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Abstract 

` 

The aim of this study was to clean up toxic element polluted soil in Madaka, 

Niger State, Nigeria. Standard techniques were used to determine the soil 

physicochemical properties. To aid the plants (Melissa officinalis L and Sida 

acuta) during the remediation process, standard methods were used to make 

chicken dropping vermicompost and goat manure vermicompost. M. 
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officinalis L mopped up toxic elements in the first location (Angwan Kawo), 

with concentrations of cadmium, arsenic, and lead ranging from 0.007 to 

0.33 mg/kg, 0.09 to 4.39 mg/kg, and 0.07 to 10.35 mg/kg, respectively, while 

toxic elements, cadmium, arsenic, and lead in S. acuta, ranged from 0.002 to 

0.43 mg/kg, 0.27 to 3.79 mg/ kg, and 1.68 to 10.7 mg/kg, respectively. The two 

plants mopped up toxic elements at different rates in the second location of 

the polluted soil (Angwan Magiro). Cadmium, arsenic, and lead concentrations 

in M. officinalis L ranged from 0.03 to 0.41 mg/kg, 0.65 to 4.65 mg/kg, and 

1.93 to 11.49 mg/kg, respectively, while toxic element concentrations in S. 

acuta ranged from 0.06 to 0.66 mg/kg, 0.68 to 4.64 mg/kg, and 1.53 to 

11.53 mg/kg, respectively. Melissa officinalis L and Sida acuta were found to be 

the most suitable plants for phytoextraction of toxic element-contaminated 

sites because their bioconcentration factor, translocation factor, and biological 

accumulation coefficient were all greater than one (> 1), and both plants had 

bioconcentration and translocation factor < 1; they were also classified as 

phytostabilizers. As a result, the plants could be used to clean up Madaka soil 

polluted with toxic element. 
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Availability of data and materials 

Data are available on request from the authors. The data that support the 

findings of this study are available from the corresponding author upon 

reasonable request. 

References 

 Abioye OP, Aina PF, Ijah UJJ, Arasnsiola SA (2019) Effects of cadmium and lead 

on the biodegradation of diesel-contaminated soil. J Taibah Univ Sci 

13(1):628–638 

Article Google Scholar  

 Abioye OP, Oyewole OA, Aransiola SA, Usman AU (2017) Removal of Lead 

by Bacillus Subtilis and Staphylococcus aureus Isolated from E-Waste 

Dumpsite. Ann Food Sci Technol 18(2):218–225 

https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs13762-022-04105-y
https://doi.org/10.1080%2F16583655.2019.1616395
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20cadmium%20and%20lead%20on%20the%20biodegradation%20of%20diesel-contaminated%20soil&journal=J%20Taibah%20Univ%20Sci&doi=10.1080%2F16583655.2019.1616395&volume=13&issue=1&pages=628-638&publication_year=2019&author=Abioye%2COP&author=Aina%2CPF&author=Ijah%2CUJJ&author=Arasnsiola%2CSA


CAS Google Scholar  

 Abiya SE, Odiyi BO, Ologundudu FA, Akinnifesi OJ, Akadiri S (2019) Assessment 

of Heavy Metal Pollution in a Gold Mining Site in Southwestern Nigeria. 

Biomed J Sci Tech Res 2(2):22–36 

Google Scholar  

 Achal V, Kumari D, Pan X (2011) Bioremediation of chromium contaminated 

soil by a brown-rot fungus, Gloeophyllum sepiarium. Res J Microbiol 6:1–7 

Google Scholar  

 Acosta JA, Faz A, Martínez S, Zornoza R, Carmona DM (2011) Multivariateget 

Statistical and GIS-Based Approach to Evaluate Heavy Metals Behavior in Mine 

Sites for Future Reclamation. J Geochem Explor 109(1–3):8–17 

Article CAS Google Scholar  

 Afonne OJ, Ifediba EC (2020) Heavymetals risks in plant foods—need to step 

up precautionary measures. Current Opin Toxicol 22:1–6 

Article Google Scholar  

 Agbenin JO (1995) Laboratory manual foe soil and plant analysis (selected 

methods and data analysis). Faculty of Agriculture/ Institute of Agricultural 

Research, ABU, Zaria, 7–71 

 Aira M, Monroy F, Domínguez J (2007) Earthworms strongly modify microbial 

biomass and activity triggering enzymatic activities during vermicomposting 

independently of the application rates of pig slurry. Sci Total Environ 

385(1):252–261 

Article CAS Google Scholar  

https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC1MXhsVejtLvL
http://scholar.google.com/scholar_lookup?&title=Removal%20of%20Lead%20by%20Bacillus%20Subtilis%20and%20Staphylococcus%20aureus%20Isolated%20from%20E-Waste%20Dumpsite&journal=Ann%20Food%20Sci%20Technol&volume=18&issue=2&pages=218-225&publication_year=2017&author=Abioye%2COP&author=Oyewole%2COA&author=Aransiola%2CSA&author=Usman%2CAU
http://scholar.google.com/scholar_lookup?&title=Assessment%20of%20Heavy%20Metal%20Pollution%20in%20a%20Gold%20Mining%20Site%20in%20Southwestern%20Nigeria&journal=Biomed%20J%20Sci%20Tech%20Res&volume=2&issue=2&pages=22-36&publication_year=2019&author=Abiya%2CSE&author=Odiyi%2CBO&author=Ologundudu%2CFA&author=Akinnifesi%2COJ&author=Akadiri%2CS
http://scholar.google.com/scholar_lookup?&title=Bioremediation%20of%20chromium%20contaminated%20soil%20by%20a%20brown-rot%20fungus%2C%20Gloeophyllum%20sepiarium&journal=Res%20J%20Microbiol&volume=6&pages=1-7&publication_year=2011&author=Achal%2CV&author=Kumari%2CD&author=Pan%2CX
https://doi.org/10.1016%2Fj.gexplo.2011.01.004
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3MXltl2qu74%3D
http://scholar.google.com/scholar_lookup?&title=Multivariateget%20Statistical%20and%20GIS-Based%20Approach%20to%20Evaluate%20Heavy%20Metals%20Behavior%20in%20Mine%20Sites%20for%20Future%20Reclamation&journal=J%20Geochem%20Explor&doi=10.1016%2Fj.gexplo.2011.01.004&volume=109&issue=1%E2%80%933&pages=8-17&publication_year=2011&author=Acosta%2CJA&author=Faz%2CA&author=Mart%C3%ADnez%2CS&author=Zornoza%2CR&author=Carmona%2CDM
https://doi.org/10.1016%2Fj.cotox.2019.12.006
http://scholar.google.com/scholar_lookup?&title=Heavymetals%20risks%20in%20plant%20foods%E2%80%94need%20to%20step%20up%20precautionary%20measures&journal=Current%20Opin%20Toxicol&doi=10.1016%2Fj.cotox.2019.12.006&volume=22&pages=1-6&publication_year=2020&author=Afonne%2COJ&author=Ifediba%2CEC
https://doi.org/10.1016%2Fj.scitotenv.2007.06.031
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD2sXhtVajs7nE
http://scholar.google.com/scholar_lookup?&title=Earthworms%20strongly%20modify%20microbial%20biomass%20and%20activity%20triggering%20enzymatic%20activities%20during%20vermicomposting%20independently%20of%20the%20application%20rates%20of%20pig%20slurry&journal=Sci%20Total%20Environ&doi=10.1016%2Fj.scitotenv.2007.06.031&volume=385&issue=1&pages=252-261&publication_year=2007&author=Aira%2CM&author=Monroy%2CF&author=Dom%C3%ADnguez%2CJ


 Ali K, Kiyani AH, Mirza A, Butt CR, Barros TA, Ali R, Iqbal B, Yousaf M (2021) 

Ornamental plants for the phytoremediation of heavy metals: Present 

knowledge and future perspectives. Environ 

Res. https://doi.org/10.1016/j.envres.2021.110780 

Article Google Scholar  

 Alirzayeva E, Neumann G, Horst W, Allahverdiyeva Y, Specht A, Alizade V 

(2017) Multiple mechanisms of heavy metal tolerance are differentially 

expressed in ecotypes of Artemisia fragrans. Envrion Pollut 220:1024–1035 

Article CAS Google Scholar  

 Amarlal A, Cruz JV, Cunha RT, Rodrigues A (2006) Baseline levels of metals in 

volcanic soils of the Azores (Portugal). J Soil Sediment Contam 15:123–130 

Article Google Scholar  

 APHA (American Public Health Association). (1998). Standard Methods for the 

Examination of Water and Waste water, American public health association. 

American, American water works association, water environment federation. 

Washington, DC. 

 Aransiola SA, Ijah UJJ, Abioye OP (2013) Phytoremediation of Lead Polluted 

Soil by Glycine max L. Applied and Environmental Soil Science. Article ID 

631619. https://doi.org/10.1155/2013/631619 

 Aransiola SA, Ijah UJJ, Abioye OP, Bala JD (2019) Microbial-aided 

Phytoremediation of Heavy metals Contaminated Soil: a review. Eur J Biol Res 

9(2):104–125 

CAS Google Scholar  

 Aransiola SA, Ijah UJJ, Abioye OP, Victor-Ekwebelem MO (2021) ANAMMOX in 

Wastewater Treatment. In: Maddela NR, García Cruzatty LC, Chakraborty S 

(eds) Advances in the domain of environmental biotechnology. Environmental 

https://doi.org/10.1016/j.envres.2021.110780
https://doi.org/10.1016%2Fj.envres.2021.110780
http://scholar.google.com/scholar_lookup?&title=Ornamental%20plants%20for%20the%20phytoremediation%20of%20heavy%20metals%3A%20Present%20knowledge%20and%20future%20perspectives&journal=Environ%20Res&doi=10.1016%2Fj.envres.2021.110780&publication_year=2021&author=Ali%2CK&author=Kiyani%2CAH&author=Mirza%2CA&author=Butt%2CCR&author=Barros%2CTA&author=Ali%2CR&author=Iqbal%2CB&author=Yousaf%2CM
https://doi.org/10.1016%2Fj.envpol.2016.11.041
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC28XhvFGqs7vL
http://scholar.google.com/scholar_lookup?&title=Multiple%20mechanisms%20of%20heavy%20metal%20tolerance%20are%20differentially%20expressed%20in%20ecotypes%20of%20Artemisia%20fragrans&journal=Envrion%20Pollut&doi=10.1016%2Fj.envpol.2016.11.041&volume=220&pages=1024-1035&publication_year=2017&author=Alirzayeva%2CE&author=Neumann%2CG&author=Horst%2CW&author=Allahverdiyeva%2CY&author=Specht%2CA&author=Alizade%2CV
https://doi.org/10.1080%2F15320380500506255
http://scholar.google.com/scholar_lookup?&title=Baseline%20levels%20of%20metals%20in%20volcanic%20soils%20of%20the%20Azores%20%28Portugal%29&journal=J%20Soil%20Sediment%20Contam&doi=10.1080%2F15320380500506255&volume=15&pages=123-130&publication_year=2006&author=Amarlal%2CA&author=Cruz%2CJV&author=Cunha%2CRT&author=Rodrigues%2CA
https://doi.org/10.1155/2013/631619
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXitF2itLo%3D
http://scholar.google.com/scholar_lookup?&title=Microbial-aided%20Phytoremediation%20of%20Heavy%20metals%20Contaminated%20Soil%3A%20a%20review&journal=Eur%20J%20Biol%20Res&volume=9&issue=2&pages=104-125&publication_year=2019&author=Aransiola%2CSA&author=Ijah%2CUJJ&author=Abioye%2COP&author=Bala%2CJD


and microbial biotechnology. Springer, 

Singapore. https://doi.org/10.1007/978-981-15-8999-7_15 

Chapter Google Scholar  

 Auta HS, Emenike CU, Fauziah SH (2017) Screening of Bacillus strains isolated 

from mangrove ecosystems in Peninsular Malaysia for microplastic 

degradation. Environ Pollut 231:1552–1559 

Article CAS Google Scholar  

 Basta NT, McGowen SL (2004) Evaluation of chemical immobilization 

treatments for reducing heavy metal transport in a smelter-contaminated soil. 

Environ Pollut 127:73–82 

Article CAS Google Scholar  

 Belliturk K, Shrestha P, Görres JH (2015) The Importance of Phytoremediation 

of Heavy Metal Contaminated Soil Using Vermicompost for Sustainable 

Agriculture. J Rice Res 3:2. https://doi.org/10.4172/2375-4338.1000e114 

Article Google Scholar  

 Black CA (1965) Method of soil analysis, Agronomy No.9 part 2, Amer. Soc. 

Agronomy, Madison, Wisconsin Blaylock MJ and Huang JW (2000). 

Phytoextraction of metals: In phytoremediation of toxic metals. Using plants to 

clean up the environment. Ed. I Raskin, B.D Ensley, NY Wiley. pp. 53–70. 

 Bouyoucos GJ (1962) Hydrometer method improved for making particles size 

analysis of soil. Agron J 53:464–465 

Article Google Scholar  

 Bray RH, Kurtz LT (1945) Determination of total organic and available forms of 

Phosphorous in soil. Soil Sci 59:39–45 

https://doi.org/10.1007/978-981-15-8999-7_15
https://doi.org/10.1007%2F978-981-15-8999-7_15
http://scholar.google.com/scholar_lookup?&title=ANAMMOX%20in%20Wastewater%20Treatment&doi=10.1007%2F978-981-15-8999-7_15&publication_year=2021&author=Aransiola%2CSA&author=Ijah%2CUJJ&author=Abioye%2COP&author=Victor-Ekwebelem%2CMO
https://doi.org/10.1016%2Fj.envpol.2017.09.043
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2sXhsFOrt7zK
http://scholar.google.com/scholar_lookup?&title=Screening%20of%20Bacillus%20strains%20isolated%20from%20mangrove%20ecosystems%20in%20Peninsular%20Malaysia%20for%20microplastic%20degradation&journal=Environ%20Pollut&doi=10.1016%2Fj.envpol.2017.09.043&volume=231&pages=1552-1559&publication_year=2017&author=Auta%2CHS&author=Emenike%2CCU&author=Fauziah%2CSH
https://doi.org/10.1016%2FS0269-7491%2803%2900250-1
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD3sXnvFWjs7k%3D
http://scholar.google.com/scholar_lookup?&title=Evaluation%20of%20chemical%20immobilization%20treatments%20for%20reducing%20heavy%20metal%20transport%20in%20a%20smelter-contaminated%20soil&journal=Environ%20Pollut&doi=10.1016%2FS0269-7491%2803%2900250-1&volume=127&pages=73-82&publication_year=2004&author=Basta%2CNT&author=McGowen%2CSL
https://doi.org/10.4172/2375-4338.1000e114
https://doi.org/10.4172%2F2375-4338.1000e114
http://scholar.google.com/scholar_lookup?&title=The%20Importance%20of%20Phytoremediation%20of%20Heavy%20Metal%20Contaminated%20Soil%20Using%20Vermicompost%20for%20Sustainable%20Agriculture&journal=J%20Rice%20Res&doi=10.4172%2F2375-4338.1000e114&volume=3&publication_year=2015&author=Belliturk%2CK&author=Shrestha%2CP&author=G%C3%B6rres%2CJH
https://doi.org/10.2134%2Fagronj1962.00021962005400050028x
http://scholar.google.com/scholar_lookup?&title=Hydrometer%20method%20improved%20for%20making%20particles%20size%20analysis%20of%20soil&journal=Agron%20J&doi=10.2134%2Fagronj1962.00021962005400050028x&volume=53&pages=464-465&publication_year=1962&author=Bouyoucos%2CGJ


Article CAS Google Scholar  

 Daia J, Becquerb T, Rouillec JH, Reversata G, Reversata FB (2004) Heavy Metal 

Accumulation by Two Earthworm Species and Its Relationship to Total and 

DTPA-Extractable Metals in Soils. Soil Biol Biochem 36:91–98 

Article Google Scholar  

 Dinev N, Banov M, Nikova I (2008) Monitoring and Risk Assessment of 

Contaminated Soils. Gen Appl Plant Physiol 34:389–396 

CAS Google Scholar  

 Djingova R, Kuleff I (2000) Instrumental techniques for trace analysis, in Trace 

Elements: Their Distribution and Effects in the Environment, Journal 

Pharmaceutical and Vernet, Ed., Elsevier, London, UK. 

 Donkor AK, Bonzongo JCJ, Nartey VK, Adotey DK (2005) Heavy metals in 

sediments of the gold mining impacted Pra River basin, Ghana West Africa. 

Soil Sediment Contam 14(6):479–503 

Article CAS Google Scholar  

 Dzombak DA, Morel FMM (1987) Adsorption of Inorganic Pollutants in Aquatic 

Systems. J Hydraul Eng 113:430–475. https://doi.org/10.1061/(ASCE)0733-

9429(1987)113:4(430) 

Article Google Scholar  

 Eckert D, Sims JT (1995) Recommended soil pH and lime requirement 

tests. http://ag.udel.edu/extension/information/prod_agric/chap3-95.htm 

 Elvira C, Goicoechea M, Sampedro L, Mato S, Nogales R (1996) Bioconversion 

of solid paper-pulp mill sludge by earthworms. Biores Technol 57(2):173–177 

Article CAS Google Scholar  

https://doi.org/10.1097%2F00010694-194501000-00006
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaH2MXht1GjtA%3D%3D
http://scholar.google.com/scholar_lookup?&title=Determination%20of%20total%20organic%20and%20available%20forms%20of%20Phosphorous%20in%20soil&journal=Soil%20Sci&doi=10.1097%2F00010694-194501000-00006&volume=59&pages=39-45&publication_year=1945&author=Bray%2CRH&author=Kurtz%2CLT
https://doi.org/10.1016%2Fj.soilbio.2003.09.001
http://scholar.google.com/scholar_lookup?&title=Heavy%20Metal%20Accumulation%20by%20Two%20Earthworm%20Species%20and%20Its%20Relationship%20to%20Total%20and%20DTPA-Extractable%20Metals%20in%20Soils&journal=Soil%20Biol%20Biochem&doi=10.1016%2Fj.soilbio.2003.09.001&volume=36&pages=91-98&publication_year=2004&author=Daia%2CJ&author=Becquerb%2CT&author=Rouillec%2CJH&author=Reversata%2CG&author=Reversata%2CFB
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1MXhtVaisbfN
http://scholar.google.com/scholar_lookup?&title=Monitoring%20and%20Risk%20Assessment%20of%20Contaminated%20Soils&journal=Gen%20Appl%20Plant%20Physiol&volume=34&pages=389-396&publication_year=2008&author=Dinev%2CN&author=Banov%2CM&author=Nikova%2CI
https://doi.org/10.1080%2F15320380500263675
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD2MXht1ant7bJ
http://scholar.google.com/scholar_lookup?&title=Heavy%20metals%20in%20sediments%20of%20the%20gold%20mining%20impacted%20Pra%20River%20basin%2C%20Ghana%20West%20Africa&journal=Soil%20Sediment%20Contam&doi=10.1080%2F15320380500263675&volume=14&issue=6&pages=479-503&publication_year=2005&author=Donkor%2CAK&author=Bonzongo%2CJCJ&author=Nartey%2CVK&author=Adotey%2CDK
https://doi.org/10.1061/(ASCE)0733-9429(1987)113:4(430)
https://doi.org/10.1061/(ASCE)0733-9429(1987)113:4(430)
https://doi.org/10.1061%2F%28ASCE%290733-9429%281987%29113%3A4%28430%29
http://scholar.google.com/scholar_lookup?&title=Adsorption%20of%20Inorganic%20Pollutants%20in%20Aquatic%20Systems&journal=J%20Hydraul%20Eng&doi=10.1061%2F%28ASCE%290733-9429%281987%29113%3A4%28430%29&volume=113&pages=430-475&publication_year=1987&author=Dzombak%2CDA&author=Morel%2CFMM
http://ag.udel.edu/extension/information/prod_agric/chap3-95.htm
https://doi.org/10.1016%2F0960-8524%2896%2900065-X
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK28XntlKnsL8%3D
http://scholar.google.com/scholar_lookup?&title=Bioconversion%20of%20solid%20paper-pulp%20mill%20sludge%20by%20earthworms&journal=Biores%20Technol&doi=10.1016%2F0960-8524%2896%2900065-X&volume=57&issue=2&pages=173-177&publication_year=1996&author=Elvira%2CC&author=Goicoechea%2CM&author=Sampedro%2CL&author=Mato%2CS&author=Nogales%2CR


 Emenike CU, Agamuthu P, Fauziah SH (2017) Sustainable remediation of heavy 

metal polluted soil: a biotechnical interaction with selected bacteria species. J 

Geochem Explor 182:275–278 

Article CAS Google Scholar  

 Federal Ministry of Health, FMH, Nigeria (FMH, 2015). Lead poison led to 

death of 28 children in the year 2015 

 Galadima A, Garba ZN (2011) Recent Issues in Environmental 

Science. “Including incidences and reports from Nigeria, Lap Lambert 

Academic Publishers. 

 Garg V, Gupta R (2011) Optimization of cow dung spiked pre-consumer 

processing vegetable waste for vermicomposting using Eisenia fetida. 

Ecotoxicol Environ Saf 74(1):19–24 

Article CAS Google Scholar  

 Hait S, Tare V (2011) Vermistabilization of primary sewage sludge. Biores 

Technol 102(3):2812–2820 

Article CAS Google Scholar  

 Hassan A, Agamuthu P, Ahmed A, Innocent O, Fauziah SH (2020) Effective 

bioremediation of heavy metal–contaminated landfill soil through 

bioaugmentation using consortia of fungi. J Soils 

Sedim. https://doi.org/10.1007/s11368-019-02394-4 

Article Google Scholar  

 Herwijnen RV, Hutchings TR, Al-Tabbaa A, Moffat AJ, Johns ML (2007) 

Remediation of metal contaminated soil with mineral-amended composts. 

Environ Pollu 347–354 

 Ikhumetse AA, Abioye OP, Aransiola SA (2019) Biosorption potential of 

bacteria on lead and chromium in groundwater obtained from mining 

community. Acta Sci. Microbiol. 2(6):123–137 

https://doi.org/10.1016%2Fj.gexplo.2016.10.002
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC28Xhs1els77P
http://scholar.google.com/scholar_lookup?&title=Sustainable%20remediation%20of%20heavy%20metal%20polluted%20soil%3A%20a%20biotechnical%20interaction%20with%20selected%20bacteria%20species&journal=J%20Geochem%20Explor&doi=10.1016%2Fj.gexplo.2016.10.002&volume=182&pages=275-278&publication_year=2017&author=Emenike%2CCU&author=Agamuthu%2CP&author=Fauziah%2CSH
https://doi.org/10.1016%2Fj.ecoenv.2010.09.015
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3cXhtlKrsL7K
http://scholar.google.com/scholar_lookup?&title=Optimization%20of%20cow%20dung%20spiked%20pre-consumer%20processing%20vegetable%20waste%20for%20vermicomposting%20using%20Eisenia%20fetida&journal=Ecotoxicol%20Environ%20Saf&doi=10.1016%2Fj.ecoenv.2010.09.015&volume=74&issue=1&pages=19-24&publication_year=2011&author=Garg%2CV&author=Gupta%2CR
https://doi.org/10.1016%2Fj.biortech.2010.10.031
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3MXks1ejtw%3D%3D
http://scholar.google.com/scholar_lookup?&title=Vermistabilization%20of%20primary%20sewage%20sludge&journal=Biores%20Technol&doi=10.1016%2Fj.biortech.2010.10.031&volume=102&issue=3&pages=2812-2820&publication_year=2011&author=Hait%2CS&author=Tare%2CV
https://doi.org/10.1007/s11368-019-02394-4
https://doi.org/10.1007%2Fs11368-019-02394-4
http://scholar.google.com/scholar_lookup?&title=Effective%20bioremediation%20of%20heavy%20metal%E2%80%93contaminated%20landfill%20soil%20through%20bioaugmentation%20using%20consortia%20of%20fungi&journal=J%20Soils%20Sedim&doi=10.1007%2Fs11368-019-02394-4&publication_year=2020&author=Hassan%2CA&author=Agamuthu%2CP&author=Ahmed%2CA&author=Innocent%2CO&author=Fauziah%2CSH


Google Scholar  

 Jadia CD, Fulekar MH (2009) Phytoremediation of heavy metals: Recent 

Techniques. African J Biotechnol 8:921–928 

CAS Google Scholar  

 Kacalkova L, Tlustoa P, Szakova J (2015) Phytoextraction of risk elements by 

willow and poplar trees. Int J Phytorem 17:414–421 

Article CAS Google Scholar  

 Kai W, Jie Z, Zhiqiang Z, Huagang H, Tingqiang L, Zhenli H, Xiaoe Y, Ashok A 

(2012) Chicken manure vermicompost (PMVC) can improve phytoremediation 

of Cd and PAHs co-contaminated soil by Sedum alfredii. J Soils Sedim 

12:1089–1109 

Article Google Scholar  

 Kaplan M (2016) The national master plan for agricultural development in 

Suriname. Final report. Kaplan Planners Ltd. Regional and Environmental 

Planning. https://www.share4dev.info/kb/documents/5426.pdf 

 Kaur A, Singh J, Vig AP, Rup DSS, PJ, (2010) Cocomposting with and 

without Eisenia fetida for conversion of toxic paper mill sludge to a soil 

conditioner. Biores Technol 101(21):8192–8198 

Article CAS Google Scholar  

 Khwairakpam M, Bhargava R (2009) Vermitechnology for sewage sludge 

recycling. J Hazard Mater 161:948–954 

Article CAS Google Scholar  

 Maddela NR, Kakarla D, García LC, Chakraborty S, Venkateswarlu K, Megharaj 

M (2020) Cocoa-laden cadmium threatens human health and cacao economy: 

a critical view. Sci Total Environ 720:137645 

http://scholar.google.com/scholar_lookup?&title=Biosorption%20potential%20of%20bacteria%20on%20lead%20and%20chromium%20in%20groundwater%20obtained%20from%20mining%20community&journal=Acta%20Sci.%20Microbiol.&volume=2&issue=6&pages=123-137&publication_year=2019&author=Ikhumetse%2CAA&author=Abioye%2COP&author=Aransiola%2CSA
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1MXktFOmsbg%3D
http://scholar.google.com/scholar_lookup?&title=Phytoremediation%20of%20heavy%20metals%3A%20Recent%20Techniques&journal=African%20J%20Biotechnol&volume=8&pages=921-928&publication_year=2009&author=Jadia%2CCD&author=Fulekar%2CMH
https://doi.org/10.1080%2F15226514.2014.910171
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2MXhslKhuw%3D%3D
http://scholar.google.com/scholar_lookup?&title=Phytoextraction%20of%20risk%20elements%20by%20willow%20and%20poplar%20trees&journal=Int%20J%20Phytorem&doi=10.1080%2F15226514.2014.910171&volume=17&pages=414-421&publication_year=2015&author=Kacalkova%2CL&author=Tlustoa%2CP&author=Szakova%2CJ
https://doi.org/10.1007%2Fs11368-012-0539-4
http://scholar.google.com/scholar_lookup?&title=Chicken%20manure%20vermicompost%20%28PMVC%29%20can%20improve%20phytoremediation%20of%20Cd%20and%20PAHs%20co-contaminated%20soil%20by%20Sedum%20alfredii&journal=J%20Soils%20Sedim&doi=10.1007%2Fs11368-012-0539-4&volume=12&pages=1089-1109&publication_year=2012&author=Kai%2CW&author=Jie%2CZ&author=Zhiqiang%2CZ&author=Huagang%2CH&author=Tingqiang%2CL&author=Zhenli%2CH&author=Xiaoe%2CY&author=Ashok%2CA
https://www.share4dev.info/kb/documents/5426.pdf
https://doi.org/10.1016%2Fj.biortech.2010.05.041
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3cXoslygtbs%3D
http://scholar.google.com/scholar_lookup?&title=Cocomposting%20with%20and%20without%20Eisenia%20fetida%20for%20conversion%20of%20toxic%20paper%20mill%20sludge%20to%20a%20soil%20conditioner&journal=Biores%20Technol&doi=10.1016%2Fj.biortech.2010.05.041&volume=101&issue=21&pages=8192-8198&publication_year=2010&author=Kaur%2CA&author=Singh%2CJ&author=Vig%2CAP&author=Rup%2CDSS&author=PJ%2C%2C
https://doi.org/10.1016%2Fj.jhazmat.2008.04.088
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXhsVSqtrrE
http://scholar.google.com/scholar_lookup?&title=Vermitechnology%20for%20sewage%20sludge%20recycling&journal=J%20Hazard%20Mater&doi=10.1016%2Fj.jhazmat.2008.04.088&volume=161&pages=948-954&publication_year=2009&author=Khwairakpam%2CM&author=Bhargava%2CR


Article CAS Google Scholar  

 Malafaia G, da Costa ED, Guimarães AT, de Araújo FG, Leandro WM, de Lima 

Rodrigues AS (2015) Vermicomposting of different types of tanning sludge 

(liming and primary) mixed with cattle dung. Ecol Eng 85:301–306 

Article Google Scholar  

 Manta DS, Angelone M, Bellanca A, Neri R, Sprovieri M (2002) Heavy metals in 

urban soils: a case study from the city of Palermo (Sicily), Italy. Sci Total 

Environ 300(1–3):229–243 

Article CAS Google Scholar  

 Martinez T, Lartigue J, Avilaperez P, Navarrete M, Zarazua G, Lopez C, Cabrera 

L, Nadal M, Schuhmacher M, Domingo JL (2004) Metal pollution of soils and 

vegetation in a petrochemical industry. Sci Total Environ 321:59–69 

Article Google Scholar  

 Mousavi SA, Sader SR, Farhadi F, Faraji M, Falahi F (2019) Vermicomposting of 

grass and newspaper waste mixed with cow dung using Eisenia fetida: 

physicochemical changes. Global NEST J 22(1):8–

14. https://doi.org/10.30955/gnj.003151 

Article CAS Google Scholar  

 Ndegwa PM, Thompson SA, Das KC (2000) Effects of stocking density and 

feeding rate on vermicomposting of biosolids. Bioresour Technol 71(1):5–12 

Article CAS Google Scholar  

 Nordberg G, Nogawa K, Nordberg M, Friberg L (2007) Cadmium. In: Nordberg 

G, Fowler B, Nordberg M, Friberg L (eds) Handbook on toxicology of metals. 

Academic Press, New York, pp 65–78 

https://doi.org/10.1016%2Fj.scitotenv.2020.137645
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXksVyru7o%3D
http://scholar.google.com/scholar_lookup?&title=Cocoa-laden%20cadmium%20threatens%20human%20health%20and%20cacao%20economy%3A%20a%20critical%20view&journal=Sci%20Total%20Environ&doi=10.1016%2Fj.scitotenv.2020.137645&volume=720&publication_year=2020&author=Maddela%2CNR&author=Kakarla%2CD&author=Garc%C3%ADa%2CLC&author=Chakraborty%2CS&author=Venkateswarlu%2CK&author=Megharaj%2CM
https://doi.org/10.1016%2Fj.ecoleng.2015.10.010
http://scholar.google.com/scholar_lookup?&title=Vermicomposting%20of%20different%20types%20of%20tanning%20sludge%20%28liming%20and%20primary%29%20mixed%20with%20cattle%20dung&journal=Ecol%20Eng&doi=10.1016%2Fj.ecoleng.2015.10.010&volume=85&pages=301-306&publication_year=2015&author=Malafaia%2CG&author=Costa%2CED&author=Guimar%C3%A3es%2CAT&author=Ara%C3%BAjo%2CFG&author=Leandro%2CWM&author=Lima%20Rodrigues%2CAS
https://doi.org/10.1016%2FS0048-9697%2802%2900273-5
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD38XptFGqt7o%3D
http://scholar.google.com/scholar_lookup?&title=Heavy%20metals%20in%20urban%20soils%3A%20a%20case%20study%20from%20the%20city%20of%20Palermo%20%28Sicily%29%2C%20Italy&journal=Sci%20Total%20Environ&doi=10.1016%2FS0048-9697%2802%2900273-5&volume=300&issue=1%E2%80%933&pages=229-243&publication_year=2002&author=Manta%2CDS&author=Angelone%2CM&author=Bellanca%2CA&author=Neri%2CR&author=Sprovieri%2CM
https://doi.org/10.1016%2Fj.scitotenv.2003.08.029
http://scholar.google.com/scholar_lookup?&title=Metal%20pollution%20of%20soils%20and%20vegetation%20in%20a%20petrochemical%20industry&journal=Sci%20Total%20Environ&doi=10.1016%2Fj.scitotenv.2003.08.029&volume=321&pages=59-69&publication_year=2004&author=Martinez%2CT&author=Lartigue%2CJ&author=Avilaperez%2CP&author=Navarrete%2CM&author=Zarazua%2CG&author=Lopez%2CC&author=Cabrera%2CL&author=Nadal%2CM&author=Schuhmacher%2CM&author=Domingo%2CJL
https://doi.org/10.30955/gnj.003151
https://doi.org/10.30955%2Fgnj.003151
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BB3cXht12qtrzL
http://scholar.google.com/scholar_lookup?&title=Vermicomposting%20of%20grass%20and%20newspaper%20waste%20mixed%20with%20cow%20dung%20using%20Eisenia%20fetida%3A%20physicochemical%20changes&journal=Global%20NEST%20J&doi=10.30955%2Fgnj.003151&volume=22&issue=1&pages=8-14&publication_year=2019&author=Mousavi%2CSA&author=Sader%2CSR&author=Farhadi%2CF&author=Faraji%2CM&author=Falahi%2CF
https://doi.org/10.1016%2FS0960-8524%2899%2900055-3
https://link.springer.com/articles/cas-redirect/1:CAS:528:DyaK1MXmtFygurk%3D
http://scholar.google.com/scholar_lookup?&title=Effects%20of%20stocking%20density%20and%20feeding%20rate%20on%20vermicomposting%20of%20biosolids&journal=Bioresour%20Technol&doi=10.1016%2FS0960-8524%2899%2900055-3&volume=71&issue=1&pages=5-12&publication_year=2000&author=Ndegwa%2CPM&author=Thompson%2CSA&author=Das%2CKC


Google Scholar  

 Plaza C, Nogales R, Senesi N, Benitez E, Polo A (2008) Organic matter 

humification by vermicomposting of cattle manure alone and mixed with two-

phase olive pomace. Biores Technol 99(11):5085–5089 

Article CAS Google Scholar  

 Ramakrishnan B, Maddela NR, Venkateswarlu K, Megharaj M (2021) Organic 

farming: Does it contribute to contaminant-free produce and ensure food 

safety? Sci Total Environ 769:145079 

Article CAS Google Scholar  

 Rezania S, Taib SM, Md Din MF, Dahalan FA, Kamyab H (2016) Comprehensive 

review on phytotechnology: heavy metals removal by diverse aquatic plants 

species from wastewater. J Hazard Mater 318:587–599 

Article CAS Google Scholar  

 Selvam A, Wong JW (2008) Phytochelatin synthesis and cadmium uptake 

of Brassica napus. Environ Technol 29:765–773 

Article CAS Google Scholar  

 Sharma S (2003) Municipal solid waste management through 

vermicomposting employing exotic and local species of earthworms. Biores 

Technol 90(2):169–173 

Article Google Scholar  

 Singh J, Kalamdhad AS (2013) Chemical speciation of heavy metals in compost 

and compost amended soil, a review. Int J Environ Eng Res 2:27–37 

Google Scholar  

http://scholar.google.com/scholar_lookup?&title=Cadmium&pages=65-78&publication_year=2007&author=Nordberg%2CG&author=Nogawa%2CK&author=Nordberg%2CM&author=Friberg%2CL
https://doi.org/10.1016%2Fj.biortech.2007.09.079
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXks1Cqur8%3D
http://scholar.google.com/scholar_lookup?&title=Organic%20matter%20humification%20by%20vermicomposting%20of%20cattle%20manure%20alone%20and%20mixed%20with%20two-phase%20olive%20pomace&journal=Biores%20Technol&doi=10.1016%2Fj.biortech.2007.09.079&volume=99&issue=11&pages=5085-5089&publication_year=2008&author=Plaza%2CC&author=Nogales%2CR&author=Senesi%2CN&author=Benitez%2CE&author=Polo%2CA
https://doi.org/10.1016%2Fj.scitotenv.2021.145079
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BB3MXhslKmtrc%3D
http://scholar.google.com/scholar_lookup?&title=Organic%20farming%3A%20Does%20it%20contribute%20to%20contaminant-free%20produce%20and%20ensure%20food%20safety%3F&journal=Sci%20Total%20Environ&doi=10.1016%2Fj.scitotenv.2021.145079&volume=769&publication_year=2021&author=Ramakrishnan%2CB&author=Maddela%2CNR&author=Venkateswarlu%2CK&author=Megharaj%2CM
https://doi.org/10.1016%2Fj.jhazmat.2016.07.053
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC28Xht1Ggs7%2FI
http://scholar.google.com/scholar_lookup?&title=Comprehensive%20review%20on%20phytotechnology%3A%20heavy%20metals%20removal%20by%20diverse%20aquatic%20plants%20species%20from%20wastewater&journal=J%20Hazard%20Mater&doi=10.1016%2Fj.jhazmat.2016.07.053&volume=318&pages=587-599&publication_year=2016&author=Rezania%2CS&author=Taib%2CSM&author=Md%20Din%2CMF&author=Dahalan%2CFA&author=Kamyab%2CH
https://doi.org/10.1080%2F09593330801987079
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1cXovVGhsr0%3D
http://scholar.google.com/scholar_lookup?&title=Phytochelatin%20synthesis%20and%20cadmium%20uptake%20of%20Brassica%20napus&journal=Environ%20Technol&doi=10.1080%2F09593330801987079&volume=29&pages=765-773&publication_year=2008&author=Selvam%2CA&author=Wong%2CJW
https://doi.org/10.1016%2FS0960-8524%2803%2900123-8
http://scholar.google.com/scholar_lookup?&title=Municipal%20solid%20waste%20management%20through%20vermicomposting%20employing%20exotic%20and%20local%20species%20of%20earthworms&journal=Biores%20Technol&doi=10.1016%2FS0960-8524%2803%2900123-8&volume=90&issue=2&pages=169-173&publication_year=2003&author=Sharma%2CS
http://scholar.google.com/scholar_lookup?&title=Chemical%20speciation%20of%20heavy%20metals%20in%20compost%20and%20compost%20amended%20soil%2C%20a%20review&journal=Int%20J%20Environ%20Eng%20Res&volume=2&pages=27-37&publication_year=2013&author=Singh%2CJ&author=Kalamdhad%2CAS


 Soobhany N, Mohee R, Garg VK (2015) Recovery of nutrient from municipal 

solid waste by composting and vermicomposting using earthworm Eudrilus 

eugeniae. J Environ Chem Eng 3(4):2931–2942 

Article CAS Google Scholar  

 Sunitha R, Mahimairaja S, Bharani A, Gayathri P (2014) Enhanced 

Phytoremediation Technology for Chromium Contaminated Soils using 

Biological Amendments. Int J Sci Technol 3:153–162 

Google Scholar  

 Takac P, Szabova T, Kozakova L, Benkova M (2009) Heavy metals and their 

bioavailability from soils in the long-term polluted central Spis region of SR. 

Plant Soil Environ 55:167–172 

Article CAS Google Scholar  

 Tognetti C, Laos F, Mazzarino MJ, Hernandez MT (2005) Composting vs. 

vermicomposting: a comparison of end product quality. Compost Sci 

Utilization 13(1):6–13 

Article Google Scholar  

 Turnau K, Kottke I (2005) Fungal activity as determined by microscale methods 

with special emphasis on interactions with heavy metals. Mycol Series 23:287 

Article CAS Google Scholar  

 Ullah A, Mushtaq H, Ali H, Farooq M, Munis H, Tariq JM, Chaudhary HJ (2015) 

Diazotrophs-assisted phytoremediation of heavy metals: a novel approach. 

Environ Sci Pollut Res 22:2505–2514. https://doi.org/10.1007/s11356-014-

3699-5 

Article CAS Google Scholar  

https://doi.org/10.1016%2Fj.jece.2015.10.025
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2MXhvVOgt77P
http://scholar.google.com/scholar_lookup?&title=Recovery%20of%20nutrient%20from%20municipal%20solid%20waste%20by%20composting%20and%20vermicomposting%20using%20earthworm%20Eudrilus%20eugeniae&journal=J%20Environ%20Chem%20Eng&doi=10.1016%2Fj.jece.2015.10.025&volume=3&issue=4&pages=2931-2942&publication_year=2015&author=Soobhany%2CN&author=Mohee%2CR&author=Garg%2CVK
http://scholar.google.com/scholar_lookup?&title=Enhanced%20Phytoremediation%20Technology%20for%20Chromium%20Contaminated%20Soils%20using%20Biological%20Amendments&journal=Int%20J%20Sci%20Technol&volume=3&pages=153-162&publication_year=2014&author=Sunitha%2CR&author=Mahimairaja%2CS&author=Bharani%2CA&author=Gayathri%2CP
https://doi.org/10.17221%2F21%2F2009-PSE
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD1MXptFSlsbg%3D
http://scholar.google.com/scholar_lookup?&title=Heavy%20metals%20and%20their%20bioavailability%20from%20soils%20in%20the%20long-term%20polluted%20central%20Spis%20region%20of%20SR&journal=Plant%20Soil%20Environ&doi=10.17221%2F21%2F2009-PSE&volume=55&pages=167-172&publication_year=2009&author=Takac%2CP&author=Szabova%2CT&author=Kozakova%2CL&author=Benkova%2CM
https://doi.org/10.1080%2F1065657X.2005.10702212
http://scholar.google.com/scholar_lookup?&title=Composting%20vs.%20vermicomposting%3A%20a%20comparison%20of%20end%20product%20quality&journal=Compost%20Sci%20Utilization&doi=10.1080%2F1065657X.2005.10702212&volume=13&issue=1&pages=6-13&publication_year=2005&author=Tognetti%2CC&author=Laos%2CF&author=Mazzarino%2CMJ&author=Hernandez%2CMT
https://doi.org/10.1201%2F9781420027891.sec2
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BD2MXps1Chsbk%3D
http://scholar.google.com/scholar_lookup?&title=Fungal%20activity%20as%20determined%20by%20microscale%20methods%20with%20special%20emphasis%20on%20interactions%20with%20heavy%20metals&journal=Mycol%20Series&doi=10.1201%2F9781420027891.sec2&volume=23&publication_year=2005&author=Turnau%2CK&author=Kottke%2CI
https://doi.org/10.1007/s11356-014-3699-5
https://doi.org/10.1007/s11356-014-3699-5
https://doi.org/10.1007%2Fs11356-014-3699-5
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC2cXhvVGlur7I
http://scholar.google.com/scholar_lookup?&title=Diazotrophs-assisted%20phytoremediation%20of%20heavy%20metals%3A%20a%20novel%20approach&journal=Environ%20Sci%20Pollut%20Res&doi=10.1007%2Fs11356-014-3699-5&volume=22&pages=2505-2514&publication_year=2015&author=Ullah%2CA&author=Mushtaq%2CH&author=Ali%2CH&author=Farooq%2CM&author=Munis%2CH&author=Tariq%2CJM&author=Chaudhary%2CHJ


 USEPA (1996) Air Quality Criteria for Particulate Matter. VI. United States of 

Environmental Protection Agency. Research Triangle, NC Environmental 

Criteria and Assessment Office. EPA Report No: EPA/600/P-95/001. 

 Vig AP, Singh J, Wani SH, Dhaliwal SS (2011) Vermicomposting of tannery 

sludge mixed with cattle dung into valuable manure using earthworm Eisenia 

fetida (Savigny). Biores Technol 102(17):7941–7945 

Article CAS Google Scholar  

 Walkley A, Black IA (1934) An examination of the Degtjareff method for 

determining organic carbon in soils: Effect of variations in digestion conditions 

and of inorganic soil constituents. Soil Sci 63:51–263 

Google Scholar  

 Wang K, Zhang J, Zhu Z, Huang H, Li T (2012) Pig manure vermicompost 

(PMVC) can improve phytoremediation of Cd and PAHs co-contaminated soil 

by Sedum alfredii. J Soils Sedim 12:1089–1099 

Article CAS Google Scholar  

 Wani K, Rao R (2013) Bioconversion of garden waste, kitchen waste and cow 

dung into value-added products using earthworm Eisenia fetida. Saudi J Biol 

Sci 20(2):149–154 

Article CAS Google Scholar  

 Xiao X, Zhang J, Wang H (2020) Distribution and health risk assessment of 

potentially toxic elements in soils around coal industrial areas: a global meta-

analysis. Science of the Total Environment 713. 

 Yadav A, Garg V (2011) Recycling of organic wastes by employing Eisenia 

fetida. Biores Technol 102(3):2874–2880 

Article CAS Google Scholar  

https://doi.org/10.1016%2Fj.biortech.2011.05.056
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3MXps12rtbs%3D
http://scholar.google.com/scholar_lookup?&title=Vermicomposting%20of%20tannery%20sludge%20mixed%20with%20cattle%20dung%20into%20valuable%20manure%20using%20earthworm%20Eisenia%20fetida%20%28Savigny%29&journal=Biores%20Technol&doi=10.1016%2Fj.biortech.2011.05.056&volume=102&issue=17&pages=7941-7945&publication_year=2011&author=Vig%2CAP&author=Singh%2CJ&author=Wani%2CSH&author=Dhaliwal%2CSS
http://scholar.google.com/scholar_lookup?&title=An%20examination%20of%20the%20Degtjareff%20method%20for%20determining%20organic%20carbon%20in%20soils%3A%20Effect%20of%20variations%20in%20digestion%20conditions%20and%20of%20inorganic%20soil%20constituents&journal=Soil%20Sci&volume=63&pages=51-263&publication_year=1934&author=Walkley%2CA&author=Black%2CIA
https://doi.org/10.1007%2Fs11368-012-0539-4
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC38XhtVSls7%2FE
http://scholar.google.com/scholar_lookup?&title=Pig%20manure%20vermicompost%20%28PMVC%29%20can%20improve%20phytoremediation%20of%20Cd%20and%20PAHs%20co-contaminated%20soil%20by%20Sedum%20alfredii&journal=J%20Soils%20Sedim&doi=10.1007%2Fs11368-012-0539-4&volume=12&pages=1089-1099&publication_year=2012&author=Wang%2CK&author=Zhang%2CJ&author=Zhu%2CZ&author=Huang%2CH&author=Li%2CT
https://doi.org/10.1016%2Fj.sjbs.2013.01.001
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3sXksVylur4%3D
http://scholar.google.com/scholar_lookup?&title=Bioconversion%20of%20garden%20waste%2C%20kitchen%20waste%20and%20cow%20dung%20into%20value-added%20products%20using%20earthworm%20Eisenia%20fetida&journal=Saudi%20J%20Biol%20Sci&doi=10.1016%2Fj.sjbs.2013.01.001&volume=20&issue=2&pages=149-154&publication_year=2013&author=Wani%2CK&author=Rao%2CR
https://doi.org/10.1016%2Fj.biortech.2010.10.083
https://link.springer.com/articles/cas-redirect/1:CAS:528:DC%2BC3MXks1ehsQ%3D%3D
http://scholar.google.com/scholar_lookup?&title=Recycling%20of%20organic%20wastes%20by%20employing%20Eisenia%20fetida&journal=Biores%20Technol&doi=10.1016%2Fj.biortech.2010.10.083&volume=102&issue=3&pages=2874-2880&publication_year=2011&author=Yadav%2CA&author=Garg%2CV


 Yobouet YA, Adouby K, Trokourey A, Yao B (2010) Cadmium, Copper, Lead 

and Zinc Speciation in Contaminated Soils. Int J Eng Sci Technol 2:802–812 

Google Scholar  

Download references 

Acknowledgements 

The authors wish to thank all who assisted in conducting this work. 

Funding 

This research was self-sponsored, with no external funding. 

Author information 

Authors and Affiliations 

1. Bioresources Development Centre, National Biotechnology Development 

Agency, KM 5 Ogbomoso/Iresapa Road, Onipanu, P.M.B. 3524, 

Ogbomoso, Nigeria 

S. A. Aransiola 

2. Department of Microbiology, Federal University of Technology, Minna, 

PMB 65, Nigeria 

U. J. J. Ijah, O. P. Abioye & J. D. Bala 

Contributions 

This work was carried out in collaboration with all authors. Author S.A. 

Aransiola anchored the field study, gathered the initial data, performed the 

preliminary data analysis, and designed the study. U.J.J. Ijah wrote the protocol 

and interpreted the data. Author O.P. Abioye and J.D. Bala managed the 

literature searches and produced the initial draft. All authors read and 

approved the final manuscript. 

Corresponding author 

Correspondence to S. A. Aransiola. 

http://scholar.google.com/scholar_lookup?&title=Cadmium%2C%20Copper%2C%20Lead%20and%20Zinc%20Speciation%20in%20Contaminated%20Soils&journal=Int%20J%20Eng%20Sci%20Technol&volume=2&pages=802-812&publication_year=2010&author=Yobouet%2CYA&author=Adouby%2CK&author=Trokourey%2CA&author=Yao%2CB
https://citation-needed.springer.com/v2/references/10.1007/s13762-022-04105-y?format=refman&flavour=references
mailto:blessedabiodun@gmail.com


Ethics declarations 

Conflict of interest 

The authors declare that there is no conflict of interest. 

Ethical Approval 

Not applicable. 

Consent to Participate 

Not applicable. 

Consent to Publish 

All authors have approved the manuscript and agree with its submission to 

this journal. 

Additional information 

Editorial responsibility: Josef Trögl. 

Rights and permissions 

Reprints and Permissions 

About this article 

Cite this article 

Aransiola, S.A., Ijah, U.J.J., Abioye, O. . et al. Vermicompost-assisted 

phytoremediation of toxic trace element-contaminated soil in Madaka, 

Nigeria, using Melissa officinalis L and Sida acuta. Int. J. Environ. Sci. 

Technol. 20, 1823–1836 (2023). https://doi.org/10.1007/s13762-022-04105-y 

Download citation 

 Received29 May 2021 

 Revised24 February 2022 

 Accepted13 March 2022 

 Published05 April 2022 

 Issue DateFebruary 2023 

 DOIhttps://doi.org/10.1007/s13762-022-04105-y 

https://s100.copyright.com/AppDispatchServlet?title=Vermicompost-assisted%20phytoremediation%20of%20toxic%20trace%20element-contaminated%20soil%20in%20Madaka%2C%20Nigeria%2C%20using%20Melissa%20officinalis%20L%20and%20Sida%20acuta&author=S.%20A.%20Aransiola%20et%20al&contentID=10.1007%2Fs13762-022-04105-y&copyright=The%20Author%28s%29%20under%20exclusive%20licence%20to%20Iranian%20Society%20of%20Environmentalists%20%28IRSEN%29%20and%20Science%20and%20Research%20Branch%2C%20Islamic%20Azad%20University&publication=1735-1472&publicationDate=2022-04-05&publisherName=SpringerNature&orderBeanReset=true
https://citation-needed.springer.com/v2/references/10.1007/s13762-022-04105-y?format=refman&flavour=citation


Keywords 

 Toxic element 

 Mining 

 Pollution 

 Remediation 

 Soil 

 Vermitechnology 

Access via your institution 

Access options 

Buy single article 

Instant access to the full article PDF. 

39,95 € 

Price includes VAT (Nigeria) 

Buy article PDF
 

Rent this article via DeepDyve. 

Learn more about Institutional subscriptions 

 Sections 

 Figures 

 References 

 Abstract 

 Availability of data and materials 

 References 

 Acknowledgements 

 Funding 

 Author information 

 Ethics declarations 

 Additional information 

 Rights and permissions 

 About this article 

Advertisement 

Over 10 million scientific documents at your fingertips 

Switch Edition 

https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs13762-022-04105-y
https://www.deepdyve.com/lp/springer-journal/vermicompost-assisted-phytoremediation-of-toxic-trace-element-kaR6XldrSZ?key=springer
https://www.springernature.com/gp/librarians/licensing/license-options?&abtest=v2
https://link.springer.com/article/10.1007/s13762-022-04105-y#Abs1
https://link.springer.com/article/10.1007/s13762-022-04105-y#availability-of-data-and-materials
https://link.springer.com/article/10.1007/s13762-022-04105-y#Bib1
https://link.springer.com/article/10.1007/s13762-022-04105-y#Ack1
https://link.springer.com/article/10.1007/s13762-022-04105-y#Fun
https://link.springer.com/article/10.1007/s13762-022-04105-y#author-information
https://link.springer.com/article/10.1007/s13762-022-04105-y#ethics
https://link.springer.com/article/10.1007/s13762-022-04105-y#additional-information
https://link.springer.com/article/10.1007/s13762-022-04105-y#rightslink
https://link.springer.com/article/10.1007/s13762-022-04105-y#article-info


 Academic Edition 

  

 Corporate Edition 

 Home 

  

 Impressum 

  

 Legal information 

  

 Privacy statement 

  

 Your US state privacy rights 

  

 How we use cookies 

  

 Your privacy choices/Manage cookies 

  

 Accessibility 

  

 FAQ 

  

 Contact us 

  

 Affiliate program 

Not logged in - 102.89.22.153 

Not affiliated 

Springer Nature 

© 2023 Springer Nature Switzerland AG. Part of Springer Nature. 
 

https://link.springer.com/siteEdition/link
https://link.springer.com/siteEdition/rd
https://link.springer.com/
https://link.springer.com/impressum
https://link.springer.com/termsandconditions
https://link.springer.com/privacystatement
https://www.springernature.com/ccpa
https://link.springer.com/cookiepolicy
javascript:void(0);
https://link.springer.com/accessibility
https://support.springer.com/en/support/home
https://support.springer.com/en/support/solutions/articles/6000206179-contacting-us
https://www.springer.com/gp/shop/promo/affiliate/springer-nature
https://www.springernature.com/
https://www.springernature.com/

