Original Research Article
AMELIORATION AND DEPURATION OF BIOACCUMULATED CHROMIUM IN FLESH OF CYPRINUS CARPIO L.
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ABSTRACT 

	Aims: To monitor accumulated chromium in the flesh of the fingerlings of common carp following a chronic exposure to two sublethal concentrations of chromium, with and without supplementation of dietary ascorbic acid. Also, to check depuration in chromium free water for 14 days.
Place and Duration of Study: Department of Zoology and Department of Soil Science, Punjab Agricultural University, Ludhiana (30.5407°N and 75.4829°E) during year 2019.
Methodology: The fingerlings of common carp were exposed to two sublethal concentrations of chromium, with and without supplementation of dietary ascorbic acid for 28 days. Following that, accumulated chromium in the flesh of the fingerlings of common carp was analyzed using Inductively Coupled Argon Plasma Atomic Emission Spectrophotometer (ICAP- AES) in the Department of Soil Science, Punjab Agricultural University, Ludhiana. Also, depuration experiment in tap water alone was conducted for 14 days using surviving chromium exposed fishes without dietary supplementation.
Results: It was found that the concentration of accumulated chromium in all the groups was more than the maximum allowable limits of chromium in fish food. Further, the groups with ascorbic acid supplementation recorded decreased accumulation of chromium. In the depuration experiment, complete elimination of chromium was recorded after 10 days in both the concentrations to which the fingerlings were exposed.
Conclusion: In conclusion, ascorbic acid acts as an ameliorative agent against toxicity of chromium in common carp and the accumulated chromium can be eliminated from the fish flesh by keeping the exposed fishes in chromium free water.
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1. INTRODUCTION

Freshwater resources act as immediate sinks for industrial and domestic effluents. Industrial effluents contain heavy metals as one of their major constituents. Industries related to chemicals, fertilizers, pharmaceuticals and even steel, petroleum etc. use and discharge heavy metals as waste beyond their permissible limits. Metals or metalloids having atomic density more than 4 g/cm3 for example chromium (7.19 g cm-1) belong to heavy metals [1]. Heavy metals being non-biodegradable pose a great threat to aquatic life as these can only be converted into less toxic forms but cannot be degraded. Bioaccumulation and biomagnification in food chains is a serious matter of concern due to their low biodegradability, persistent nature and toxicity to aquatic organisms as well as humans [2]. Heavy metals get accumulated in tissues of plants and animals following acute and chronic exposures and may cause deleterious effects. Biomagnification of these metals in aquatic animals reaches up to manifold higher concentrations than that present in environment they are exposed to via food web. 
Among aquatic fauna, fishes are useful organisms in study of heavy metal contamination, because they explore freely in different trophic levels of aquatic ecosystem and have more ability to metabolize, concentrate and accumulate waterborne pollutants quickly [3]. Although, some of the trace metals are required for physiological functions in aquatic organisms but concentrations more than required can cause toxicity.  Heavy metals in water enter into body of fish and get accumulated in various tissues. These metals get entry into the body mostly through gills as they have a large surface area and are in direct contact with water [4]. Accumulation of heavy metals in fishes leads to biomagnification in the food chain which causes severe physiological abnormalities [5]. Significant factors that affect the accumulation of heavy metals in fishes are age of fish, lipid content in tissues, mode of feeding, levels of heavy metals in water and exposure period of fish. Besides, quality of water in terms of water temperature, hardness, alkalinity, dissolved oxygen, pH, salinity, dissolved organic carbon also affect the toxicity of metal to the fish [6]. Heavy metal exposure not only affects the health of fish but also several fish consuming animals including humans because they form a great component of diet of humans due to its high nutritional value. Fishes are used to monitor environmental pollution as their tissues accumulate pollutants directly from water via diet, skin or gills [7].  
	Chromium is a biologically important trace metal as it is required in very low concentration for metabolism of carbohydrates, glucose, cholesterol, and lipids in human body. But higher level may cause toxicity, mutations, teratogenesis etc. [8]. Chromium enters the aquatic system through effluents from industries like textiles, tanneries, mining, electroplating, dyeing, printing, pharmaceuticals, stainless steel manufacturing and rubber manufacturing industries [9,10,11,12]. In India, approximately 2000 to 3200 tons of elemental chromium is drained into environment by industries every year [13]. Accumulation in fishes results in transfer of chromium to higher fish eating animals as well. Further, normal water has capacity to eliminate the heavy metal accumulated in different tissues of fish. According to some previous reports chromium gets depured from the body of the fish when kept in fresh water free from any contaminant [14].
Ascorbic acid (AsA) being a strong antioxidant helps in detoxification of contamination caused by various toxic metals [15]. It is able to attenuate not only the toxicity caused by heavy metals [16,17,18] but also that caused due to agrochemicals [19,20,21,22]. Ameliorative effects of ascorbic acid on dietary chromium toxicity in case of Sebastes schlegelii have been studied [23]. Therefore, the present investigation was aimed to ascertain the ameliorative role of ascorbic acid in accumulation of chromium in widely cultured carp, Cyprinus carpio L. and its depuration using chromium free tap water.

2. material and methods
2.1 Acclimatization and maintenance of fingerlings:
Fingerlings of Cyprinus carpio L. (average wt. 19.8 g ±0.6 and average length 11.22 cm ±0.14) were procured from the fish farm of Guru Angad Dev Veterinary and Animal Science University, Ludhiana. The fingerlings were transferred to the laboratory and acclimatized for about a fortnight in all glass aquaria (50 L capacity) containing chlorine-free tap water with adequate values of temperature, alkalinity, hardness and dissolved oxygen. Fingerlings were fed ad libitum with basal feed (rice bran and mustard oil cake) in 1:1 ratio throughout the acclimatization period. The water of aquaria was changed after every fourth day during the experiment. The aquaria were continuously aerated with electrically operated aerators (one aerator per aquarium). The experimental protocol met the Organisation for Economic Co-operation and Development [24].
2.2 Chromium stock solution: 
The stock solution of chromium was prepared using 174.84 g potassium dichromate (K2Cr2O7) (Nice Chemicals Pvt. Ltd.) in one liter of distilled water. Aliquots were taken from stock solution for making required concentrations.
2.3 Feed preparation:
Basal feed was prepared using rice bran and mustard oil cake in the ratio of 1:1 while ascorbic acid supplemented feed was prepared by mixing 1 g of ascorbyl palmitate (Sigma- Aldrich) in 1 kg of basal feed. 
2.4 Experimental setup: 
For the chronic exposure, two sub-lethal concentrations of chromium i.e. 1/5th 96hr LC50 and 1/10th 96hr LC50 were taken. The fishes were divided into 6 groups with triplicates for each group. 
List 1 : Exposure was given according to the setup given below
	GROUPS
	TREATMENT

	    T1 (negative control)
	Fresh water + basal feed

	    T2 (positive control)
	Fresh water + 1g  ascorbic acid/ kg basal feed

	    T3
	1/10th 96hr LC50 of chromium

	    T4
	1/10th 96hr LC50 of chromium+ 1g  ascorbic acid/ kg basal feed 

	    T5
	1/5th 96hr LC50 of chromium

	    T6
	1/5th 96hr LC50 of chromium+1g  ascorbic acid/ kg basal feed


The fingerlings were exposed to chromium for a period of 28 days and three fingerlings (n=3) from each group were dissected at an interval of 14 and 28 days. After dissection of fingerlings, flesh samples were preserved for chromium residue analysis. Surviving fingerlings from treated groups T3 and T5 were removed from experimental aquaria on completion of 28 days and transferred to the aquaria containing only tap water alone for additional 14 days (recovery group). 
2.5 Chromium residue analysis: 
Chromium in fish flesh was estimated using Inductively Coupled Argon Plasma Atomic Emission Spectrophotometer (ICAP- AES, Thermo iCAP- 6300) as recommended by [25]. The sample preparation for residue analysis was done as follows
2.6 Digestion of fish flesh
	Fish fingerlings (one from each replicate) were dissected after 14 and 28 days of exposure. Flesh was collected, pooled and analysed for the presence of heavy metal (chromium). Also, during recovery period, fingerlings were dissected after 7, 10 and 14 days of recovery and flesh was collected and analysed for residue of chromium. 0.5 gram of fish flesh was taken in a conical flask. 20 ml of diacid was added and kept overnight. The preparation of diacid was done using nitric acid (HNO3) and perchloric acid (HClO4) in a ratio of 3:1. After 24 hours, the samples were digested by keeping them on hot plate (100º C) until the samples turned colourless and their volume was reduced to 1-3 ml. During digestion care was taken that the samples did not dry out. The samples were cooled and a final volume of 25 ml was made with de- ionised water. The filtrate was collected in plastic vials after filtration through Whatman no. 42.
2.7 Elemental analysis of digested fish flesh samples
	The processed samples of fish flesh were analyzed for the presence of chromium by Inductively Coupled Argon Plasma Atomic Emission Spectrophotometer (ICAP- AES) in the Department of Soil Science, Punjab Agricultural University, Ludhiana.
3. results and discussion
3.1 Bioaccumulation
Bioaccumulation measurements are done to assess the uptake and retention of pollutants in the tissues or organs of organisms like fish [26]. The accumulation of chromium in the flesh of the fingerlings of common carp was monitored after 14th and 28th day of chronic exposure to two sublethal concentrations of chromium, with and without supplementation of dietary ascorbic acid. Also, depuration of accumulated chromium was conducted in the surviving chromium exposed fishes without dietary supplementation (T3 and T5) after 7th, 10th and 14th day of recovery period in tap water alone.
The results in Table 1; Fig.1 reveal a considerable accumulation of chromium in the flesh of common carp. After 14 days of exposure, the chromium content was below detectable limits in both negative and positive control groups (T1 and T2). However, an accumulation of chromium was recorded in all the treated groups. The concentration of Cr in treated group T5 (4.06 µg g-1) was found to be comparatively higher than in treated group T3 (3.78 µg g-1). Further, it was recorded that dietary ascorbic acid supplementation resulted in less accumulation of chromium in fishes exposed to the two sublethal concentrations. The concentration of Cr in ascorbic acid supplemented groups T4 and T6 was noted to be 3.62 µg g-1 and 2.78 µg g-1 , respectively which was less as compared to chromium concentration recorded in the groups fed on basal feed alone (T3 and T5).  

Table 1. Ameliorative effect of dietary ascorbic acid (AsA) supplementation on accumulation of chromium (µg g-1) in flesh of C. carpio after 14 and 28 days of exposure
	Treatment
Duration
	T1
(negative control)
	T2 (positive control)
	T3
(1/10th LC50)
	T4
(1/10th LC50+ AsA)
	T5
(1/5th LC50)
	T6
(1/5th LC50 + AsA)

	14 days
	BDL*
	BDL*
	3.78
	3.62
	4.06
	2.78

	28 days
	BDL*
	BDL*
	3.87
	0.96
	4.47
	2.12


*Below Detectable Limit

Fig 1. Bioaccumulation of chromium in flesh of C. carpio, with and without dietary ascorbic acid supplementation
A similar increasing trend of accumulation of Cr was observed after 28 days of exposure. The Cr concentration in negative and positive control groups (T1 and T2) remained below detectable limits. However, the higher concentration group T5 recorded an increased accumulation of chromium (4.47 µg g-1) when compared with the lower concentration group T3 (3.87 µg g-1). Similar to the observations made after 14 days, ascorbic acid supplemented groups were recorded with less amounts of chromium as compared to groups fed on basal feed alone. The groups T4 and T6 revealed 0.96 µg g-1 and 2.12 µg g-1 of accumulated chromium, respectively which was much less as compared to groups T3 and T5. Also, it was noted that after 28 days of exposure, the content of accumulated chromium in groups T3 and T5 was higher as compared to that recorded after 14 days of exposure. However, in case of ascorbic acid supplemented groups T4 and T6, the concentration of chromium decreased with increase in duration of exposure.  
The present study revealed a time and dose dependent accumulation of chromium in treated groups without supplementation of dietary ascorbic acid. The level of accumulated chromium in all the treated groups was found to be more than its permissible limits in fish food i.e. 0.05-0.15 µg g-1 [27]. Our results are in accordance with the findings of other studies in case of common carp [28] and in Cirrhinus mrigala who too, recorded an accumulation of chromium [29]. Similar observations has been recorded in Pelteobagrus fulvidraco where chromium exposure resulted in accumulation in fish flesh [30].
The flesh of C. carpio accumulated more chromium as compared to other organs viz. gills, liver and kidney when the fish was exposed to a sublethal concentration of combined metal solution of Cr, Ni, Pb and Cd [28] However, in another study where common carp was exposed to chromium and magnesium for 96hrs highest accumulation of heavy metals was reported in gills with muscles recorded with less accumulation than skin and bones [31]. This difference in concentration in muscles could be due to the difference between the duration of exposure in both the cases as in [28] the fish was exposed to mixture of heavy metals for 32 days where as in latter [31] fish was exposed to heavy metals for 96hrs only. This suggests long term exposure leads to accumulation in muscles more hence suggests the importance of the amelioration and depuration studies for flesh. In the present study, dietary ascorbic acid supplementation was found to ameliorate the accumulated chromium in fish flesh following exposure.  Other authors too, observed a reduction in accumulated chromium in different tissues of Sebastes schlegelii following incorporation of ascorbic acid in the diet containing chromium [23]. An ascorbic acid concentration dependent reduction in the accumulation of lead was also reported in the same species [30]. According to another report, the reduction in heavy metal accumulation by ascorbic acid may possibly be due to its competition for the sulphydryl binding sites on metallothioneins [20].
3.2 DEPURATION
After the termination of chronic exposure of common carp to two sublethal concentrations of chromium, elimination of accumulated chromium or depuration was studied under a recovery period of 14 days. There are several factors that affect depuration of accumulated metal from the tissue or organ of fish like concentration of metal in target organ, duration of depuration, age of fish, biological half-life of metal and biological condition of the fish [31,32,33,34,35]. Surviving fishes from chromium exposed groups without ascorbic acid supplementation (T3 and T5) were chosen for depuration study by keeping them in chromium free tap water. A complete depuration of chromium was observed after 10th day of recovery period.
Table 2 reveals the amount of chromium residue that remained in the flesh of fish at different intervals during recovery period. After 7th day of recovery, 56.33% decrease in accumulated chromium was observed in group T3 (Fig 2). However, the decrease in accumulated heavy metal noted in group T5 was only 27.96%. It was further observed that after 10 days, complete elimination of chromium was recorded in both the concentrations. Other depuration studies have also reported elimination of metals from fish tissues.
[bookmark: _GoBack]Table 2. Depuration of accumulated chromium (µg g-1) in the flesh of C. carpio during recovery period
	Treatment
Duration
	T3 (1/10th LC50)
	Per cent decrease (T3)
	T5 (1/5th LC50)
	Per cent decrease (T5)

	0 days (after 28 days of exposure)
	3.87
	0
	4.47
	0

	7 days 
	1.69
	56.33
	3.22
	27.96

	10 days 
	0
	100
	0
	100

	14 days 
	0
	100
	0
	100




Fig 2. Depuration of accumulated chromium in exposed fishes without dietary ascorbic acid supplementation
Other depuration studies have also reported elimination of metals from fish tissues. Authors recorded 50% elimination of accumulated chromium in case of Oryzias latipes after 14 days of depuration [14]. Complete depuration of arsenic was recorded from whole body of Danio rerio after 10 days, whereas complete depuration from organs occurred only within 7 days in metal free water [36]. On the contrary, no significant elimination of chromium was reported in C. mrigala even after 28 days of recovery period [37]. In case of Capoeta fusca exposed to different concentrations of copper, depuration of copper was observed but complete elimination was not recorded [38]. The differences in elimination patterns might be due to the difference in species.  

4. Conclusion

The present study concludes that ascorbic acid being an antioxidant reduces the levels of accumulated chromium in flesh of common carp. Also, keeping the fishes in chromium free water resulted in leaching out of chromium from the body of the fish. Hence, fish vendors may be advised to keep live fishes brought from natural resources in tap water for few days before marketing in the order to eliminate the heavy metal residue, if any. 
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Bioaccumulation of Cr (µg g-1 )
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