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 The toxic effects of heavy metal bioaccumulation in various biological 
systems, including humans, animals, microorganisms, and plants, pose 
significant concerns for environmental health and safety. Utilizing different 
plant materials for the synthesis of nanoparticles is regarded as an 
environmentally friendly approach, as it avoids the use of harmful 
chemicals. This review aims to enhance our understanding of the issues 
related to heavy metal toxicity in contaminated ecosystems and explores 
viable, sustainable, and eco-friendly bioremediation technologies, 
particularly focusing on the mechanisms of phytoremediation for heavy 
metals. However, it is important not to overlook the challenges, such as 
biosafety assessment and genetic pollution, associated with the 
implementation of new strategies for cleaning up heavy metal-
contaminated ecosystems, considering both ecological and greener 
perspectives. 

 

1. Introduction

Marineialgaeiencompassiaidiverseiarrayiofispecies,ibroadlyicategorizediintoimicroalgaeiandimacroalgae.iMicr

oalgae,isuchiasiphytoplankton,ithriveiinitheiwatericolumn,iwhileimacroalgae,icommonlyiknowniasiseaweed,ir

angeiinisizeifromiaifewicentimetersitoiseveralimeters,iwithimassiveikelpiformingiunderwateriforests.iSeawee

dsiareihighlyiadaptable,iinhabitingivariousienvironmentsiwhereitheyireceiveisufficientilightiforiphotosynthesi

s,ifromitidalirockipoolsinearitheishoreitoioffshoreilocationsiseveralikilometersiaway.iAlgaeiareifurthericlassifi

edibasedionitheiripigmentation,ileadingitoithreeimajorigroups:ibrownialgaei(phaeophytes),igreenialgaei(chlo

rophytes),iandiredialgaei(rhodophytes)i(El-Rafieietial.,i2013).iBrowniandiredialgaeiareitypicallyifoundiin low-

lightiareas,iwhileigreen algaeiinhabit both marine andifreshwater environments. 

Throughoutihistory,icoastalicommunitiesihaveiincorporatediseaweediintoitheiridietsianditraditionalimedi

cinalipractices,ianditoithisiday,iseaweediremainsiaistapleifoodiandimedicinaliresourceiiniSouth-EastiAsia and 
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Japan. Severalistudiesihaveiuncovereditheirichisourceiofibiologicallyiactiveicompoundsiiniseaweeds,iincluding 

carbohydrates,icarotenoids,ipolysaccharides,iproteins,ivitamins,iandivariousisecondaryimetabolites.iTheseibio

activeicompoundsipossessipotentimedicinalipropertiesisuitableiforiconventionalitreatmentsiandialternativeit

herapiesi(Smit,i2004).iSeaweediextractsihaveibeenifounditoiexhibitianti-inflammatoryiandiinhibitory effects 

that canibeiutilizediinitheitreatmentiofivariousimedicaliconditionsiandisomeiformsioficancer(Liuietial.,i2012). 

Additionally,iseaweedsihaveitheiabilityitoiaccumulateiheavyimetalsi(Mohamedietial.,i2012),iandicertainis

econdaryimetabolitesifromiseaweedsihaveidemonstratedianti-biologicalifoulingipropertiesi(Sethi,i2011). 

Recentistudiesihaveialsoidemonstrateditheicapacityiofiseaweedisolutionsitoibiologicallyireduceimetaliionsi(C

handaietial.,i2010).iMoreover,imanyimacroalgaeicaniaccumulateihigherilevelsiofitraceimetalsithanithoseifoun

diiniwaterisamplesifromitheisameisite,ianditheyicaniproduceiphytochemicalsiofipotentialiinteresti(Wadaietial

., 2011).iBioremediation,iutilizingitheiremediationicapabilityiofilivingiorganisms,iisiaipromisingioptionifor 

addressingiwateripollutionicausedibyiorganiciandiinorganicicompoundsidetrimentalitoitheienvironment'sihea

lth.iItioffersiaicost-effectiveiandieco-friendlyiapproach,iespeciallyiforilowiconcentrationsiof contaminants 

where physicaliorichemical methodsimayinotibeifeasible.iSeaweeds'iphysiologicalipropertiesiand 

activeicompounds makeithemiexcellenticandidatesiforiaquaculture-basedicleanupiof pollutediareas, 

particularly initheiuniqueimarineihabitatsiofitheiSouthwesticoastiofiIndia.iThisireviewiexploresithe 

biosynthesis ofidifferentimetaliandimetalioxideinanoparticlesifromimarineibioresourcesianditheiriapplication 

inibioremediation. 

2. SeaweedsianditheiriBiomedicaliImportance 

Theiuseiofimarineiplantsiforimedicinalipurposesitracesibackitoiancientitimes,iwithitheiChinesei"MaterialiMed

ica"iofiShen-Nungiini2007iBCibeingioneiofitheiearliestirecords.iTheimedicinaliroleiofialgaeiandiplanktoniin 

ancientitimesihasibeeniextensivelyidescribediiniliteraturei(Ananthiietial.,i2012;iSchwimmeriandiSchwimmer,i

1955).iMarineialgae,idueitoitheiridiverseispecies,iofferiaivastisourceiofivariousibioactiveicompoundsiwithime

dicinaliproperties. 

3. Nanoparticles Biosynthesised from Seaweeds 

Seaweeds, or marine macroalgae, are known for their rich phytochemical composition, including heteropolysa- 

-ccharides, alkaloids, steroids, phenols, saponins, and flavonoids. These bioactive compounds have been found 

to possess the ability to reduce metal ions to nanoparticles and act as capping agents, contributing to the 

stability of the synthesized nanoparticles (Zaneveld, 1995). 

The process of biosynthesis of nanoparticles from seaweeds involves the extraction of bioactive 

compounds followed by their reduction or stabilization to form nanoparticles. Various methods have been 

employed for the biosynthesis of nanoparticles, including the use of seaweed extracts, seaweed-derived 

biomolecules, and whole seaweed biomass. 

One common approach is the use of aqueous extracts obtained from seaweeds. These extracts contain a 

range ofibioactive compounds thaticaniactiasireducingiandicappingiagents.iTheiseaweediextract is mixed with 

metaliionisolutions,iand the reduction ofimetaliions to nanoparticlesiisifacilitated by theipresence of specific 

biomolecules initheiextract.iThis method offers a simple and environmentally friendly approach for 

nanoparticle synthesis. 

In addition to extracts, specific biomolecules derived from seaweeds have been utilized for nanoparticle 

synthesis. Proteins, phenols, flavonoids, and other phytochemicals present in seaweeds have been found to 

have reducing properties and can effectively convert metal ions into nanoparticles. These biomolecules can be 

isolated from seaweed extracts and used for controlled nanoparticle synthesis. 

Furthermore, whole seaweed biomass can also be employed for nanoparticle synthesis. In this 

approach,itheiseaweedibiomassiactsiasiboth a reducingiagentiand aistabilizingiagent. The biomass is 

treatediwithimetaliionisolutions,ianditheiinteractionibetweenitheibioactive compoundsipresent in the 

seaweed anditheimetaliionsileads to theiformation ofinanoparticles. Thisimethodioffers the advantage of 

utilizing the entire seaweed biomass and its inherent reducing and stabilizing properties. 

https://worldbiologica.com/
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Applications of Seaweed-Synthesized Nanoparticles Nanoparticles synthesized from seaweeds have shown 

great potential for various applications. The controlled synthesis of nanoparticles with specific sizes and shapes 

provides opportunities for tailoring their physical and chemical properties for specific applications. 

Initheifieldiofimedicine,iseaweed-

synthesizedinanoparticlesihaveibeeniexplorediforidrugideliveryisystems, imagingiagents,iandiantimicrobial 

agents.iTheismallisizeiandilargeisurfaceiareaiofinanoparticlesienableiefficientidrugiloadingianditargetedideliv

eryitoispecificicellsioritissues.iAdditionally,itheiuniqueiopticaliandimagneticipropertiesiofinanoparticlesimake

themisuitableiforimedicaliimagingitechniques.iTheiantimicrobialipropertiesiofisomeiseaweed-derived 

nanoparticlesiofferipotentialiapplicationsiinicombatingidrug-resistantipathogens. 

Nanoparticlesisynthesizedifromiseaweedsialsoifindiapplicationsiinienvironmentaliremediation.iTheiriabili

tyitoiinteractiwithiheavyimetaliionsimakesithemiusefuliforiremovingipollutantsifromiwateriandisoil.iTheinan

oparticlesicanieffectivelyiadsorbioricatalyticallyidegradeitheicontaminants,icontributingitoitheiremediationiof

pollutedienvironments. 

Furthermore,iseaweed-synthesizedinanoparticlesihaveishownipromiseiinitheifieldsioficatalysis, 

optoelectronics, andisensingidevices.iTheitunableipropertiesiofinanoparticlesiallowiforitheiriutilizationias 

catalystsiinivariousichemicalireactions.iInioptoelectronics,inanoparticlesicanibeiincorporatediintoidevicesifori

enhancedilightiabsorptioniandiemissioniproperties.iNanoparticlesialsoiexhibitiuniqueisensingicapabilities,ima

kingithemivaluableiinitheidevelopmentiofisensorsiforidetectingispecificianalytes. 

4. TherapeuticiPotentialiofiDifferentiNanoparticlesiBiosynthesisedifromiSeaweeds 

Algae,ioftenireferreditoiasibionanofactories,ipossessiuniqueipropertiesithatimakeithemiidealiforisynthesizingi

nanoparticles.iTheseimicroscopiciaquaticiplantsinaturallyiproduceiphytochemicalsithatiplayiaicrucialiroleiinit

heiformationiofimetallicinanoparticles.iSeveralistudiesihaveireporteditheisynthesisiofigoldinanoparticlesiusin

gialgaeiextracts,iincludingiSargassumiwightii,iTurbinariaiconoides,iLaminariaijaponica,iandiStoechospermumi

marginatumi(EsmaeiliiandiDarvish,i2014;iGuptaiandiRastogi,i2009;iEsmaeiliietial.,i2010;iMehtaiandiGaur,i20

01). 

Oneisuchiresearchistudyifocusedionitheiefficientisynthesisiofistableigoldinanoparticlesibyiutilizingitheire

ductionipropertiesiofiaqueousiAuCl4iwithitheiextractiofiSargassumiwightii.iThisiapproachiprovedisuccessfuliini

producingigoldinanoparticlesiwithihighistabilityi(EsmaeiliiandiDarvish,i2014). 

Additionally,iKumarietial.i(2012)idemonstrateditheisynthesisiofisilverinanoparticlesiusingiSargassumiten

errimumiandicompareditheiriantibacterialiactivityiwithitheiphytochemicalsipresentiinitheialgae.iTheiresultsii

ndicatedithatitheisilverinanoparticlesiexhibitedihigheriantibacterialiactivityicompareditoitheiphytochemicalsi

alone. 

Theiabilityiofialgaeitoisynthesizeinanoparticlesioffersiseveraliadvantages.iAlgaeicanibeieasilyihandledian

didoinotirequireicomplexicellimaintenanceiprocesses.iTheinanoparticlesisynthesizedifromialgaeiextractsitend

itoiexhibitihighistability,imakingithemisuitableiforivariousiapplications.iMoreover,ialgaeiprovideiaisustainable

iandienvironmentallyifriendlyisourceiforinanoparticleisynthesis. 

Inisummary,ialgaeiserveiasinaturalibionanofactoriesidueitoitheiricapabilityitoisynthesizeinanoparticlesiw

ithihighistability.iTheiuseiofialgaeiextracts,isuchiasiSargassumispecies,ihasibeenisuccessfuliiniproducingigoldi

andisilverinanoparticles,ishowcasingitheiripotentialiforivariousiapplicationsiincludingiantibacterialiactivityian

dinanomaterialiproduction. 

5. BiosorptioniPotentialiofiDifferentiNanoparticlesiBiosynthesisedifromiSeaweeds 

Inirecentiyears,itheiincreaseiiniheavyimetalipollutionihasiposediaisignificantithreatitoitheienvironment,iprom

ptingitheineediforieffectiveiremovalimethodsi(Nurbasietial.,i2002).iAmongivariousiapproaches,itheibiologicali

uptakeiofiheavyimetalsihasiemergediasiaipromisingisolution,igainingiconsiderableiattentioniinitheipastidecad

eiasiaiviableialternativeitoiconventionalimethodsi(Pintoietial.,i2011). 

Biologicaliuptakeioffersiseveraliadvantages,iincludingihighiefficiency,itheiabilityitoiremoveimetalsieveniat

ilowiconcentrations,icost-effectiveness,iandienergyiindependence,imakingiitianiattractiveioptioniforinew 

technologyi(BaiiandiAbraham,i2002).iPreviousiresearchihasidemonstrateditheipotentialiofibrownialgaeiinire

https://worldbiologica.com/
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movingiheavyimetalsifromiaqueousisolutions.iIniaifixedibedireactor,ibrownialgaeiwereifounditoieliminatei80

%ioficopper,inickel,iandicobaltiionsi(EsmaeiliiandiSadeghi,i2014).iFurthermore,iaicomparisonibetweenitheiad

sorptioniofiCri(VI)ibyidriedibrownialgaei(Sargassumisp.)iandiactivatedicarbonifromibrownialgaei(Sargassumi

sp.)irevealedithatidriedibrownialgaeiexhibitedihigherieffectivenessithaniactivatedicarboni(Esmaeiliietial.,i201

2). 

Theiprocessiofibiosorption,iwhereibiologicalimaterialsibindiandiremoveiheavyimetals,iisiinfluencedibyiva

riousiparameters.iPahlavanzadehietial.i(2010)iinvestigatedinickelibiosorptioniusingidifferentispeciesiofiIrania

nibrownialgaeiandiidentifiedipH,itemperature,iandiinitialiconcentrationiasicriticalifactors.iAmongitheseipara

meters,ipHiisiparticularlyicrucialiasiitidependsionitheifunctionaligroupsiofitheiadsorbentianditheimetaliions. 

6. ActivatediCarboniusingiBrowniAlgae 

Theiuseiofiactivatedicarboniasianiadsorbentiforiheavyimetaliremovalihasiattracteditheiattentioniofiscientistsi

dueitoiitsieffectiveness,iespeciallyiinitraceiquantities.iHowever,itheihighicostiassociatediwithiactivatedicarbon

ihasilimitediitsiextensiveiuse.iConsequently,ithereihasibeeniaigrowingiemphasisioniexploringilow-cost 

materialsiasialternativesiforimetalisorptionifromiwastewater.iSignificantieffortsihaveibeenimadeitoidevelopin

ewiadsorbentsiandienhanceiexistingiones,isuchiasigranulariactivatedicarbon,iironioxideicoatedisand,iandipor

ousicelluloseicarrierimodifiediwithipolyethyleneimine. 

Activatedicarbonihasibeeniwidelyirecognizediasitheimostipopulariadsorbentiforiwastewateritreatmentiw

orldwide.iItihasiailongihistory,idatingibackioveri2000iyearsiwheniitiwasifirstiusediforiwateritreatment.iCom

mercialiproductioniofiactivatedicarbonibeganiinitheiearlyi20thicentury,iinitiallyiinipowderiform.iVariousimat

erialsiareiusediiniitsiproduction,iwithiagriculturaliwasteilikeicoconutishell,isawdust,iwalnutishell,itropicaliwo

od,iandialmondishellibeingiamongitheicommonlyiutilizedisources.iInitially,iactivatedicarboniwasiprimarilyie

mployediforidecolorizingisugariandilater,ifromi1930ionwards,iforiwateritreatmentitoiremoveitasteiandiodori

(Adinataietial.,i2007). 

Activatedicarboniexhibitsiaistrongiadsorptionicapacity,itypicallyirangingifromi90%itoi110%iofiitsideclare

divaluei(Garciaietial.,i2001).iWhileiactivatedicarboniisieconomicallyiadvantageousidueitoiitsirelativelyilowico

st,iitsioveralliexpenseiisistillinotilowienoughitoifacilitateiextensiveiconsumptioniofiadsorptionisitesiforisubsta

ncesiotherithanitheitargeticompounditoibeiremovedi(Kirubakaranietial.,i1991).iItsiapplicationsiinidecolorizat

ioniofteniinvolveitheiremovaliofilargeimolecularicompounds,inecessitatingiactivatedicarboniwithiaiwell-

developedimacroporeistructure.iItiisiwidelyiusediasianiadsorbentiinivariousiindustries,iincludingifood,ipharm

aceuticals,isolventirecovery,idrinkingiwateritreatment,ifuelicells,iandichemicaliprocesses,idueitoiitsieconomici

advantagesioveriotheriadsorbentsi(HameediandiDaud,i2008).iActivatedicarboniisiainon-specificiadsorbent 

thatinotionlyibindsicoloricomponentsibutialsoiproteiniandiodoricomponentsi(Lafi,i2001). 

Inisummary,iwhileiactivatedicarbonihasibeeniextensivelyiusediandirecognizediforiitsiadsorptionicapabilit

iesiiniwastewateritreatment,iitsihighicostiremainsiailimitingifactor.iEffortsiareibeingimadeitoiexploreialternat

iveilow-costiadsorbents,iwhileitheidevelopmentiandiimprovementiofiexistingiadsorbentsicontinue. The 

diverse applicationsiofiactivatedicarbon,iprimarilyiinidecolorizationiprocesses,ihighlightiitsieconomic advent- 

-agesibutialsoiunderscoreitheineediforicarefuliconsiderationiofiitsispecificiadsorptioniproperties. 

7. DegradationiofiDyesiandiHeavyiMetalsiusingiTiO2/ActivatediCarbon 

Initheiquestitoitreatidyesiiniwastewater,ivariousitechniquesiandiprocesses,iincludingiphysical,ichemical,iandi

biologicalimethods,ihaveibeeniextensivelyistudiedi(Wangietial.,i2012).iTwoieffectiveiapproachesiforidyeiremo

valiareiadsorptioniandiphotocatalysis.iAdsorptioniinvolvesitheitransferioficontaminantsifromiwastewateritoia

niadsorbentimaterialilikeiactivatedicarboni(AC),iofferingiainondestructiveimeansiofiremoval.iHowever,itheiad

sorptioniefficiencyiofiregeneratediadsorbentsiisisignificantlyireducedi(Zhangietial.,i2008). 

Onitheiotherihand,iphotocatalysisiisiaipromisingiadvancedioxidationiprocessithatiutilizesiheterogeneousi

titaniumidioxidei(TiO2)iasiaiphotocatalystitoidegradeicontaminantsithroughidecompositioniandioxidationioni

itsisurfacei(Zhangietial.,i2008).iThisiprocessiinvolvesitheigenerationiofihighlyireactiveispecies,isuchiasihydro

xyliradicalsi(•OH),iwhichiexhibitifastiandinonselectiveioxidationiofiaiwideirangeiofiorganicipollutants. 

https://worldbiologica.com/
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WhileitheiheterogeneousiphotocatalyticiprocessiusingiTiO2iasiaicatalystiholdsigreatipotential,ithereiareisomei

drawbacksitoiconsider.iTiO2iexhibitsipooriadsorptionicapacityiandiposesichallengesiinitermsiofiseparationian

direcyclingifromitheisolutionidueitoitheiagglomerationitendencyiofiTiO2ipowder.iResearchersiinimanyicountr

iesiareiactivelyiseekingisuitableitreatmentsitoiaddressitheseipollutants,iwithiaifocusionitheidevelopmentiandi

optimizationiofiadvancedioxidationiprocesses,isuchiasiheterogeneousiphotocatalysisiusingiTiO2. 

Overall,itheiuseiofiTiO2iasiaicatalystiinitheiphotocatalyticiprocessishowsipromiseiiniefficientlyidegradingi

organicipollutantsibyigeneratingihighlyireactiveispecies.iHowever,ifurtheriresearchiisineededitoiaddressitheil

imitationsiassociatediwithiTiO2,isuchiasiitsiadsorptionicapacityiandirecyclability,iiniorderitoienhanceiitsipract

icaliapplicabilityiiniwastewateritreatment. 

8. Conclusion 

Futureiresearchiinitheifieldiofinanotechnologyishouldifocusioniconductingimoreidetailedistudiesitoigainiaico

mprehensiveiunderstandingiofibiomoleculesianditheiriroleiinimediatingitheisynthesisiofinanoparticles.iByielu

cidatingitheimechanismsiandifunctionsiofitheseibiomolecules,iresearchersicanieffectivelyicontrolitheirateiofin

anoparticleisynthesisiandienhanceitheiristability. 

Furthermore,iitiisicrucialitoiexploreimethodsitoiimproveitheireactivityiofiTiO2inanoparticlesisynthesizedi

throughigreeniprocesses.iByienhancingitheirireactivity,itheseinanoparticlesicanibeiutilizedimoreieffectivelyiin

ienvironmentalipollutionidegradationiwhileiminimizingianyipotentialiecotoxicologicaliimpacts. 

Comparativeistudiesibetweenibiosynthesizedinanoparticlesiandiengineeredinanoparticlesishouldibeiconducte

ditoifurtheriinvestigateitheitoxicityilevelsiassociatediwithieach.iPreliminaryievidenceisuggestsithatibiosynthe

sizedinanoparticlesimayiexhibitiloweritoxicityicompareditoitheiriengineeredicounterparts.iAimoreicomprehe

nsiveiriskiassessmentishouldialsoibeicarriedioutiforigreenifabricatediTiO2inanoparticles,itakingiintoiaccounti

factorsisuchiasifate,itransport,iaggregation,idissolution,iandikineticsiduringinanoparticleiprocessing. 

Theigreeninanotechnologyiprocessesidescribediinithisipaperilayiaistrongifoundationiforitheiproductionio

fidiverseibiochemicaliorifunctionalizedinanoparticles.iTheseinanoparticlesicaniserveiasiessentialibuildingibloc

ksiinitheidevelopmentiofinewiproductsiapplicableitoitheifieldiofienvironmentalirestoration. 

Overall,ifutureiresearchiendeavorsishouldiaimitoiadvanceiouriunderstandingiofibiomolecule-mediated 

nanoparticleisynthesis,iimproveitheireactivityiofigreenisynthesizedinanoparticles,iassessitheiritoxicityilevels,i

andiexploreitheiriapplicationipotentialiinienvironmentalirestorationisectors.iSuchieffortsiwillicontributeitoith

eidevelopmentiofisaferiandimoreisustainableinanotechnologyipractices. 
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