



BIOREMEDIATION POTENTIAL OF LARVA OF BLACK SOLDIER FLY (BSF) (Hermetia illucens) ON HEAVY METAL POLLUTED SOLID WASTE SITE
ABSTRACT

The health risk associated with poisoning due to heavy metal pollution ranges from consumption of plants with bio-accumulated metals and animals has increase the need for environmental clean-up from heavy metal pollution. Garbage soil site containing restaurant and fruits waste was collected and evaluated for the microbial flora using conventional techniques. The total viable counts from the mixture were enumerated. Larva of black soldier flies was added to make the total of 100g. The heavy metals from the mixture and the bioaccumulation factors were evaluated. The rate of waste decomposition was also monitored. Following the characterization procedures, the slurry waste sample revealed the presence of isolates homologues to Pseudomonas species, Bacillus species, Staphylococcus aureus, and Streptococcus species. High microbial counts both on general purpose media and selective agar were recorded ranging from 1.2 x 106 to 3.5 x 106 cfu/ml on Nutrient agar within 24 and a reduction after 48 hours ranging from 5.0 x 105 to 1.3 x 106. The total viable count on macConkney agar reduces from 3.5 x 106 cfu/ml to 1.3 x 106 after 24 hours of incubation with BSFL, a possible indication of amino-peptide with antimicrobial effect against gram negative bacteria. A reduction in heavy metal concentration from the restaurant /garbage site consortium with larval of black soldier flies was also recorded, with zinc drastically reducing from 24.67 mg/kg to 8.53 mg/kg, followed by cadmium (9.15 mg/kg to not detect) and reduction of lead from 11.07 to not detected. The bioaccumulation factor of heavy metal composition of black soldier fly larva (BSFL) revealed that Zinc (Zn) showed highest value on the fifteenth day of incubation with value of 18.03mg/kg, with lead (pb) following similar trend (7.78 mg.kg). A drastic reduction in the volume of the test waste sample from 100g to 29.25g showed the degradation potential of BSFL on waste management that is yet untapped. The results obtained from the heavy metal removal by BSFL from waste showed its potency in the detoxification of the environment the heavy metal poisoning. 
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INTRODUCTION

The health risk associated with poisoning due to heavy metal pollution ranges from consumption of plants with bio-accumulated metals and animals (aquatic life) has increase the need for environmental cleanup from heavy metal pollution. 

A lot of techniques have been studied and proven to be effective in heavy metals removal from polluted soil, however the production of waste by-product that may be difficult to disposed has raised concerns with energy necessity reported to be excessive (Deip et al., 2018). 

The use of microbial cell and microbial proteins  for bioremediation have generally been studied to be involved in the bioaccumulation process of microorganisms by aiding heavy metal uptakes and sequestration (Fu and Wang, 2011, Deip et al., 2018). 

Heavy metals are important pollutant in the environment due to their poisoning effect when they bio-accumulate in human and consuming animal system. Most often, these metals are stored in the root, stem and leaves (Yabanli et al., 2014). Consumption of plants by the higher animals on land and also the constant contact and exposure of aquatic life to heavy metals from crude oil and other origin could also lead to the bio-storage and accumulation. It is worthwhile to note that continuous consumption of heavy metal could lead to poisoning which ranges from cell and organ lesion to benign carcinogenic.  Li et al (2016) reported acute value lethal dose 50 concetration (LD50) of cupper, cadmium and zinc to be 2.697, 0.133 and 1.574 mgL-1 respectively. They also observed a reduction in the growth rate of the sea cucumber correlating to increase in the heavy metal concentrations in the plant. 

Heavy metal pollution is one of the most ravaging contaminant in the ecosystem especially as a result of crude oil exploration, sewage, domestic and industrial effluents. These toxic substances may therefore, in turn, interfere with the quality adjusted life year (QALY) and disability adjusted life year (DALY) of overall earth population. Among randomly sample population of 316,703, lead poisoning has been reported to affect the total population of about 51,432 to 115,042 people, suffering from Parkinson disease and bladder cancer. This posed enormous health challenge in high income countries like Argentina, Mexico and Uruguay (Caravanos et al., 2016). This figure is close to almost 50 % of the selected population. The environmental cleanup of heavy metals has become imperative and with developing attraction to safe and effectual approaches for this drive. Despite of the great success in the reports of research regarding bioremediation via microbial culture in the removal of organic soil pollutants, transformation and bioremediation of heavy metals is still being investigated. The black soldier fly to control heavy metal pollutants is a good surrogate approach to bioremediation techniques 

1.1
Justification of the study 

The growing concern of heavy metal poisoning has led to various techniques to achieve bioremediation of heavy metals. This techniques includes (physical, chemical and biotechnological methods). However, the need for more natural techniques that exploits the ubiquity of microbes and naturally occurring BSF larvae, bioremediation processes has become imperative. Moreover, the increasing demand of environmental clean-up of region polluted with heavy metals is providing an opportunity for better technique that could yield result without negative impact on the environment. 
1.2
Aim

The aim of this study is to assess the bioremediation potential of waste and heavy metals from polluted soil using black soldier fly in synergy with soil flora.

1.3
Objectives

To isolate

The specific objectives of the research are to:

(a) isolate and identify microorganisms from dump site containing plant and animal waste polluted heavy metals; 

(b) evaluate the heavy metal present in the waste sample

(c) cultivate BSFL with the polluted waste sample   

(d) evaluate the rate of degradation of the waste sample

(e) evaluate the bioaccumulation factor of heavy metals from the waste sample

METHODOLOGY

Sample collection: 

Bacteria were isolated from garbage site soil mixture with fruit waste collected from fruit seller opposite Rufus Giwa Polytechnic Owo. Black soldier fly (BSF) larvae were collected from hatchery center in Ondo Road, Akure.

Identification of microbial isolates

Selective and general purpose media were used to isolate and evaluate the microbial morphology form of each isolate. Pseudomonas Cetrimide Agar (PCA), Tryptose Soy Agar (TSA), Mannitol Salt Agar (MSA), Nutrient agar was used for isolation, while fungal isolate were cultured on Saborand Dextrose Agar (SDA) and Potato Dextrose Agar. Cultural characteristics of the distinguished bacteria colonies such as colour, shape, pigmentation and opacity were observed and noted after 24 hours of incubation. Microscopic characterization was done using Gram staining procedure, spore staining procedure, capsule staining procedure and series of biochemical tests were done according to the methods of Fawole and Oso (2007); Cheesbrough (2006) and identification of bacterial isolates was carried out using the method of Cowan and Steel (2016). 

Raw materials

Fresh black soldier flies larvae (BSFL) were collected in a greenhouse hatchery at Akure Ondo Road, Nigeria. They were fed with wheat bran for a week before and transported to the laboratory for evaluation. Spoilt fruit waste (comprising a mixture of banana, water melon, and cabbage) was collected from the fruit store at cecci super market in Akure. The constitution of fruit waste is 50% banana, 30% water melon, 20% cabbage vegetables. These mixture were blended into a slurry paste using a 5 litre Kenwood multifunctional blender robots (SHB-3088, 8000W). The garbage dumping site sediment for this study was obtained randomly from five dumping sites in Owo local government metropolitan city. The soil sample were mixed together at equal ratio and sieved with an ASTM E11 test soil mesh of 2.36mm to collect a fine series of the soil. The fruit waste and sieved garbage soil specimen were then stored at 4°C prior to their use.
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     Figure 1: Fresh Matured Larva from Black Soldier Fly Larva 

Experimental design 

The soil sample from the equal mixture/ ratio of the fruit slurry and fine sieved garbage soil sample was divided into three portion. The first portion was containing indigenous microbes. The second category was a 500g soil sample /fruit slurry of equal ratio with the injection of 6-day-old larvae (n = 500). The heavy metal reduction was monitored for the period of 2 weeks in the two groups. Each group treatment was categorised and the heavy metal was recorded in triplicate. The mixture of the larvae and garbage soil/fruit slurry substrate were incubated in a plastic container while maintaining the atmospheric temperature, air permeability and moisture. 
The average weight of selected BSFL were determined using electronic balance after every 3 days as described by (Hu et al., 2023). The BSFL was also monitored every 3 days for sample weight reduction. After conversion for 15 days, the experiment was completed. 

Heavy metal evaluation

Following the method described by Tessier et al. (1979) the soil sample was oven dried at 105 oC. Digestion was carried out with a mixture of 5ml concentration HNO3 (HNO3, 70% w/w), 10ml of hydrofluoric acid (HF, 40% w/w) and 10ml of perchloric acid (HClO4), 60%w/w) in Teflon beakers after ashing at 500 0C. Fraction 5 largely consists of mineral compounds where metals are firmly bonded within crystal structure of the minerals comprising the sediment. Analysis was carried out with AAS using GBC Avanta PM. Ver 2.02. To validate the procedure, the instrument was programmed and it carried out metal detection by displaying two absorbance readings and what was reported was the average. Blanks were also used for correction of background and other sources of error. Apart from calibration before use, quality checks were also performed on the instrument by checking the absorbance after every ten samples run. Two grams of the sample was extracted using 16 ml of 1M MgCl2 solution (pH = 7.0 with stirring at room temperature for 1 hour with continuing agitation.The heavy metals in the sterilized soil sample containing each selected microbial isolates broth was also evaluated using Atomic Absorption Spectrophotometer. 

The ratio of the amount of metal in the BSFL compared to that in the garbage soil/ fruit waste substrate was calculated as Bioaccumulation factor (BAF)

BAF = 
concentration in organism (Ci )

concentration in food and/or water ingested (Co)  (Chen, 2023)
In the present case, Co consisted solely of the heavy metal concentration in the soil/fruit waste substrate  

RESULT AND DISCUSSION

Result 

Table 1: Morphological and biochemical characteristics of bacterial isolates from garbage soil sample

	Sample No
	Colour
	Shape 
	GRM
	SPR
	CAP
	CAT
	OXD
	COG
	GLC
	MAL
	SUC
	LAC
	GAL
	FRC
	Probable identity organism

	BS1
	Rhizoid cream on TSA
	Rod 
	+
	+
	-
	+
	+
	-
	+
	-
	+
	-
	-
	+
	Bacillus spp

	BS2
	Lemon green on PCA
	Rod
	-
	-
	-
	-
	+
	+
	-
	+
	-
	+
	-
	-
	Pseudomonas aeruginosa

	BS3
	Cream on MSA
	Cocci
	+
	-
	+
	+
	-
	-
	+
	+
	+
	-
	+
	+
	Staphylococcus spp

	BS4
	green on BAB
	Cocci
	+
	-
	+
	-
	-
	+
	+
	-
	-
	+
	+
	+
	Streptococcus spp


Key: B=Bacterial, S= Species, GRM= Gram staining, SPR= Spore staining, CAP=Capsule staining, CAT= Catalase test OXD= Oxidase test, COG= Coagulase test, GLU= Glucose, SUC= Sucrose, LAC= Lactose, GAL= Galactose, MAL= Maltose, FRC= Fructose, NA= Nutrient Agar, TSA= Tryptose Soy Agar, MSA= Manitol Salt Agar, BAB= Blood Agar Base, PCA= Pseudomonas Centrimide Agar
Table 2: Successive total viable count restaurant/ garbage sand waste containing BSFL on both the general purpose and selective agars per day (cfu/ml)
	Agar
	24 hours
	48 hours

	Nutrient Agar
	1.2 x 106
	5.0 x 105

	Tryptose Soy Agar
	1.1 x 106
	1.0 x 106

	Mannitol Salt Agar
	1.5 x 106
	1.2 x 106

	Pseudomonas Centrimide Agar
	1.5 x 106
	5.0 x 105

	Blood Agar Base
	1.3 x 106
	9.0 x 105

	MacConkney Agar
	3.5 x 106
	1.3 x 106


Table 3. Heavy metal Composition from restaurant/garbage site waste incubated with Black Soldier fly larval (mg/kg)  
	Soil Sample Parameters
	Initial Heavy Metal 
	Heavy Metal 2 Weeks After

	Zinc (Zn)
	24.67 ± 2.81
	8.53 ± 4.16

	Nickel (Ni)
	35.77 ± 6.97
	36.42 ± 2.38

	Cadmium(Cd)
	9.15 ± 0.12
	ND

	Lead (Pb)
	11.07 ± 1.27
	ND 


KEY: ND=NOT DETECTED

Table 4. Heavy metal BAF Composition from Matured Larva from Black Soldier (mg/kg)  
	PARAMETERS
	SAMPLES
	BSFL DAY 3
	BSFL DAY 7
	BSFL DAY 9
	BSFL DAY 15

	Lead (Pb)
	9.07
	2.13
	2.27
	3.26
	7.78

	Zinc (Zn)
	24.67
	15.04
	17.32
	17.34
	18.03

	Nickel (Ni)
	35.77
	6.65
	6.97
	7.76
	0.78

	Cadmiun (Cd)
	9.15
	0.54
	0.85
	079
	0.75


KEY: BSFL = BLACK SOLDIER FLY LARVA
Table 5. Weight of Decomposing Fruits Wastes and Dump Site Soil Sediments Sample Containing Matured Larva of Black Soldier Fly (g)
	Parameters
	Day1
	Day2
	Day3
	Day4
	Day5
	Day6

	GB
	100
	95.09
	95.09
	89.93
	78.48
	74.34

	R1B
	100
	97.44
	92.08
	86.76
	76.79
	70.98

	R2B
	100
	98.3
	91.14
	84.93
	76.1
	68.76

	BB
	100
	97.38
	72.39
	86.36
	41.6
	29.25


DISCUSSION 

The various bacterial isolates in Table 1 are all soil isolates and fruit waste flora indigenously and not necessarily from contamination following characterization. The growth on the TSA, MSA and BAB showed gram positive staining reaction while isolate from PCA showed gram negative reaction. The isolate from TSA showed spore positive reaction a factor that aids an isolate to withstand environment with water stress and food storage (Faizan, et al., 2018) while isolates on other agar showed negative staining to spore staining reaction. In the like manner, isolate from MSA and BAB reacted positively to capsule stains, a factor attributed to establishing the degree of pathogenicity and storage of nutrients (Gao et al., 2024) while the remaining isolate of interest reacted negatively. The isolate from TSA and MSA both showed the presence of catalase with the ability to hydrolyze hydrogen peroxide, while isolate on PCA and BAB did not bubble on reaction with hydrogen peroxide. This could implies the presence of monooxygenase enzymes which has been reported to be effective in the bioremediation of heavy metals and breaking down of toxic substances (Giwa et al., 2022).

The coagulase test showed that isolate from PCA and BAB agglutinates blood plasma cells while isolate from TSA and MSA did not react with the plasma cell. This could be attributed to pathogenicity and virulence nature of the isolate on infection (Foster, 1996) Also the ability of and isolate to grow on blood agar base also corroborates this result. Following the characterization procedures, the slurry waste sample revealed the presence of isolates homologues to Pseudomonas species, Bacillus species, Staphylococcus aureus, and Streptococcus species. 

Table 2 above showed high microbial counts both on general purpose media and selective agar. The high count on the selective media could be because the microbial population of similar specie had the more space and opportunity to express themselves. High count of bacterial from fruits waste, and dump site soil sample containing animal feaces and poultry droppings has been reported by Sule et al., (2019). This varieties of microbial isolates could be as a result of high level of contamination of the restaurant and garbage soil waste. Visible reduction of total viable count from the consortium waste containing the BSFL could implies the larval has some micro-biocidal effect on the microbial populace. 
Auza et al., (2020) has reported antimicrobial ability against Salmonella typhimurium, E. coli and Pseudomonas aeruginosa. Based on the results of in vitro antibacterial activity testing of BSF extract by Auza et al., (2020), it showed that BSF extract has inhibitory activity against Salmonella typhimurium, E. coli and Pseudomonas aeruginosa bacteria which are included in the Gram negative bacteria group, while gram positive bacteria tends to survive the antimicrobial potency of the larva. This report can also play important role in the reduction but not eradication of the bacteria loads from the culture media. The total viable count on macConkney agar reduces from 3.5 x 106 cfu/ml to 1.3 x 106 after 24 hours of incubation with BSFL. This reduction could be because the agar select gram negative bacteria and BSFL has been reported to be strong bacterio-cidal towards gram negative bacteria. Similar result was observed on pseudomonas centrimide agar with drastic reduction from 1.5 x 106 to 5.0 x 105.  

Little or minimal reduction were observed on media that supports gram positive growth like the mannitol salt agar that support Staphylococci species, tryptose soy agar that support Bacillus species.
Table 3 shows the reduction in heavy metal concentration from the restaurant /garbage site consortium with larval of black soldier flies. The drastic reduction of zinc from 24.67 to 8.53 mg/kg, followed by cadmium (9.15 mg/kg to not detect) and reduction of lead from 11.07 to not detected showed metabolic activities of synergy between the microbial diversities in the soil, ulna and funna, and obviously the addition of the BSFL (Hu et al., 2023). The result from table 4also support the observations in table 4, with an improve bioaccumulation factor of zinc, cadmium and lead in the black soldier fly larval. 
The bioaccumulation factor of heavy metal composition of black soldier fly larva (BSFL) in Table 4 revealed that Zinc (Zn) showing highest value on the fifteenth day of incubation with value of 18.03mg/kg, with lead (pb) following similar trend (7.78 mg.kg). These showed that the Hermetia illucens larva is reach in zinc than edible Drosophila melanogaster insect (House flies) with Zinc Zn (14.7) and Anaphe venata with Zn (10) as reported by Mingxing et al., (2024). The higher in the above heavy metal could be associated with the actively decomposition and co-digestion with flora and funna in the waste sample.
Zn and ZnO has been reported to exhibited moderate toxicity to Artemia larvae in 24 h regardless of their size and concentration according to the report of Ates et al., (2013). This could explain the improve bioaccumulation factor of the Zn in BSFL. There is also the possibility of the metabolism of the zinc at the higher rate in the larvae stage than the pre-pupae stage of the black soldier fly. Hence the developmental stage/ metamorphosis of the black soldier fly may affect the ability to metabolize the Zn metal. The BAF for zinc in larvae has been reported to decreased with increasing zinc concentration in the food by Diener et al., (2015), this report suggests active regulation of zinc within the Hermetia illucens larvae. This regulation has also been associated with pupation stage which often starts at the fifteen days after hatching. Similar result was also recorded for lead (Pb) with increase in the BAF.  This declination could also be attributed with the life cycle of the fly since lead sequestration has been attributed to the exoskeleton (Diener et al., 2015) which often starts at the pupation to the adult state of metamorphosis.   
The lack of bioaccumulation of nickel in the Hermetia illucens larvae could be attributed to its toxicity on larvae. Sztrum et al. (2011) reported that nickel metal increases its adverse effects gradually, with a maximum value after 96 h. He further reported the 50% lethal concentrations for 96, 168, and 240 h at S.25 were 1.14, 0.60, and 0.48 mg Ni²(+) /L, respectively. The BAF of cadmium in table 3 showed the bioremediation affinity of Hermetia illucens larvae for the heavy metal. It has been reported that the cellular cadmium uptake probably occurs through Ca2+ channels using the ionic radii, Cd2+ ions can easily enter the cell via Ca2+ channels, independent of endocytosis or an ATP requiring ion pump (Braeckman et al., 1999). The cadmium may be important to the protein (HSP70-family) secreted by larvae which are also very important in the protection of other proteins in the larvae from denaturation. Hence aiding in the defense mechanism of the larvae
Table 5 showed the addition of 1500 larva of BSF to mixture of restaurant/fruit/ garbage soil waste to make total weight of 100 g was monitored for the period of 6 days. The drastic reduction from 100 g to 29.25 g in the fourth treatment showed the degradation potential of BSFL on waste. Almost 75% volume reduction in the space of 6 days showed a great potential of our waste management that is yet untapped. Hu et al., (2023) has reported similar result suggesting that the decomposed waste by BSFL are safe for composting as natural fertilizer.  The variations in the result of the four experimental treatment could be associated to the stages in their metamorphosis. The more they grow, the more they may tend to eat up the waste. 
CONCLUSION AND RECOMMENDATION 
The results obtained from the heavy metal removal by BSFL from waste showed its potency in the detoxification of the environment the heavy metal poisoning. The fact that the larval uses this heavy metals for their metamorphosis makes it an ideal candidate for bioremediation of the environment.  The decomposition potentials of waste as revealed by this research also makes it an ideal candidate for the environmental clean-up, hence reducing the aesthetic nuisance from the society. The results of the antimicrobial activity of the extract from Hermetia illucens larvae revealed the antimicrobial potential which may be a source of new bioactive compounds for drug development and also suggests that this could be promising in the treatment of diseases caused by pathogens. The availability and accessibility to plants makes the use of Hermetia illucens larvae as cost- effective alternative medicine to the commercial antibiotics to which most organisms are now developing resistance. Further purification of the extract and identification of the active component is necessary to enhance greater antimicrobial potency.
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