
INSTITUTO LATINO-AMERICANO DE

CIÇNCIAS DA VIDA E DA NATUREZA

(ILACVN)

BIOTECNOLOGIA

Biossoromo dos metais chumbo (Pb), cidmio (Cd), ferro (Fe), ]inco (Zn) e

cobre (Cu) pelas algas UOYa OacWXca e CKORUeOOa YXOgaULV: uma revismo.

DANIELE DA LUZ SILVA

FR] dR IgXaoX

2022

Versão Final Homologada
03/05/2022 09:24



1

INSTITUTO LATINO-AMERICANO DE

CIÇNCIAS DA VIDA E DA NATUREZA

(ILACVN)

BIOTECNOLOGIA

Biossoromo dos metais chumbo (Pb), cidmio (Cd), ferro (Fe), ]inco (Zn) e cobre

(Cu) pelas algas UOYa OacWXca e CKORUeOOa YXOgaULV: uma revismo.

DANIELE DA LUZ SILVA

TUabalhR de CRQclXVmR de CXUVR aSUeVeQWadR aR

IQVWiWXWR LaWiQR-AmeUicaQR de CirQciaV da Yida e

da QaWXUe]a da UQiYeUVidade FedeUal da

IQWegUaomR LaWiQR-AmeUicaQa, cRmR UeTXiViWR

SaUcial j RbWeQomR dR WtWXlR de BachaUel em

BiRWecQRlRgia.

OUieQWadRU: PURfa. DUa. AQa ClaXdia de CaVWUR

MaUcaWR

FR] dR IgXaoX

2022

Versão Final Homologada
03/05/2022 09:24



2

DANIELE DA LUZ SILVA

Biossoromo dos metais chumbo (Pb), cidmio (Cd), ferro (Fe), ]inco (Zn) e cobre

(Cu) pelas algas UOYa OacWXca e CKORUeOOa YXOgaULV: uma revismo.

TUabalhR de CRQclXVmR de CXUVR aSUeVeQWadR aR

IQVWiWXWR LaWiQR-AmeUicaQR de CirQciaV da Yida e

da QaWXUe]a da UQiYeUVidade FedeUal da

IQWegUaomR LaWiQR-AmeUicaQa, cRmR UeTXiViWR

SaUcial j RbWeQomR dR WtWXlR de bachaUel em

BiRWecQRlRgia.

Versão Final Homologada
03/05/2022 09:24



3

BA1CA E;A0I1AD25A

________________________________________

OUieQWadRUa: PURfa. DUa. AQa ClaXdia de CaVWUR MaUcaWR

UNILA

________________________________________

PURfa. DUa. Rafaella CRVWa BRQXgli SaQWRV

UNILA

________________________________________

PURfa. DUa. CiQW\a ASaUecida ChUiVWRfRleWWi de FigXeiUedR

UNIARARAS

FR] dR IgXaoX, _____ de ___________ de ______.

Versão Final Homologada
03/05/2022 09:24

Ana Claudia de Castro Marcato
26

Ana Claudia de Castro Marcato
abril

Ana Claudia de Castro Marcato
2022



4

TERMO DE SUBMISS­O DE TRABALHOS ACADÇMICOS

NRme cRmSleWR dR aXWRU(a): DaQiele Da LX] SilYa

CXUVR: BiRWecQRlRgia

TiSR de DRcXmeQWR

([) gUadXaomR (..) aUWigR

(..) eVSeciali]aomR ([) WUabalhR de cRQclXVmR de cXUVR

(..) meVWUadR (..) mRQRgUafia

(..) dRXWRUadR (..) diVVeUWaomR

(..) WeVe

(..) CD/DVD ± RbUaV aXdiRYiVXaiV

(..)

_________________________________________________________

_____

TtWXlR dR WUabalhR acadrmicR: Biossoromo dos metais chumbo (Pb), cidmio (Cd),

ferro (Fe), ]inco (Zn) e cobre (Cu) pelas algas UOYa OacWXca e CKORUeOOa YXOgaULV:

uma revismo.

NRme dR RUieQWadRU(a): AQa ClaXdia de CaVWUR MaUcaWR

DaWa da DefeVa: 01/04/2022

Licenoa nmo-exclusiva de Distribuiomo

O UefeUidR aXWRU(a):

a) DeclaUa TXe R dRcXmeQWR eQWUegXe p VeX WUabalhR RUigiQal, e TXe R deWpm R

diUeiWR de cRQcedeU RV diUeiWRV cRQWidRV QeVWa liceQoa. DeclaUa Wambpm TXe a

eQWUega dR dRcXmeQWR QmR iQfUiQge, WaQWR TXaQWR lhe p SRVVtYel VabeU, RV diUeiWRV de

TXalTXeU RXWUa SeVVRa RX eQWidade.

b) Se R dRcXmeQWR eQWUegXe cRQWpm maWeUial dR TXal QmR deWpm RV diUeiWRV

Versão Final Homologada
03/05/2022 09:24



5

de aXWRU, declaUa TXe RbWeYe aXWRUi]aomR dR deWeQWRU dRV diUeiWRV de aXWRU SaUa

cRQcedeU j UNILA ± UQiYeUVidade FedeUal da IQWegUaomR LaWiQR-AmeUicaQa RV

diUeiWRV UeTXeUidRV SRU eVWa liceQoa, e TXe eVVe maWeUial cXjRV diUeiWRV VmR de

WeUceiURV eVWi claUameQWe ideQWificadR e UecRQhecidR QR We[WR RX cRQWe~dR dR

dRcXmeQWR eQWUegXe.

Se R dRcXmeQWR eQWUegXe p baVeadR em WUabalhR fiQaQciadR RX aSRiadR SRU

RXWUa iQVWiWXiomR TXe QmR a UQiYeUVidade FedeUal da IQWegUaomR LaWiQR-AmeUicaQa,

declaUa TXe cXmSUiX TXaiVTXeU RbUigao}eV e[igidaV SelR UeVSecWiYR cRQWUaWR RX

acRUdR.

Na TXalidade de WiWXlaU dRV diUeiWRV dR cRQWe~dR VXSUaciWadR, R aXWRU aXWRUi]a

a BibliRWeca LaWiQR-AmeUicaQa ± BIUNILA a diVSRQibili]aU a RbUa gUaWXiWameQWe e de

acRUdR cRm a liceQoa S~blica CUHDWLYH CRPPRQV Licenoa 3.0 Unported.

FR] dR IgXaoX, 07 de abUil  de 2022.
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RESUMO

O BUaVil aSUeVeQWa Xma daV maiRUeV baciaV hidURgUificaV dR mXQdR e R mRQiWRUameQWR da
TXalidade da igXa, SUiQciSalmeQWe dejeWRV dRmpVWicRV e aWiYidadeV iQdXVWUiaiV, p de
gUaQde imSRUWkQcia SaUa aQaliVaU cRQWamiQaQWeV iQRUgkQicRV, cRmR RV meWaiV, deYidR aR
VeX SRdeU de cRQWamiQaomR. TUagpdiaV, cRmR URmSimeQWRV de baUUageQV, SRdem VeU
Wambpm fRQWe de cRQWamiQaomR SRU meWaiV, TXe SUeVeQWeV QaV igXaV UeVidXaiV SRdem
aWiQgiU UiRV e maUeV e, cRQVeTXeQWemeQWe, cRQWamiQaU R hRmem. A biRVVRUomR p Xma
WpcQica de biRUUemediaomR LQ VLWX TXe eQYRlYe mecaQiVmRV cRmR a abVRUomR, adVRUomR,
WURca i{Qica, SUeciSiWaomR, cRmSle[aomR de VXSeUftcie, eQWUe RXWURV. EVVe SURceVVR eVWi
deQWUR dR UamR da biRUUemediaomR, e Wem cRmR RbjeWiYR a UemRomR RX UecXSeUaomR de
VXbVWkQciaV WaQWR RUgkQicaV TXaQWR iQRUgkQicaV, cRmR RV meWaiV, aWUaYpV de
micURUgaQiVmRV RX de RXWURV maWeUiaiV biRlygicRV. Um dRV maWeUiaiV biRlygicRV a VeU
XWili]adR cRmR biRUUemediadRU deVVaV VXbVWkQciaV VmR aV algaV, SRU SRVVXtUem alWa
caSacidade de adVRUomR e efeiWR imRbili]adRU, alpm de SRVVXtUem YaQWajRVR
cXVWR-beQeftciR. DiaQWe diVWR, eVWe WUabalhR WeYe cRmR RbjeWiYR fa]eU Xm leYaQWameQWR
bibliRgUificR dRV ~lWimRV 22 aQRV VRbUe a biRVVRUomR dRV meWaiV chXmbR (Pb), cidmiR
(Cd), feUUR (Fe), ]iQcR (ZQ) e cRbUe (CX) Sela micURalga CKORUHOOD YXOJDULV e Sela
macURalga UOYD ODFWXFD, aQaliVaQdR a eficicia e RV faWRUeV TXe iQWeUfeUem Qa biRVVRUomR.
A meWRdRlRgia cRQViVWiX em Ueali]aU bXVcaV de WUabalhRV cieQWtficRV em SlaWafRUmaV RQliQe
XWili]aQdR WeUmRV eVSectficRV, WaQWR em SRUWXgXrV TXaQWR em iQglrV, SaUa a SeVTXiVa,
eVVeV WeUmRV fRUam: biRVVRUomR, biRUUemediaomR, biRVVRUomR de meWaiV SeVadRV,
algaV+meWaiV SeVadRV+biRVVRUomR, biRVVRUomR+eVSpcie da alga+cada meWal SeVTXiVadRV
iQdiYidXalmeQWe. OV eVWXdRV aQaliVadRV fRUam, em VXa maiRUia, Ueali]adRV aWUaYpV de
e[SeUimeQWRV em labRUaWyUiR. FRUam aYaliadRV faWRUeV TXe iQWeUfeUem Qa biRVVRUomR cRmR
SH, WemSeUaWXUa, dRVe de biRVVRUYeQWe, cRQceQWUaomR iQicial de meWal e WemSR de cRQWaWR.
OV eVWXdRV deVcUiWRV QRV UeVXlWadRV iQdicaUam TXe ambaV aV algaV SRVVXem eficicia
SaUa a biRVVRUomR dRV meWaiV meQciRQadRV, SRdeQdR aVVim, VeUem cRQVideUadaV
alWeUQaWiYaV YiiYeiV SaUa R WUaWameQWR de eflXeQWeV.

Palavras-chave: biRUUemediaomR; adVRUomR; eflXeQWeV; cRQWamiQaQWeV; SH.
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RESUMEN

BUaVil WieQe XQa de laV cXeQcaV hidURgUificaV miV gUaQdeV del mXQdR \ el mRQiWRUeR de la
calidad del agXa, SUiQciSalmeQWe de lRV deVechRV dRmpVWicRV \ de laV acWiYidadeV
iQdXVWUialeV, eV de gUaQ imSRUWaQcia SaUa aQali]aU lRV cRQWamiQaQWeV iQRUgiQicRV, cRmR lRV
meWaleV, SRU VX SRdeU cRQWamiQaQWe. LaV WUagediaV, cRmR la falla de UeSUeVaV, WambipQ
SXedeQ VeU XQa fXeQWe de cRQWamiQaciyQ SRU meWaleV, TXe SUeVeQWeV eQ laV agXaV
UeVidXaleV SXedeQ llegaU a UtRV \ maUeV \, eQ cRQVecXeQcia, cRQWamiQaU a lRV hXmaQRV.
La biRVRUciyQ eV XQa WpcQica de biRUUemediaciyQ iQ ViWX TXe iQYRlXcUa mecaQiVmRV cRmR
abVRUciyQ, adVRUciyQ, iQWeUcambiR iyQicR, SUeciSiWaciyQ, cRmSlejaciyQ VXSeUficial, eQWUe
RWURV. EVWe SURceVR Ve eQcXeQWUa deQWUR del camSR de la biRUUemediaciyQ, \ WieQe cRmR
RbjeWiYR elimiQaU R UecXSeUaU VXVWaQciaV WaQWR RUgiQicaV cRmR iQRUgiQicaV, cRmR meWaleV,
a WUaYpV de micURRUgaQiVmRV X RWURV maWeUialeV biRlygicRV. UQR de lRV maWeUialeV
biRlygicRV a XWili]aU cRmR biRUUemediadRU de eVWaV VXVWaQciaV VRQ laV algaV, debidR a TXe
WieQeQ XQa alWa caSacidad de adVRUciyQ \ efecWR de iQmRYili]aciyQ, ademiV de VeU
UeQWableV. PRU ellR, eVWe eVWXdiR WXYR cRmR RbjeWiYR Ueali]aU XQ leYaQWamieQWR bibliRgUificR
de lRV ~lWimRV 22 axRV VRbUe la biRVRUciyQ de meWaleV SlRmR (Pb), cadmiR (Cd), hieUUR
(Fe), ]iQc (ZQ) \ cRbUe (CX) SRU SaUWe de laV micURalgaV ChlRUella YXlgaUiV \ SRU la
macURalga UlYa lacWXca, aQali]aQdR la efecWiYidad \ lRV facWRUeV TXe iQWeUfieUeQ eQ la
biRVRUciyQ. La meWRdRlRgta cRQViVWiy eQ bXVcaU aUWtcXlRV cieQWtficRV eQ SlaWafRUmaV eQ
ltQea XWili]aQdR WpUmiQRV eVSectficRV, WaQWR eQ SRUWXgXpV cRmR eQ iQglpV, SaUa la
iQYeVWigaciyQ, eVWRV WpUmiQRV fXeURQ: biRVRUciyQ, biRUUemediaciyQ, biRVRUciyQ de meWaleV
SeVadRV, algaV+meWaleV SeVadRV+biRVRUciyQ, biRVRUciyQ+eVSecieV de algaV+cada meWal
iQYeVWigadR iQdiYidXalmeQWe. LRV eVWXdiRV aQali]adRV fXeURQ, eQ VX ma\RUta, Ueali]adRV a
WUaYpV de e[SeUimeQWRV de labRUaWRUiR. Se eYalXaURQ facWRUeV TXe iQWeUfieUeQ eQ la
biRVRUciyQ, WaleV cRmR SH, WemSeUaWXUa, dRViV de biRVRUbeQWe, cRQceQWUaciyQ iQicial de
meWaleV \ WiemSR de cRQWacWR. LRV eVWXdiRV deVcUiWRV eQ lRV UeVXlWadRV iQdicaURQ TXe
ambaV algaV VRQ efecWiYaV SaUa la biRVRUciyQ de lRV meWaleV meQciRQadRV, SRU lR TXe Ve
cRQVideUaQ alWeUQaWiYaV YiableV SaUa el WUaWamieQWR de eflXeQWeV.

PalabUaV claYe: biRUUemediaciyQ; adVRUciyQ; eflXeQWeV; cRQWamiQaQWeV; SH.
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ABSTRACT

BUa]il haV RQe Rf Whe laUgeVW h\dURgUaShic baViQV iQ Whe ZRUld aQd Whe mRQiWRUiQg Rf ZaWeU
TXaliW\, maiQl\ dRmeVWic ZaVWe aQd iQdXVWUial acWiYiWieV, iV Rf gUeaW imSRUWaQce WR aQal\]e
iQRUgaQic cRQWamiQaQWV, VXch aV meWalV, dXe WR WheiU cRQWamiQaWiQg SRZeU. TUagedieV, VXch
aV dam failXUeV, caQ alVR be a VRXUce Rf cRQWamiQaWiRQ b\ meWalV, Zhich SUeVeQW iQ
ZaVWeZaWeU caQ Ueach UiYeUV aQd VeaV aQd, cRQVeTXeQWl\, cRQWamiQaWe hXmaQV.
BiRVRUSWiRQ iV aQ iQ ViWX biRUemediaWiRQ WechQiTXe WhaW iQYRlYeV mechaQiVmV VXch aV
abVRUSWiRQ, adVRUSWiRQ, iRQ e[chaQge, SUeciSiWaWiRQ, VXUface cRmSle[aWiRQ, amRQg RWheUV.
ThiV SURceVV iV ZiWhiQ Whe field Rf biRUemediaWiRQ, aQd aimV WR UemRYe RU UecRYeU bRWh
RUgaQic aQd iQRUgaQic VXbVWaQceV, VXch aV meWalV, WhURXgh micURRUgaQiVmV RU RWheU
biRlRgical maWeUialV. OQe Rf Whe biRlRgical maWeUialV WR be XVed aV a biRUemediaWRU Rf WheVe
VXbVWaQceV aUe algae, becaXVe Whe\ haYe a high adVRUSWiRQ caSaciW\ aQd immRbili]aWiRQ
effecW, iQ addiWiRQ WR beiQg cRVW-effecWiYe. TheUefRUe, WhiV VWXd\ aimed WR make a
bibliRgUaShic VXUYe\ Rf Whe laVW 22 \eaUV RQ Whe biRVRUSWiRQ Rf lead (Pb), cadmiXm (Cd),
iURQ (Fe), ]iQc (ZQ) aQd cRSSeU (CX) meWalV b\ Whe micURalgae ChlRUella YXlgaUiV aQd b\ Whe
macURalgae UlYa lacWXca, aQal\]iQg Whe effecWiYeQeVV aQd Whe facWRUV WhaW iQWeUfeUe iQ Whe
biRVRUSWiRQ. The meWhRdRlRg\ cRQViVWed Rf VeaUchiQg fRU VcieQWific SaSeUV RQ RQliQe
SlaWfRUmV XViQg VSecific WeUmV, bRWh iQ PRUWXgXeVe aQd iQ EQgliVh, fRU Whe UeVeaUch, WheVe
WeUmV ZeUe: biRVRUSWiRQ, biRUemediaWiRQ, biRVRUSWiRQ Rf heaY\ meWalV, algae+heaY\
meWalV+biRVRUSWiRQ, biRVRUSWiRQ+VSecieV Rf VeaZeed+each meWal UeVeaUched iQdiYidXall\.
The VWXdieV aQal\]ed ZeUe, fRU Whe mRVW SaUW, caUUied RXW WhURXgh labRUaWRU\ e[SeUimeQWV.
FacWRUV WhaW iQWeUfeUe iQ biRVRUSWiRQ ZeUe eYalXaWed, VXch aV SH, WemSeUaWXUe, biRVRUbeQW
dRVe, iQiWial meWal cRQceQWUaWiRQ aQd cRQWacW Wime. The VWXdieV deVcUibed iQ Whe UeVXlWV
iQdicaWed WhaW bRWh algae aUe effecWiYe fRU Whe biRVRUSWiRQ Rf Whe meQWiRQed meWalV, WhXV
beiQg cRQVideUed Yiable alWeUQaWiYeV fRU Whe WUeaWmeQW Rf efflXeQWV..

Ke\ ZRUdV: biRUemediaWiRQ; adVRUSWiRQ; efflXeQWV; cRQWamiQaQWV; SH.
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1 INTRODUd­O

O BUaVil aSUeVeQWa Xma daV maiRUeV baciaV hidURgUificaV dR mXQdR e R

mRQiWRUameQWR da TXalidade da igXa, SUiQciSalmeQWe dejeWRV dRmpVWicRV e

aWiYidadeV iQdXVWUiaiV, p de gUaQde imSRUWkQcia SaUa aQaliVaU cRQWamiQaQWeV

iQRUgkQicRV, cRmR RV meWaiV. A cRQWamiQaomR daV igXaV SRU eflXeQWeV

dRmpVWicRV e aWiYidadeV iQdXVWUiaiV caXVam SUeRcXSaomR SRiV SRdem VeU

SUejXdiciaiV j Va~de hXmaQa. Alpm diVVR, WUagpdiaV cRmR URmSimeQWRV de

baUUageQV, TXe chegam Qa SRSXlaomR e Wambpm VmR leYadRV SaUa UiRV e maUeV

SRdem cRQWeU meWaiV em VeX e[ceVVR, cRmR R chXmbR (Pb), cidmiR (Cd), feUUR

(Fe), ]iQcR (ZQ), cRbUe (CX), eQWUe RXWURV (RibeiUR HW DO., 2012).

AV meWRdRlRgiaV de biRUUemediaomR Wrm VidR eVWXdadaV SaUa miWigaU RV

efeiWRV dRV meWaiV QRV cRUSRV htdUicRV. Em geUal, a biRUUemediaomR Wem cRmR

RbjeWiYR UedX]iU RX elimiQaU elemeQWRV SRlXeQWeV e Wy[icRV dR ambieQWe

XWili]aQdR maWeUiaiV biRlygicRV cRmR fXQgRV, bacWpUiaV, algaV, eQWUe RXWURV. A

biRUUemediaomR SRde VeU aSlicada de maQeiUa H[ VLWX e LQ VLWX. O H[ VLWX p

TXaQdR SaUWe da iUea cRQWamiQada p WUaQVfeUida de lXgaU SaUa TXe Veja

aSlicadR R maWeUial biRlygicR UemediadRU, e QR LQ VLWX R ageQWe UemediadRU p

aSlicadR QR lRcal da cRQWamiQaomR (MaUia HW DO., 2014).

Um dRV maWeUiaiV biRlygicRV XWili]adRV cRmR biRUUemediadRU de meWaiV

VmR aV algaV, SRU SRVVXtUem alWa caSacidade de adVRUomR e efeiWR imRbili]adRU;

alpm dR YaQWajRVR cXVWR-beQeftciR. AV micURalgaV Wambpm SRdem UemRYeU

RXWURV elemeQWRV cRmR SRWiVViR (K), fyVfRUR (P) e QiWURgrQiR (N) (UbaQdR HW DO.,

2021). AlgXmaV eVSpcieV de algaV Wrm VidR XWili]adaV cRmR biRUUemediadRUaV

de meWaiV, WaiV TXaiV: CKORUHOOD YXOJDULV, SSLUXOLQD SODWHQVLV, UOYD ODFWXFD e

DXQDOLHOOD VSS.

LeYaQdR em cRQVideUaomR a imSRUWkQcia da UecXSeUaomR dRV UecXUVRV

htdUicRV, eVWe WUabalhR WeYe cRmR RbjeWiYR fa]eU Xm leYaQWameQWR bibliRgUificR

dRV ~lWimRV 22 aQRV VRbUe a biRVVRUomR de meWaiV chXmbR (Pb), cidmiR (Cd),

feUUR (Fe), ]iQcR (ZQ) e cRbUe (CX) Sela micURalga CKORUHOOD YXOJDULV e Sela

macURalga UOYD ODFWXFD.
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2 REVIS­O BIBLIOGRÈFICA

2.1  BIORREMEDIAd­O

A biRUUemediaomR p Xm SURceVVR RQde maWeUiaiV biRlygicRV fa]em a

UedXomR RX UemRomR de SRlXeQWeV SUeVeQWeV QR ambieQWe, Wem cRmR RbjeWiYR

Ueali]aU a biRdegUadaomR RX biRWUaQVfRUmaomR de cRmSRVWRV de iQWeUeVVe,

cRmR RV cRmSRVWRV RUgkQicRV. OX Veja, RV RUgaQiVmRV YiYRV, cRmR SlaQWaV,

bacWpUiaV, fXQgRV, VmR XWili]adRV SaUa UemediaU RX elimiQaU eVVeV cRmSRVWRV de

iQWeUeVVe, TXe geUalmeQWe VmR SRlXeQWeV aR ambieQWe (PaXl HW DO, 2005). AV

WpcQicaV de biRUUemediaomR VmR aSlicadaV em ambieQWeV cRQWamiQadRV cRmR

igXaV VXSeUficiaiV, VXbWeUUkQeaV, UeVtdXRV iQdXVWUiaiV em aWeUURV e VRlRV

(PUiVcila, 2005).

OV micURUgaQiVmRV XWili]adRV Qa biRUUemediaomR SRdem VeU aXWycWRQeV

(QaWiYRV dR lRcal) e alycWRQeV (WUaQVfeUidRV SaUa R lRcal), TXe deYeUmR VeU

UemediadRV RX SRdem VeU iVRladRV em labRUaWyUiR e, em VegXida, WUaQVfeUidRV

SaUa R lRcal TXe VeUi VXbmeWidR aR WUaWameQWR. TaiV micURUgaQiVmRV, TXe

SRVVXem caSacidade SaUa biRUUemediaomR, fa]em a WUaQVfRUmaomR de ageQWeV

SRlXeQWeV QR ambieQWe em SURdXWRV iQRfeQViYRV XWili]aQdR Ueao}eV TXe fa]em

SaUWe dRV VeXV SURceVVRV meWabylicRV (Vidali, 2001).

2.2   TIPOS DE BIORREMEDIAd­O

2.2.1 E[ VLWX

NeVWe WiSR de biRUUemediaomR, hi a QeceVVidade dR deVlRcameQWR dR

maWeUial cRQWamiQadR SaUa Xma eVWaomR de WUaWameQWR SaUa TXe aVVim SRVVa

VeU feiWR a biRUUemediaomR, cRmR SRU e[emSlR fa]eU a UeWiUada de Xma SaUWe dR

maWeUial cRQWamiQadR e leYaU a biRUUeaWRUeV SaUa TXe Veja feiWR R WUaWameQWR

jXQWR cRm R maWeUial biRlygicR (AmaUal HW DO., 2020). A biRUUemediaomR H[ VLWX p

Ueali]ada TXaQdR RV SRlXeQWeV SRVVXem a caSacidade de cRQWamiQaU SeVVRaV

e RXWURV VRlRV aR UedRU, eVVe WiSR de biRUUemediaomR SRVVXi Xm cXVWR maiRU em

UelaomR aR LQ VLWX SRiV hi a QeceVVidade de deVlRcameQWR dR maWeUial a VeU

UemediadR (JacTXeV HW DO., 2007). ASyV R WUaWameQWR, R maWeUial WUaWadR UeWRUQa
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aR lRcal de RQde fRi feiWa a UemRomR (AmaUal HW DO., 2020).

2.2.2 IQ VLWX

A biRUUemediaomR LQ VLWX p Ueali]ada QR lRcal cRQWamiQadR, Vem a

QeceVVidade de deVlRcameQWR dR maWeUial a VeU WUaWadR, R TXe WRUQa eVWe WiSR

de biRUUemediaomR YaQWajRVa em cRmSaUaomR cRm a H[ VLWX. e cRQVideUadR Xm

SURceVVR de bai[R cXVWR e efeWiYR em UelaomR a WpcQicaV de iQciQeUaomR e SRde

VeU XWili]adR em gUaQdeV iUeaV cRQWamiQadaV (AmaUal HW DO., 2020).

2.3  BIOSSORd­O

A biRVVRUomR p Xma WpcQica de biRUUemediaomR LQ VLWX TXe eQYRlYe

mecaQiVmRV cRmR a abVRUomR, adVRUomR, WURca i{Qica, SUeciSiWaomR,

cRmSle[aomR de VXSeUftcie, eQWUe RXWURV. EVVe SURceVVR eVWi deQWUR dR UamR

da biRUUemediaomR, e Wem cRmR RbjeWiYR a UemRomR RX UecXSeUaomR de

VXbVWkQciaV WaQWR RUgkQicaV TXaQWR iQRUgkQicaV aWUaYpV de micURUgaQiVmRV RX

de RXWURV maWeUiaiV biRlygicRV, cRmR SRU e[emSlR aV algaV (FRmiQa & Gadd,

2014).

DeQWUR da biRUUemediaomR, TXaQdR a UemRomR p de meWaiV, p XWili]adR R

WeUmR biRVVRUomR, SRiV RV elemeQWRV iQRUgkQicRV QmR VRfUem degUadaomR. CRm

iVVR, RV meWaiV VmR imRbili]adRV SRU meiRV biRlygicRV, UeVXlWaQdR Qa

elimiQaomR, RX Qa UedXomR da cRQceQWUaomR deVVeV meWaiV QR meiR aTXRVR

(MaUia HW DO., 2014). OX Veja, a biRVVRUomR eQYRlYe a imRbili]aomR de tRQV

meWilicRV (biRVVRUbaWRV) SaUa a VXSeUftcie dR biRVVRUYeQWe biRlygicR, cRmR SRU

e[emSlR: fXQgRV, bacWpUiaV e algaV (SelYaVembiaQ & SiQgh, 2021). EVVe

SURceVVR p caUacWeUi]adR Sela ligaomR dRV meWaiV aRV micURUgaQiVmRV, WaQWR jV

cplXlaV YiYaV TXaQWR jV cplXlaV mRUWaV TXe SRdem acXmXlaU eVWeV meWaiV

(PaXla & PallX, 2006).

A biRVVRUomR eQYRlYe dXaV faVeV (MaUia HW DO., 2014):

Ɣ FaVe Vylida: eQYRlYe R biRVVRUYeQWe de RUigem biRlygica.

Ɣ FaVe ltTXida: eQYRlYe R VRlYeQWe, QRUmalmeQWe igXa, TXe cRQWpm R

ageQWe a VeU UemRYidR, cRmR meWal, SRU e[emSlR.

A biRVVRUomR SRde RcRUUeU de dXaV fRUmaV (MaUia HW DO., 2014):
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Ɣ AdVRUomR (QmR deSeQde da aWiYidade meWabylica);

Ɣ AbVRUomR RX biRacXmXlaomR (deSeQde da aWiYidade meWabylica)

2.3.1 BiRVVRUYeQWeV

OV biRVVRUYeQWeV VmR de RUigem biRlygica e VXa fXQomR p fa]eU a

UemRomR SaVViYa de VXbVWkQciaV Wy[icaV de Xm lRcal cRQWamiQadR. PRdem VeU

XWili]adRV SaUa a UemRomR de cRmSRVWRV meWilicRV em ambieQWe aTXRVR, cRmR

SRU e[emSlR RV meWaiV. EVWe mpWRdR SRVVXi bai[R cXVWR, SRiV p XWili]adR

maWeUial biRlygicR cRmR fXQgRV, bacWpUiaV e algaV. EVVeV biRVVRUYeQWeV

SRVVXem cRmR caUacWeUtVWicaV lRcaiV fXQciRQaiV Qa SaUede celXlaU cRmR R

caUbR[il, R VXlfXUil, R fRVfaWR, R feQRl, a amida, R amiQR, hidUR[il e R VXlfaWR.

EVWeV lRcaiV fXQciRQaiV VmR UeVSRQViYeiV Sela biRVVRUomR dRV tRQV meWilicRV

(SelYaVembiaQ & SiQgh, 2021).

2.3.1.1   AOJDV XWLOL]DGDV FRPR ELRVVRUYHQWHV

AV algaV SRVVXem Xm gUaQde SRWeQcial cRmR biRVVRUYeQWeV, SRiV SRdem

YaUiaU em WamaQhR, e SRdem geUaU gUaQdeV TXaQWidadeV de biRmaVVa SRU

VeUem aXWRWUyficaV. AV algaV SRVVXem SRXcaV QeceVVidadeV de QXWUieQWeV e

aSUeVeQWam Xma caSacidade de VRUomR, R TXe SRde UeVXlWaU Qa biRVVRUomR de

meWaiV (SelYaVembiaQ & SiQgh, 2021).

A biRVVRUomR em algaV RcRUUe aWUaYpV de SURceVVRV de ligao}eV dR

meWal em cRmSRQeQWeV da SaUede celXlaU (figXUa 1). EVWeV SURceVVRV Ve

baVeiam Qa WURca i{Qica e eVVaV ligao}eV deSeQdem de faWRUeV cRmR: caUga

i{Qica dR tRQ meWilicR, eVSpcieV de algaV e a cRmSRViomR TXtmica da VRlXomR

de tRQV meWilicRV. OV lRcaiV de ligao}eV de cRmSRQeQWeV meWilicRV em algaV

VmR R caUbR[il, a amiQa, R fRVfaWR, R VXlfaWR e gUXSRV fXQciRQaiV TXtmicRV

(AbbaV HW DO., 2014).

E[iVWem dXaV faVeV da biRVVRUomR de meWaiV SRU algaV:

Ɣ PUimeiUa faVe: acXmXlaomR UiSida e UeYeUVtYel, Qa TXal RcRUUem aV

ligao}eV Qa VXSeUftcie daV cplXlaV QR SeUtRdR de cRQWaWR daV algaV cRm

RV meWaiV;
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Ɣ SegXQda faVe: acXmXlaomR leQWa e iUUeYeUVtYel, QeVVa eWaSa R WUaQVSRUWe

de tRQV meWilicRV SaUa R meiR iQWUacelXlaU deSeQde dR meWabRliVmR da

alga, RcRUUeQdR gaVWR de eQeUgia (AUa~jR, 2012).

FigXUa 1: BiRVVRUomR em cplXlaV de alga

FRQWe: Bilal HW DO. (2018, S. 3). NRWa: dadRV WUabalhadRV SelR R aXWRU.

2.3.2  MecaQiVmR da biRVVRUomR

OV mecaQiVmRV da biRVVRUomR (figXUa 2) abUaQge Xma faVe Vylida, VeQdR

eVWa R adVRUYeQWe, e Xma faVe ltTXida, VeQdR R adVRUbaWR. O adVRUbaWR p

aWUatdR SelR adVRUYeQWe deSeQdeQdR dR mecaQiVmR de UemRomR de meWal, TXe

SRdeUi VeU difeUeQWe cRQfRUme R WiSR de biRVVRUYeQWe XVadR. EVVeV

mecaQiVmRV SRdem VeU cRmSle[aomR, TXelaomR, cRRUdeQaomR, WURca i{Qica,

adVRUomR e SUeciSiWaomR iQRUgkQica (Da SilYa HW DO., 2014).

O mecaQiVmR de cRmSle[aomR eQYRlYe a fRUmaomR de Xm cRmSle[R

cRm baVe Qa aVVRciaomR de dXaV eVSpcieV de biRVVRUYeQWeV. NR mecaQiVmR

de cRRUdeQaomR hi a ligaomR de Xm iWRmR SUiQciSal de Xm cRmSle[R cRm

RXWURV iWRmRV da UeaomR SRU meiR de ligaomR cRYaleQWe. O mecaQiVmR de

TXelaomR eQYRlYe fRUmaomR de cRmSle[RV aWUaYpV de Xm cRmSRVWR RUgkQicR e
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eVVeV cRmSle[RV fa]em XQimR cRm meWal a SaUWiU de dRiV VtWiRV de ligaomR. O

mecaQiVmR de WURca i{Qica eQYRlYe fRUmaomR de mRlpcXlaV cRm baVe Qa WURca

de tRQV. Ji QR mecaQiVmR de adVRUomR, mRlpcXlaV, iWRmRV RX tRQV VmR UeWidRV

Qa VXSeUftcie de Xm WecidR RUgkQicR (biRVVRUYeQWeV). PRU fim, QR mecaQiVmR de

SUeciSiWaomR iQRUgkQica, RcRUUe Xma alWeUaomR QR meiR aTXRVR fa]eQdR cRm

TXe RcRUUa Xma SUeciSiWaomR dR TXe VeUi deVcaUWadR, cRmR SRU e[emSlR RV

tRQV meWilicRV (Da SilYa HW DO., 2014). DeQWUe RV mecaQiVmRV da biRVVRUomR, a

WURca i{Qica p R SUiQciSal, SRiV RcRUUe aWUaYpV de gUXSRV fXQciRQaiV diVWiQWRV TXe

eVWmR SUeVeQWeV Qa VXSeUftcie da SaUede celXlaU da biRmaVVa e eVVe

mecaQiVmR deSeQde da biRmaVVa XWili]ada (Bilal HW DO, 2018).

DeVWa fRUma, eVVeV difeUeQWeV mecaQiVmRV de biRVVRUomR fa]em cRm

TXe RcRUUa a imRbili]aomR de ageQWeV meWilicRV Qa biRmaVVa dRV biRVVRUYeQWeV

aWUaYpV da aWUaomR dRV tRQV SelRV VtWiRV aWiYRV Qa VXSeUftcie dR biRVVRUYeQWe

RQde hi RV gUXSRV fXQciRQaiV (fRVfaWR, caUbR[ila, VXlfeWR, hidUR[ila e amiQa).

EVVeV gUXSRV fXQciRQaiV VmR eQcaUUegadRV de fa]eU a XQimR daV SaUWtcXlaV

meWilicaV j VXSeUftcie dRV biRVVRUYeQWeV (Da SilYa HW DO., 2014).
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FigXUa 2: E[emSlRV de mecaQiVmRV de biRVVRUomR

FRQWe: Bilal HW DO. (2018, S. 4). NRWa: dadRV WUabalhadRV SelR R aXWRU.

2.4   FATORES QUE INTERFEREM NA BIOSSORd­O DOS METAIS

O SURceVVR de biRVVRUomR de Xm meWal, em UelaomR aR deVemSeQhR dR

biRVVRUYeQWe Qa biRUUemediaomR, deSeQde de algXQV faWRUeV TXe SRdem

iQWeUfeUiU Qa biRVVRUomR, cRmR SH, WemSeUaWXUa, SURSUiedadeV dR biRVVRUYeQWe

e SURSUiedadeV dR meWal (Bilal HW DO, 2018).

O SH eleYadR fa] cRm TXe haja aXmeQWR da biRVVRUomR dRV meWaiV, maV

R aXmeQWR e[ceVViYR dR SH QR SURceVVR, SRde leYaU a SUeciSiWaomR deVWeV

meWaiV e a UedXomR da caSacidade de biRVVRUomR, WRUQaQdR R SH R faWRU maiV

imSRUWaQWe dR SURceVVR. O SH Wambpm fa] R cRQWURle de SURWRQaomR e

deVSURWRQaomR de gUXSRV fXQciRQaiV, R TXe Wambpm afeWa a biRVVRUomR, SRiV

gUXSRV caUbR[tlicRV TXaQdR eVWmR em SH icidR VmR SURWRQadRV SRU caXVa dR

e[ceVVR de tRQV H+ e H3O+, caXVaQdR a UedXomR da caSacidade de biRVVRUomR.

CRm R SH mXiWR eleYadR RV gUXSRV amiQa, caUbR[ila e hidUR[ila VmR

deVSURWRQadRV leYaQdR a fRUmaomR de cRmSle[RV aQi{QicRV de hidUy[idR e a
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SUeciSiWaomR dRV meWaiV, UedX]iQdR a caSacidade de biRVVRUomR (Bilal HW DO,

2018).

A WemSeUaWXUa aR VeU alWeUada, SRde caXVaU YaUiaomR da caSacidade

VRUomR, SRiV TXaQdR R SURceVVR p eQdRWpUmicR (cRm abVRUomR de calRU), R

aXmeQWR da WemSeUaWXUa caXVa Wambpm R aXmeQWR da biRVVRUomR, maV Ve R

SURceVVR fRU e[RWpUmicR (cRm libeUaomR de calRU), iVVR caXVa a dimiQXiomR da

biRVVRUomR (Bilal HW DO, 2018).

AV SURSUiedadeV dR biRVVRUYeQWe iQWeUfeUem QR deVeQYRlYimeQWR da

biRVVRUomR, SRiV deSeQde da iUea VXSeUficial dR biRVVRUYeQWe, da SRURVidade,

dRV gUXSRV fXQciRQaiV TXe eVWmR Qa VXSeUftcie dR biRVVRUYeQWe e, da VXa

QaWXUe]a (Da SilYa HW DO., 2014). Ji aV SURSUiedadeV dR meWal VmR Xm faWRU

deWeUmiQaQWe, SRiV a YelRcidade dR SURceVVR Yai deSeQdeU dR WamaQhR dR

meWal e VXa SRlaUidade SaUa TXe RcRUUa afiQidade cRm R biRVVRUYeQWe (Da SilYa

HW DO., 2014).

2.5  METAIS

2.5.1 ChXmbR (Pb)

O Pb p XWili]adR em mXiWRV UamRV iQdXVWUiaiV, cRmR iQd~VWUiaV de

baWeUiaV, WiQWaV e UeYeVWimeQWR de cabRV (BXUgeU, 2015). Na VXa fRUma

iQRUgkQica (Pb2+) p cRQVideUadR Xm YeQeQR meWilicR, SRiV VXa TXaQWidade em

e[ceVVR QR RUgaQiVmR SRde caXVaU daQRV aRV RVVRV em SeVVRaV adXlWaV e,

QaV cUiaQoaV, SRde caXVaU daQRV QR deVeQYRlYimeQWR ceUebUal (LRSeV, 2016).

O Pb Wem amSla diVWUibXiomR deYidR a algXmaV aWiYidadeV iQdXVWUiaiV, TXe

iQclXem fabUicaomR de SURdXWRV de laWmR, caQRV, mXQio}eV, fRlhaV de Pb, VRldaV

e YeUQi] SaUa ceUkmicaV (MRUeiUa, 2004).

EVVe meWal SRVVXi SRXca iQcidrQcia em igXaV QaWXUaiV, deYidR a VXa

iQVRlXbilidade. NR eQWaQWR, TXaQdR R Pb eVWi em aVVRciaomR cRm cRUSRV

aTXiWicRV mXiWR icidRV, VXa cRQceQWUaomR aXmeQWa SRiV, em igXaV icidaV, ele

cRQVegXe Ve diVVRlYeU cRm maiRU facilidade (LRSeV, 2016).

Na Va~de hXmaQa, a WR[icidade dR Pb SURYpm da iQWeUfeUrQcia dR

meVmR QR fXQciRQameQWR daV membUaQaV celXlaUeV e daV eQ]imaV. EVVa
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iQWeUfeUrQcia UeVXlWa Qa fRUmaomR de cRmSle[RV eVWiYeiV cRm ligaomR de

eQ[RfUe, fyVfRUR, QiWURgrQiR RX R[igrQiR. AV iQWeUao}eV dR Pb cRm gUXSameQWRV

TXe cRQWpm ligaomR cRm eQ[RfUe, cRmR aV eQ]imaV, SRdem alWeUaU a VXa

aWiYidade UeVXlWaQdR em efeiWRV Wy[icRV, cRmR SRU e[emSlR, efeiWRV

QeXURlygicRV, hemaWRlygicRV e UeQaiV, WaiV cRmR a eQcefalRSaWia, aQemia e

QefURSaWia  (MRUeiUa, 2004).

2.5.2 CidmiR (Cd)

O Cd p cRQVideUadR Xm meWal alWameQWe Wy[icR, TXe SRde VeU

diVSRQibili]adR QR ambieQWe SRU meiR de fabUicaomR de meWaiV e ligaV,

ceUkmicaV, iQciQeUaomR de UeVtdXRV, baWeUiaV de QtTXel-cidmiR, feUWili]aQWeV,

SeVWicidaV, eQWUe RXWURV. EVWe meWal p cRQVideUadR caQceUtgeQR, SRdeQdR

caXVaU daQRV aRV UiQV, ftgadR, SXlm}eV e yUgmRV UeSURdXWiYRV. O Cd SRde

Wambpm eVWaU UelaciRQadR a RXWUaV dReQoaV, deQWUe elaV R mal de PaUkiQVRQ,

Al]heimeU e  hiSeUWeQVmR (LeRQg, 2020).

O Cd Ve SURSaga aWUaYpV de igXaV UeVidXaiV, aWiYidadeV iQdXVWUiaiV e

Wambpm SelR XVR e[aceUbadR de feUWili]aQWeV em VRlRV agUtcRlaV. AV SlaQWao}eV

em VRlRV cRQWamiQadRV cRm R Cd SRdem caXVaU cRQWamiQaomR em hXmaQRV.

EVWa cRQWamiQaomR SRde RcRUUeU Sela iQgeVWmR de Xm alimeQWR TXe UeWpm R

meWal (aUUR] e baWaWa, SRU e[emSlR) e Wambpm iQalaomR SRU WabacR

(MahXUSaZaU, 2015). Na cRQWamiQaomR SRU iQgeVWmR, R Cd acXmXladR em

baWaWaV, ceUeaiV, YegeWaiV, fUXWaV, caUQeV e Sei[eV, acXmXla-Ve QR RUgaQiVmR

caXVaQdR iQWR[icaomR, SRdeQdR UeVXlWaU em caUciQRgrQeVe.

QXaQdR aV SlaQWaV VmR afeWadaV SelR Cd, R cUeVcimeQWR delaV p afeWadR

e hi UedXomR da aWiYidade fRWRVViQWpWica, TXe leYa a alWeUao}eV QaV aWiYidadeV

eQ]imiWicaV e meWabylicaV daV SlaQWaV. AV alWeUao}eV daV aWiYidadeV

eQ]imiWicaV p deYidR a afiQidade TXe R Cd SRVVXi SRU gUXSRV ciVWetQa daV

SURWetQaV daV SlaQWaV e, TXaQdR RcRUUe a ligaomR dR Cd QeVVeV gUXSRV, hi a

iQibiomR deVVaV aWiYidadeV. CRm iVVR, afeWa a SURdXWiYidade agUtcRla e geUa

efeiWRV Wy[icRV TXaQdR eVVeV alimeQWRV VmR cRQVXmidRV (PallX, 2006).
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2.5.3 FeUUR (Fe)

O Fe p Xm dRV meWaiV maiV XWili]adRV Qa iQd~VWUia em cRmSRViomR de

meVaV, cadeiUaV, SaQelaV, SRUWaV e SRUW}eV, aVVim cRmR YiUiaV RXWUaV

eVWUXWXUaV meWilicaV (LRSeV, 2016). Em SlaQWaV, R Fe fa] SaUWe de algXmaV

aWiYidadeV meWabylicaV e aWXa Qa fRUmaomR de eQ]imaV cRmR a caWalaVe,

SeUR[idaVe, ciWRcURmR R[idaVe e a [aQWiQa R[idaVe. DeYidR a iVVR, R Fe p mXiWR

imSRUWaQWe SaUa WaiV aWiYidadeV e Wambpm SaUa SURceVVRV de UeVSiUaomR,

fRWRVVtQWeVe, fi[aomR de QiWURgrQiR e WUaQVfeUrQcia de elpWURQV (Ale[aQdUe HW DO,

2012). DeYidR VXa amSla XWili]aomR, eVWe meWal SRde VeU eQcRQWUadR em

cRQceQWUao}eV eleYadaV QR ambieQWe (LRSeV, 2016).

O Fe eVWi SUeVeQWe em e[ceVVR em igXaV VXSeUficiaiV QaV eVWao}eV

chXYRVaV (SUimaYeUa e YeUmR) SRiV a cRQceQWUaomR de Fe aXmeQWa deYidR aR

caUUeameQWR de VRlRV e Wambpm Sela RcRUUrQcia de SURceVVRV de eURVmR daV

maUgeQV dRV UiRV, fa]eQdR cRm TXe ele Ve diVSeUVe (LRSeV, 2016).

2.5.4 ZiQcR (ZQ)

O ZQ p Xm meWal mXiWR XWili]adR QaV iQd~VWUiaV de VeWRUeV elpWUicRV,

WUaWameQWRV TXtmicRV RUgkQicRV e eleWURTXtmica. O ZQ SRVVXi SURSUiedadeV

UedXWRUaV e SURdXomR de ligaV meWilicaV (SelYaVembiaQ & SiQgh, 2021). O ZQ p

eVVeQcial Qa fiViRlRgia dR RUgaQiVmR TXaQdR eVWi em SeTXeQaV TXaQWidadeV e,

em cRQceQWUao}eV eleYadaV, SRde acXmXlaU QR RUgaQiVmR (LRSeV, 2016). Em

UelaomR j Va~de hXmaQa, R ZQ, em cRQceQWUao}eV mXiWR bai[aV RX a VXa falWa

QR RUgaQiVmR, caXVa diVW~UbiRV Qa abVRUomR de QXWUieQWeV gaVWURiQWeVWiQaiV RX

aXmeQWR Qa e[cUeomR XUiQiUia (CUX] & SRaUeV, 2011).

O ZQ p cRmSRQeQWe eVWUXWXUal de mXiWaV SURWetQaV e aX[ilia QR

cUeVcimeQWR de SlaQWaV. CRm a falWa de ZQ QaV SlaQWaV, hi a UedXomR da

SURdXWiYidade dRV gUmRV, alWeUaQdR a UeViVWrQcia dRV ceUeaiV em UelaomR aRV

SaWygeQRV. Alpm diVVR, cRm a deficirQcia deVWe meWal, aV SlaQWaV ficam VXjeiWaV

a dimiQXiomR da TXalidade QXWUiciRQal dRV ceUeaiV, UedXomR de VtQWeVe SURWeica,

UedXomR dR cUeVcimeQWR, malfRUmaomR daV fRlhaV, eQWUe RXWURV SURblemaV

(Ale[aQdUe HW DO, 2012). Em eleYadaV cRQceQWUao}eV, R ZQ WRUQa-Ve Xm ageQWe
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Wy[icR SaUa aV SlaQWaV, caXVaQdR mRUWe da SlkQWXla, dimiQXiomR dR cUeVcimeQWR,

dimiQXiomR da SURdXomR e QecURVe (Ale[aQdUe HW DO, 2012).

2.5.5 CRbUe (CX)

O CX p Xm dRV meWaiV maiV XWili]adRV QaV iQd~VWUiaV elpWUicaV e em

gUaQdeV YRlXmeV, aSUeVeQWa WR[icidade SaUa RV RUgaQiVmRV YiYRV, SRiV ele

SRde acXmXlaU-Ve Qa Sele, cpUebUR, ftgadR, cRUaomR e SkQcUeaV. Em bai[aV

cRQceQWUao}eV, R CX QmR aSUeVeQWa UiVcRV, SRiV p eVVeQcial SaUa R

fXQciRQameQWR dR RUgaQiVmR, cRmR SRU e[emSlR, em algXmaV eQ]imaV TXe

aWXam QR WUaQVSRUWe de elpWURQV. QXaQdR R CX eVWi em eleYadaV

cRQceQWUao}eV QR RUgaQiVmR, ele SRde caXVaU SURblemaV QR ftgadR, UiQV e

iUUiWaomR QR eVW{magR (IVmail & MRXVWafa, 2016).

AlgXQV faWRUeV cRmR miQeUaomR, meWal~Ugica, iQd~VWUiaV Wr[WeiV,

deUiYadRV de SeWUyleR e agUicXlWXUa geUam a cRQWamiQaomR ambieQWal SRU CX. A

cRQWamiQaomR de CX em ambieQWe aTXiWicR, p geUada SUiQciSalmeQWe a SaUWiU de

feUWili]aQWeV, fXQgicidaV e UeVtdXRV de aQimaiV (IVmail & MRXVWafa, 2016).

2.6  ALGAS

2.6.1 CKORUHOOD YXOJDULV

A C. YXOJDULV (figXUa 3) p Xma micURalga YeUde TXe fa] SaUWe dR filR

ChlRURSh\Wa, Ve deVeQYRlYe em igXa dRce e Ve UeSURdX] UaSidameQWe de

maQeiUa aVVe[Xada. ASeVaU de VeU SUedRmiQaQWe de igXa dRce, SRde Ve

deVeQYRlYeU Wambpm em igXaV ValgadaV, QR VRlR, Qa QeYe e Wambpm VRbUe aV

fRlhaV daV SlaQWaV. PRVVXi fRUma eVfpUica, p XQicelXlaU e eXcaUiyWica cRm

mediomR de 2 a 8 ȝm, WeQdR a biRmaVVa cRmSRVWa SRU liStdiRV, caUbRidUaWRV,

SURWetQaV e miQeUaiV (MaWRV, 2012).

A SaUede celXlaU SRVVXi Uigide] SaUa SURWegr-la de ageQWeV

cRQWamiQaQWeV e Wambpm de ambieQWeV deVfaYRUiYeiV. EVVa SaUede celXlaU

aXmeQWa de eVSeVVXUa gUadXalmeQWe cRm baVe Qa maWXUaomR da alga, RX Veja,

TXaQdR a alga eVWi em VXa faVe jXYeQil VXa SaUede celXlaU Uecpm fRUmada p

maiV fUigil, WeQdR ceUca de 2 Qm de eVSeVVXUa e, aSyV a VXa maWXUaomR, VXa
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SaUede celXlaU SRde aWiQgiU de 17-21 Qm de eVSeVVXUa (Safi HW DO., 2014).

A C. YXOJDULV fRi cRmXmeQWe XWili]ada Qa alimeQWaomR cRmR fRUma de

VXSlemeQWR SRiV p fRQWe de SURWetQaV, caUbRidUaWRV, liStdiRV, YiWamiQaV e

miQeUaiV. Alpm da alimeQWaomR, SRVVXi RXWURV SRWeQciaiV cRmR aSlicaomR em

biRcRmbXVWtYeiV, deYidR aR aUma]eQameQWR de liStdiRV, e WUaWameQWR de igXa,

deYidR a VXa fi[aomR de diy[idR de caUbRQR (CO2) (Safi HW DO., 2014). Alpm

diVVR, SRU SRVVXiU caSacidade de UeWeU algXQV meWaiV SRde VeU aSlicada em

SURceVVRV de biRUUemediaomR, cRmR a biRVVRUomR.

FigXUa 3: CKORUHOOD YXOJDULV

FRQWe: QXWURR, 2020

2.6.2 UOYD ODFWXFD

A U. ODFWXFD (figXUa 4) p Xma macURalga YeUde TXe fa] SaUWe dR filR

ChlRURSh\Wa e SRde Ve deVeQYRlYeU VRb Xma VXSeUftcie VpVVil RX de fRUma liYUe

flXWXaQWe. EVVa alga SRde Ve UeSURdX]iU UaSidameQWe de fRUma Ve[Xada RX

aVVe[Xada, SRU fUagmeQWaomR dR VeX WalR. SXa fRUma Ve diVWiQgXe cRQfRUme R

gUaX de ValiQidade da igXa RX SRU VXa VimbiRVe cRm bacWpUiaV (DRmiQgXe] &

EUZaQQ, 2019).

A U. ODFWXFD p eQcRQWUada em diYeUVRV climaV, deVde climaV WURSicaiV aWp
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climaV SRlaUeV, e Ve SURlifeUam de maQeiUa e[aceUbada cRlRQi]aQdR SUaiaV. A

VXa biRdegUadaomR p caSa] de emiWiU YaSRUeV icidRV iQdX]iQdR a mRUWe em

aQimaiV. PRUpm, ela SRVVXi SRWeQcial biRWecQRlygicR VeQdR XWili]ada QR

SURceVVR de biRVVRUomR de meWaiV. A U. ODFWXFD SRVVXi algXQV cRmSRVWRV

biRaWiYRV cRmR aWiYidade aQWiR[idaQWe, SRdeQdR VeU XWili]ada Qa SURdXomR de

biRcRmbXVWtYeiV, SRiV elaV Ve deVeQYRlYem em igXaV ValiQaV e QmR UeTXeU

gUaQde TXaQWidade de WeUUa (DRmiQgXe] & EUZaQQ, 2019).

FigXUa 4: UOYD ODFWXFD

FRQWe: IgXi ecRlRgia, 2019
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3 OBJETIVOS

EVWe WUabalhR WeYe cRmR RbjeWiYR deVeQYRlYeU Xma UeYiVmR VRbUe a

biRVVRUomR dRV meWaiV cRbUe (CX), ]iQcR (ZQ), cidmiR (Cd), feUUR (Fe) e chXmbR

(Pb) Sela micURalga CKORUHOOD YXOJDULV e Sela macURalga UOYD ODFWXFD, a fim de

YeUificaU a eficicia da biRVVRUomR SelaV algaV meQciRQadaV e cRmR RV

difeUeQWeV faWRUeV SRdem iQWeUfeUiU QeVVe SURceVVR.
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4 METODOLOGIA

A meWRdRlRgia cRQViVWiX Qa SeVTXiVa de WUabalhRV cieQWtficRV, cRmR

aUWigRV, UelaWRV e UeYiV}eV de liWeUaWXUa, bem cRmR dadRV Qa SlaWafRUma dR

gRRgle acadrmicR e VcieQce diUecW, TXe VmR SlaWafRUmaV mXlWidiVciSliQaUeV, TXe

cRQWpm diYeUVRV aUTXiYRV, VmR SlaWafRUmaV iQWeUQaciRQaiV e de ficil aceVVR. A

SeVTXiVa fRi Ueali]ada QR SeUtRdR de de]embUR de 2021 aWp feYeUeiUR de 2022 e

fRUam XWili]adRV WeUmRV eVSectficRV SaUa a bXVca dRV eVWXdRV, eVVeV WeUmRV

fRUam: biRVVRUomR, biRUUemediaomR, biRVVRUomR de meWaiV SeVadRV,

algaV+meWaiV SeVadRV+biRVVRUomR, biRVVRUomR+eVSpcie da alga+cada meWal

SeVTXiVadRV iQdiYidXalmeQWe. OV WeUmRV de SeVTXiVa fRUam eVcUiWRV WaQWR em

SRUWXgXrV TXaQWR em iQglrV.

OV WUabalhRV eVcRlhidRV eQYRlYeUam aUWigRV cieQWtficRV eVcUiWRV em iQglrV

e SRUWXgXrV iQclXiQdR WUabalhRV de cRQclXVmR de cXUVR, diVVeUWao}eV, WeVeV e

liYURV. TaiV maWeUiaiV fRUam eVcRlhidRV QR SeUtRdR de 2000 a 2022. OV WUabalhRV

aRV TXaiV QmR WtQhamRV liYUe aceVVR e TXe QmR aWeQdiam aRV WemaV abRUdadRV

em QRVVa SeVTXiVa fRUam deVcaUWadRV.
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5 RESULTADOS E DISCUSS®ES

5.1 CHLORELLA VULGARIS

FUaile HW DO., (2005) eVWXdaUam a caSacidade de VRUomR da alga C.

YXOJDULV XVaQdR CX, ZQ, Cd e Ni cRmR meWaiV em VRlXo}eV mRQRmeWilicaV e

bimeWilicaV. OV WeVWeV de biRVVRUomR fRUam Ueali]adRV em EUleQme\eU de 100

mL cRQWeQdR VRlXomR e biRmaVVa, RV EUleQme\eU fRUam agiWadRV e WiYeUam VeX

SH mRQiWRUadR. ASyV, aV amRVWUaV fRUam ceQWUifXgadaV a 5000 USm, VeSaUaQdR

aVVim a biRmaVVa, e aV amRVWUaV fRUam aQaliVadaV SRU eVSecWURfRWRmeWUia de

abVRUomR aW{mica. FRUam Ueali]adRV Wambpm e[SeUimeQWRV cRm dRiV meWaiV

XVaQdR 1 g L-1 de biRmaVVa em VRlXomR cRQWeQdR dRiV meWaiV, fa]eQdR cRm

TXe WRdaV aV cRmbiQao}eV SRVVtYeiV de meWaiV biQiUiRV fRVVem WeVWadaV, AV

cRQceQWUao}eV de meWaiV WeVWadaV fRUam 0, 10, 30, 60 e 250 mg L-1 de meWaiV

em SH 5. A iQflXrQcia dR SH fRi iQYeVWigada SaUa RV TXaWUR meWaiV em

WemSeUaWXUa ambieQWe em Xma cRQceQWUaomR de 50 mg L-1 de meWal cRm 1g L-1

de biRmaVVa. A VRlXomR de CX fRi VXbmeWida a Xm SUp-WUaWameQWR icidR (SH 3),

a maiRU abVRUomR de meWal RbVeUYada fRi em SH 7. A cRQceQWUaomR de

biRmaVVa fRi WeVWada SaUa cada meWal em cRQceQWUao}eV de 1, 2 e 3 g L-1 em

SH 5 SaUa CX, ZQ e Ni e SH 8 SaUa Cd, a cRQceQWUaomR iQicial de meWal fRi de 50

mg L-1. OV melhRUeV YalRUeV de biRVVRUomR fRUam RbWidaV em meQRU

cRQceQWUaomR de biRmaVVa, SRiV cRm R aXmeQWR dR biRVVRUYeQWe QmR aXmeQWa

a caSacidade de biRVVRUomR, QmR fRi RbVeUYadR UelaomR SURSRUciRQal aR

aXmeQWR da biRVVRUomR cRm baVe QR aXmeQWR dR biRVVRUYeQWe. TeVWeV de

deVVRUomR fRUam feiWRV cRm 1g L-1 de biRmaVVa SUeYiameQWe caUUegada cRm

meWal em SH 2, 3 e 4, R SURcedimeQWR e[SeUimeQWal fRi R meVmR TXe QRV WeVWeV

de adVRUomR, RQde RV melhRUeV UeQdimeQWRV de UecXSeUaomR fRUam alcaQoadRV

em SH 2, SRiV hi maiRU cRQceQWUaomR de SUyWRQV Qa VRlXomR faciliWaQdR a WURca

de SUyWRQV cRm R ciWiRQ dR meWal TXe eVWi SUeVR Qa biRmaVVa. OV mRdelRV de

LaQgmXiU e FUeXQdlich fRUam XVadRV SaUa aQaliVaU a eficirQcia de biRVVRUomR

WaQWR SaUa VRlXo}eV mRQRmeWilicaV TXaQWR SaUa VRlXo}eV bimeWilicaV, RQde a

biRmaVVa aSUeVeQWRX maiRU afiQidade SelR Cd, QaV VRlXo}eV mRQRmeWilicaV,

VegXiQdR a VegXiQWe RUdem de afiQidade: Cd>Ni>ZQ>CX. EVVeV mRdelRV de
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LaQgmXiU e FUeXQdlich, VmR mRdelRV maWemiWicRV XWili]adRV SaUa aQaliVaU a

UelaomR eQWUe a cRQceQWUaomR dR tRQ meWilicR abVRUYidR SRU XQidade de

biRmaVVa e a cRQceQWUaomR dR meWal em VRlXomR (Da SilYa HW DO., 2014). NaV

VRlXo}eV bimeWilicaV, a biRmaVVa aSUeVeQWRX maiRU afiQidade SelR Cd

QRYameQWe em UelaomR a ZQ e Ni.

Al-UXb & AVhRXU, (2006) eVWXdaUam R XVR de cplXlaV de C. YXOJDULV SaUa

biRVVRUomR de CX. OV aXWRUeV aQaliVaUam RV efeiWRV dR WemSR de cRQWaWR, SH,

dRVe de biRVVRUYeQWe e SUeVeQoa de tRQV de Pb e/RX ZQ Qa biRVVRUomR.

IQicialmeQWe fRi feiWa a deWeUmiQaomR dRV gUXSRV fXQciRQaiV em cplXlaV da alga

XVaQdR R mpWRdR de WiWXlaomR de BRehm, iQdicaQdR gUXSRV caUbR[ila, lacWRQaV,

lacWyiV e feQyiV. O efeiWR dR SH em UelaomR aR CX fRi aQaliVadR XVaQdR

cRQceQWUaomR de CX em 100 SSm em difeUeQWeV YalRUeV de SH. Ji a

cRQceQWUaomR de CX fRi deWeUmiQada aQaliVaQdR difeUeQWeV cRQceQWUao}eV (5 a

300 SSm) em SH cRQVWaQWe. A cRQceQWUaomR de tRQV de CX em VRlXomR aTXRVa

fRi medida aSyV 24 h XWili]aQdR eVSecWURfRW{meWUR de abVRUomR aW{mica e a

TXaQWidade de CX adVRUYidR Sela biRmaVVa fRi calcXlada XWili]aQdR RV mRdelRV

de LaQgmXiU, FUeXQdlich e DXbiQiQ-RadXVhkeYich e Wambpm fRUam XVadRV SaUa

aQaliVaU a eficirQcia da biRVVRUomR de CX SelaV cplXlaV da alga. A diQkmica de

adVRUomR fRi eVWXdada XVaQdR lRWe cRm difeUeQWeV cRQceQWUao}eV iQiciaiV de CX,

RQde aV amRVWUaV fRUam cRleWadaV em SeUtRdRV difeUeQWeV de WemSR e fRi

aQaliVada a cRQceQWUaomR dR CX. A biRVVRUomR cRmSeWiWiYa de CX cRm ZQ e Pb

fRUam aQaliVadRV XWili]aQdR RV meVmRV SURcedimeQWRV de adVRUomR de tRQ

~QicR (aSeQaV CX). O eVWXdR RbWeYe melhRUeV UeVXlWadRV eQWUe SH 4,0-5,0 e a

biRVVRUomR de CX em cplXlaV fRi melhRU cRm R WemSR de agiWaomR de 15

miQXWRV. Na biRVVRUomR cRmSeWiWiYa, RV tRQV Pb VXSUimiX a abVRUomR de CX

maiV TXe a SUeVeQoa de tRQV ZQ, mRVWUaQdR TXe Qa SUeVeQoa de RXWURV tRQV

meWilicRV, a biRVVRUomR de CX fRi dimiQXtda. O eVWXdR mRVWURX TXe cplXlaV de

C. YXOJDULV fRUam efica]eV Qa UemRomR de tRQV CX de VRlXo}eV aTXRVaV,

aSeVaU da cRmSeWiWiYidade eQWUe RV tRQV meWilicRV.

Em RXWUR eVWXdR de Al-UXb HW DO., (2007), aYaliaUam R efeiWR de CX (II) e

ZQ (II) Qa biRVVRUomR de Pb (II) XWili]aQdR a C. YXOJDULV cRmR biRVVRUYeQWe.
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NeVWe eVWXdR fRUam feiWaV VRlXo}eV VimSleV (cRm meWal ~QicR), biQiUiaV (Pb

cRm ZQ RX Pb cRm CX) e WeUQiUiaV. O SH yWimR eVWabelecidR fRi de 5 SaUa Pb e

fRi aSlicadR SaUa R UeVWaQWe dR e[SeUimeQWR. BiRVVRUomR de VRlXo}eV VimSleV fRi

aYaliada XWili]aQdR 100 SSm de cRQceQWUaomR iQicial de meWal a 25�C em SH 5,

e QeVWa eWaSa, 80% dRV tRQV fRUam UemRYidRV em 5 miQ, e aWiQgiX R mi[imR de

abVRUomR QR SRQWR de eTXiltbUiR em 90 miQ. PaUa a aQiliVe da eficirQcia de

biRVVRUomR fRUam XWili]adRV RV mRdelRV de LaQgmXiU, FUeXQdlich

DXbiQiQ±RadXVhkeYich e SiSV, RQde R mRdelR de SiSV fRUQeceX R melhRU

ajXVWe. FRi aQaliVada a iQWeUfeUrQcia dRV tRQV meWilicRV Qa biRVVRUomR de Pb (II)

WaQWR em VRlXo}eV biQiUiaV TXaQWR WeUQiUiaV em WemSeUaWXUa ambieQWe e em SH

5. O eVWXdR demRQVWURX TXe em VRlXo}eV biQiUiaV a biRVVRUomR de Pb p

afeWada cRm R aXmeQWR da cRQceQWUaomR de CX (II) e Qa SUeVeQoa de ZQ (II) a

iQWeUfeUrQcia WeYe efeiWR deVSUe]tYel. Em VRlXo}eV WeUQiUiaV a biRVVRUomR de Pb

(II) QmR p afeWada deYidR a cRmSeWiomR de CX (II) cRm ZQ (II) em Ye] de cRm R

Pb (II), SRiV R CX (II) e ZQ (II) SRVVXem VemelhaQoaV de maVVa mRlecXlaU, UaiR

aW{micR e eleWURQegaWiYidade, cRmSeWiQdR SelRV meVmRV VtWiRV aWiYRV . FRUam

feiWaV aQiliVeV SaUa deWeUmiQaU a SUefeUrQcia de Pb (II) VRbUe R CX (II) Sela C.

YXOJDULV RX a SUefeUrQcia de CX (II) VRbUe R Pb (II) mediaQWe aR deVlRcameQWR

i{QicR e aQaliVada SRU eVSecWURmeWUia de abVRUomR aW{mica SaUa ambRV RV

tRQV, iQdicaQdR TXe WaQWR Pb (II) TXaQWR CX (II) VmR adVRUYidRV e deVVRUYidRV de

fRUma SaUecida, SRUpm a deVVRUomR de CX (II) fRi maiV UiSida, RX Veja,

SeUmaQeceX SRU meQRV WemSR Qa VXSeUftcie da alga, cRQclXiQdR a SUefeUrQcia

dR adVRUYeQWe SelR Pb (II). O eVWXdR demRQVWURX TXe R mecaQiVmR da

biRVVRUomR SRde eQYRlYeU cRmbiQaomR de cRmSle[aomR e QXcleaomR Qa SaUede

celXlaU dR biRVVRUYeQWe.

NR eVWXdR de GRheU HW DO., (2016), cplXlaV mRUWaV de C. YXOJDULV fRUam

XWili]adaV SaUa biRVVRUYeU Cd2+, CX2+ e Pb2+ em difeUeQWeV cRQdio}eV de SH,

dRVagem de biRVVRUYeQWe e WemSR de cRQWaWR. PaUa a caUacWeUi]aomR dR

adVRUYeQWe fRi XWili]adR eVSecWURVcRSia de iQfUaYeUmelhR WUaQVfRUmada de

FRXUieU (FT-IR) SaUa deWeUmiQaU TXaliWaWiYameQWe RV difeUeQWeV gUXSRV

fXQciRQaiV SUeVeQWeV Qa C. YXOJDULV. MicURVcRSia eleWU{Qica de YaUUedXUa (MEV)
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fRi XWili]ada SaUa eVWXdaU a mRUfRlRgia da VXSeUftcie da alga aQWeV de deSRiV da

adVRUomR. PaUa R eVWXdR de adVRUomR, lRWeV de 50 cm3 de igXa ViQWpWica

cRQWeQdR meWaiV fRUam WUaQVfeUidRV SaUa fUaVcRV de 150 cm3 cRm difeUeQWeV

TXaQWidadeV de C. YXOJDULV em Sy, R SH fRi ajXVWadR XWili]aQdR NaOH 0,1 N e

HCl. AV amRVWUaV fRUam agiWadaV em 200 USm em WemSeUaWXUa ambieQWe, em

VegXida, filWUadaV. AV cRQceQWUao}eV dRV meWaiV fRUam aQaliVadaV aWUaYpV de

abVRUomR aW{mica. O efeiWR dR SH fRi RbVeUYadR miVWXUaQdR 50 mg dm-3 de CX,

Cd e Pb em fUaVcRV cRm SH de 2-6 em WemSeUaWXUa ambieQWe, 0,05 g de alga

fRi adiciRQadR QRV fUaVcRV dXUaQWe 120 miQXWRV. OV melhRUeV UeVXlWadRV fRUam

em SH 5 SaUa CX+2 e Pb+2 e SH 6 SaUa Cd+2. PaUa a aQiliVe dR efeiWR da dRVe de

biRVVRUYeQWe, fRUam WeVWadaV difeUeQWeV dRVeV de biRVVRUYeQWe (0,25, 0,5, 1,

1,5, 2, 3 e 4 g dm-3 de VRlXomR), WeQdR VidR RbVeUYadR melhRUeV UeVXlWadRV em

dRVe de 2 g dm-3 de biRVVRUYeQWe. O efeiWR dR WemSR de cRQWaWR fRi eVWXdadR

adiciRQaQdR 0,1g de C. YXOJDULV em 10 fUaVcRV de VRlXomR ViQWpWica de 50 cm3

em SH 5, RbWeQdR a UedXomR da cRQceQWUaomR dRV meWaiV CX e Pb Qa VRlXomR

em 2 aWp 20 miQ, eQTXaQWR TXe de Cd a UemRomR cRmSleWa fRi em 120 miQ. O

eVWXdR demRQVWURX TXe a C. YXOJDULV p efica] SaUa a UemRomR dRV meWaiV

meQciRQadRV em VRlXo}eV aTXRVaV e VXa afiQidade de biRVVRUomR fRi de Pb2+ >

CX2+ > Cd2+.

Ji QR eVWXdR de Sa\adi HW DO., (2019) fRi eVWXdadR a Wa[a de adVRUomR de

Cd, Pb e CX em VRlXomR aTXRVa cRQWeQdR biRmaVVa de C. YXOJDULV mRdificada

cRm icidR VXlf~UicR SaUa RWimi]aU a biRVVRUomR. O eVWXdR aYaliRX R WemSR de

cRQWaWR de 5 a 120 miQ, agiWaomR de 150 a 180 USm, SH Qa fai[a de 3-7, dRVe

de alga de 0,5-5 g e dRVe de alga mRdificada cRm icidR VXlf~UicR de 0,5 -5 g

L-1. ASyV cada e[SeUimeQWR hRXYe a aQiliVe de abVRUomR aW{mica daV

amRVWUaV. PaUa deWeUmiQaU a caSacidade mi[ima de adVRUomR de tRQV

meWilicRV, fRi aQaliVadR a cRQceQWUaomR dRV meWaiV em 5, 15, 30, 50, 75 e 100

mg L-1 jXQWR cRm VRlXo}eV ViQWpWicaV cRm VaiV meWilicRV de cada tRQ, R SH fRi

UegXladR cRm icidR clRUtdUicR e hidUy[idR de VydiR. PaUa R eVWXdR da eficirQcia

de adVRUomR, fRi XWili]adR R mRdelR de LaQgmXiU. FRUam feiWaV aQiliVeV de

eVSecWURVcRSia de FT-IR SaUa a deWeUmiQaomR dRV gUXSRV fXQciRQaiV da
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VXSeUftcie da biRmaVVa da alga aQWeV e aSyV a mRdificaomR cRm icidR VXlf~UicR,

iQdicaQdR RV gUXSRV amida, hidUR[ila, amiQa, caUbR[ila e fRVfaWR. Em UelaomR aR

efeiWR dR SH (3-7), fRi RbVeUYadR TXe a 23�C e 0,5 g L-1 de biRmaVVa

mRdificada, R SH yWimR dRV meWaiV fRUam 5 SaUa Cd, 6 SaUa Pb e 7 SaUa CX,

RQde a SRUceQWagem de UemRomR fRi de 74,31% SaUa Cd, 70,29% SaUa Pb e

78,92% SaUa CX. O YalRU yWimR de WemSR de cRQWaWR eQcRQWUadR fRi de 80 miQ.

A dRVe de biRVVRUYeQWeV fRi eVWXdada (0,5-5 g L-1) e RV melhRUeV UeQdimeQWRV

fRUam em 5 g L-1 VeQdR a abVRUomR de 87,52% SaUa Cd, 90% SaUa Pb e 80,75%

SaUa CX. SRbUe R efeiWR da cRQceQWUaomR iQicial de meWaiV (5, 15, 30, 50, 75 e

100 mg L-1), fRi RbVeUYadR TXe em 5 mg L-1 RbWeYe-Ve RV melhRUeV UeQdimeQWRV

VeQdR, 87,6% SaUa Cd, 83,79% SaUa Pb e 81,6% SaUa CX, RX Veja, cRm R

aXmeQWR daV cRQceQWUao}eV de tRQV meWilicRV, a caSacidade de biRVVRUomR

dimiQXi, SRiV em 10 mg L-1 de tRQV meWilicRV R UeQdimeQWR fRi de 26,54%,

18,54% e 17,55% UeVSecWiYameQWe.

El-Sheekh HW DO., (2019) XWili]aUam a alga C. YXlgaUiV em ViVWema de

baWelada SaUa aQaliVaU a eficirQcia da biRVVRUomR de Cd, RQde SaUkmeWURV

cRmR SH, WemSeUaWXUa, cRQceQWUao}eV iQiciaiV de meWal, WemSR de agiWaomR,

YelRcidade de agiWaomR e dRVagem de biRmaVVa fRUam eVWXdadRV. O efeiWR dR

SH fRi aQaliVadR XWili]aQdR 30 mg L-1 de tRQV Cd (II), 0,5 g L-1 de dRVe de

biRVVRUYeQWe em 50 mL de 30 mg L-1 de VRlXomR meWilica a 25�C SRU 120

miQXWRV a 150 USm, fRi eVWXdadR a fai[a de SH de 3-8. FRi RbVeUYadR TXe R SH

em 6 mRVWURX VeU R SH yWimR SaUa R eVWXdR. O efeiWR da WemSeUaWXUa fRi

RbVeUYadR em 20, 25, 30, 35 e 40�C em SH 6 e, QaV meVmaV cRQdio}eV dR

e[SeUimeQWR dR efeiWR dR SH, a WemSeUaWXUa yWima RbVeUYada fRi de 25�C . O

efeiWR dR WemSR de cRQWaWR fRi aQaliVadR em SH 6 e WemSeUaWXUa de 25�C, cRm

cRQceQWUaomR de meWal e dRVe de biRVVRUYeQWe igXal aRV RXWURV e[SeUimeQWRV e

50 mL da VRlXomR meWilica dXUaQWe 2h, aV amRVWUaV fRUam UeWiUadaV aSyV

iQWeUYalRV de 5, 15, 30, 60, 90 e 120 miQXWRV. O WemSR de cRQWaWR yWimR

eQcRQWUadR fRi de 30 miQXWRV. O efeiWR da dRVe biRVVRUYeQWe fRi aQaliVadR

XWili]aQdR TXaQWidadeV de 0,01 a 0,1 g de biRmaVVa Veca em 50 mL de 30 mg

L-1 de VRlXomR de Cd (II) em EUleQme\eU de 250 mL em 150 USm XVaQdR SH,
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WemSeUaWXUa e WemSRV yWimRV, VeQdR a dRVe ideal eQcRQWUada em 0,08g. O

efeiWR da YelRcidade de agiWaomR fRi eVWXdadR YelRcidadeV de 50, 100, 150, 200

e 250 USm em cRQdio}eV de SH, WemSeUaWXUa, WemSR e dRVe de biRVVRUYeQWe

yWimRV, mRVWUaQdR TXe a YelRcidade yWima fRi de 250 USm. A cRQceQWUaomR

iQicial de meWal fRi afeUida em 20-30-50-75-100 mg L-1 em cRQdio}eV yWimaV,

VeQdR 75 mg L-1 VXa maiRU caSacidade de biRVVRUomR. EVVeV e[SeUimeQWRV

fRUam cRmSaUadRV cRm Xm cRQWURle de biRmaVVaV de algaV VecaV. PaUa R

e[SeUimeQWR de biRVVRUomR em lRWe, a biRmaVVa de alga UecebeX Xm

SUp-WUaWameQWR cRm SURdXWRV TXtmicRV, iQclXiQdR icidR acpWicR, RQde eVVe

SUp-WUaWameQWR mRVWURX TXe a caSacidade de biRVVRUomR fRi aXmeQWada cRm R

icidR acpWicR. FRi feiWR imRbili]aomR da alga XWili]aQdR gel de algiQaWR de VydiR

em CaCl2 2% SaUa VeU R cRQWURle e gUkQXlRV de algiQaWR de cilciR fRUam feiWRV

cRm biRmaVVaV de algaV VecaV (0,2, 0,15, 0,1, 0,05, e 0,025 g) cRm 10 mL de

algiQaWR de VydiR a 4%, RQde R SeVR ideal fRi de 0,025g mRVWUaQdR eficirQcia

de 76 %. 50 gUkQXlRV de algiQaWR de cilciR e 50 gUkQXlRV de algaV imRbili]adaV

fRUam miVWXUadaV VeSaUadameQWe cRm 50mL de VRlXomR de Cd (II) em

cRQdio}eV ideaiV. AQiliVe de FT-IR fRi XWili]ada SaUa a caUacWeUi]aomR da

biRmaVVa aQWeV e deSRiV da biRVVRUomR, MEV e aQiliVe de eQeUgia diVSeUViYa

de UaiRV-[ (EDX) fRUam XWili]adRV SaUa aQaliVaU RV gUXSRV fXQciRQaiV da

VXSeUftcie da biRmaVVa, RQde cRQVWaWRX TXe a biRVVRUomR RcRUUeX deYidR a

SUeVeQoa de gUXSRV hidUR[ila, caUbRQila, amida e caUbR[ila. OV gUkQXlRV de

biRmaVVa de algaV VecaV fRUam aQaliVadRV SRU aQiliVe EDX SaUa YeUificaU a

SaUede celXlaU aQWeV e deSRiV da biRVVRUomR e R mecaQiVmR, RQde R

mecaQiVmR UeVSRQViYel Sela biRVVRUomR fRi de WURca i{Qica e cRm a biRVVRUomR

hi a mRdificaomR da SaUede celXlaU cRmR eQcRlhimeQWR e deVWUXiomR da maWUi]

da SaUede.

CheQg HW DO., (2017) XWili]aUam a alga C. YXOJDULV SaUa eVWXdRV da

biRVVRUomR de Cd, RQde a biRVVRUomR fRi aYaliada a SaUWiU dR XVR de maWeUial

mRUWR RX YiYR de C. YXOJDULV, WemSR de cRQWaWR, cRQceQWUaomR iQicial de tRQV

meWilicRV e dRVe de alga. NR eVWXdR dR WemSR de cRQWaWR, algaV YiYaV e mRUWaV

fRUam adiciRQadaV em EUleQme\eU cRQWeQdR 200 mL de VRlXomR de Cd cRm
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cRQceQWUaomR de 10 mg L-1 de meWal, e agiWadR a 150 USm em WemSeUaWXUa de

25�C e aQaliVadaV em WemSR 5, 10 e 15 miQXWRV em 15 miQXWRV aWp aWiQgiU R

eTXiltbUiR. UWili]aQdR eVSecWURfRWRmeWUia de abVRUomR aW{mica, RbWeYe-Ve TXe a

Wa[a de adVRUomR fRi de 96,8% SaUa alga mRUWa e 95,2% SaUa alga YiYa,

RcRUUeQdR em 5 miQXWRV e cRm R eVWadR de eTXiltbUiR aWiQgiQdR em 105 miQ.

PaUa R eVWXdR da dRVe de alga fRUam eVWXdadaV dRVeV de 0,18, 1,8 e 18 mg de

biRmaVVa Veca SaUa 200 mL de 100 mg L-1 de VRlXomR de Cd maQWeQdR WemSR

de cRQWaWR, WemSeUaWXUa e agiWaomR cRQVWaQWe. FRi RbVeUYadR TXe a eficirQcia

de UemRomR fRi de 95% em 18 mg, SRUpm, a caSacidade de adVRUomR dimiQXiX

cRm R aXmeQWR Qa dRVe de algaV, QmR haYeQdR difeUeQoa eQWUe aV algaV mRUWaV

e YiYaV. PaUa a cRQceQWUaomR de Cd (5, 10, 50, 100 e 150 mg L-1), fRi

RbVeUYadR TXe Qa cRQceQWUaomR de Cd acima de 5 mg L-1 RbWeYe-Ve eficirQcia

acima de 96% SaUa ambRV RV WiSRV de alga. FRUam feiWRV eVWXdRV em igXa

QaWXUal, XWili]aQdR amRVWUaV de WUrV lXgaUeV diVWiQWRV, XWili]aQdR difeUeQWeV

cRQceQWUao}eV de Cd (0,097, 0,129, 0,260 e 0,497 mg L-1) em 200 mL de igXa

1,8 mg de alga mRUWa e YiYa, e a eficirQcia de adVRUomR fRi acima de 60%. PaUa

aQaliVaU a eficirQcia da biRVVRUomR, fRUam XWili]adRV RV mRdelRV de LaQgmXiU,

FUeXQdlich, SiSV e KhaQ, RQde R mRdelR de SiSV fRi R maiV adeTXadR SaUa R

eVWXdR. FRUam feiWRV eVWXdRV ciQpWicRV TXe iQdicaUam TXe R eTXiltbUiR de

biRVVRUomR da alga VegXiX R mRdelR de SVeXdR-VegXQda RUdem, demRQVWUaQdR

TXe R aXmeQWR dR biRVVRUYeQWe QmR Wem UelaomR SURSRUciRQal aR aXmeQWR da

biRVVRUomR. Na caSacidade de biRVVRUomR QmR hRXYe difeUeQoaV VigQificaWiYaV

eQWUe maWeUial YiYR e mRUWR de algaV, VeQdR aVVim, SRde-Ve ecRQRmi]aU cXVWRV

em SURceVVRV de Vecagem e XWili]aU a alga YiYa.

BiRVVRUomR cRmSeWiWiYa de Cd (II) e Ni (II) em Xma miVWXUa biQiUia dRV

dRiV meWaiV XWili]aQdR a C. YXOJDULV cRmR biRVVRUYeQWe fRUam eVWXdadRV SRU

AkVX & D|Qme], (2006), RQde eVVeV UeVXlWadRV fRUam cRmSaUadRV cRm

VRlXomR de aSeQaV Xm ~QicR tRQ meWilicR aWUaYpV de ViVWema em baWelada.

PaUa RV eVWXdRV de biRVVRUomR, Xma VXVSeQVmR de alga de 10 mL fRi

adiciRQada em 90 mL da miVWXUa biQiUia em Xm EUleQme\eU em WemSeUaWXUa de

25�C e SH 4. OV fUaVcRV fRUam agiWadRV em 150 USm SRU 24h, amRVWUaV de 5
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mL fRUam UeWiUadaV aQWeV de miVWXUaU a VRlXomR biRVVRUYeQWe cRm RV tRQV, em

iQWeUYalRV de 5 miQ QR iQtciR da biRVVRUomR e deSRiV em iQWeUYalRV de 15-30 miQ

aSyV aWiQgiU R eTXiltbUiR, aV amRVWUaV fRUam ceQWUifXgadaV e R VRbUeQadaQWe fRi

XWili]adR SaUa aQaliVaU cada tRQ meWilicR, RQde fRi XWili]adR eVSecWURfRWRmeWUia

de abVRUomR aW{mica. OV mRdelRV de LaQgmXiU e FUeXQdlich fRUam XVadRV SaUa

deWeUmiQaU a eficirQcia da biRVVRUomR QR eTXiltbUiR de cada cRmSRQeQWe. A

biRVVRUomR VimSleV e dXSla de Cd (II) Qa aXVrQcia e Qa SUeVeQoa de Ni , SaUa a

biRVVRUomR dXSla fRi XWili]ada cRQceQWUaomR de 150 mg L-1 de Cd e YalRUeV de

0,25, 50, 100 RX 150 mg L-1 SaUa Ni, RQde mRVWURX TXe cRm a cRQceQWUaomR

iQicial de Cd em 150 mg L-1 a abVRUomR de Cd aXmeQWa TXaQdR R Ni eVWi em

cRQceQWUao}eV maiV bai[aV e a abVRUomR de Cd dimiQXi cRm R aXmeQWR da

cRQceQWUaomR de Ni, iVVR Ve deYe Sela cRmSeWiomR de ligaomR dRV VtWiRV de

adVRUomR Qa VXSeUftcie da biRmaVVa. A biRVVRUomR de Ni Qa SUeVeQoa e

aXVrQcia de Cd fRi aYaliadR cRm R meVmR SH, em cRQceQWUaomR de 150 mg L-1

de Ni e eQWUe 0 e 150 mg L-1 de Cd, RQde RV UeVXlWadRV fRUam VemelhaQWeV SaUa

SUeVeQoa e aXVrQcia de Cd Qa biRVVRUomR de Ni, RQde a biRVVRUomR de Ni

aXmeQWRX em cRQceQWUaomR de 150 mg L-1, e dimiQXiX cRm R aXmeQWR da

cRQceQWUaomR de Cd. A C. YXOJDULV mRVWURX maiV afiQidade cRm R Cd deYidR jV

caUacWeUtVWicaV dRV VtWiRV de ligaomR cRmR RV gUXSRV fXQciRQaiV, Wambpm SeVR

aW{micR, eleWURQegaWiYidade e UaiR i{QicR SRdem eVWaU UelaciRQadRV, RQde, de

acRUdR cRm R mRdelR de LaQgmXiU, a caSacidade mi[ima de biRVVRUomR SaUa

Cd fRi de 86,6 mg/g e de 58,4 mg/g SaUa Ni TXaQdR ambRV eVWmR VR]iQhRV, e

68,5 mg/g SaUa Cd e 28,3 mg/g SaUa Ni TXaQdR a VRlXomR p biQiUia maQWida em

150 mg L-1 de cRQceQWUaomR de cada tRQ.

SiVWemaV biQiUiRV e WeUQiUiRV de Pb2+, R Ni2+ e ZQ2+ XWili]aQdR AUWKURVSLUD

SODWHQVLV e C. YXOJDULV cRmR biRVVRUYeQWeV fRUam eVWXdadRV SRU SaQWRV HW DO.,

(2012). OV WeVWeV de adVRUomR fRUam feiWRV cRm 2 g L-1 de biRVVRUYeQWe em

VRlXo}eV meWilicaV de difeUeQWeV cRQceQWUao}eV iQiciaiV (0,5, 1,0 e 2,0 mM) em

WemSeUaWXUa ambieQWe e SH 5,0-5,5. Em WemSRV de 5-120 miQXWRV, aV amRVWUaV

fRUam UeWiUadaV e filWUadaV, RQde eVWe filWUadR fRi aQaliVadR em UelaomR j

cRQceQWUaomR de meWal XWili]aQdR eVSecWURVcRSia de adVRUomR aW{mica. PaUa
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aQaliVaU a caSacidade de VRUomR, aV biRmaVVaV fRUam aYaliadaV em UelaomR j

caSacidade de VRUomR QR eTXiltbUiR RX eficirQcia de UemRomR de meWal, a SaUWiU

diVVR, a ciQpWica de VRUomR Wambpm fRi calcXlada cRm baVe QR mRdelR de HR e

McKa\. A eficirQcia de biRVVRUomR fRi aQaliVada VegXiQdR RV mRdelRV de

LaQgmXiU e FUeXQdlich aSlicadRV SaUa fRUQeceU UeVXlWadRV cRm ViVWemaV

biQiUiRV e WeUQiUiRV, RQde QR ViVWema biQiUiR iQdicRX TXe RV meWaiV Ve ligam a

ambaV biRmaVVaV cRm iQWeQVidadeV VemelhaQWeV. ASyV a biRVVRUomR, fRUam

Ueali]adaV aQiliVeV de FT-IR SaUa RV eVWXdRV de caUacWeUi]aomR, ideQWificaQdR

gUXSRV hidURcaUbRQeWRV iQVaWXUadRV, amiQa, amida e hidUR[ila em C. YXOJDULV.

Na biRVVRUomR, ViVWemaV biQiUiRV e WeUQiUiRV e[igiam a iQWeUaomR de meWaiV cRm

RV gUXSRV fXQciRQaiV de biRmaVVa cRm maiV elpWURQV, VeQdR gUXSRV amiQa,

pVWeUeV, caUbR[ila e amida da VXSeUftcie daV cplXlaV. AV miVWXUaV biQiUiaV cRmR

Ni2+/ ZQ2+, Ni2+/ Pb2+ e ZQ2+/ Pb2+ fRUam aYaliadRV iQdicaQdR a VegXiQWe

afiQidade: Pb2+>ZQ2+>Ni2+ SaUa ambaV aV biRmaVVaV. A miVWXUa biQiUia de Ni2+/

ZQ2+, iQdicRX TXe ZQ SRVVXi maiRU afiQidade cRm ambaV aV biRmaVVaV TXe R

Ni, eVWe WeQdR maiRU caSacidade de biRVVRUomR Sela biRmaVVa da C. YXOJDULV.

NR ViVWema biQiUiR eQYRlYeQdR R Pb2+, R Ni2+ e ZQ2+, mRVWURX TXe RV tRQV Ni2+ e

ZQ2+ QmR iQflXeQciaUam Qa UemRomR de Pb2+ SaUa ambRV RV biRVVRUYeQWeV. A C.

YXOJDULV mRVWURX VeU melhRU biRVVRUYeQWe deYidR jV maiRUeV caSacidadeV de

VRUomR e eficirQciaV de UemRomR, iVVR deYe a cRmSRViomR Ve VXa SaUede celXlaU

daV cplXlaV eXcaUiyWicaV da C. YXOJDULV em UelaomR jV cplXlaV SURcaUiRQWeV de A.

SODWHQVLV.

Em RXWUR eVWXdR FeUUeiUa HW DO., (2011) aQaliVaUam a adVRUomR de ZQ2+ e

Pb2+ em ViVWema de meWal ~QicR cRm biRmaVVa de C. YXOJDULV e A. SODWHQVLV.

FRUam aQaliVadRV R efeiWR dR SH (3-6), WemSR de cRQWaWR (5, 10, 15, 30, 45, 60

e 120 miQ) e cRQceQWUaomR iQicial dR meWal (0,5, 1,0, 1,5, 2,0, 2,5 e 3,0 mM)

cRm 2 g L-1 de cada biRVVRUYeQWe. AV amRVWUaV fRUam aQaliVadaV aWUaYpV de

eVSecWURfRWRmeWUia de abVRUomR aW{mica e FT-IR SaUa a aQiliVe da biRmaVVa

aQWeV e deSRiV da adVRUomR dRV meWaiV, iQdicaQdR a SUeVeQoa de gUXSRV

caUbR[ilaWR, amiQR, amida e hidUR[ila. OV e[SeUimeQWRV fRUam Ueali]adRV em

SH 5-5,5 deYidR aR faYRUecimeQWR da diVVRciaomR de gUXSRV fXQciRQaiV e da
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ligaomR de tRQV meWilicRV. OV mRdelRV de FUeXQdlich e LaQgmXiU fRUam

XWili]adRV SaUa aQaliVaU a eficirQcia da biRVVRUomR, RQde VegXiUam a VegXiQWe

RUdem de afiQidade: Pb>ZQ. AQiliVeV em UelaomR a caSacidade de VRUomR QR

eTXiltbUiR RX eficirQcia de UemRomR de meWal fRUam aYaliadaV, e a SaUWiU diVVR, a

ciQpWica de VRUomR Wambpm fRi calcXlada cRm baVe QR mRdelR de HR e McKa\.

AQiliVe de adVRUomR e caSacidade de ligaomR dR meWal fRUam aYaliadRV SaUa aV

dXaV biRmaVVaV, RQde demRQVWURX TXe a C. YXOJDULV p Xm melhRU biRVVRUYeQWe

de meWal WeQdR a mi[ima UemRomR em 0,5 mM de ZQ2+ cRm 72,6 % e Pb2+ cRm

86,5%, eQTXaQWR a A. SODWHQVLV aWiQgiX 67,3 e 78,0% UeVSecWiYameQWe. O

eVWXdR cRQclXiX TXe a C. YXOJDULV WeYe maiRU eficirQcia Qa UemRomR dRV meWaiV

meQciRQadRV em VRlXo}eV aTXRVaV.

NR eVWXdR de KZaUciak-kR]áRZVka & SáaZik-dembic]ak, (2021) a C.

YXOJDULV fRi imRbili]ada cRm algiQaWR de cilciR fRUmaQdR eVfeUaV SaUa a

UemRomR de Pb (II) de igXaV UeVidXaiV mXQiciSaiV WaQWR em eflXeQWeV

dRmpVWicRV cRmR iQdXVWUiaiV. FRUam eVWXdadRV RV faWRUeV TXe iQWeUfeUem QR

SURceVVR de biRVVRUomR, WaiV cRmR SH, dRVe de biRVVRUYeQWe, WemSeUaWXUa e

WemSR de cRQWaWR. A cRQceQWUaomR dRV meWaiV QRV eflXeQWeV fRUam aQaliVadaV

aQWeV dR e[SeUimeQWR em iQWeUYalRV de WemSR de 1, 3, 5, 10, 20, 30 e 60 miQ e

1, 2, 3 e 24h, R SH Wambpm fRi medidR QeVVeV iQWeUYalRV de WemSR. A dRVe dR

biRVVRUYeQWe fRi aYaliada em 0,5, 1,0 e 3,0 g L-1, RQde demRQVWURX a mi[ima

eficirQcia Qa dRVagem em 3,0 g L-1 cRm 89% cRm algaV YiYaV imRbili]adaV,

72% algaV mRUWaV imRbili]adaV e 68% cRm eVfeUaV bUaQcaV. PaUa aV cplXlaV de

algaV liYUeV, a maiRU eficirQcia fRi de 85% em 3,0 g L-1 de dRVe de biRVVRUYeQWe.

O efeiWR dR SH fRi aQaliVadR em 3, 5 e 7 e a WemSeUaWXUa fRi maQWida em 25�C,

em algaV YiYaV a maiRU eficirQcia fRi de 89% em SH 7. PRUpm, a biRmaVVa Veca

WeYe a maiRU eficirQcia (78%) em SH 5, aV eVfeUaV de algaV imRbili]adaV

RbWiYeUam UeVXlWadRV VemelhaQWeV. Em UelaomR aR efeiWR dR WemSR, a

biRVVRUomR fRi UiSida de 5 aWp 30 miQ SaUa algaV YiYaV, WeQdR Wa[a de UemRomR

em 89%, ji aV algaV imRbili]adaV WiYeUam a melhRU caSacidade de UemRomR em

92% QRV SUimeiURV 5 miQ, eVfeUaV de algiQaWR WiYeUam 68% de eficirQcia. O

eVWXdR demRQVWURX TXe gUkQXlRV de algiQaWR cRm RX Vem algaV SRdem VeU
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XWili]adRV SaUa UemRYeU Pb de igXaV UeVidXaiV, VeQdR maiV eficieQWeV TXaQdR

aVVRciadRV cRm a alga.

Ahmed, (2012) iQYeVWigRX a biRVVRUomR de Fe em C. YXOJDULV, RQde SaUa

R e[SeUimeQWR de biRVVRUomR fRi XWili]adR 100 mL de difeUeQWeV cRQceQWUao}eV

(100, 200, 300 e 400 SSm) de FeSO4 miVWXUadR a 1 g de biRmaVVa, maQWidR

em agiWaomR de 200 USm SRU 24h e em VegXida filWUada. A biRVVRUomR dR Fe

aWiQgiX 61,6% em cRQceQWUaomR de 100 SSm e 42,9% em 400 SSm, iQdicaQdR

TXe a biRVVRUomR dimiQXiX cRm R aXmeQWR da cRQceQWUaomR dR meWal. PaUa

aQaliVaU R efeiWR dR SH, fRi Ueali]adR R e[SeUimeQWR em baWelada cRm fai[a de

SH eQWUe 2-8, VeQdR R SH ajXVWadR cRm VRlXomR de icidR clRUtdUicR RX hidUy[idR

de VydiR. Em SH 4 e 6 a C. YXOJDULV aWiQgiX 52,5 e 54,5% de biRVVRUomR mi[ima

e, em SH 2 e 8 aWiQgiX 44,2 e 37,5% de biRVVRUomR, iQdicaQdR TXe a biRVVRUomR

aXmeQWRX cRm R aXmeQWR dR YalRU de SH aWp 6. EVSecWURVcRSia QR

iQfUaYeUmelhR (IR) fRi XWili]adR SaUa aQaliVaU RV gUXSRV fXQciRQaiV e RV VtWiRV de

ligaomR de meWaiV SUeVeQWeV QaV amRVWUaV daV algaV, RQde fRi RbVeUYadR

gUXSRV caUbR[tlicR, amiQR, caUbRQila e hidUR[ila SUeVeQWeV Qa SaUede celXlaU

UeVSRQViYeiV Sela biRVVRUomR de Fe. AV aQiliVeV de MEV iQdicaUam TXe

hRXYeUam alWeUao}eV mRUfRlygicaV da VXSeUftcie daV cplXlaV, cRmR aXmeQWR

daV cplXlaV cRm RV tRQV meWilicRV em bai[a cRQceQWUaomR e, em alWa

cRQceQWUaomR de tRQV meWilicRV, hRXYe fRUmaomR de cUiVWaiV eYideQciadR cRmR

SUeciSiWaomR Qa SaUede celXlaU. O eVWXdR mRVWURX TXe a C. YXOJDULV p eficieQWe

SaUa R deVeQYRlYimeQWR de e[SeUimeQWRV SaUa biRVVRUomR de Fe.

EdUiV HW DO., (2014) eVWXdaUam a biRVVRUomR de Cd e Pb XWili]aQdR C.

YXlgaUiV, R e[SeUimeQWR fRi em WemSeUaWXUa ambieQWe e em SH ajXVWadR SaUa 7.

PaUkmeWURV cRmR WemSR de cRQWaWR, cRQceQWUaomR iQicial de tRQV meWilicRV (10,

25, 50, 100, 200 e 300 mg L-1) e TXaQWidade de biRmaVVa (0,2, 0,5, 0,8 e 1 g)

fRUam aYaliadRV. A cRQceQWUaomR de meWal fRi aQaliVada XWili]aQdR

eVSecWURmeWUia de abVRUomR aW{mica. O mRdelR de LaQgmXiU fRi XWili]adR SaUa

aQiliVe da eficirQcia da biRVVRUomR. O eVWXdR demRQVWURX TXe cRm R aXmeQWR

da cRQceQWUaomR iQicial de tRQ meWilicR, a caSacidade de biRVVRUomR aXmeQWa,

e cRm R aXmeQWR da biRmaVVa, a caSacidade de biRVVRUomR dimiQXi, SRiV hi
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dimiQXiomR Qa TXaQWidade de meWal VRUYida em XQidade de SeVR de alga. O

WemSR de eTXiltbUiR fRi eQcRQWUadR em 50 miQ de cRQWaWR, RQde QRV SUimeiURV

20 miQ RcRUUe 90% de biRVVRUomR de Cd e Pb e deSRiV SURVVegXe em Wa[a maiV

bai[a e aSyV RV 50 miQ QmR hi adVRUomR VigQificaWiYa.

5.2 ULVA LACTUCA

A biRVVRUomR de tRQV Pb (II) e Cd (II) XWili]aQdR U. ODFWXFD fRi aQaliVada

em UelaomR aR efeiWR dR SH, dRVagem de biRmaVVa, WemSR de cRQWaWR e

WemSeUaWXUa QR eVWXdR de SaUi & TX]eQ, (2008). PUimeiUameQWe, fRUam WeVWadRV

difeUeQWeV SH, Qa fai[a eQWUe 2 e 8, RQde a biRVVRUomR mi[ima fRi aWiQgida em

SH 5, VeQdR 95% de abVRUomR SaUa Pb (II) e 90% SaUa Cd (II). O SH Qa fai[a

de 2 a 4 UedX]iX a biRVVRUomR deYidR aR aXmeQWR de deQVidade de SUyWRQV QRV

lRcaiV de ligao}eV Qa VXSeUftcie da biRmaVVa, UeVWUiQgiQdR a ligaomR dRV meWaiV.

SeQdR aVVim, WRdRV RV e[SeUimeQWRV fRUam Ueali]adRV em SH 5, SRiV QeVWe SH

a VXSeUftcie da biRmaVVa fica caUUegada QegaWiYameQWe SaUa TXe RV tRQV

meWilicRV TXe SRVVXem caUga SRViWiYa (Pb2+ e Cd2+) Ve ligXem. O efeiWR de

difeUeQWeV dRVageQV de biRmaVVa fRUam WeVWadRV ( de 2 a 40 g L-1). A

biRVVRUomR mi[ima fRi aWiQgida em 20 g L-1 , QmR aSUeVeQWaQdR alWeUaomR

VigQificaWiYa em UelaomR jV dRVageQV maiV alWaV. A dRVagem de 20 g L-1 de

biRmaVVa fRi SadURQi]ada SaUa RV RXWURV e[SeUimeQWRV. Em UelaomR aR efeiWR

dR WemSR de cRQWaWR e WemSeUaWXUa, RV aXWRUeV RbVeUYaUam TXe a biRVVRUomR

aXmeQWa cRm R aXmeQWR dR WemSR de cRQWaWR em aWp 60 miQXWRV j Xma

WemSeUaWXUa de 20 a 50�C, aSyV iVVR, a biRVVRUomR Ve WRUQa cRQVWaQWe, VeQdR

eQWmR R WemSR de cRQWaWR ideal fi[adR em 60 miQ SaUa RV demaiV e[SeUimeQWRV.

CRm a WemSeUaWXUa QR iQWeUYalR de 20 a 50�C, fRi RbVeUYadR Xma dimiQXiomR da

biRVVRUomR TXe SRde WeU RcRUUidR deYidR a daQRV caXVadRV aRV VtWiRV aWiYRV

mediaQWe a alWa WemSeUaWXUa. SeQdR aVVim, a WemSeUaWXUa ideal eQcRQWUada fRi

de 20�C. PaUa aQaliVaU a eficirQcia da biRVVRUomR fRUam XWili]adRV RV mRdelRV

de LaQgmXiU, FUeXQdlich e DXbiQiQ-RadXVhkeYich (D-R), RQde R mRdelR de

LaQgmXiU p R TXe Ve ajXVWa melhRU em UelaomR a biRVVRUomR TXe RcRUUe em

lRcaiV hRmRgrQeRV eVSectficRV QR biRVVRUYeQWe. EVWXdRV ciQpWicRV fRUam

XWili]adRV SaUa aQaliVaU R cRmSRUWameQWR dR biRVVRUYeQWe, e iQdicaUam TXe R
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eTXiltbUiR de biRVVRUomR da alga VegXiX Xm mRdelR de SVeXdR-VegXQda RUdem,

demRQVWUaQdR TXe R aXmeQWR dR biRVVRUYeQWe QmR Wem UelaomR SURSRUciRQal aR

aXmeQWR da biRVVRUomR, RX Veja, aXmeQWaQdR R biRVVRUYeQWe QmR iUi aXmeQWaU

a caSacidade de biRVVRUomR. O eVWXdR mRVWURX TXe a U. ODFWXFD p efica] SaUa a

UemRomR de tRQV Pb (II) e Cd (II) de meiR aTXRVR deYidR a VXa eleYada

caSacidade de biRVVRUomR em cRQdio}eV yWimaV, VeQdR em SH 5, dRVe de

biRmaVVa em 20 g L-1, em WemSR de cRQWaWR de 60 miQ e em WemSeUaWXUa de

20�C.

GhRQeim HW DO., (2014), XWili]aUam U. ODFWXFD SaUa UedX]iU RV QtYeiV de Cd

em Xm meiR aTXRVR. OV SeVTXiVadRUeV WeVWaUam difeUeQWeV cRQceQWUao}eV de

Cd (3, 5, 7, 10, 25, 50, 75 e 100 mg L-1) e difeUeQWeV SeVRV de biRmaVVa (0,05,

0,1, 0,2 e 0,4 g). Cada maVVa fRi miVWXUada e agiWada em 10 mL de cada

VRlXomR de Cd mg L-1 a 30�C, em SH 5,5 dXUaQWe 120 miQXWRV. DifeUeQWeV

WemSeUaWXUaV Wambpm fRUam WeVWadaV (20, 25, 30 e 35�C) QaV meVmaV

cRQdio}eV de SH, WemSR, YRlXme e cRQceQWUaomR meQciRQadRV. AV amRVWUaV

dRV difeUeQWeV e[SeUimeQWRV fRUam filWUadaV cRm SaSel filWUR e a cRQceQWUaomR

dR Cd2+ fRi medida em eVSecWU{meWUR de abVRUomR aW{mica. A caUacWeUi]aomR

da biRmaVVa fRi aQaliVada aQWeV e deSRiV da biRVVRUomR de Cd SRU

eVSecWURVcRSia FT-IR SaUa aQaliVaU aV caUacWeUtVWicaV TXtmicaV imSRUWaQWeV

SaUa a VRUomR, cRmR RV difeUeQWeV gUXSRV fXQciRQaiV SUeVeQWeV, VeQdR RV

gUXSRV hidUR[ila e amiQR RbVeUYadRV dXUaQWe a biRVVRUomR e, MEV SaUa

e[amiQaU difeUeQoaV Qa VXSeUftcie daV cplXlaV daV algaV aQWeV e deSRiV da

e[SRViomR aRV tRQV de Cd, RQde aQWeV da iQWeUaomR cRm RV tRQV meWilicRV a

VXSeUftcie daV cplXlaV eUam liVaV e aSyV a iQWeUaomR cRm RV tRQV meWilicRV a

meVma demRQVWURX Xma VXSeUftcie iQchada e cRm cXUYaV. OV aXWRUeV

RbVeUYaUam TXe aV cRQdio}eV yWimaV SaUa a biRVVRUomR dR Cd fRUam de SH

5,5, em 0,1 g de biRmaVVa de alga, em cRQceQWUaomR de 10 mg L-1 de Cd2+ j

30�C. NeVVaV cRQdio}eV a UemRomR fRi de 99,2% dR meWal, cRQclXiQdR TXe a

alga U. ODFWXFD fRi eficieQWe Qa UemRomR dR Cd da igXa.

NR eVWXdR de El-Sheekh HW DO. (2020), gUkQXlRV de algiQaWR de cilciR

(Ca) e eVfeUaV de algaV imRbili]adaV, VXbmeWidaV j SUp-WUaWameQWR cRm icidR
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acpWicR fRUam XWili]adRV SaUa aXmeQWaU a caSacidade de biRVVRUomR de Cd Sela

alga U. ODFWXFD. FRUam eVWXdadRV RV efeiWRV dR SH, WemSeUaWXUa, WemSR de

cRQWaWR, dRVe de biRVVRUYeQWe, difeUeQWeV WamaQhRV de SaUWtcXlaV (mm) de alga

e YelRcidade de agiWaomR. FRi RbVeUYadR TXe R WamaQhR de 0,125 mm da

SaUWtcXla fRi ideal SaUa biRVVRUomR, aVVim cRmR em SH 7,0 RbWeYe-Ve R YalRU

yWimR da caSacidade de biRVVRUomR SaUa U. ODFWXFD. NR eVWXdR dR efeiWR de

WemSeUaWXUa (20-30), a WemSeUaWXUa de 20�C RbWeYe melhRUeV UeVXlWadRV, eVVe

UeVXlWadR difeUiX-Ve cRm RV UeVXlWadRV RbWidRV SelR GhRQeim eW al. (2014) TXe

RbWeYe SH yWimR em 5,5 e WemSeUaWXUa a 30�C. NR eVWXdR dR WemSR de cRQWaWR,

R eTXiltbUiR de biRVVRUomR fRi alcaQoadR em 30 miQXWRV RbWeQdR a eficirQcia de

46,6% e a dRVe de biRVVRUYeQWe yWima fRi em 0,15 g TXe cRQfeUiX Xm aXmeQWR

Qa biRVVRUomR. A YelRcidade de agiWaomR fRi aYaliada em difeUeQWeV YalRUeV

(50-250 USm), RQde em 200 USm RbWeYe RV maiRUeV YalRUeV de caSacidade de

biRVVRUomR, ji QR efeiWR da cRQceQWUaomR iQicial de meWal, cRm R aXmeQWR de Cd

de 20 a 30 mg L-1 WeYe Xm aXmeQWR Qa eficirQcia de biRVVRUomR de 53,6 a

66,6%. AQiliVeV de eVSecWURVcRSia FT-IR fRUam XWili]adaV SaUa a deWeUmiQaomR

dRV gUXSRV fXQciRQaiV da VXSeUftcie da biRmaVVa da alga,a fRi RbVeUYada a

SUeVeQoa de gUXSRV hidUR[ila, amida, caUbRQila e caUbR[ila, TXe VmR

UeVSRQViYeiV SelR mecaQiVmR de biRVVRUomR dR Cd SRU WURca i{Qica. MEV e

EDX fRUam XWili]adRV SaUa aQaliVaU aV alWeUao}eV mRUfRlygicaV da VXSeUftcie

daV eVfeUaV de alga aQWeV e deSRiV da biRVVRUomR de Cd, e SaUa YeUificaU R

mecaQiVmR de biRVVRUomR, RQde fRi YeUificadR mXdaQoaV Qa VXSeUftcie, cRmR

iQchaoR.

CRm R RbjeWiYR de melhRUaU R deVemSeQhR da alga U. ODFWXFD, BXlgaUiX

& BXlgaUiX, (2014) XWili]aUam VRlXomR alcaliQa de NaOH SaUa WUaWaU a alga

XWili]ada Qa UemRomR de Pb (II) e ZQ (II) de Xma VRlXomR aTXRVa. O NaOH fRi

XWili]adR SaUa melhRUaU a eficirQcia da biRVVRUomR deYidR jV Ueao}eV de

hidUyliVe TXe SRdem leYaU j fRUmaomR de maiV gUXSRV caUbR[tlicRV e hidUR[ila,

melhRUaQdR a ligaomR dR meWal Qa biRmaVVa da alga. O WUaWameQWR cRm NaOH

fRi feiWR miVWXUaQdR 5,0 g de biRmaVVa de algaV cRm 100 mL de VRlXomR de

NaOH em cRQceQWUaomR de 0,2 a 1,0 mRl L-1, a miVWXUa fRi agiWada
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mecaQicameQWe SRU 1 hRUa. ASyV 24 hRUaV, aV amRVWUaV de algaV WUaWadaV cRm

NaOH fRUam filWUadaV, laYadaV cRm igXa bideVWilada, Veca e aUma]eQada. O

e[SeUimeQWR de biRVVRUomR fRi Ueali]adR em WemSeUaWXUa ambieQWe, RQde algaV

WUaWadaV cRm NaOH e algaV QmR WUaWadaV fRUam miVWXUadaV em 25 mL de

VRlXomR dRV meWaiV Qa cRQceQWUaomR de 0,20 - 3,39 mRl L-1 cRm agiWaomR

deVcRQWtQXa. TRdRV RV e[SeUimeQWRV fRUam feiWRV em dXSlicaWa em SH 5 e em

cRQceQWUaomR de 8,0 g L-1 de biRVVRUYeQWe. PaUa R e[SeUimeQWR ciQpWicR, 8,0 g

L-1 de algaV WUaWadaV e QmR WUaWadaV fRUam miVWXUadaV em 25mL de 0,85 mRl L-1

de VRlXomR de meWaiV dXUaQWe iQWeUYalRV de WemSR eQWUe 5 a 180 miQXWRV. NR

fiQal dR e[SeUimeQWR de biRVVRUomR, aV faVeV Vylida e ltTXida fRUam VeSaUadaV

aWUaYpV de filWUaomR e a cRQceQWUaomR de meWaiV Qa VRlXomR filWUada fRi afeUida

SRU eVSecWURfRW{meWUR. PaUa afeUiU a Yiabilidade daV algaV WUaWadaV fRUam

XWili]adRV e[SeUimeQWRV de deVVRUomR cRm VRlXomR de HCl 0,1 mRl L-1. O

mRdelR de LaQgmXiU fRi XVadR SaUa deVcUeYeU a biRVVRUomR de Pb (II) e ZQ (II)

em cplXlaV da alga. OV UeVXlWadRV mRVWUaUam TXe R WUaWameQWR alcaliQR

melhRUa a caSacidade de biRVVRUomR de algaV SaUa WRdRV RV meWaiV em

cRmSaUaomR cRm a biRmaVVa TXe QmR fRi WUaWada, RQde TXaQWR maiRU a

cRQceQWUaomR de NaOH em aWp 0,6 mRl L-1 maiRUeV aV TXaQWidadeV de meWaiV

UeWiUadRV Qa maVVa dR biRVVRUYeQWe. FRi RbVeUYadR Wambpm TXe cRm R

WUaWameQWR alcaliQR RV gUXSRV caUbR[ila e hidUR[ila WRUQaUam-Ve maiV

diVSRQtYeiV SaUa TXe hRXYeVVe iQWeUao}eV cRm RV meWaiV. CRm R WUaWameQWR

alcaliQR, a caSacidade de biRVVRUomR aXmeQWRX, iQdicaQdR TXe aV algaV

WUaWadaV cRm meiR alcaliQR Wrm melhRU biRVVRUomR em UelaomR a biRmaVVa QmR

WUaWada, e Wrm SRWeQcial SaUa VeUYiU cRmR biRVVRUYeQWe SaUa UemRomR de meWaiV

  de VRlXomR aTXRVa.

A biRVVRUomR de ZQ2+ e Fe3+ fRUam aYaliadRV XWili]aQdR a U. ODFWXFD e VeX

caUYmR aWiYadR. OV efeiWRV TXe afeWam a biRVVRUomR Wambpm fRUam aYaliadRV QR

eVWXdR de AmeeQ HW DO., (2021). FRi aYaliadR R efeiWR dR SH, RQde fRUam

WeVWadRV SH Qa fai[a de 2 a 8 SaUa ZQ2+ e de 1 a 6 SaUa Fe3+ cRm WemSR de

cRQWaWR fi[adR em 120 miQ, cRQceQWUaomR iQicial de meWal em 50 mg L-1 e dRVe

de algaV fi[adRV em 1 g L-1. CRm R SH 5, a eficicia da biRVVRUomR fRi de 93,2%
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SaUa biRmaVVa Veca e 98,7% SaUa R caUYmR aWiYadR . O ZQ2+ RbWeYe melhRUeV

UeVXlWadRV em SH 5, eQTXaQWR TXe R Fe3+ em SH 3. A dRVagem de biRmaVVa

WeVWada fRi de 0,20 a 2 g L-1 em SH 5 SaUa ZQ2+ e SH 3 SaUa Fe3+ a 38�C SRU 120

miQ. A dRVagem da biRmaVVa ideal eQcRQWUada fRi de 1 g L-1, fa]eQdR cRm TXe

melhRUaVVe a adVRUomR WaQWR SaUa biRmaVVa Veca TXaQWR SaUa R caUYmR aWiYadR

da alga, VeQdR a eficicia mi[ima RbVeUYada cRm R caUYmR aWiYadR da alga

98,9% SaUa ZQ2+ e 97,6% SaUa Fe3+. PaUa a biRmaVVa Veca a eficicia fRi de

93,6% SaUa ZQ2+ e 91,6% SaUa Fe3+, iVVR SRde RcRUUeU deYidR j maiRU Q~meUR

de VtWiRV aWiYRV diVSRQtYeiV Qa VXSeUftcie da biRmaVVa Veca cRm eVVa dRVagem

(1 g L-1) fa]eQdR cRm TXe a abVRUomR de tRQV aXmeQWe. O WemSR de cRQWaWR fRi

afeUidR de 30, 60, 90, 120, 180 e 240 miQ, a WemSeUaWXUa fRi medida Qa fai[a de

20, 30, 40, 50 e 60�C e a cRQceQWUaomR iQicial de meWal em 10, 20, 50, 70, 80 e

100 mg L-1 QaV meVmaV cRQdio}eV de SH e dRVagem de biRmaVVa yWimRV. O

WemSR de cRQWaWR iQWeUfeUiX Qa eficirQcia da biRVVRUomR, WeQdR alWR QtYel de

biRVVRUomR aSyV 30 miQ e aXmeQWaQdR aWp 120 miQ RQde aWiQgiX R SRQWR de

eTXiltbUiR, a Wa[a de UemRomR fRi de 85,1% e 91,5% SaUa biRmaVVa Veca e

caUYmR aWiYadR e 98,9% SaUa ZQ2+ e 88,4% SaUa Fe3+. NR eVWXdR dR efeiWR da

cRQceQWUaomR de meWal, cRQfRUme a cRQceQWUaomR aXmeQWa de 10 SaUa 50 mg

L-1 a eficirQcia da UemRomR dimiQXi SaUa biRmaVVa Veca, R meVmR RcRUUeX QR

caUYmR aWiYadR. NR efeiWR da WemSeUaWXUa, R eTXiltbUiR fRi aWiQgidR em 40�C WaQWR

SaUa biRmaVVa Veca TXaQWR SaUa caUYmR aWiYadR. FRi XWili]adR

eVSecWURfRWRmeWUia de abVRUomR aW{mica SaUa aQaliVaU RV faWRUeV da biRVVRUomR

e mRdelRV de LaQgmXiU e FUeXQdlich fRUam XVadRV SaUa aQaliVaU a eficirQcia da

biRVVRUomR. O eVWXdR demRQVWURX TXe a U. ODFWXFD SRde VeU XVada SaUa

WUaWameQWRV de meiR aTXRVR em VXa fRUma de biRmaVVa Veca e VeX caUYmR

aWiYadR, WeQdR a melhRU eficirQcia cRm R caUYmR aWiYadR.

Ji QR eVWXdR de IbUahim HW DO., (2016), RV aXWRUeV XWili]aUam a U ODFWXFD

e VeX caUYmR aWiYadR SaUa YeUificaU a adVRUomR de tRQV CX+2, Cd+2 e Pb+2. EfeiWRV

de SH, WemSR de cRQWaWR, dRVe de algaV e a cRQceQWUaomR dR meWal Wambpm

fRUam aQaliVadRV. PaUa R eVWXdR dR efeiWR R SH, a cRQceQWUaomR, dRVagem de

algaV e WemSR de agiWaomR fRUam fi[adRV em 10 mg L-1, 0,1 g e 120 miQXWRV e R
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SH fRi WeVWadR Qa fai[a de 2 a 8. PaUa aQaliVaU R efeiWR da dRVagem de

biRmaVVa, difeUeQWeV SeVRV fRUam WeVWadRV (0,2, 0,4, 0,6, 0,8 e 1,0 g L-1),

miVWXUadRV em VRlXomR de 10 mg L-1 em SH 5 dXUaQWe 120 miQ. O efeiWR dR

WemSR de cRQWaWR fRi WeVWadR XWili]aQdR 0,4 g de alga e de caUYmR aWiYadR,

adiciRQadRV em 10 mg L-1 de VRlXomR meWilica dXUaQWe 5, 10, 20, 60 e 120

miQXWRV e aQaliVadR SRU eVSecWURfRWRmeWUia de abVRUomR aW{mica. O efeiWR da

cRQceQWUaomR iQicial de tRQV meWilicRV VRbUe a adVRUomR Wambpm fRi medidR

XWili]aQdR difeUeQWeV cRQceQWUao}eV de 5, 10, 20, 30, 40, 50, 60, 70 e 80 mg L-1

em SH 5 cRm 0,6 g L-1 de biRVVRUYeQWe dXUaQWe 60 miQXWRV. OV UeVXlWadRV

demRQVWUaUam TXe a abVRUomR ideal fRi eQcRQWUada em WemSR de cRQWaWR de 60

miQXWRV, em SH 5,0, dRVe de biRVVRUYeQWe a 0,8 g L-1 e cRQceQWUaomR de tRQV

meWilicRV em 60 mg L-1. A eficirQcia de UemRomR cRm R caUYmR aWiYadR fRi

maiRU em UelaomR a alga VeQdR, UeVSecWiYameQWe, de 84,7 e 64,5 mg/g SaUa

CX+2, 84,6 e 62,5 mg/g SaUa Cd+2, e 83,3 e 68,9 mg/g SaUa Pb+2, cRQclXiQdR TXe

R XVR da U. ODFWXFD e VeX caUYmR aWiYadR Wem gUaQde SRWeQcial SaUa a UemRomR

de meWaiV em meiR aTXRVR.

A U. ODFWXFD fRi XWili]ada cRmR biRVVRUYeQWe SaUa RV meWaiV CX (II), Cd

(II), Pb (II) e ZQ (II) SRU MaU HW DO., (2012), RQde fRUam XWili]adRV e[SeUimeQWRV

em cRlXQaV de YidUR e em baWelada XWili]aQdR a alga fi[ada em maWUi] de igaU

RX VXVSeQVa. 0,1 g de biRmaVVa fRi VXVSeQdidR em VRlXo}eV de 100 mL de CX

(II), Cd (II), Pb (II) RX ZQ (II) e maQWidaV em agiWaomR cRQVWaQWe e WemSeUaWXUa

ambieQWe dXUaQWe 24 hRUaV. ASyV aV 24 hRUaV, a biRmaVVa fRi filWUada cRm

QiWUaWR de celXlRVe e aV cRQceQWUao}eV de meWaiV Qa VRlXomR TXe UeVWaUam

deSRiV de UeWiUada da biRmaVVa cRm a filWUaomR, fRUam deWeUmiQadaV a SaUWiU de

cilcXlRV da abVRUomR dR meWal. O efeiWR dR SH fRi aQaliVadR Qa fai[a de 2 a 5,5,

RQde R SH fRi ajXVWadR XWili]aQdR HCl 0,1M RX NaOH 0,1M. A adVRUomR mi[ima

RcRUUeX em SH acima de 5, SRiV em cRQdio}eV cRm acide] eleYada (SH<5), RV

gUXSRV fXQciRQaiV VmR SURWRQadRV, leYaQdR a RcXSaomR de SUyWRQV QRV lRcaiV

de ligaomR, fa]eQdR cRm TXe dimiQXa a caSacidade de biRVVRUomR dR meWal

SelaV algaV. FRi XWili]adR 1 g L-1 de cRQceQWUaomR de algaV e cRQceQWUao}eV

iQiciaiV de 0,89, 0,79, 0,44 e 0,21 mM de CX (II), ZQ (II), Cd (II) e Pb (II). NR
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e[SeUimeQWR Ueali]RX-Ve biRVVRUomR em cRlXQaV, RQde 10 mL de Xma

cRQceQWUaomR cRQhecida de Pb e/RX Cd fRUam bRmbeadaV aWUaYpV daV cRlXQaV

em SH a 5,5 em WemSeUaWXUa ambieQWe, em VegXida, fRUam cRleWadaV amRVWUaV

de 1 mL em iQWeUYalRV de WemSR, RQde aWiQgiX a adVRUomR mi[ima dXUaQWe aV

SUimeiUaV 2 hRUaV de cRQWaWR eQWUe alga e meWaiV, VeQdR R Pb R maiV adVRUYidR

e R ZQ R meQRV adVRUYidR SRU maVVa de biRVVRUYeQWe. A deVVRUomR em cRlXQaV

Wambpm fRi afeUida cRm adiomR de 10 mL de H2SO4 (10-3 M), iQdicaQdR melhRU

caSacidade de adVRUomR dR adVRUYeQWe em UelaomR aR mRdR baWelada. FRUam

XWili]adRV eVSecWURfRWRmeWUia SaUa deWeUmiQaU aV cRQceQWUao}eV dRV meWaiV e

MEV SaUa aQaliVaU a mRUfRlRgia da VXSeUftcie da alga aQWeV de deSRiV da

ligaomR meWilica, RQde iQdicRX gUXSRV VXlfaWR, caUbR[ila e hidUR[ila Qa VXSeUftcie

da alga, QRV TXaiV aV difeUeQoaV de biRVVRUomR dRV meWaiV SRde VeU e[SlicadR

SelaV difeUeQoaV de afiQidadeV de cada meWal em UelaomR aRV gUXSRV

fXQciRQaiV. PaUa RV UeVXlWadRV dR e[SeUimeQWR, RV mRdelRV de LaQgmXiU e

FUeXQdlich fRUam XWili]adRV SaUa aQaliVaU a eficirQcia da biRVVRUomR. Em UelaomR

aR biRVVRUYeQWe fi[adR em igaU RX biRVVRUYeQWe VXVSeQVR, R eVWXdR mRVWURX

TXe a eficirQcia de biRVVRUomR SaUa a alga em VXVSeQVmR p maiRU SRiV TXaQdR

R biRVVRUYeQWe eVWi fi[adR em igaU RV tRQV meWilicRV SRdem Ve difXQdiU aWUaYpV

da maWUi] de igaU, dimiQXiQdR RV lRcaiV de adVRUomR QaV SaUedeV celXlaUeV

deYidR aR blRTXeiR dRV VtWiRV de ligaomR SelR igaU, iVVR fa] cRm TXe RcRUUa

dimiQXiomR da caSacidade de adVRUomR. AdVRUomR-deVVRUomR em cRlXQaV de

VRlXo}eV mRQRmeWilicaV e biQiUiaV de Pb e Cd fRUam feiWaV, RQde Qa VRlXomR

biQiUia a Wa[a de adVRUomR de ambRV RV meWaiV fRi dimiQXtda Sela cRadVRUomR.

NR eVWXdR, a U. ODFWXFD fRi cRQVideUada Xm biRVVRUYeQWe efica] SaUa a UemRomR

dRV meWaiV meQciRQadRV.

A UemRomR dRV meWaiV CX, Pb, Cd de Xma VRlXomR aTXRVa XWili]aQdR a

U. ODFWXFD fRi aQaliVada QR eVWXdR de Zakhama HW DO., (2011). O eVWXdR fRi feiWR

em ViVWema de baWelada RQde fRUam aQaliVadRV a WemSeUaWXUa, R SH, WamaQhR

de SaUWtcXla Qa biRVVRUomR e a fRUoa i{Qica dRV tRQV meWilicRV CX, Cd e Pb. A

WemSeUaWXUa fRi WeVWada QR iQWeUYalR de 17 a 40�C, R SH Qa fai[a de 1,5 a 5 em

WRdRV RV meWaiV, eQTXaQWR R WamaQhR de SaUWtcXla de 0,5 a 2,5 mm fRUam
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aQaliVadRV aSeQaV QaV VRlXo}eV de CX e Cd. A fRUoa i{Qica (0-3 mRl L-1) fRi

aQaliVada XWili]aQdR VRlXo}eV de Pb e Xm Val SaUa mRdificaU a fRUoa i{Qica daV

VRlXo}eV meWilicaV. A caSacidade de biRVVRUomR fRi aQaliVada XWili]aQdR RV

mRdelRV de LaQgmXiU e FUeXQdlich. NR eVWXdR dR efeiWR dR SH, cRQVWaWRX-Ve

TXe SaUa Cd e CX, a abVRUomR aXmeQWa liQeaUmeQWe deQWUR da fai[a de SH

1,5-5, eQTXaQWR TXe SaUa Pb a abVRUomR aXmeQWa Qa fai[a de 1,5-3,5. Em

UelaomR aR efeiWR da WemSeUaWXUa, RV e[SeUimeQWRV Ueali]adRV em SH 4,5

mRVWUaUam TXe a WemSeUaWXUa ideal eUa de 30�C. OV UeVXlWadRV dRV eVWXdRV de

fRUoa i{Qica e WamaQhR da SaUWtcXla demRQVWUaUam WeU SRXca iQflXrQcia Qa

caSacidade de abVRUomR de meWaiV, difeUeQWe dRV UeVXlWadRV de SH e

WemSeUaWXUa. A caSacidade de biRVVRUomR VegXiX Qa VegXiQWe RUdem:

Pb>Cd>CX, TXe SRde VeU UelaciRQada aR UaiR aW{micR e R Q~meUR de YalrQcia

dRV meWaiV, SRiV TXaQWR maiRU R Q~meUR de elpWURQV Qa camada de YalrQcia,

maiRU a caSacidade de UeWeQomR dRV tRQV meWilicRV deYidR a ligao}eV aRV VtWiRV

aWiYRV da biRmaVVa. O eVWXdR demRQVWURX TXe a biRmaVVa Veca de U. ODFWXFD p

Xma alWeUQaWiYa bem VXcedida SaUa a biRVVRUomR dRV meWaiV meQciRQadRV.

OV eVWXdRV eQYRlYeQdR a C. YXOJDULV e a U. ODFWXFD, UeVXmidRV Qa Wabela

1, demRQVWUaUam TXe ambaV aV algaV SRVVXem eficicia SaUa a biRVVRUomR dRV

meWaiV meQciRQadRV, SRdeQdR aVVim, VeUem cRQVideUadaV alWeUQaWiYaV YiiYeiV

SaUa R WUaWameQWR de eflXeQWeV. A C. YXOJDULV e a U. ODFWXFD mRVWUaUam-Ve

SURmiVVRUaV SaUa a UemRomR de Cd (II), CX (II), Pb (II), ZQ (II) e Fe (II), a mpdia

da biRVVRUomR dRV meWaiV SelaV algaV fRUam demRQVWUadaV Qa Wabela 2. Em

eVWXdRV RQde aV algaV WiYeUam WUaWameQWRV eVSectficRV, cRmR SRU e[emSlR,

WUaWameQWR alcaliQR, fRUam RbWidRV melhRUeV UeVXlWadRV em cRmSaUaomR a

biRmaVVaV QmR WUaWadaV, Xma Ye] TXe eVVe WUaWameQWR p XWili]adR SaUa

melhRUaU a eficirQcia da biRVVRUomR. EVWe melhRUameQWR RcRUUe deYidR jV

Ueao}eV de hidUyliVe TXe SRdem leYaU j fRUmaomR de maiV gUXSRV caUbR[tlicRV

e hidUR[ila, aXmeQWaQdR aV ligao}eV dRV meWaiV Qa biRmaVVa da alga. A

biRVVRUomR p deSeQdeQWe SUiQciSalmeQWe de SH, WemSR de cRQWaWR, dRVe de

biRVVRUYeQWe, cRQceQWUaomR iQicial de meWal e WemSeUaWXUa, deYidR a iVWR, RV

YalRUeV yWimRV deVVeV faWRUeV eUam eQcRQWUadRV em cada eVWXdR. O SH p
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cRQVideUadR Xm faWRU mXiWR cUtWicR Qa adVRUomR dRV tRQV meWilicRV, SRiV em SH

maiRU TXe 6 RcRUUe a SUeciSiWaomR dRV tRQV meWilicRV e em SH meQRU TXe 3, RV

tRQV hidURgrQiRV cRmSeWem SelRV VtWiRV aWiYRV SUeVeQWeV Qa VXSeUftcie da

biRmaVVa daV algaV cRm RV tRQV meWilicRV, fa]eQdR cRm TXe a biRVVRUomR QmR

Veja WmR eficieQWe. Em UelaomR aRV RXWURV faWRUeV, fRi RbVeUYadR TXe em

meQRUeV cRQceQWUao}eV de biRVVRUYeQWe, a biRVVRUomR WRUQa-Ve maiV eficieQWe,

SRiV R aXmeQWR da biRmaVVa QmR iQWeUfeUe Qa caSacidade de biRVVRUomR, QmR

fRi RbVeUYadR UelaomR SURSRUciRQal aR aXmeQWR da biRVVRUomR cRm baVe QR

aXmeQWR dR biRVVRUYeQWe. Ji em UelaomR j cRQceQWUaomR iQicial de tRQ meWilicR,

fRi RbVeUYadR TXe cRm R aXmeQWR deVWe, a caSacidade de biRVVRUomR aXmeQWa.

Em WemSeUaWXUaV eleYadaV p RbVeUYadR Xma dimiQXiomR da biRVVRUomR TXe

SRde VeU deYidR a daQRV caXVadRV aRV VtWiRV aWiYRV mediaQWe a alWa

WemSeUaWXUa. O WemSR de cRQWaWR Wambpm iQWeUfeUe Qa eficirQcia da biRVVRUomR,

RQde R SRQWR de eTXiltbUiR fRi eQcRQWUadR QR WemSR mi[imR de 120 miQ. SeQdR

aVVim, RV eVWXdRV aSUeVeQWadRV iQdicam TXe aV algaV SRdem VeU XWili]adaV de

maQeiUa eficieQWe SaUa a UemRomR de meWaiV em difeUeQWeV ambieQWeV

aTXiWicRV.
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Tabela 1: ReVXmR da efeWiYidade da biRVVRUomR dRV meWaiV XWili]aQdR a C.

YXOJDULV e U. ODFWXFD.

Alga Metais Melhorias/
tratamento

Efetividade Citaomo

C. YXOgaULV Cd (II), ZQ (II) e
CX (II)

BiRVVRUomR
mRQRmeWilicaV
e bimeWilicaV.

MeQRU cRQceQWUaomR de biRmaVVa.
DeVVRUomR em SH 2. OUdem de

afiQidade: Cd>ZQ>CX

FUaile HW DO.,
2005

C. YXOgaULV Cd (II) BiRVVRUomR
cRmSeWiWiYa de

Cd e Ni- miVWXUa
biQiUia.

CRmSaUaomR
cRm aSeQaV Cd

BiRVVRUomR de Cd aXmeQWa TXaQdR a
cRQceQWUaomR de Ni eVWi bai[a.

CRmSeWiomR de ligaomR dRV VtWiRV de
adVRUomR

AkVX &
D|Qme],

2006.

C. YXOgaULV CX (II) BiRVVRUomR de
CX e SUeVeQoa

de tRQV Pb e ZQ

SH 4-5. TemSR de cRQWaWR 15 miQ. A
SUeVeQoa de tRQV Pb e ZQ dimiQXiX a

biRVVRUomR de CX

Al-UXb &
AVhRXU,
2006.

C. YXOgaULV Pb (II) BiRVVRUomR de
Pb, SUeVeQoa de
tRQV CX e ZQ e

VRlXo}eV
WeUQiUiaV

SH 5. SRlXo}eV biQiUiaV afeWa a
biRVVRUomR de Pb. SRlXo}eV WeUQiUiaV

QmR afeWam

Al-UXb HW DO.,
2007.

C. YXOgaULV Pb (II) e ZQ (II) SH 5-5,5. AfiQidade: Pb>ZQ FeUUeiUa HW
DO., 2011.

C. YXOgaULV Fe (II) AXmeQWR da biRVVRUomR cRm R
aXmeQWR dR SH aWp 6, cRQceQWUaomR de

meWal em 100 SSm

Ahmed,
2012.

C. YXOgaULV Pb (II) e ZQ (II) SiVWemaV
biQiUiRV cRm Ni

SH 5-5,5. SiVWemaV biQiUiRV mRVWUaUam
afiQidade de: Pb>ZQ>Ni

SaQWRV HW
DO., 2012.

C. YXOgaULV Cd (II) e Pb (II) SH 7. O aXmeQWR da cRQceQWUaomR de
meWaiV- biRVVRUomR aXmeQWa. AXmeQWR

da biRmaVVa - biRVVRUomR dimiQXi.
TemSR de cRQWaWR 50 miQ

EdUiV HW DO.,
2014

C. YXOgaULV Pb (II), Cd (II) e
CX (II)

CplXlaV mRUWaV SH 5 SaUa CX e Pb e SH 6 SaUa Cd.
TemSR de cRQWaWR de 20 miQ SaUa CX e

Pb, e 120 miQ SaUa Cd. DRVe de
biRVVRUYeQWe em 2g dm-3 AfiQidade de

biRVVRUomR: Pb>CX>Cd

GRheU HW DO.,
2016.

C. YXOgaULV Cd (II) MaWeUial YiYR RX TemSR de cRQWaWR 105 miQ. CheQg HW DO.,
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mRUWR de C.
YXOJDULV

CRQceQWUaomR de Cd >5 mg L-1. DRVe
de biRVVRUYeQWe < 18 mg maiRU

eficirQcia. Sem difeUeQoaV eQWUe algaV
mRUWaV RX YiYaV

2017.

C. YXOgaULV Cd (II) TUaWameQWR cRm
icidR acpWicR.

SH 6, WemSeUaWXUa em 25�C, WemSR de
cRQWaWR em 30 miQ. CRQceQWUaomR de

meWal 75 mg L-1. VelRcidade de
agiWaomR 250 USm. DRVe de biRmaVVa

0,08 g.

El-Sheekh
HW DO., 2019.

C. YXOgaULV Pb (II), Cd (II) e
CX (II)

C. YXOJDULV
mRdificada cRm
icidR VXlf~UicR

SH 5 SaUa Cd, 6 SaUa Pb e 7 SaUa CX.
TemSR de cRQWaWR de 80 miQ. DRVe de
biRVVRUYeQWe 5 g L-1 e cRQceQWUaomR de

meWal 5 mg L-1

Sa\adi HW
DO., 2019.

C. YXOgaULV Pb (II) C. YXOJDULV
imRbili]ada cRm

algiQaWR de
cilciR

DRVe de biRVVRUYeQWe 3,0 g L-1. SH 7
SaUa algaV YiYaV e SH 5 SaUa biRmaVVa

Veca. TemSR de cRQWaWR em 30 miQ.
AlgaV WUaWadaV maiV eficieQWeV

KZaUciak-kR
]áRZVka &

SáaZik-dem
bic]ak,
2021.

U. OacWXca Pb (II) e Cd (II) SH 5. DRVe de biRmaVVa 20 g L-1.
TemSR de cRQWaWR 60 miQ. TemSeUaWXUa

ideal 20�C

SaUi &
TX]eQ,
2008.

U. OacWXca Cd (II), Pb (II) e
CX (II)

SH SaUa Cd e CX em 5 e 3,5 SaUa Pb.
TemSeUaWXUa 30�C. CaSacidade de

biRVVRUomR: Pb>Cd>CX.

Zakhama HW
DO., 2011.

U. OacWXca Cd (II) e Pb (II)
ZQ (II) CX (II) U. ODFWXFD

fi[ada em maWUi]
de igaU RX
VXVSeQVa

SH 5.  BiRVVRUomR cRm alga VXVSeQVa
SRVVXi maiRU eficirQcia

MaU HW DO.,
2012.

U. OacWXca Pb (II) e ZQ (II) U. ODFWXFD
WUaWada cRm

VRlXomR alcaliQa
de NaOH

TUaWameQWR alcaliQa melhRUa a
caSacidade de biRVVRUomR e RV gUXSRV
fXQciRQaiV WRUQam-Ve maiV diVSRQtYeiV.

BXlgaUiX &
BXlgaUiX,

2014.

U. OacWXca Cd II) SH 5,5. DRVe de biRVVRUYeQWe 0,1 g.
CRQceQWUaomR de meWal 10 mg L-1 e

WemSeUaWXUa j 30�C

GhRQeim HW
DO., 2014.

U. OacWXca Cd (II), Pb (II) e
CX (II)

U. ODFWXFD e VeX
caUYmR aWiYadR

SH 5. TemSR de cRQWaWR em 60 miQ.
DRVe de biRVVRUYeQWe em 0,8 g L-1 e
cRQceQWUaomR de meWal em 60 mg L-1.
CaUYmR aWiYadR cRm maiRU eficirQcia.

IbUahim HW
DO., 2016.
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U. OacWXca Cd (II) U. ODFWXFD
imRbili]adaV

cRm algiQaWR de
cilciR e

SUp-WUaWameQWR
cRm icidR

acpWicR

SH 7. TemSeUaWXUa de 20�C.TemSR de
cRQWaWR em 30 miQ. DRVe de

biRVVRUYeQWe em 0,15 g. VelRcidade de
agiWaomR em 200 USm e cRQceQWUaomR

de meWal em 30 mg L-1

El-Sheekh
HW DO., 2020.

U. OacWXca ZQ (II) e Fe (III) U. ODFWXFD e VeX
caUYmR aWiYadR

SH 5 SaUa ZQ e 3 SaUa Fe. DRVe de
biRmaVVa 1 g L-1

TemSR de cRQWaWR em 120 miQ.
TemSeUaWXUa 40�C.

AmeeQ HW
DO., 2021.

FRQWe: R aXWRU

Tabela 2: mpdia (%) da biRVVRUomR dRV meWaiV QRV eVWXdRV meQciRQadRV

Metais C. YXOgaULV U. OacWXca

Cd 93,5% 94,6%

Pb 87,7% 93,8%

Zn 68,7% 86,6%

Cu 88,1% > 50%.

Fe 61,6% 97,6%
FRQWe: R aXWRU
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6 CONSIDERAd®ES FINAIS

Ɣ AmbaV aV algaV SRVVXem eficicia SaUa a biRVVRUomR dRV meWaiV;
Ɣ TUaWameQWRV eVSectficRV SRdem melhRUaU a caSacidade de biRVVRUomR ±

RbWeQdR melhRUeV UeVXlWadRV;
Ɣ O melhRUameQWR RcRUUe deYidR jV Ueao}eV de hidUyliVe TXe SRdem leYaU

j fRUmaomR de maiV gUXSRV caUbR[tlicRV e hidUR[ila, aXmeQWaQdR aV
ligao}eV dRV meWaiV Qa biRmaVVa da alga;

Ɣ A biRVVRUomR deSeQdeQWe dR SH, dRVe de biRVVRUYeQWe, cRQceQWUaomR
iQicial de meWal e WemSeUaWXUa;

Ɣ OV eVWXdRV aSUeVeQWadRV eQcRQWUaUam YalRUeV yWimRV SaUa RV faWRUeV
TXe iQWeUfeUem Qa biRVVRUomR;

Ɣ OV eVWXdRV cRQclXtUam TXe aV algaV SRdem VeU XWili]adaV de maQeiUa
eficieQWe SaUa a UemRomR de meWaiV em difeUeQWeV ambieQWeV aTXiWicRV.
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