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                     Abstract 
 Heavy metals in soil and water resources pose a grave threat to all forms of life, especially due to their bio-accumulative 

nature. Out of various low-cost adsorbents that have been applied for the removal of heavy metals from contaminated systems, 

sawdust is a comparatively unexploited and readily available adsorbent. In this study, we have tested the effi  cacy of sawdust 

obtained from the wood of mango tree  (Mangifera indica)  for the quantitative removal of heavy metal ions like Ni(II), As(V), 

Cr(III) and Pb(II) from their aqueous solutions. Mango tree sawdust proved to be an effi  cient adsorbent for removing lead, 

nickel, chromium and arsenic ions from their respective aqueous solutions. Further, to validate the effi  cacy of sawdust for 

heavy metal ion removal from natural ecosystems, soil samples were collected from the Yamuna river fl oodplains in Delhi 

and Indian mustard ( Brassica juncea ), known to be a hyper-accumulator of metal ions, was grown in these metal-laden soils. 

Using atomic absorption spectroscopy (AAS), the amount of heavy metals have been determined in the dried and digested 

Indian mustard plants grown on soil treated with sawdust and the other without it, to draw a comparison and assess its effi  cacy 

for removing heavy metals from soil. Present results indicate that plants grown on soil mixed with sawdust have signifi cantly 

lower heavy metal content. Thus, sawdust, a natural waste product from wood industry, proves to be a sustainable and low-

cost solution for scaling down heavy metal ion pollution in soil and irrigation water, and subsequent toxicity in crops. 

   Keywords     Sawdust    ·  Heavy metals    ·  Spectrophotometry    ·  Atomic absorption spectroscopy    ·  Yamuna fl oodplain soil    · 

  Brassica juncea     ·  Indian mustard  

      Introduction 

 Metal ions play a crucial role in maintaining diff erent bio-

chemical and physiological functions in living organisms. 

Their absence from biological systems may lead to disor-

ders, malfunctioning, carcinogenesis and sometimes even 

death (Moustakas  2021 ). However, metal ions are benign 

only when present within their threshold concentrations. 

Beyond these concentrations, they prove to be toxic to liv-

ing organisms. Signifi cant concentrations of toxic heavy 

metals (Cd, As, Fe, Cr, Zn, Cu, Mn, Pb, Ni, etc.) have been 

reported on the soil surface, and in ground water from 

various countries like China, Italy, Germany, Hong Kong, 

India, Turkey, Bangladesh, Greece and Iran (Wuana and 

Okieimen  2011 ; Kaonga et al.  2017 ). Heavy metals enter 

soil and irrigation water by natural means like soil erosion, 

natural weathering processes (Nriagu  1989 ; Fergusson and 

Prucha  1990 ; Shallari et al.  1998 ; Bradl  2002 ; He et al. 

 2005 ) or anthropogenic activities which include mining, 

industrial effl  uents, urban runoff , sewage discharge, insect 

or disease control agents applied to crops, and many others 

(Briff a et al.  2020 ; Mitra et al.  2022 ). An upsurge in indus-

trialization and globalization in the last few decades, and 

factors like rising population and urbanization have led to 

enhanced production and discharge of heavy metals in the 

environment (Nriagu  1996 ), leading to severe water and 

soil contamination. In the absence of stringent regulatory 

standards, awareness and knowledge about proper effl  uent 

disposal procedures, the situation of environmental dete-

rioration is all the more worse in developing countries as 
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industrial and urban wastes are being discharged into water 

or soil, mostly untreated or without any adequate treatment 

(Khalid et al.  2017 ). This has led to the deterioration of 

water quality in many rivers of Africa, Asia and Latin 

America since the 1990s (UNEP  2016 ; Chen et al.  2022 ) 

and has led to an overall polluted ecosystem. 

 Among all known pollutants, heavy metals are par-

ticularly notorious for normal crop growth (Goyal et al. 

 2020 ) due to their non-biodegradability, bioaccumu-

lation, environmental stability and persistence, high 

density, and toxicity even at marginally low concentra-

tions (Khan et al.  2019 ; Zhang et al.  2019 ; Ustaoğlu and 

Islam  2020 ). As per the Comprehensive Environmental 

Response Compensation and Liability Act (CERCLA), 

USA, the maximum permissible limit of heavy metals in 

an aqueous medium is negligibly small [Cr (0.01 mg/L), 

Cd (0.05 mg/L), Pb (0.015 mg/L), Hg (0.002 mg/L)]. This 

indicates that when present beyond these recommended 

concentrations, heavy metal ions may pose grave threat 

and lead to life-threatening complications in human beings 

(Muszynska and Hanus-Fajerska  2015 ). According to the 

Indian standards, the recommendation for heavy metal ion 

in soil is established as 3–6, 135–270, 75–150, 250–500, 

and 300–600 mg/kg for Cd, Cu, Ni, Pb, and Zn, respec-

tively, which also is too small a threshold beyond which 

the soil is not considered ideal for crop growth (Nagajyoti 

et al.  2010 ). The non-degradable nature of heavy metals, 

their persistence in the natural environment and their bio-

accumulative nature add to the severity of heavy metal 

pollution making it a grave threat to all life forms in the 

environment. 

 The rampant discharge of toxic heavy metals from indus-

tries (Li et al.  2021 ), landfi lls (Raja et al.  2021 ) and their 

leaching from fertilizers and pesticides (Wu et al.  2015 ; Su 

et al.  2020 ) over the years has led to severe contamination 

of groundwater, thus critically aff ecting agriculture, animal 

and human health worldwide (Kumar et al.  2017 ; Paul et al. 

 2017 ; Goyal et al.  2020 ). Further, the higher heavy metal 

content in riverine sediments and river fl oodplain soils also 

causes adverse eff ects on terrestrial and aquatic biotic sys-

tems (Maurya et al.  2019 ; Uddin et al.  2021 ). Heavy met-

als can cause phytotoxicity in plants and considerable bio-

magnifi cations in the higher order of the food chain make 

them a potential threat to aquatic life as well (Goyal et al. 

 2020 ). The Yamuna river in Delhi and its fl oodplains have 

been frequently reported to be laden with heavy metal ions 

(Kumar et al.  2013 ; Bhardwaj et al.  2017 ; Asim and Rao 

 2021 ). The fertile Yamuna plains are used for growing plants 

and vegetables, which absorb and accumulate these metal 

ions from soil. Thus, the consumption of these vegetables 

is a potential risk, aff ecting the health of the population of 

Delhi as a result of the bio-magnifi cation of metal ions in the 

top-order of the food-chain (Malik et al.  2014 ). 

 Certain plant species have been identifi ed as hyperaccu-

mulators of metal ions, including  Thalaspi  and  Arabidopsis  
and members from families such as Brassicaceae ,  Cyper-

aceae ,  Poaceae ,  Fabaceae ,  and several others (Ghori et al. 

 2016 ). Indian Mustard ( Brassica juncea ) is known to be one 

such hyperaccumulator (Roychowdhury et al.  2017 ) and its 

consumption, when laden with heavy metal ions, is known to 

have an adverse eff ect on human beings (Rattan et al.  2005 ; 

Rai et al.  2019 ). In human, these metals bind with specifi c 

sites on proteins causing malfunctioning of cells and ulti-

mately toxicity (Mohammed et al.  2011 ; Sehgal et al.  2012 ; 

Jaishankar et al.  2014 ; Nandal et al.  2014 ; Selvi et al.  2019 ). 

 A variety of methods have been adopted for the removal 

of heavy metal ions. The existing methods include adsorp-

tion (Feng et al.  2010 ; Hu et al.  2011 ; Gomez-Eyles et al. 

 2013 ), chlorination (Fraissler et al.  2009 ; Nowak et al.  2010 ; 

Nagai et al.  2012 ), ion exchange (Vilensky et al.  2002 ; Lin 

and Kiang  2003 ; de Villeirs et al.  2005 ), chemical extraction 

(Styliano et al.  2007 ; Sigua et al.  2016 ), chemical precipita-

tion (Wang et al.  2004 ; Mauchauff ee and Meux  2007 ; Fu 

and Wang  2011 ), membrane separation (Qdais and Moussa 

 2004 ; Al-Rashdi et al.  2011 ), electrokinetics (Virkutyte 

et al.  2002 ; Zhou et al.  2004 ; Ferri et al.  2009 ), bioleaching 

method (Pathak et al.  2009 ; Peng et al.  2011 ) and phytore-

mediation (Ensley et al.  1997 ; Gomez-Sagasti et al.  2012 ; 

Shabani and Shayadi  2012 ). However, many of these meth-

ods require high capital and operational costs (Woloweic 

et al.  2019 ). Adsorption seems to be one of the best-suited 

methods, due to its high metal-binding effi  ciency, low cost, 

ease of operation and application over a wide pH range 

(Woloweic et al.  2019 ). 

 Various low-cost adsorbents, derived from agricultural 

waste, industrial by-products, natural material, or modi-

fi ed biopolymers, have been recently developed and applied 

for the removal of heavy metals from metal-contaminated 

wastewater. Table  1  presents an extensive list of adsorbents 

used for heavy metal ion removal from various substrates 

(Barakat  2011 ).  

 As is evident from Table  1 , sawdust appears as a com-

paratively unexploited resource and a potential candidate 

for the removal of heavy metal ion. Sawdust is the fi nely 

powdered remnants of wood that are left behind as a by-

product after the wood has been processed to make furni-

ture. With the increasing population and developing liv-

ing standards, there has been a signifi cant increase in the 

number of sawmills for processing wood for building and 

furniture materials. Wood processing leads to heaps of 

sawdust being produced as a byproduct which continues 

to pose solid waste management issues. The easiest way 

(commonly adopted by most sawmill operators) to get rid 

of the sawdust is open burning. However, open burning, as 

a method of disposal, results in air pollution thus aff ecting 

air quality and public health, and is hence considered a 
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non-sustainable alternative. Therefore, using sawdust as 

an adsorbent for the removal of heavy metal ions is likely 

to solve three problems—the major problem of disposal 

of tons of solid sawdust waste, the problem of air pollu-

tion resulting from its burning, and the problem of heavy 

metal ions in the environment. Sawdust being a natural 

product (lignocellulose-based waste) is neither likely to 

alter the composition nor introduce any harmful eff ects on 

the water or soil it has been treated with, thus acting in a 

benign fashion. Owing to its powdery form, sawdust has 

a large surface area, thus also making it a good adsorbent 

for use (Ngah and Hanafi ah  2008 ). 

 In this work, we have tested the effi  cacy of sawdust 

obtained from the wood of the Mango tree  (Mangifera 
indica)  for the quantitative removal of heavy metal ions 

like Ni(II), As(V), Cr(III) and Pb(II) from their aqueous 

test solutions, using spectrophotometric and titrimetric 

methods. Further, to validate the effi  cacy of sawdust for 

heavy metal ion removal from natural ecosystems, soil 

samples were collected from the Yamuna river fl oodplains 

  Table 1       Adsorbents derived from various sources that have been developed and applied for the removal of heavy metals  

  Type    Sub-type    Reference  

  Modifi ed natural materials    Natural zeolites (clinoptilolite)    Bose et al. ( 2002 ), Babel and Kurniawan ( 2003 ), 

Zanin et al. ( 2017 ) and Dosa et al. ( 2022 )  

  NaA zeolite    Basaldella et al. (2007) and Panek et al. ( 2021 )  

  4A zeolite    Barakat ( 2008 ) and Yuna ( 2016 )  

  MMZ (Magnetically modifi ed zeolite)    Nah et al. ( 2006 ) and Liu et al. ( 2022 )  

  Clay-polymer composites    Vengris et al. ( 2001 ), Abu-Eishah ( 2008 ) and Söle-

ner et al. ( 2008 )  

  Calcined phosphate, activated phosphate (with 

nitric acid), and zirconium phosphate  

  Aklil et al. ( 2004 ), Moufl ih et al. ( 2005 ), Pan et al. 

( 2007 ) and Pica ( 2021 )  

  Industrial by-products    Green sands, by-product from the iron foundry    Lee et al. ( 2004 )  

  Iron slag    Feng et al. ( 2004 ) and Abdelbasir and Khalek ( 2022 )  

  Bagasse fl y ash    Gupta et al. ( 2003 )  

  Fly ash from coal-burning    Alinnor ( 2007 ), Visa and Chelaru ( 2014 ) and Kumar 

et al. ( 2019 )  

  Sawdust treated with 1,5-disodium hydrogen 

phosphate  

  Uysal and Ar ( 2007 )  

  Iron based sorbents such as ferrosorp plus    Deliyanni et al. ( 2006 ) and Genç-Fuhrman et al. 

( 2008 )  

  Synthetic nanocrystall in eakaganeite    Deliyanni et al.  2007   

  Hydrous titanium oxide    Ghosh et al. ( 2003 ), Barakat ( 2005 ) and Du et al. 

( 2020 )  

  Modifi ed agriculture and biological 

wastes (bio-sorption)  

  Maize cob and husk    Igwe et al. ( 2005 )  

  Waste tea leaves    Malkoc and Nuhoglu ( 2005 ), Utomo and Hunter 

( 2006 ), Amarsinghe and Williams ( 2007 ), Jeya-

seelan and Gupta ( 2016 ), Hussain et al. ( 2018 ) and 

Kodag et al. ( 2018 )  

  Orange peel    Ajmal et al. ( 2000 ) and Naik et al. ( 2023 )  

  Coconut shell charcoal    Babel and Kurniawan ( 2004 )  

  Pecan shells-activated carbon    Bansode et al. ( 2003 ) and Kaveeshwar et al. ( 2018 )  

  Rice husk-activated carbon    Bishnoi et al. ( 2003 ) and Naik et al. ( 2023 )  

  Rice husk    Tang et al. ( 2003 ) and Mitra et al. ( 2019 )  

  Biomass of marine dried green alga  Spirogyra  
species  

  Gupta et al. ( 2006 ) and Gupta and Rastogi ( 2008a ,  b )  

   Ecklonia maxima —marine alga    Feng and Aldrich ( 2004 )  

   Ulva lactuca     El-Sikaily et al. ( 2007 ) and Ghoneim et al. ( 2014 )  

   Oedogonium sp.  and  Nostoc sp.     Gupta and Rastogi ( 2008a ,  b )  

   Bacillus  – bacterial biomass    Ahluwalia and Goyal ( 2007 ) and Syed and Chinthala 

( 2015 )  

  modifi ed biopolymers and hydrogels    Crosslinked chitosan, Crosslinked starch gel, Alu-

mina/chitosan composite, poly(ethyleneglycoldim

ethacrylate-co-acrylamide) hydrogel beads  

  Crini ( 2005 ) and Zhao et al. ( 2023 )  
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in Delhi and Indian mustard ( Brassica juncea ) plants were 

grown in metal-laden soils. Using atomic absorption spec-

trophotometry (AAS), we have determined the amount 

of lead, nickel and chromium present in the dried and 

digested Indian mustard plants grown on soil treated with 

sawdust and the other without it, to estimate the biomagni-

fi ed amount of metal in the whole plants. The key objec-

tive of this study is to explore the potential of sawdust for 

the removal of heavy metal ions both in a laboratory set-up 

as well as from natural systems. 

    Materials and methods 

   Preparation of sawdust for use 

 The sawdust used in this study was derived from the wood 

of Mango tree  (Mangifera indica)  and obtained from the 

local carpenter’s shop (Fig.  1 ). It was dried in bright sun-

light and kept in sun for 1–2 h every time before its use. 

For each analysis, 5 g of sundried sawdust was used as 

adsorbent. The rationale behind using 5 g adsorbent dose 

was based on a preliminary laboratory standardization 

undertaken where 200 mL of solution containing heavy 

metal was stirred with various amounts of sawdust. As the 

dosage of the adsorbent increased, the adsorption percent-

age of heavy metals on sawdust also increased. The most 

optimum amount which was easy to handle in a laboratory 

set-up as well as that provided good adsorption, was found 

to be 5 g (Kumari et al.  2023 ).         

    Quantitative removal of Ni(II) ions using sawdust 

 A standard solution of nickel(II) of concentration 50 ppm 

was prepared from ammonium nickel(II) sulphate. Using 

this as stock, solutions of diff erent concentrations (1, 1.5, 

2, 3, 4, 5 ppm) were prepared in 50 mL standard volumetric 

fl asks (See online supplementary information). Dimethylg-

lyoxime (DMG) forms a red coloured complex when treated 

with an alkaline solution of nickel in the presence of an 

oxidizing agent, such as bromine. The absorbance of red-

coloured Ni-DMG complex was monitored spectrophoto-

metrically. The wavelength of maximum absorbance (λ max ) 

was determined on a VisiScan spectrophotometer by scan-

ning the 5 ppm Ni(II) solution in the wavelength range of 

380–650 nm. A solution containing all other reagents except 

the analyte Ni(II) was used as blank. After determining λ max , 

the absorbance of each of the above solutions was measured 

at this wavelength. 

 In order to examine the eff ect of sawdust on the nickel 

ion concentration in solution, 200 mL of 50 ppm of standard 

nickel(II) solution was stirred using 5 g of sawdust for two 

hours in a round-bottom fl ask placed on a magnetic stir-

rer. The solution was then fi ltered twice through Whatman 

fi lter paper No.1. Dilutions were prepared from the fi ltrate 

to obtain diff erent solutions of Ni(II) treated with sawdust. 

The absorbance of each of these solutions was determined. 

The removal percentage of metal ion was calculated using 

the formula

       

where  C   i   is the initial concentration of metal ion while  C   a   
is the concentration of metal remaining after adsorption by 

sawdust. Concentrations were replaced by absorbances con-

sidering the direct relation between them as per the Lam-

bert–Beer's law. 

    Quantitative removal of As(V) as arsenates  (AsO 4  
3− ) 

using sawdust 

 Arsenate [As(V)] was estimated using iodometric technique. 

 AsO 4  
3−  is an oxidizing agent and reacts quantitatively with 

iodide (Jeff rey et al.  1989 ), releasing an equivalent amount 

of iodine in presence of sulphuric acid. The liberated iodine 

was extracted in carbon tetrachloride  (CCl 4 ) and its absorb-

ance was obtained at λ max  (Nyamah and Torgbor  1986 ).

        

 A stock solution of  AsO 4  
3−  of concentration 50 ppm 

was prepared and used to make arsenate solutions of con-

centrations i.e. 5, 10, 15 and 20 ppm in 50 mL stand-

ard volumetric fl asks. For 5 ppm solution, 5 mL of stock 

Removal percentage =

Ci − Ca

Ci

× 100

AsO
3−

4
+ 2I

−
+ 2H

+
→ I

2
+ AsO

3−

3
+ H

2
O

  Fig. 1       Picture of sawdust used in the experimental study  
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 AsO 4  
3−  solution was taken, and 1 g KF and 1 g  NaHCO 3  

were added to it. The brisk eff ervescence was allowed to 

subside and the volume of the solution was made up to 

50 mL with distilled water. Similarly, other solutions of 

concentrations (10, 15 and 20 ppm) were also prepared. 

The solutions were poured into separate iodine fl asks con-

taining 1 g KI and were stoppered loosely. 12 mL  CCl 4  

was added to each of the iodine fl asks and the fl asks were 

shaken for 30 min. The liberated iodine passed into the 

organic layer on vigorous shaking, which was then sepa-

rated from the aqueous layer. The wavelength of maximum 

absorbance (λ max ) for iodine in  CCl 4  layer was determined 

by scanning the 5 ppm solution in the wavelength range 

of 380–650 nm. The amount of iodine liberated could be 

correlated to the absorbance at λ max  of the organic layer 

which, in turn, was directly proportional to the amount of 

arsenate present in the solution. 

 Further, 50 ppm of arsenate solution (200 mL) was 

stirred for two hours with 5 g of sawdust using a mag-

netic stirrer and then fi ltered using Whatman fi lter paper 

No. 1. Using this as stock solution, arsenate solutions of 

various concentrations were prepared as mentioned above. 

The organic layer was separated from the aqueous layer 

and its absorbance at λ max  was determined. The amount 

of arsenate present in these sawdust-treated solutions was 

estimated from their absorbance values. 

    Quantitative removal of Cr(III) using sawdust 

 Chromium(III) reacts with xylenol orange to give a red-

coloured complex which is quite stable and is suitable for 

colorimetric determination of Cr(III) (Cheng  1967 ). A 

stock solution of concentration 50 ppm was prepared by 

dissolving 0.2404 g of  Cr 2 (SO 4 ) 3  in 1 L distilled water. 1, 

2.5, 3.5, 5 mL of the stock solution were taken in separate 

test-tubes and 1 mL of acetate buff er along with 4 mL 

xylenol orange (0.0010 M) were added to each one of 

them. The test-tubes with contents were placed in boiling 

water bath for 20 min. A red colour complex of Cr(III)-

xylenol orange was formed on heating. After cooling the 

solutions to room temperature, the contents of the tubes 

were transferred to 50 mL standard volumetric fl asks and 

volume was made up to the mark using distilled water. The 

wavelength of maximum absorbance (λ max ) for Cr(III)-

xylenol red colored complex was determined by scanning 

in the wavelength range of 380–650 nm on a VisiScan 

spectrophotometer. The absorbance of all solutions was 

obtained at λ max . Further, 200 mL of 50 ppm solution of 

Cr(III) was stirred with 5 g sawdust for two hours and then 

fi ltered. Considering this as the stock solution now, solu-

tions mentioned as above were prepared and their absorb-

ances were determined at λ max . 

    Quantitative removal of Pb(II) ions using sawdust 

 Lead(II) was estimated by complexometric titration of its 

solution with ethylene diammine tetraacetic acid (EDTA) 

using Eriochrome Black-T (EBT) as an indicator (Jeff rey 

et al.  1989 ). A standard stock solution of lead nitrate of 

concentration 0.0115 mol  L −1  was prepared. 200 mL of 

this solution was stirred with 5 g sawdust for two hours. 

10 mL of the stock solution was pipetted out in a conical 

fl ask. A pinch of tartaric acid was added followed by the 

addition of 5 mL of ammonia-ammonium chloride buff er 

and 2–3 drops of Eriochrome Black-T indicator. The solu-

tion was then titrated against 0.0110 M EDTA to obtain a 

colour change from red to blue. The endpoint volume was 

used to determine the amount of Pb(II) present in solution 

after treatment with sawdust. EDTA used for titration was 

standardized against standard  MgSO 4 .7H 2 O solution using 

EBT as the indicator. 

    Determining the eff ectiveness of sawdust for heavy 
metal removal in natural ecosystems using AAS 

 High concentrations of heavy metal ions are reported from 

13 sites along the Yamuna river course in Delhi (Sehgal 

et al.  2012 ), starting from the Wazirabad barrage till the 

Okhla barrage. In order to further validate present inves-

tigations on the removal of heavy metals by sawdust and 

apply them in natural ecosystems, soil samples from two 

locations along the Yamuna river basin in Delhi viz. pre-

Wazirabad and post-Wazirabad were collected. 

 Two trays were prepared from the pre-Wazirabad soil. 

In Tray 1 ,  approximately 225 g of soil was taken and was 

mixed thoroughly with 115 g sawdust and few seeds of 

Indian mustard ( Brassica juncea ) were sown in the soil. 

In Tray 2 (control), mustard seeds were sown in approxi-

mately 225 g of soil only. Similarly, two diff erent trays 

were prepared from the post-Wazirabad soil – Tray 3 

(225 g soil with sawdust used for growing Indian mustard) 

and Tray 4 (225 g soil without sawdust used for growing 

Indian mustard). The amount of heavy metals assimilated 

in these plants from the metal-laden soil can be ascer-

tained with the help of dry-ashing and acid digestion of 

the whole plants. 

 Test plants were harvested 35 days after sowing and were 

dried in sun. Same amount of dried mass of mustard plant 

was then digested by  H 2 SO 4 /H 2 O 2  (mixed acid digestion 

method) and used for metal content determination. The sus-

pension was fi ltered and the fi ltrate diluted with deionized 

water to a fi nal volume of 50 mL. An AAS analysis of heavy 

metals was done on Shimadzu 6300 spectrophotometer to 

get a real-time picture of the effi  cacy of sawdust in removal 

of heavy metals from soil. 
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     Results 

 The λ max  for the Ni-DMG red-complex formed was found 

to be 472 nm. All solutions containing the Ni-DMG com-

plex were found to obey Lambert–Beer’s law ( A  = 0.216 

 C , where  A  =  absorbance  and  C is the concentration of 
solution )  (see online supplementary information). The 

absorbance of the solutions before and after treatment 

with 5 g sawdust is mentioned in Table  2 . A signifi cant 

decrease in the absorbance values could be observed upon 

treatment of nickel metal solution with sawdust, indicating 

effi  cient removal of nickel ions from aqueous solutions 

by sawdust. It is evident that an average of approximately 

(91.41 ± 2.25)% Ni(II) removal is achieved by 5 g sawdust 

from its aqueous solutions (Table  2 ).  

 The wavelength for maximum absorbance (λ max ) for 

iodine in  CCl 4  layer was found to be 518 nm which is 

very close to the literature value (515 nm) (Sandhu  1976 ; 

Nyamah and Torgbor  1986 ). All solutions were found to 

obey Lambert–Beer’s law ( A  = 0.025  C , where  A  =  absorb-
ance  and  C is the concentration of solution ) (see online 

supplementary information). A signifi cant decrease in the 

absorbance values can be seen indicating that sawdust can 

act as an adsorbent for the removal of  AsO 4  
3−  ions also. 

The average removal percentage of  AsO 4  
3−  with 5 g saw-

dust was found out to be (46.13 ± 3.34)% (Table  3 ).  

 The wavelength for maximum absorbance (λ max ) for 

the Cr(III)-xylenol red colored complex was found to be 

490 nm. All solutions were found to obey Lambert–Beer’s 

law ( A  = 0.316  C , where  A  =  absorbance  and  C is the con-
centration of solution ) (see online supplementary informa-

tion). A signifi cant decrease in the absorbance values can be 

seen indicating that Cr(III) ions were considerably adsorbed 

on sawdust. The average removal percentage of Cr(III) with 

5 g sawdust was found to be (95.89 ± 1.54)% (Table  4 ).  

 The complexometric titration results indicated that Pb(II) 

ions can also be adsorbed and thus quenched on to sawdust 

from its test solutions. In coherence to results obtained with 

Ni(II), we observed that sawdust can remove about 373 ppm 

of Pb(II) ions from its solution (Table  5 ).  

 From the previous sections, we conclude that sawdust is 

a good adsorbent of metal ions and can eff ectively remove 

Ni(II), As(V), Cr(III) and Pb(II) from their aqueous solutions. 

An AAS analysis and comparison of biomagnifi ed metal con-

tent in the  Brassica juncea  plants grown on the Yamuna river 

soil treated with sawdust and the other without it, from both 

locations is shown in Fig.  2  (pre-Wazirabad) and Fig.  3  (post-

Wazirabad). Figures  2  and  3  indicate that in both cases (pre-

Wazirabad and post-Waziabad), mustard plants grown on saw-

dust containing soil have signifi cantly lower metal content for 

  Table 2       Absorbance values 

and removal percentage of 

Ni(II) from its solutions after 

treatment with 5 g sawdust  

 Removal percentage for Ni(II) ions = (91.41 ± 2.25)% 

  *      Ca =
Absorbance after using sawdust

0.216
     

  S.No    Before addition of sawdust    After addition of sawdust    Removal 

percentage  
  Concentration of 

solution (ppm)  C i   

  Absorbance @ 

472 nm  

  Absorbance @ 

472 nm  

  Concentration of solu-

tion (ppm)  C a *  

  1    1.0    0.214    0.012    0.06    94.41  

  2    1.5    0.312    0.021    0.10    93.48  

  3    2.0    0.415    0.034    0.16    92.09  

  4    3.0    0.659    0.065    0.30    89.91  

  5    4.0    0.854    0.088    0.41    89.76  

  6    5.0    1.079    0.12    0.56    88.83  

  Table 3       Absorbance values 

and removal percentage of 

 AsO 4  
3−  from its solutions after 

treatment with 5 g sawdust  

 Removal percentage of As(V) = (46.13 ± 3.34)% 

  *      Ca =
Absorbance after using sawdust

0.025
     

  S.No    Before addition of sawdust    After addition of sawdust    Removal 

percentage  
  Concentration of 

solution(ppm) 

 C i   

  Absorbance @ 

518 nm  

  Absorbance @ 

518 nm  

  Concentration of solu-

tion (ppm)  C a *  

  1    5.0    0.139    0.064    2.56    48.8  

  2    10.0    0.245    0.127    5.08    49.2  

  3    15.0    0.387    0.211    8.44    43.7  

  4    20.0    0.514    0.286    11.44    42.8  
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all three heavy metals analysed i.e. lead, nickel and chromium, 

indicating lower bio-magnifi cation in sawdust treated samples.                 

 While the amount of nickel ion in mustard plant grown 

on soil without sawdust (pre-Wazirabad) was 0.0438 ppm, 

it reduced to 0.0229 ppm in plants grown on the soil mixed 

with sawdust. Similarly, the chromium ion content in mus-

tard plants grown in soil without sawdust (pre-Wazirabad) 

was 0.0835 ppm which reduced to 0.0548 ppm in sawdust-

mixed soil. Lead concentration also decreased from 0.0712 

to 0.0135 ppm in plants grown on soil (pre-Wazirabad loca-

tion) without and with sawdust, respectively. Similarly, the 

nickel, chromium and lead content in mustard plants grown in 

post-Wazirabad soil without sawdust was 0.0722, 0.1442, and 

0.1148 ppm respectively, which decreased to 0.0023, 0.0048, 

and 0.0144 ppm in mustard plants grown on post-Wazirabad 

soil mixed with sawdust. This further establishes and validates 

the eff ectiveness of sawdust as an adsorbent for removing 

heavy metals from natural ecosystems. 

 Figure  4  shows a comparison of bioaccumulated metal 

content in plants grown in soil from pre-Wazirabad (Tray 2) 

and post-Wazirabad (Tray 4). Present fi ndings also reaffi  rm 

that bioaccumulated metal content is higher in plants grown 

on post-Wazirabad soil samples as compared to those grown 

on pre-Wazirabad samples. As the river Yamuna fl ows from 

pre-Wazirabad to post-Wazirabad, it gets laden with industrial 

effl  uents and domestic waste, thus leading to greater extent of 

pollution in post-Wazirabad samples.         

  Table 4       Absorbance values 

and removal percentage of 

Cr(III) from its solutions after 

treatment with 5 g sawdust  

 Removal percentage of Cr(III) = (95.89 ± 1.54)% 

  *      Ca =
Absorbance after using sawdust

0.316
     

  S.No    Before addition of sawdust    After addition of sawdust    Removal 

percentage  
  Concentration of 

solution (ppm)  C i   

  Absorbance @ 

490 nm  

  Absorbance @ 

490 nm  

  Concentration of solu-

tion (ppm)  C a *  

  1    1.0    0.183    0.020    0.063    93.67  

  2    2.5    0.654    0.024    0.076    96.96  

  3    3.5    1.139    0.044    0.139    96.02  

  4    5.0    1.655    0.049    0.155    96.89  

  Table 5       Concentration 

of solution of Pb(II) after 

treatment with 5 g sawdust  

  Solution    Concentration (mol 

 L −1 ) Pb(NO 3 ) 2   

  ppm Pb(II)    Amount removed  

  Initial concentration of Pb(II) solution    0.0115    2382.8    –  

  Concentration of Pb(II) in solution after its 

treatment with 5 g sawdust  

  0.0097    2009.8    373 ppm  
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  Fig. 2       Bioaccumulated heavy metal content in dried and digested 

35 day old whole plants of mustard grown on Yamuna soil from pre-

Wazirabad location  
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    Discussion 

 The present study shows that biodegradable waste like saw-

dust obtained from  Mangifera indica  serves as eff ective 

adsorbent for adsorption of heavy metal ions, like Pb(II), 

Cr(III), As(V) and Ni(II). In a study on biosorption and 

desorption of heavy metals, Witek-Krowiak ( 2013 ) reported 

that beech sawdust is a potential sorbent of heavy metals like 

Cu(II) and Cr(III). Studies on adsorptive removal of heavy 

metals by sawdust of  Acacia arabica  also indicates that it 

is a good adsorbent of Cr(VI), Pb(II), Hg(II) and Cu(II), 

thereby highlighting the practical application of sawdust in 

industries for effl  uent water treatment (Meena et al.  2008 ). 

Sawdust has thus emerged as a promising substrate for 

heavy metal removal from effl  uent wastewater (Yu et al. 

 2000 ; Sciban et al.  2006 ; Meez et al.  2021 ). A compila-

tion of our results on the decreasing ability for adsorption 

on sawdust from mango wood indicates the trend Pb(II) 

(373 ppm) > Cr(III) (48 ppm) > Ni(II) (46 ppm) > As(V) 

(23 ppm). This is in agreement with results reported from 

walnut wood sawdust (Yasemin and Zeki  2007 ) which con-

cluded that sawdust of walnut could be a good adsorbent for 

the metal ions from aqueous solutions, the selectivity order 

of the adsorbent being Pb(II)≈Cd(II) > Ni(II), which is simi-

lar to the trend observed by us. A study by Ahluwalia and 

Goyal ( 2005 ) for the adsorption of metal from its solutions 

by dried biomass (tea) also affi  rmed the adsorption order as 

Pb > Fe > Zn > Ni. We found mango sawdust to eff ectively 

remove (91.41 ± 2.25)% of Ni(II) ions from its aqueous solu-

tion, while another study reported the percentage removal of 

Ni ion by hardwood sawdust to be between 77.5 and 87.5% 

(Ibrahim and Jimoh  2011 ), indicating that mango sawdust 

is indeed an eff ective adsorbent. Further our results dem-

onstrate lower metal content in plants grown on soil that is 

mixed with sawdust. This implies that mixing sawdust to soil 

before sowing will lead to lower bioaccumulation of metals 

in crops, thereby lowering their risk to human health upon 

consumption. The use of waste biomass to get rid of toxic 

metal ions is likely to address two problems—the problem 

of disposal and waste management of tons of sawdust and 

the problem of heavy metal pollution and toxicity on human 

health. The adsorption is relatively fast and effi  cient, thus 

opening avenues for the use of these biodegradable wastes 

as a promising replacement of costly conventional methods 

employed in treating agricultural soil, irrigation water and 

effl  uent water from industries. Easy availability and good 

effi  ciency proves sawdust, a natural waste product from 

wood industry, to be a sustainable solution for scaling down 

heavy metal ion pollution in soil and irrigation water, and 

subsequent toxicity in crops. 
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