrom 2000;

Wolkersdorfer et al., 2004). Acid mine drainage (AMD) streams

often have lower pH, a more diverse blend of toxic metals (e.g., Al,

Fe, Mn, Zn, Cu, Ar, Pb), higher conductivity and higher sulfate

concentrations (Grippo et al., 1996).  High metal concentration in

the rivers of the coal mining areas may lead to its bioaccumulation in

fish tissue (Canli et al., 1998), which may ultimately lead to fish

mortality. Though coal mining in the region is going on for past four

decades, no evaluation of effluent impact on aquatic fauna has been

carried out. Therefore, the present study on the ultrastructure of

gills in cat fish Heteropneustes fossilis treated with coal mining effluent

water may help in knowing the intensity of impact.

Materials and Methods

Treatment of fish: Heteropneustes fossilis obtained from the local

market of Meghalaya (latitude 25o5’N to 25o4’N and longitude

91o51’E to 92o45’E) were reared in the aquarium under aerated

condition for experimental studies. Crushed chicken liver was fed
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on a daily basis for 6 weeks till the fish were acclimatized to the

aquarium. Mature fish of varying sizes (22 to 28 g) numbering 8 to

10 were then transferred to a separate aquarium containing 20 l-1 of

coal mining effluent water sample (pH 2.5 – 3.0) brought from the

mining areas for 6 hrs. Unchlorinated tap water with pH 6.5 – 7.0

was used for control set of fish.

Analysis of water samples: The physico-chemical parameters

viz. pH, electrical conductivity (EC), dissolved oxygen (DO) of

treated coal mine effluent and tap water was analyzed using pH

meter, conductivity meter and DO meter of Lutron GL Ltd. India

respectively. The metal concentrations were measured using atomic

absorption spectrophotometer (Spectra AA 220).

Scanning electron microscopic studies: Gills were dissected

from both the treated and control set of fish, washed in distill water

and fixed in 3% formaldehyde for 1-4 hrs at 4oC. The tissues were

then washed in buffer (0.1 M sodium cacodylate) twice for 15mins

followed by acetone dehydration in 30, 50, 70, 80, 90, 95 and

100% twice in each with 15 mins interval at 4oC. The tissues were

then dried with tetra methyl silane following the method of Dey et al.

(1989) and coated with gold plating for scanning electron microscopic

studies.

Results and Discussion

The physico-chemical analysis of the effluent revised low

pH (2.5 – 3.0), low DO (7.7 mg l-1) and high EC (0.93 mS) as

compared to control (Table 1). The water bodies were contaminated

by AMD originating from mines and spoils, leaching of heavy metals,

organic enrichment and silting by coal and sand particles.  Acid

mine drainage (AMD) has been attributed as main cause of

degradation of water quality and the declining trend of biodiversity

in the water bodies of the coal mining areas (Pentreath, 1994; Gray

et al., 1998). The first effect easily observed in streams with acid

stress is the reduction in the number of species and individuals

(Susana et al., 2006). Fish are also exposed indirectly to metals

through ingestion of contaminated sediments and food items. Severe

lesions and scale detachment due to lepidontal alterations of the

circuli has been reported at low pH. Acidic pH of water magnifies the

toxic effect of some environmental pollutants, viz heavy metals (lead)

and certain pesticides (malathion) (Dey et al., 2001).

Analysis of water samples collected from the coal mining

sites revealed presence of heavy metals (Table 1).The

concentration of lead in the effluent was lesser as compared to

control (tap water), where as that of zinc and iron was relatively

higher.  Copper and cadmium concentrations were of similar range.

Other than iron and zinc which were at higher concentration in

effluent, even the occurrence of metals like lead, copper and

cadmium may be affecting the fish fauna individually or in the form

of complexes (Hoehn and Sizemore, 1977). Tissue disturbances

were observed in the homeostasis of several elements, which

probably played a major role in causing cellular and morphological

defects (Dey et al., 2001).

Table -1: Physico-chemical properties and presence of metals in the

effluent coal mine water and tap water sample.

Parameters Effluent Control
(coal mine) (tap water)

Temperature 22.0  ±0.4 21.0  ±0.9

pH 2.69  ±0.20 6.26  ±0.25

DO (mg l-1) 7.7  ±0.11 9.0  ±0.10

EC (mS) 0.93  ±0.47 0.10  ±0.005

Lead (ppm) 0.09  ±0.05 0.156  ±0.015

Copper (ppm) 0.056  ±0.035 0.04  ±0.01

Cadmium (ppm) 0.04  ±0.01 0.036  ±0.005

Zinc (ppm) 1.96  ±1.8 0.877  ±0.030

Iron (ppm) 8.65  ±1.66 0.168  ±.041

*Values are mean of ..... replicates ± S.D.

Fig .1: (a) Normal arrangement of Primary Lamellae (PL) and Secondary

Lamellae (SL) in the gills of control fish, H. fossilis. (b) The PL and SL in the

gills of fish treated with coal mine effluent.

(a)

(b)
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Six hours post treatment with coal mine effluent  large scale

wear and tear in the primary and secondary lamellae were observed

leading to 100% mortality. The primary lamellae (PL) and secondary

gill lamellae (SL) exhibited fusion, distortion, loss of alignment etc

(Fig. 1b). Some of the gill rackers showed necrosis at certain places.

Deposition of worn out tissues and mucous on the surface of the

lamella and rackers was evident (Fig. 2b). To compensate for the

damage, blood rushes to the vascular elements of the SL and PL

and thus excessive release of RBC was clearly evident on the

surface of the gills (Fig. 3b). Rupturing and uplifting of the gill epithelium

was observed in the case of the treated fish (Fig. 3c). A complete

disarray of primary and secondary lamellae was clearly visible in

the gills of the treated fish. This induced severe haemorrhage (Fig.

4b). The release of RBC is indicative of acute damage to the gills

and it also indicates that the fish is unable to repair its wound (Adhikari

et al., 1998).

Fig.3 : (a) Portion of a gill in control fish, H. fossilis. (b) Disarray and

excessive release of RBC on the surface of gill lamella in fish treated with
coal mine effluent. (c) Distorted epithelium (E) of the gill lamella in fish

treated with coal mine effluent.

Fig.2: (a) SL is clearly interspaced and mucous free in control fish, H.

fossilis. (b) Necrosis of gill racker with excess mucous secretion in gill of

fish treated with coal mine effluent.

(a) (a)

(b) (b)

(c)

(E)
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Fish gill plays the most important role in gaseous exchange

besides osmoregulation, acid- base balance and excretion of

nitrogenous compounds (Olson, 1991). Water quality changes can

cause distortion, epidermal detachment, fusion of gills and necrosis

of rackers etc, causing tremendous stress to the fish in its respiratory

and other functions (Acharya et al., 2005). In the present study,

scanning electron microscopic detection of loss of alignment of primary

and secondary gill lamella indicates that there is an increase in the

thickness in the portion anterior to the basal lamellae. This is likely to

result in increased diffusion distance which is bound to cause

difficulties in gas exchange (Nowak, 1992). The increasing diffusion

distance is due to the increase in the volume of the non tissue

spaces of the secondary lamellar epithelium. Acidic pH of water is

reported to cause loss of cellular features in pillar cells and epithelial

cells of gill lamellae in a hill stream fish, Devario aequipinnatus (Dey

and Kharbuli, 2010), resulting in severe physiological stress in

gaseous exchange. Lethal acid exposure causes significant structural

damage to gill tissues, such as lamellar epithelial exfoliation, lamellar

deformation, chloride cell damage and stimulation of mucus cells

(Perry and Laurent, 1993). Fish exposure to waters of low pH

(<5.2) can result in significant damage to the gills and integument

including lifting, sloughing, necrosis of the branchial epithelium and

shortening of tight junctions between cells of the branchial epithelium

(Rosseland et al., 1994).

Heavy mucous production by fish gills have been implicated

in hypoxia (Treasurera et al., 2003). The deposition of mucous on

the lamellar surface as observed in the present study may be an

adaptation to protect the epithelium against adverse water quality as

reported in some fish exposed to acidic water by earlier authors

(Shephard, 1994).

In conclusion, morphological changes observed in the ultra-

structure of the fish gills exposed to coal mining water of acidic pH

2.5 – 3.0, could be one of the main causes for the absence of fish

fauna in the water bodies of coal mining areas of the district.
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