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Abstract :

Fish scale dust was seen for its ability to remove Fe from a mineral industry waste.
Fe was adsorbed by fish scales and was mainly influenced by pH, with maximum adsorption 
(393.61 + 1.03 ppm) at the adsorbent dose of 5g fish scale powder found in the raw and treated effluent at pH 7. The Fe uptake was maximum at 28oC and372.37 + ppm of Fe adsorbed at 5g concentration and increasing temperature decreased the Fe uptake.
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Introduction


Till date the removal of heavy metals from effluents is by  activated carbon or activated alumina (Ouki et al., 1997; Ali et al., 1998; Hsisheng and Chiento, 1998; Ralph etal., 1999; Shim et al., 2001; Monser and Adhoum, 2002).Biosorption of heavy metals was in wastewater treatment (Volesky, 1990).  

Mustafiz et al., (2003) used the Atlantic cod (Gadus morhua L.) scales for removal of Cr, Pb, and As from industrial waste. But the eggshell and tea waste as low-cost adsorbents for chromium removal from waste water samples (Katha, 2021).

In this study the fish scales was used. The main objective of this study was to determine the efficiency of adsorbing heavy metal Fe at various parameters such as pH and temperature.

Materials and Methods

Preparation of fish scales


Fish scales of different marine fishes were collected from the local fish market.  Repeatedly washed with water to remove salty impurities from their surface then dried for about 7 days. The fish scales were then kept in a hot air oven at 70oC till they became crispy enough to grind. Then the powdered samples were preserved in polythene containers for further use as biosorbent.
Experimental Design 


The experiment was designed to analyze the adsorptive potential of cheap bioresource, capable of entrapping Fe ions in the aquatic and semi-aquatic media.The powdered adsorbent was mixed with the two different types of effluents (raw untreated and partially treated) in 5 different concentrations of 
1, 2, 3, 4 and 5 mg/l. The medium was separately maintained at six different pH levels (0.5, 2, 4, 7, 8, and 9). The adsorbent was thoroughly mixed with the toxicant solution and the mixture was agitated once in 2 h. The initial concentrations of Fe were estimated in the two different effluents. The treatment was run for a period of 30 days. The Fe content of the treated effluents was estimated after 30 days of interaction with the adsorbent. The difference between the initial and final metal levels indicated the quantity adsorbed by the bioresource used. 


For assessing the effect of temperature, the reaction mixtures were allowed to interact in a 250ml 
Erhlen-Meyer flask.The flasks were placed inside separate incubators maintained at 42, 32, and 28oC. The experiments were continued for more than 60 days and the quantities of Fewereanalyzed in the raw and partially treated effluent.

Estimation of heavy metal (Fe) 


Samples were estimated for iron using atomic absorption spectrophotometer.A Shimadzu type Atomic Absorption Spectrophotometer (AAS) 6300 model with Air-C2H2 flame type of an average fuel flow rate of between 0.8-4.0 L min-1 and the support gas flow rate between 13.5-17.5 L min-1 was used for sample analysis and operated as per the equipment manual. The single-element hollow cathode lamps for respective metals were of Hamamatsu photonics co. Ltd-L2433series. 
The atomic absorption analysis standards for the given elements were purchased from Inorganic Ventures Inc. and Sisco Research Laboratories Ltd. Calibration curves forvarious elements obtained from these standards were of a first-order reaction. 
The samples for Fe analyses were aspirated with the help of an Automatic sampler forAtomic Absorption Spectrophotometer measurements.The purchased stock solution prepared a series of reference standards -1, 2, and 3 ppm for the metal. The standards were prepared by pipetting 0.1, 0.2, and 0.3 mL of the metal reference standards, made up to 100 mL, and mounted on the automatic sampler for standard calibration curve measurement. Percentage recovery rates of metals ranged from94.8 to102.3%.The samples were finally injected into the flame AAS and the readings were directly measured in a computer. 

Results and Discussion 

The maximum amount of Fe adsorbed at pH 7 was 393.61 +0.84 at the adsorbent dose of 5 g fish scale powder, but at 1g adsorbent, the value was 414.36 + 0.87 ppm of Fe in the raw untreated effluent after the adsorption (Table 1).

The maximum amount of Fe adsorbed at pH 7 was 391.24 + 0.91 ppm at 5g fish scale powder and at 1g 413.90 + 0.82 ppm of Fe in the partially treated effluent (Table 2).


When 4g fish scale powder was used at 28°C, 382.33 + 0.96 ppm, at 32oC, 390.25 + 0.92 ppm, and 42°C, 388.48 + 1.03 ppm of Fe was found in theraw untreated effluent after adsorption. (Table 3).

Biosorption was maximum at 28oC and was 372.37 + 0.81 ppm of Fe observed at 5g concentration of absorbent in the raw untreated effluent.

Biosorption was maximum at 28°C and was 
357.97+ 0.85 ppm of Fe observed at 5g concentration of adsorbent and the minimum value was 382.47+0.52 ppm found in the partially treated effluent after adsorption by fish scale powder
(Table 4).


Fish scale powder effectively adsorbed Fe from mineral industry effluent. Higher dosages of the absorbent removed more quantities of Fe compared to low dosages. But the effectiveness of the adsorbent is more when administered in lower dosages.

The pH influenced the adsorption of Fe by fish scale powder at acidic pH levels, the quantity of Fe adsorbed was much less compared to neutral and alkaline pH levels.The pH plays a vital role in determining the quantity of Fe adsorbed from the medium by fish scale powder. The pH tendsto modify the adsorption potential of birdbone powder and the pH should be maintained at 7.0 to achieve maximum adsorption of Fe.


Fish scale powder was also a good adsorbent of Fe. Fish scale powder was also pH sensitive, highly effective at pH 7at 28° C.The temperature was another significant factor determining the adsorption of heavy metals. At higher temperatures (42oC), even 1g of adsorbent removed a high percent of Fe from the mineral industry effluent at the ideal pH of 7.
Vera et al. (2021) reported the Defluoridation of water using adsorbent derived from the Labeo rohita fish scales waste.Prabu et al. (2012) worked on (fish scales of Catla catla Hamilton) the chromium was reduced to 2.9mg/ml from the initial Catlacatla concentration of 50mg/1 than other doses.

Sharma and Forstner (1993) found good adsorption potential (132 mg/g)of sphagnum peat moss in removing Cr was reported at pH 1.5 to 3.0.

Amjad et al. (2008) pointed iron absorbed by fish scales was optimum at pH 4.8, the slow equilibration of metal ions on fish scale is probably due to the lack of accessibility of binding sites on this rigid fibrous protein sorbent.
Amjad et al.(2008) reported that at pH 7.0 both Cd (1I) and Pb (1I) reached equilibrium in 50 minutes with 96.8 and 88.6 percent recovery with fish scales (adsorbent). 
Table1
Adsorptionof Fe from raw untreated mineral industry effluent by fish scale powder at different pH levels
	S.

No
	Amount

(in g) of fish scale

powder
	Fe in the effluent (ppm)
	
	
	Fe concentration (ppm) in effluent


	
	
	

	
	
	
	
	
	
	PH


	
	
	
	

	
	
	
	0.5
	2
	4
	7
	8


	9
	

	1
	1
	
	430.21 ±0.83
	428.67 ±0.56
	425.49  0.87
	414.36 + 0.87 (-8.34)*
	416.45±0.97


	420.39 ±0.93

	2
	2
	
	426.09 ± 0.85
	423.89 ±0.81
	421.56 + 0.95
	407.34 ±0.96 (-9.88)
	409.73 ± 0.89
	412.18 ±0.87

	3
	3
	452.25 ± 1.02
	419.54 ±0.97
	415.79 ± 0.92
	412.17 ±0.99
	403.20 ± 0.92 (-10.79)
	404.41 ± 0.62
	407.23 ±0.98

	4
	4
	
	414.22 ±0.92
	413.20 ±0.63
	409.25 ±0.90
	398.17 ± 0.77 (-11.89)
	402.40 ± 0.92
	404.41 ±0.75

	5
	5
	
	413.25 ±0.87
	412.22 ± 0.87
	399.85±0.87
	393.61 ±0.84 (-12.90)
	397.17± 0.83
	400.24± 0.77


Note: Percent decrease in Fe concentration in parentheses

*Deviation not significant; all other deviations significant at P < 0.05 (t.test)

Table-2
Adsorption of Fe from partially treated mineral industry effluent by Fish scale powder at different pH levels

	S.
No
	Amount
(in g) of fish scale powder
	Fe in the effluent (ppm)
	Fe concentration (ppm) in effluent

	
	
	
	pH

	
	
	
	0.5
	2
	4
	7
	8


	9



	1
	1
	434.67 ± 1.08
	427.25 ± 0.93
	425.48 ± 0.90
	424.21 +0.92
	413. 90 + 0.82

(-4.78)*
	415.99+0.98
	419.63 + 0.65

	2
	2
	
	425.06 ± 0.84
	422.21 ± 1.03
	418.48 + 0.80
	402.85 + 0.57 (-7.32)*
	407.20 + 0.82
	411.63 ±0.65

	3
	3
	
	414.93 ±0.93
	412.38 ±0.71
	409.16 ±0.80
	400.37 + 0.98 (-7.89)*
	403.66 + 0.76
	407.37 ± 1.04

	4
	4
	
	413.42 ±0.96
	410.34 ±0.63
	407.24 + 0.87
	397.53 + 0.98  (-8.54)*
	401.45 + 0.87
	405.83 ± 1.06

	5
	5
	
	410.49 ± 0.89
	409.66 + 0.85
	396.38 + 1.05

	391.24 + 0.91 (-9.98)
	396.53 + 0.88
	397.35 +1.01


Note: Percent decrease in Fe concentration in parentheses
*Deviations not significant: all other deviations significant at P <0.05 (t-test)

Table - 3
Adsorption of Fe from raw untreated mineral industry effluent at pH7by fish scale powder at different temperature levels
	S.No
	Amount (in g) of fish scale powder
	Fe in the effluent (ppm)
	Fe concentration (ppm) in effluent

	
	
	
	Temperature (° C)

	
	
	
	28
	32 
	42

	1
	1
	452.25 ± 1.02
	398.34 ±0.91

(-11.86)
	401.19 ± 0.81


	403.32±0.93



	2
	2
	
	386.19 ±0.80

(-15.19)
	397.10 ± 0.75
	398.42 ±0.82

	3
	3
	
	385.87 ±0.99

(-15.27)
	391.11 ±0.88
	394.09 ±0.78

	4
	4
	
	382.33 ± 0.96

(-16.08)
	390.25 ± 0.92
	388.48 ± 0.87

	5
	5
	
	372.37 ± 0.81

(-17.57)
	382.69 ±0.66
	384.88±0.68


Note: Percent decrease in Fe concentration in parentheses
Deviations are significant at P<0.05(t-test).

Table-4
Adsorption of Fe from partially treated mineral industry effluent at pH7by fish scale powder at different temperature levels

	S.No
	Amount (in g) of fish scale powder
	Fe inthe effluent (ppm)
	Fe concentration (ppm) in effluent

	
	
	
	Temperature (° C)

	
	
	
	28
	32
	42

	1
	1
	434.67 ± 1.08
	395.21 ±0.96
(-9.08)
	398.23 ± 0.89

	401.49±0.86


	2
	2
	
	390.80 ±0.89
(-10.09)
	395.24 ± 0.98
	396.51 ±0.94

	3
	3
	
	383.23 ±0.96
(-11.83)
	391.01 ±0.99
	394.18 ±0.95

	4
	4
	
	377.05 ± 0.86
(-13.25)
	389.11 ± 0.94
	388.26 ± 0.91

	5
	5
	
	357.97 ± 0.85
(-14.91)
	379.57 ±0.95
	382.47±0.52


Note: Percent decrease in Fe concentration in parentheses

           Deviations are significant at P<0.05(t-test).
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