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AFNQRZOHGJHPHQWV 

I ZRXOd OiNe WR WhaQN DU. KaOiQa MaQR\ORY fRU heU ZRQdeUfXO PeQWRUVhiS aQd gXidaQce 

WhURXghRXW P\ edXcaWiRQaO jRXUQe\. I ZRXOd OiNe WR WhaQN P\ cRPPiWWee PePbeUV, DU. DaYe 

BachRRQ aQd DU. SaP MXWiWi, fRU WheiU gXidaQce aV ZeOO. ThaQN \RX WR aOO Whe facXOW\ aQd VWaff Rf 

Whe GeRUgia CROOege aQd SWaWe UQiYeUViW\ aQd Whe DeSaUWPeQW Rf BiRORgicaO aQd EQYiURQPeQWaO 

ScieQceV. ThaQN \RX WR aOO Whe RWheU iQfOXeQWiaO WeacheUV, WRR QXPeURXV WR OiVW heUe, WhaW haYe VeW 

Pe RQ WhiV SaWh. FiQaOO\, I ZRXOd OiNe WR WhaQN P\ faPiO\ fRU VXSSRUWiQg Pe, eYeQ WhRXgh iW 

PeaQW I ZRXOd haYe WR be PiOeV aZa\, iQ GeRUgia. 
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LLVW RI TDEOHV 
 
TDEOH 1 - SXPPaU\ Rf daWa SeU ViWe fRU aOO VaPSOiQg WiPeV. GPS cRRUdiQaWeV aQd diVVROYed 
R[\geQ (Pg/L, DO), SH, ZaWeU WePSeUaWXUe (�C), aQd cRQdXcWiYiW\ (ȝS/cP, CRQd.), aQd aYeUage 
�VWaQdaUd deYiaWiRQ. 
 
TDEOH 2 - PeaUVRQ CRUUeOaWiRQ MaWUi[ Rf cRUUeOaWiRQ Rf ZaWeU SaUaPeWeUV aQd biRORgicaO daWa 
dXUiQg 2019 aQd 2020 (cRUUeOaWiRQV WhaW aUe VigQificaQW aW Whe 95% OeYeO aUe VhRZQ iQ bROd) WRWaO 
chORURSh\OO-a (�g/L, ChO-a ), ChORURSh\Wa chO-a cRQWUibXWiRQ WR WRWaO (�g/L, gUeeQ aOgae, GU.), 
BaciOOaUiRSh\ceae chO-a cRQWUibXWiRQ WR WRWaO (�g/L, diaWRPV, diaW.), C\aQRSh\Wa chO-a 
cRQWUibXWiRQ WR WRWaO (�g/L, C\.), CU\SWRSh\Wa chO-a cRQWUibXWiRQ WR WRWaO (�g/L, CSW), \eOORZ 
VXbVWaQceV, diVVROYed R[\geQ (Pg/L, DO), SH, ZaWeU WePSeUaWXUe (�C, WT), cRQdXcWiYiW\ (�S/-
cP, Cd.), VSecieV UichQeVV (SR), VSecieV eYeQQeVV (SE), aQd ShaQQRQ¶V iQde[ (SI). 
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LLVW RI FLJXUHV 

 
FLJXUH 1 - MaS Rf VaPSOiQg ViWeV. A. OYeUhead YieZ Rf LaNe SiQcOaiU. B. CORVe XS Rf VaPSOiQg 
ViWeV. ShaOORZ ViWeV aUe cRORU cRded Ued ZhiOe deeS ViWeV aUe cRORU cRded ZhiWe. (GOOGLE 
EARTH AcceVVed JXO\ 28, 2021; BiQg AcceVVed NRYePbeU 24, 2019). 

FLJXUH 2 - DiVVROYed R[\geQ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP 
NRYePbeU 2019 WR JXQe 2020.  

FLJXUH 3 - DiVVROYed R[\geQ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP JXO\ 
2020 WR OcWRbeU 2020. 

FLJXUH 4 - WaWeU WePSeUaWXUe aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP 
NRYePbeU 2019 WR JXQe 2020. 

FLJXUH 5 - WaWeU WePSeUaWXUe aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP JXO\ 
2020 WR OcWRbeU 2020. 

FLJXUH 6 - CRQdXcWiYiW\ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP NRYePbeU 
2019 WR JXQe 2020. 

FLJXUH 7 - CRQdXcWiYiW\ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP JXO\ 2020 WR 
OcWRbeU 2020. 

FLJXUH 8 - SH aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP NRYePbeU 2019 WR JXQe 
2020. 

FLJXUH 9 - SH aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP JXO\ 2020 WR OcWRbeU 
2020. 

FLJXUH 10 - BiRPaVV PeaVXUed aV WRWaO chORURSh\OO-a (ȝg/L) PeaQ aQd VWaQdaUd deYiaWiRQ fRU aOO 
ViWe fURP A. JXQe 2020 WR E. OcWRbeU 2020. 

FLJXUH 11 - ShaOORZ ViWeV WRWaO biRPaVV PeaVXUed chORURSh\OO-a (ȝg/L) fOXRUeVceQce 
cRQWUibXWiRQV aV GUeeQ AOgae (gUeeQ), DiaWRPV (bURZQ), C\aQRbacWeUia (c\aQ), aQd CU\SWRSh\WeV 
(Ued), PeaQ aQd VWaQdaUd deYiaWiRQ SeU ViWe. A. JXQe 2020, B. JXO\ 2020, C. AXgXVW 2020. 
ShaOORZ (-S) ViWeV aQd deeS (-D) ViWeV. 
 
FLJXUH 12 - ShaOORZ ViWeV WRWaO biRPaVV PeaVXUed chORURSh\OO-a (ȝg/L) fOXRUeVceQce 
cRQWUibXWiRQV Rf GUeeQ AOgae (gUeeQ), DiaWRPV (bURZQ), C\aQRbacWeUia (c\aQ), aQd CU\SWRSh\WeV 
(Ued), PeaQ aQd VWaQdaUd deYiaWiRQ SeU ViWe A. SeSWePbeU 2020 aQd B. OcWRbeU 2020. 
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FLJXUH 13 - ShaOORZ ViWeV beQWhic biRPaVV Rf PajRU aOgaO gURXSV PeaVXUed iQ Whe fieOd ZiWh 
BeQWhRWRUch. GUeeQ AOgae (gUeeQ), DiaWRPV (bURZQ), C\aQRbacWeUia (c\aQ); PeaQ aQd VWaQdaUd 
deYiaWiRQ iQ chORURSh\OO-a ȝg/L SeU ViWe A. ASUiO 2020, B. Ma\ 2020, C. JXQe 2020.  

FLJXUH 14 - ShaOORZ ViWeV beQWhic biRPaVV Rf PajRU aOgaO gURXSV PeaVXUed iQ Whe fieOd ZiWh 
BeQWhRWRUch. GUeeQ AOgae (gUeeQ), DiaWRPV (bURZQ), C\aQRbacWeUia (c\aQ); PeaQ aQd VWaQdaUd 
deYiaWiRQ iQ chORURSh\OO-a ȝg/L SeU ViWe A. JXO\ 2020, B. AXgXVW 2020, C. SeSWePbeU 2020.  

FLJXUH 15 - ShaOORZ ViWeV beQWhic biRPaVV Rf PajRU aOgaO gURXSV PeaVXUed iQ Whe fieOd ZiWh 
BeQWhRWRUch. GUeeQ AOgae (gUeeQ), DiaWRPV (bURZQ), C\aQRbacWeUia (c\aQ); PeaQ aQd VWaQdaUd 
deYiaWiRQ iQ chORURSh\OO-a ȝg/L SeU ViWe fRU OcWRbeU 2020  

FLJXUH 16 - BR[SORWV deVcUibiQg cRPPXQiW\ iQdiceV WhURXghRXW Whe \eaU. BR[eV aUe 1-8 iQ RUdeU 
Rf VaPSOiQg ViWe. 1-4 aUe VhaOORZ ViWeV aQd 5-8 aUe deeS ViWeV. LegeQd iQ gUaSh A aSSOieV WR aOO 
abRYe. 

FLJXUH 17 - TRWaO chORURSh\OO-a aQd aOgaO gURXS biRPaVV aORQg ZiWh \eOORZ VXbVWaQceV 
WhURXghRXW Whe \eaU. BR[eV aUe 1-8 iQ RUdeU Rf VaPSOiQg ViWe: 1-4 aUe VhaOORZ ViWeV aQd 5-8 aUe 
deeS ViWeV. LegeQd iQ gUaSh A aSSOieV WR aOO abRYe. 

FLJXUH 18 - BR[SORWV deVcUibiQg Whe VSUead Rf Sh\VicaO aQd chePicaO daWa WhURXghRXW Whe \eaU. 
BR[eV aUe 1-8 iQ RUdeU Rf VaPSOiQg ViWe: 1-4 aUe VhaOORZ ViWeV aQd 5-8 aUe deeS ViWeV. LegeQd iQ 
gUaSh A aSSOieV WR aOO abRYe. 

FLJXUH 19 - HiVWRUic aQd cXUUeQW WRWaO biRPaVV daWa aV chORURSh\OO-a (ȝg/L) daWa fRU LaNe 
SiQcOaiU. A. ShaOORZ ViWeV, B. DeeS ViWeV. MeaQ aQd SWaQdaUd deYiaWiRQ. 
 
FLJXUH 20 - HiVWRUic aQd cXUUeQW WRWaO biRPaVV daWa aV chORURSh\OO-a (ȝg/L) daWa fRU LaNe 
SiQcOaiU. A. ShaOORZ (S), B. DeeS (D) ViWeV.  
 
FLJXUH 21 - HiVWRUic aQd cXUUeQW WRWaO biRPaVV daWa aV chORURSh\OO-a (ȝg/L) daWa fRU LaNe 
SiQcOaiU. ShaOORZ (S, bOXe) aQd deeS (D, Ued) ViWe bR[ SORWV. ChORURSh\OO-a UecRPPeQdaWiRQV fRU 
VhaOORZ ViWeV aUe 21-23 ȝg/L, daVhed OiQe. ChORURSh\OO-a UecRPPeQdaWiRQV fRU deeS ViWeV aUe 10-
12 ȝg/L SORWWed aV a cRQWiQXRXV OiQe. 
 
FLJXUH 22 - DiffeUeQce beWZeeQ VhaOORZ (S) aQd deeS (D) ViWeV Rf WRWaO chORURSh\OO-a (�g/L) 
cRQceQWUaWiRQV.  

FLJXUH 23 - DiVVROYed R[\geQ (Pg/L) aQd chORURSh\OO-a (�g/L). A. VhaOORZ ViWeV, B. deeS ViWeV. 
 
FLJXUH 24 - DiVVROYed O[\geQ (Pg/L) WhURXgh WiPe aV da\V Rf Whe \eaU. A. VhaOORZ ViWeV; aQd B. 
deeS ViWeV. 
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LLVW RI PODWHV 

PODWH 1 - TR[igeQic cRccRid c\aQRbacWeUia A. Aphanocapsa sp. 1; B. Aphanocapsa sp. 2; C. 
Aphanocapsa sp. 3; D, J. Aphanocapsa elachista var. conferta (WeVW) G.S. WeVW; E. 
Aphanocapsa sp. 4; F. Aphanocapsa sp. 5; G. Microc\stis aeruginosa (K�W]iQg) K�W]iQg; H. 
Microc\stis sp. 2; I. Aphanocapsa sp. 6. ScaOe baU iQ I Rf 10 �P aSSOied WR aOO iPageV. 
 
PODWH 2 - FiOaPeQWRXV c\aQRbacWeUia ± A-C & F-I aUe WR[igeQic A. Planktothrix sp. 1; B. 
Planktothrix sp. 2; C. Anabaena sp 1; D. Leptol\ngb\a sp.1; E. Oscillatoria sp. 1; F. 
Planktothrix sp. 3; G. Planktothrix sp. 4; H. Anabaena sp. 2; I. Oscillatoria sp. 2. ScaOe baU iQ I 
Rf 10 �P aSSOied WR aOO iPageV. 
 
PODWH 3 - DiaWRPV, BaciOOaUiRSh\Wa ± A, E-F, H, & J c\PbeOORid diaWRPV (iQdicaWRUV Rf ORZ 
QXWUieQWV) A. C\mbella aspera (EhUeQbeUg) COeYe; B. S\nedra sp. 1; C. Achnanthidium 
minutissimum (K�W]iQg) C]aUQecNi PXOWiSOe ceOOV iQ YaOYe YieZ; D. C\mbella sp. 1; E. C\mbella 
sp. 2; F. Enc\onema minutum (HiOVe) D.G. MaQQ; G. Navicula; H. Enc\onema sp. 1; I. S\nedra 
sp. 2; J. Enc\onema sp. 2. ScaOe baU Rf iQ J 10 �P aSSOied WR aOO iPageV. 
 
PODWH 4 - DiaWRPV, BaciOOaUiRSh\Wa ± A-B, G, CeQWUic diaWRPV, C-F AUaShid diaWRPV. A. 
Aulacoseira sp. 1; B. Aulacoseira sp. 2; C, F. Fragilaria sp. 1; D. Staurosira sp.; E. Fragilaria 
sp. 2; G. Aulacoseira pusilla (MeiVWeU) A.TXji & A.HRXNi. ScaOe baU iQ D Rf 10 �P aSSOied WR aOO 
iPageV. 
 
PODWH 5 - OWheU aOgae: ChORURSh\Wa (A-H, J-L, & S-T), DiQRfOageOOaWa (I, O, & Q), EXgOeQRSh\Wa 
(H & R), aQd S\QXURSh\ceae (M). A. Euastrum sp.; B. Cosmarium sp.; C. Dict\osphaerium 
ehrenbergianum NlgeOi; D. Scenedesmus ecornis (EhUeQbeUg) ChRdaW; E. Scenedesmus sp. 1; F. 
Chloroph\ta spp.1; G. Gleoc\stis sp. 1; H. Trachelomonas sp. 1; I. Peridinium sp. 1 ; J. 
Desmodesmus quadricauda (TXUSiQ) BUpbiVVRQ ; K. Golenkinia sp. ; L. DeVPRdeVPXV VS. 1 ; M. 
Mallomonas sp. ; N. Chloroph\ta spp.1; O. Parvodinium inconspicuum (LePPeUPaQQ) CaUW\; P. 
Tetrasdron sp. ; Q. Peridinium sp. 2 ; R. Trachelomonas sp. 2; S. Desmodesmus sp. 2 ;T. 
Chloroph\ta spp.2. ScaOe baU iQ P Rf 10 �P aSSOied WR aOO iPageV. 
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AEVWUDFW 

ATXaWic habiWaWV aUe fUeTXeQWO\ VWXdied afWeU a PajRU ZaWeU TXaOiW\ SURbOeP OiNe Whe 

RccXUUeQce Rf aQ aOgaO bORRP. IQ WhiV VWXd\, A SURacWiYe UaWheU WhaQ a UeacWiYe UeVSRQVe ZaV 

cRQVideUed, ZheUe Whe cRPSOe[iW\ Rf cRQdiWiRQV cRQdXciYe WR XQcRQWUROOed ceOO gURZWh ZeUe 

VWXdied befRUe a bORRP WRRN SOace b\ VaPSOiQg UegXOaUO\. ThiV VWXd\ aiPed WR PRQiWRU ZaWeU 

TXaOiW\ b\ PRQWhO\ VaPSOiQg Rf aOgaO cRPPXQiWieV fRU aSSUR[iPaWeO\ RQe \eaU. AV Whe baVe Rf Whe 

aTXaWic fRRd Zeb, aOgae aUe a highO\ diYeUVe gURXS Rf RUgaQiVPV ZiWh YaU\iQg VeQViWiYiW\ WR 

Sh\VicaO aQd chePicaO chaQgeV iQ Whe eQYiURQPeQW. FRXU VhaOORZ ViWeV ZeUe PRQiWRUed aW LaNe 

SiQcOaiU, GA RQce a PRQWh fURP NRYePbeU 2019 WR OcWRbeU 2020, aQd fRXU deeS ViWeV ZeUe 

PRQiWRUed fURP Ma\ WR AXgXVW 2020 fRU cRQdXcWiYiW\, DO, SH aQd ZaWeU WePSeUaWXUe aORQg ZiWh 

Whe aOgaO cRPPXQiW\ cRPSRViWiRQ. AOgaO biRPaVV ZaV eVWiPaWed iQ Whe fieOd (aQaO\]iQg aOgaO PaWV 

aWWached WR URcNV RU VaQd), aQd iQ Whe Oab (aQaO\]iQg cRPSRViWe VaPSOeV). AOgae WhaW ZeUe aOiYe aW 

Whe WiPe Rf cROOecWiRQ ZeUe eQXPeUaWed aQd ideQWified WR Whe ORZeVW Wa[RQRPic XQiW. 192 VaPSOeV 

ZeUe cROOecWed aW Pidda\ aQd SURceVVed ZiWhiQ hRXUV. AQ ANOVA WZR-facWRU WeVW ZaV 

SeUfRUPed RQ Whe aYeUage chORURSh\OO-a cRQceQWUaWiRQ fRU each PRQWh aQd each ViWe. The 

diffeUeQce iQ aYeUage WRWaO chORURSh\OO-a aPRQg ViWeV ZiWhiQ habiWaW (VhaOORZ aQd deeS) aQd 

WhURXgh WiPe ZeUe QRW VigQificaQWO\ diffeUeQW. HabiWaW diffeUeQceV fRU diVVROYed R[\geQ (DO) 

ZeUe diffeUeQW fRU VhaOORZ aQd deeS ViWeV. SXUface ZaWeU WePSeUaWXUe ZaV QRW VigQificaQWO\ 

diffeUeQW ZiWhiQ Whe VhaOORZ aQd deeS ViWeV. DO ZaV QeYeU beORZ 4 Pg/L, aQd chORURSh\OO-a 

SURdXcWiRQ ZaV higheU iQ Whe VhaOORZ habiWaWV. A WRWaO Rf 58 aOgaO Wa[a aUe diVSOa\ed iQ WhiV VWXd\. 

SSecieV UichQeVV ZaV VigQificaQWO\ higheU iQ VhaOORZ ViWeV ZheUe WheUe ZaV a Pa[iPXP 

dRcXPeQWaWiRQ Rf 78 VSecieV. TheUe ZaV Wa[RQRPic heWeURgeQeiW\ beWZeeQ Whe ViWeV ZiWh 

WR[igeQic c\aQRbacWeUia dRcXPeQWed iQ 28% Rf VhaOORZ ViWeV aQd 22.9% Rf deeS ViWeV. The 
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SRSXOaWiRQ deQViW\ Rf WR[igeQic c\aQRbacWeUia ZaV QeYeU abRYe 5,000 ceOOV/PO iQ aQ\ ViWe, WRR ORZ 

WR SRWeQWiaOO\ WUiggeU SURdXcWiRQ Rf c\aQRWR[iQV. HRZeYeU, iQ JXQe, RQe Rf Whe WUiSOicaWe VaPSOeV 

WaNeQ aW ViWe 5, a deeS ViWe, had a WR[igeQic Aphanocapsa VS. 5 e[SeUieQce UeOaWiYe abXQdaQce aW 

29.41% Rf Whe WRWaO aOgaO cRPPXQiW\. ChaiQ fRUPiQg diaWRPV dRPiQaWed deeS ViWeV, bXW 

c\aQRbacWeUia ZeUe cRPPRQO\ dRcXPeQWed iQ ORZ abXQdaQce, UeSUeVeQWed b\ fiOaPeQWRXV 

c\aQRbacWeUia Phormidium sp. The WRWaO biRPaVV, PeaVXUed aV WRWaO chORURSh\OO-a, ZeUe 

VigQificaQWO\ diffeUeQW beWZeeQ VhaOORZ aQd deeS ViWeV. UViQg Whe EPA deYeORSed WRRO fRU OiQNiQg 

SRWeQWiaO fRU WR[ic bORRP WR chORURSh\OO-a, cRQceQWUaWiRQV higheU WhaQ 39 �g/L ZeUe cRQVideUed 

SRVVibOe iQdicaWRUV fRU WR[ic aOgaO bORRP deYeORSPeQW. The higheVW chORURSh\OO-a cRQceQWUaWiRQ 

ZaV dRcXPeQWed RQO\ iQ VhaOORZ ViWeV aW 487.4 �g/L, bXW bORRPV ZeUe QeYeU UecRUded aQd 

c\aQRWR[iQV ZeUe QRW deWecWed. RegiRQaO cRQVideUaWiRQ Rf ZaWeU Pi[iQg, ViOWaWiRQ, aQd ORZ OighW 

aYaiOabiOiW\ deVSiWe high WePSeUaWXUeV SRWeQWiaOO\ SUeYeQWed bORRPV. GeQeUaOO\ ORZ QXWUieQW 

cRQdiWiRQV PaiQWaiQed a diYeUVe aOgaO cRPPXQiW\ WhaW did QRW deYeORS iQWR a PRQRVSecific 

gURZWh.  
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I. IQWURGXFWLRQ 

AOgae, a SRO\Sh\OeWic gURXS Rf aTXaWic aQd ShRWRV\QWheWic RUgaQiVPV, SOa\ a gUeaW SaUW iQ 

eaUWh¶V biRVSheUe. The\ SURdXce haOf Rf Whe aWPRVSheUe¶V R[\geQ aQd aUe Whe PajRU SUiPaU\ 

SURdXceUV fRU aTXaWic ecRV\VWePV (ChaSPaQ 2013). WheQ cRQdiWiRQV aUe faYRUabOe WR a VSecieV, 

aOgae ZiOO gURZ TXicNO\ aQd deYeORS iQWR a bORRP. SRPe aOgaO VSecieV ZiOO SURdXce aOgaO WR[iQV 

dXUiQg a bORRP WR cRSe ZiWh RYeUcURZdiQg (KaUdiQaaO eW aO. 2007). The aOgaO cRPPXQiW\ iV 

PRQiWRUed WR deWeUPiQe Whe heaOWh aQd VafeW\ Rf aTXaWic eQYiURQPeQWV dXe WR Whe iQWegUaO SaUW 

aOgae SOa\ iQ aTXaWic fRRd ZebV aQd QXWUieQW c\cOiQg aQd Whe SRWeQWiaO fRU haUPfXO aOgaO bORRPV. 

HRZeYeU, RQO\ VaPSOiQg RQe WiPe aQd RQe ViWe SeU OaNe fURP Whe deeSeVW aUea (cROOecWiQg ZiWhiQ 

Whe ShRWic ]RQe) iV cXUUeQWO\ UeTXiUed (U.S. EPA 2019) ViQce PRVW Rf Whe YaUiabiOiW\ iQ Sh\VicaO 

cRQdiWiRQV aQd ZaWeU TXaOiW\ iQ QaWXUaO OaNeV RccXUV iQ Whe YeUWicaO diPeQViRQ VXch aV OighW, 

WePSeUaWXUe (VWUaWificaWiRQ), diVVROYed VXbVWaQceV, SURdXcWiYiW\, aQd decRPSRViWiRQ (WeW]eO 

2001). SaPSOiQg SURWRcROV, dUiYeQ b\ UeVRXUce aYaiOabiOiW\, UeTXiUe RQ VSRW cROOecWiRQ Rf Sh\VicaO 

aQd chePicaO daWa aXgPeQWed ZiWh aQaO\VeV Rf biRORgicaO iQdicaWRUV VXch aV chORURSh\OO-a, 

Sh\WRSOaQNWRQ, aQd/RU PacURSh\WeV, faXQa eWc.  

ThiV VWXd\ WeVWV Whe SUacWice Rf VaPSOiQg RQO\ RQe ViWe fURP a OaNe aV RSSRVed WR 

UecRgQi]iQg heWeURgeQeiW\ iQ OaNeV aQd VaPSOiQg VhaOORZ aQd deeS ViWeV PXOWiSOe WiPeV. 

AddiWiRQaOO\, WhiV VWXd\ SURYideV SUedicWiYe daWa fRU WR[iQ SURdXcWiRQ baVed RQ aOgaO biRPaVV aQd 

VSecieV cRPSRViWiRQ. IQ RUdeU WR VaYe OiPiWed UeVRXUceV, Whe EPA SUiRUiWi]eV UecUeaWiRQaO ZaWeUV 

fRU PRQiWRUiQg Whe ZaWeU fRU bORRPV. The VWXd\ ORcaWiRQ ZaV LaNe SiQcOaiU, GeRUgia, a SRSXOaU 

OaNe fRU UecUeaWiRQ aQd a dUiQNiQg ZaWeU VRXUce fRU VXUURXQdiQg ciWieV. The EPA PRQiWRUV 

c\aQRWR[iQV aQd ceOO deQViWieV. The MicURc\VWiQ gXideOiQeV fRU UecUeaWiRQaO ZaWeU aUe 8�g/L aQd 
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C\OiQdURVSeUPRSViQ gXideOiQeV aUe 15�g/L (U.S. EPA 2019) aVVRciaWed ZiWh PRUe WhaQ 10,000 

ceOOV/PO. 

1. TKH VWXG\ DUHD: LDNH SLQFODLU 

ThiV VWXd\ ZaV cRQdXcWed RQ LaNe SiQcOaiU Zhich iV a ViQXRXV UeVeUYRiU ZiWh aQ 

abXQdaQce Rf cRYeV. The UeVeUYRiU iV cRQQecWed WR LaNe OcRQee b\ WaOOace DaP aQd fORZV iQWR 

Whe OcRQee RiYeU Yia SiQcOaiU DaP. WaWeU iV UeOeaVed WhURXgh Whe WXUbiQe daiO\ fURP WaOOace 

DaP aQd SXPSed bacN QighWO\. LaNe SiQcOaiU ZaV chRVeQ aV Whe VXbjecW Rf WhiV VWXd\ dXe WR iWV 

VWaWXV aV a UeVeUYRiU. UQdeU Whe COeaQ WaWeU AcW Rf 1972, bRdieV Rf ZaWeU PXVW ³PaiQWaiQ 

chePicaO, Sh\VicaO, aQd biRORgicaO iQWegUiW\´. WheQ eQgiQeeUiQg UeVeUYRiUV, WhiV VWaWePeQW Rf Whe 

OaZ haV beeQ iQWeUSUeWed WR PeaQ WhaW PaQ Pade ZaWeU bRdieV PXVW behaYe aV QaWXUaO ZaWeU 

bRdieV aQd SeUfRUP Whe VaPe ecRV\VWeP VeUYiceV. LaNe SiQcOaiU ZaV deVigQed WR cUeaWe UeQeZabOe 

h\dUReOecWUiciW\, iV a SRSXOaU VSRW fRU ZaWeU UecUeaWiRQ, iW iV a dUiQNiQg ZaWeU VRXUce, aQd ZaV 

XVed aV WXUbiQe cRROiQg fRU a ORcaO cRaO SOaQW. AOWhRXgh, Whe cRaO SOaQW ZaV cORVed iQ 2018 dXe WR 

WheUPaO SROOXWiRQ dRcXPeQWed b\ Whe EPA, WRgeWheU ZiWh RWheU COeaQ WaWeU AcW (1972) ciWaWiRQV 

(NROiQ 2020, SPiWh aQd MaQR\ORY 2013). LaNe SiQcOaiU iV aOVR a VRXUce Rf dUiQNiQg ZaWeU fRU 

BaOdZiQ aQd PXWQaP cRXQWieV, PaNiQg iW eVSeciaOO\ iPSRUWaQW WhaW aOgaO bORRPV aQd aOgaO WR[iQV 

aUe PRQiWRUed. AV UeceQWO\ aV 2015, Whe EPA deYeORSed heaOWh adYiVRU\ gXideOiQeV fRU VXUface 

aQd dUiQNiQg ZaWeUV fRU c\OiQdURVSeUPRSViQ aQd PicURc\VWiQV. 

2. CXUUHQW WUHQGV LQ DSSOLHG HFRORJ\ 

ThiV VWXd\ e[aPiQed Whe accXUac\ Rf VaPSOiQg VWaQdaUdV b\ aQaO\]iQg Whe cRPSRViWiRQ Rf 

diffeUeQW ViWeV ZiWhiQ LaNe SiQcOaiU WR deWeUPiQe ZheWheU VaPSOiQg fRU URXWiQe aOgaO cRPPXQiW\ 

PRQiWRUiQg VhRXOd cRYeU a ZideU aUea. The beQefiW WR URXWiQeO\ cRYeUiQg OaUgeU aUeaV iV gUeaWeU 

VSaWiaO UeVROXWiRQ fRU Whe deWeUPiQaWiRQ Rf haUPfXO aOgaO bORRP UiVN RU heaOWh Rf Whe ecRV\VWeP. 
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AddiWiRQaOO\, ZiWhiQ aQ aTXaWic habiWaW, RQe Pa\ be abOe WR deWecW PRYePeQW Rf SRSXOaWiRQV aV 

VSecieV diVSeUVe fURP SUeVeQce aW RQe ViWe WR SUeVeQce aW PXOWiSOe ViWeV RYeU Whe cRXUVe Rf a 

VeaVRQ. WiWh Whe iPSRUWaQce Rf XViQg biRORgicaO WUaiWV WR SOaQ cRQVeUYaWiRQ aV deVcUibed b\ 

MiaWWa eW aO. 2021, UaUe VSecieV eiWheU cRQWUibXWe WR fXQcWiRQaO diYeUViW\ RU fXQcWiRQaO UedXQdaQc\ 

ZiWhiQ a VSecieV SRRO (RecRUd eW aO. 2021). TheUe aUe aOgaO iQdicaWRUV Rf QXWUieQWV, Sh\VicaO aQd 

chePicaO facWRUV. The SUeVeQce aQd abXQdaQce Rf WR[igeQic aOgae Pa\ iQdicaWe if aOgaO WR[iQV aUe 

beiQg SURdXced. The diVaSSeaUaQce Rf OaUge, high caORUic YaOXe aOgaO ceOOV iQdicaWeV feediQg 

SaWWeUQV Rf ]RRSOaQNWRQ, iQYeUWebUaWeV, aQd fiVh.  

AOgaO ZRUN UeTXiUeV VSecieV OeYeO ideQWificaWiRQ, aV VSecieV WUaiWV aQd abXQdaQce caUU\ 

ecRORgicaO PeaQiQg (MaQR\ORY 2014). LacN Rf Wa[RQRPic UeVROXWiRQ iV a SURbOeP SUeYaOeQW iQ 

daWabaVeV iQYROYiQg VighWiQgV, eVSeciaOO\ added WR b\ SeRSOe ZhR aUe QRW Wa[RQRPic e[SeUWV. 

LiNe Whe YeU\ diYeUVe gURXS Rf aOgae, WhiV iV eVSeciaOO\ a SURbOeP ZiWhiQ fiVheUieV VcieQce. BOaVcR 

eW aO. (2020) VXggeVWV WhaW iQcUeaViQg Whe aYaiOabiOiW\ Rf DNA baUcRdiQg WechQRORg\ ZRXOd 

iPSURYe Wa[RQRPic UeVROXWiRQ aQd iW ZRXOd iPSURYe Whe VWaWe Rf PaQ\ RWheU daWabaVeV aV ZeOO. 

The SRWeQWiaO AOgae DNA baUcRde geQeV cRde fRU SURWeiQV XVed iQ ShRWRV\QWheViV RU UibRVRPeV. 

SWiOO a \RXQg WechQRORg\, DNA-BaUcRdiQg haV iVVXeV VXch aV YaU\iQg UaWeV Rf eYROXWiRQ beWZeeQ 

aQd ZiWhiQ VSecieV Zhich Pa\ caXVe aQ RYeUOaS iQ ZhaW VhRXOd aQd VhRXOd QRW be cRQVideUed a 

XQiTXe VSecieV. AOgae UeTXiUe PXOWiSOe geQeV fRU DNA baUcRdiQg, aQd VeOecWiRQ Rf aQ aSSURSUiaWe 

geQe caQ VRPeWiPeV SURYe a chaOOeQge. DNA diffeUeQceV aOVR dR QRW aOZa\V cRUUeVSRQd ZiWh Whe 

PRUShRORgicaO diffeUeQceV RQ Zhich PRVW Rf SUeYiRXV OiWeUaWXUe haV beeQ baVed (ChaXdhaU\ aQd 

DahaO, 2017). CUeaWiQg PRQRcXOWXUeV Rf aOgaO VSecieV WR iVROaWe DNA iQ RUdeU WR add VSecieV WR 

DNA baUcRde daWabaVeV, iV QRWRUiRXVO\ difficXOW. ThXV, aW Whe cXUUeQW VWaWe, PRUShRORgicaO VSecieV 
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OeYeO ideQWificaWiRQ iV VWiOO aQ acceSWabOe PeWhRd fRU aOgaO cRPPXQiW\ PRQiWRUiQg (MaQR\ORY 

2014). 

3. PUHGLFWLQJ DOJDO EORRPV DQG ZDWHU TXDOLW\ 

VRgW, ShaUPa, aQd LeaYiWW (2017) fRXQd WhaW ZaWeU TXaOiW\ Rf eXWURShic OaNeV ZaV PRVWO\ 

UegXOaWed b\ ZaWeU WePSeUaWXUe, DO, QXWUieQWV, aQd SH. WaWeU RSaTXeQeVV decUeaVed OighW 

aYaiOabiOiW\ aQd deOa\ed aOgaO bORRPV, eVSeciaOO\ ZheQ cRXSOed b\ QXWUieQW OiPiWaWiRQV 

(WiONiQVRQ eW aO. 2017).  

3.1 Affect of HABs on ecos\stems - AOgaO bORRPV caQ caXVe eQYiURQPeQWaO haUP iQ PaQ\ Za\V, 

RQe Rf Zhich iV WhURXgh Whe PaQiSXOaWiRQ Rf diVVROYed gaVVeV iQ Whe ZaWeU. LRZ R[\geQ VWUeVV iV a 

PajRU cRQVeTXeQce Rf WheVe bORRPV becaXVe iW aOWeUV Whe VXiWabiOiW\ Rf habiWaWV fRU beQeficiaO 

RUgaQiVPV aQd Whe Vi]e Rf WheiU SRSXOaWiRQV (BUeiWbXUg eW aO. 2003). IQiWiaOO\, aOgaO ShRWRV\QWheViV 

VXSeUVaWXUaWeV aTXaWic eQYiURQPeQWV ZiWh diVVROYed R[\geQ (DO) (BXUNhROdeU eW aO. 2018). WheQ 

Whe WePSeUaWXUe chaQge RccXUV UaSidO\, R[\geQ diVVROYed iQ Whe ZaWeU caQQRW fiQd aQ eTXiOibUiXP 

ZiWh Whe aiU abRYe Whe ZaWeU (YSI EQYiURQPeQWaO, IQc. 2009). The PicURbiaO decRPSRVeUV VSeQd 

R[\geQ WR decRPSRVe aQ\ d\iQg aOgae aORQg ZiWh aQ\ RWheU YegeWaWiRQ WhaW died dXe WR beiQg 

Vhaded RXW. The iQcUeaVed UeVSiUaWiRQ Rf RWheU PicURRUgaQiVPV iQcOXdiQg bacWeUia, 

fXQgi, SURWR]RaQV aQd fiVh UeVXOW iQ iQcUeaVed fOX[ Rf dieO DO (DRddV 2006). AddiWiRQaOO\, aOgae 

UeOeaVe biRORgicaOO\ aYaiOabOe QXWUieQWV dXUiQg decRPSRViWiRQ WhaW caQ be XVed WR gURZ RWheU Wa[a, 

ZRUVeQiQg Whe bORRP cRQdiWiRQV (BXchVbaXP eW aO. 1991, HaYeQV eW aO. 2001, GaR eW aO. 2013). AW 

QighW, Whe high UeVSiUaWiRQ Rf decRPSRVeUV, cRPbiQed ZiWh Whe OacN Rf ShRWRV\QWheViV, OeadV WR 

h\SR[ic RU aQR[ic cRQdiWiRQV (ORZ DO RU QR DO, UeVSecWiYeO\) (JXQN 1973, L\RQV eW aO. 2014). 

AW Whe eQd Rf Whe bORRP, a PaVViYe aPRXQW Rf biRPaVV ViQNV WR Whe bRWWRP Rf Whe V\VWeP aQd 

deSOeWeV Whe R[\geQ iQ Whe ORZeU ZaWeU cROXPQ (BXUNhROdeU eW aO. 2018). The h\SR[ic cRQdiWiRQV 
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aUe e[aceUbaWed b\ Whe bORRP, bORcNiQg Whe VXUface Rf Whe ZaWeU aQd SUeYeQWiQg ShRWRV\QWheViV 

beORZ Whe ZaWeU VXUface aQd R[\geQ diffXViRQ (HaYeQV eW aO. 2001). The VZiQgV beWZeeQ aQR[ic 

aQd R[\geQ VXSeUVaWXUaWed cRQdiWiRQV eOiPiQaWe VWUeVV VeQViWiYe aTXaWic RUgaQiVPV (BUeiWbXUg 

2003, I]agiUUe eW aO. 2007, MRUgaQ eW aO. 2006, WiOcRcN eW aO. 2010). AQRWheU aVSecW Rf ORZ 

R[\geQ cRQdiWiRQV iV WhaW Whe OacN Rf VaWXUaWiRQ Rf DO iQcUeaVeV VROXbiOiW\ Rf WR[ic PeWaOV, Zhich 

caQ be fRXQd iQ OaNe VediPeQWV (MiWch aQd GRVVeOiQN 2007, SWXPP aQd MRUgaQ 1996). ThiV caQ 

be a hXPaQ heaOWh UiVN if fiVh aUe eaWeQ RXW Rf affecWed OaNeV. The abiOiW\ Rf VediPeQWV WR hROd 

ShRVShRUXV iV aOVR UedXced. The ORVV Rf QiWURgeQ iQ deQiWUificaWiRQ dReV QRW RccXU iQ aQR[ic 

eQYiURQPeQWV, cUeaWiQg a SRViWiYe feedbacN ORRS beWZeeQ bORRPV aQd QXWUieQW aYaiOabiOiW\. AV 

R[\geQ iV deSOeWed, decRPSRViWiRQ Rf RUgaQic PaWeUiaO VORZV (WeW]eO 2001).  

AOgaO bORRPV iQcUeaVe WXUbidiW\ aQd decUeaVe OighW Qeeded fRU OaNe YegeWaWiRQ WR VXUYiYe 

(HaX[ZeOO eW aO. 2001, VaOieOa eW aO. 1997). IQ addiWiRQ, VRPe aOgae gURZ eSiSh\Wic RQ SOaQWV, 

OeadiQg WR WheiU deaWhV aQd caXViQg habiWaW ORVV fRU aTXaWic VSecieV WhaW hide iQ Whe YegeWaWiRQ 

(BXUNhROdeU eW aO. 2007, LePbi 2003). SRPe ATXaWic Oife ZRXOd RWheUZiVe XVe Whe YegeWaWed 

eQYiURQPeQWV fRU VSaZQiQg (PihO eW aO. 1995, ThRPVeQ eW aO. 2006, WeQQhage aQd PihO 1994). 

FiVh aQd PacURiQYeUWebUaWeV haYe WURXbOe fRUagiQg iQ aQR[ic eQYiURQPeQWV aQd SUe\ SRSXOaWiRQV 

aUe UedXced (GUa\ eW aO. 2002, OVWeUOiQg aQd PihO 2001, PihO eW aO. 1991, 1995). AQ iQcUeaVe iQ SH 

Zhich iV caXVed b\ biRPaVV accXPXOaWiRQ iQhibiWV Whe abiOiW\ Rf ]RRSOaQNWRQ gUa]eUV WR feed 

(BXVNe\ 2008) aQd UedXceV fiVh gURZWh (ShiPSV eW aO. 2005, WeQQhage aQd PihO 1994). IQ 

addiWiRQ, Whe SUe\ SRSXOaWiRQ decOiQeV, aQd Whe SUeVeQce Rf aOgaO PaWV aOVR decUeaVeV Whe abiOiW\ Rf 

biUdV WR fRUage (CabUaO eW aO. 1999, GUeeQ eW aO. 2013). 

TR[iQV SURdXced b\ Whe aOgaO bORRP daPage Whe OiYeUV, heSaWRSaQcUeaVeV, NidQe\V, 

QeUYRXV V\VWePV, aQd RVPRUegXOaWiRQ Rf Whe giOOV iQ fiVh. ATXaWic VSecieV e[SeUieQce UedXced 
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fecXQdiW\ aQd VSaZQiQg VXcceVV cRXSOed ZiWh SURbOePV ZiWh ePbU\R deYeORSPeQW aQd VXUYiYaO. 

LaUYae iQ WheVe eQYiURQPeQWaO cRQdiWiRQV haYe SURbOePV VeWWOiQg aQd aUe RfWeQ defRUPed. 

DefRUPiWieV iQcOXde WhiQ eSiWheOiaO Oa\eUV, OaUge bRd\ VXUface UeOaWiYe WR heaOWh\ VSeciPeQV Rf Whe 

VSecieV, high PeWabROic UaWe, aQd OiPiWed PRWiOiW\. The effecWV Rf aOgaO WR[iQV aUe ZRUVe fRU eaUO\ 

Oife hiVWRU\ VWageV, VSecieV cRPSRViWiRQ Rf affecWed OaNeV iV aOWeUed ZiWh aOgaO PaWV aQd caQ caXVe 

WURShic d\VfXQcWiRQ. IQ addiWiRQ, WR[iQV heaYiO\ iPSacW biUdV, eVSeciaOO\ PigUaWRU\ biUdV Zhich 

haYe aOUead\ VSeQW eQeUg\ UeVeUYeV iQ WheiU jRXUQe\. SPaOO dRVeV Rf WR[iQV cRXOd iPSacW Whe 

abiOiW\ Rf WheVe biUdV WR feed, Zhich cRXOd SRWeQWiaOO\ Oead WR VWaUYaWiRQ aQd deaWh (BXUNhROdeU eW 

aO. 2018) ATXaWic Oife caQ be addiWiRQaOO\ e[SRVed WR WR[iQV Yia e[SRVXUe WR WR[iQ cRQWaPiQaWed 

ZaVWeV (LehWiQiePi eW aO. 2002, SYeQVeQ eW aO. 2005). The iQYaViYe ZebUa MXVVeOV, Dreissena 

pol\morpha (PaOOaV), haYe SaUWicXOaUO\ c\aQRWR[iQ-Uich feceV aQd PRYe c\aQRWR[iQV fURP Whe 

ZaWeU cROXPQ WR beQWhic cRPPXQiWieV (BabcRcN-JacNVRQ eW aO. 2002). BORRPV Rf QRQWR[ic 

c\aQRbacWeUia caQ SURdXce Whe VaPe WURShic chaQgeV becaXVe Whe\ aUe VeeQ aV ORZ-TXaOiW\ fRRd 

b\ ]RRSOaQNWRQ (LaXUpQ-MllWWl eW aO. 1997). 

ATXacXOWXUe iV aQ iPSRUWaQW XVe Rf iQOaQd bRdieV Rf ZaWeU. MaQ\ UeVeUYRiUV OiNe LaNe 

SiQcOaiU aUe beiQg XVed fRU Whe SXUSRVe Rf aTXacXOWXUe. FiVh UaiVed XViQg iQOaQd aTXacXOWXUe PaNe 

XS 65% Rf fiVh faUPed fRU Whe SXUSRVe Rf hXPaQ cRQVXPSWiRQ beWZeeQ 2003 aQd 2013. IQOaQd 

aTXacXOWXUe ZiOO becRPe PRUe aQd PRUe cRPPRQ aV QaWXUaO fiVheUieV aUe deSOeWed aQd 

aTXacXOWXUe aV a WechQRORg\ iV SeUfecWed. The iQcUeaVe iQ iQOaQd aTXacXOWXUe iV XQfRUWXQaWeO\ 

OiQNed WR Whe VSUead Rf fUeVhZaWeU aOgaO WR[iQV gORbaOO\ (GUeeU eW aO. 2017). Pr\mnesium parvum 

(N. CaUWeU) iV a SOaQNWRQic VSecieV Rf aOga Zhich bORRPV ZRUOdZide aQd caXVeV fiVh NiOOV. The 

WR[iQV SURdXced b\ WhiV aOga dXUiQg a bORRP caXVe giOO daPage. RaiQbRZ WURXW, Oncorh\nchus 

m\kiss (WaObaXP), ZeUe e[SRVed WR P. parvum dXUiQg a SYeQdVeQ eW aO. VWXd\ (2018). O[\geQ 
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iQWaNe iQiWiaOO\ iQcUeaVed, aQd Whe fiVh Pade aWWePSWV WR eQWeU high fORZ aUeaV WR UeceiYe PRUe 

R[\geQ. TheQ R[\geQ cRQVXPSWiRQ SeU bUeaWh decUeaVed WhURXghRXW Whe SURcedXUe. IQ a VecRQd 

e[SeUiPeQW, WR aVVeVV fiVh UecRYeU\ WhURXgh behaYiRU, iW ZaV fRXQd WhaW P. parvum caXVeV QRQ-

UecRYeUabOe UeVSiUaWRU\ faiOXUe iQ Whe WURXW. BORRd VaPSOeV ZeUe WaNeQ fURP Whe fiVh afWeU 

eXWhaQi]aWiRQ WR WeVW WR[iciW\ aQd fiYe RXW Rf Vi[ ZeUe SRViWiYe fRU Whe WR[iQ (SYeQdVeQ eW aO. 

2018). The effecWV Rf WR[iQV cRXSOed ZiWh Whe aQR[ic cRQdiWiRQV bURXghW abRXW b\ aOgaO bORRPV 

aUe a WhUeaW WR bRWh cRPPeUciaOO\ faUPed aQd ZiOd fiVh VWRcNV. 

4. AOJDH DV QXWULHQW LQGLFDWRUV 

AOgae PaNe XVefXO biRORgicaO iQdicaWRUV dXe WR WheiU WiPeO\ UeacWiRQ WR Sh\VicaO aQd 

chePicaO chaQgeV iQ WheiU aTXaWic habiWaWV. AOgae caQ be XVed WR PRQiWRU ORadiQg Rf iQRUgaQic 

QiWURgeQ aQd ShRVShRUXV ZiWhiQ Whe aTXaWic V\VWePV Whe\ iQhabiW becaXVe Whe\ aUe OiPiWiQg 

QXWUieQWV. TheVe QXWUieQWV, RfWeQ UXQQiQg Rff fURP agUicXOWXUaO fieOdV, aUe cRQWUibXWiQg WR 

iQcUeaViQg UaWeV Rf haUPfXO aOgaO bORRPV (HABS). SXbbiah eW aO. (2019) fRXQd VeYeUaO diUecW aQd 

iQYeUVe UeOaWiRQVhiSV beWZeeQ ceUWaiQ c\aQRWR[iQV aQd chePicaO aQd Sh\VicaO facWRUV ZiWhiQ Whe 

eQYiURQPeQW. AQaWR[iQ cRQceQWUaWiRQ ZaV diUecWO\ cRUUeOaWed ZiWh Ca+2 cRQceQWUaWiRQV, SH, ZaWeU 

WePSeUaWXUe, WRWaO ShRVShRUXV aQd WXUbidiW\ aQd iQYeUVeO\ UeOaWed WR cRQdXcWiYiW\, DO, aQd Whe 

cRQceQWUaWiRQV Rf F-, CO-, BU-, NO-3, SO-24, Na+, aQd NH+4. MicURc\VWiQ-LR cRQceQWUaWiRQV ZeUe 

diUecWO\ cRUUeOaWed ZiWh WRWaO VXVSeQded VROidV, WXUbidiW\, aQd WRWaO ShRVShRUXV. AQaWR[iQ iV 

iQYeUVeO\ cRUUeOaWed ZiWh aONaOiQiW\. MicURc\VWiQ-LA cRQceQWUaWiRQV ZeUe diUecWO\ cRUUeOaWed ZiWh 

WXUbidiW\ aQd WRWaO ShRVShRUXV aQd iQYeUVeO\ cRUUeOaWed ZiWh Whe cRQceQWUaWiRQV Rf F-, CO-, SO-24, 

Na+, aQd NH+4. MicURc\VWiQ-RR cRQceQWUaWiRQV iQ ZaWeU VaPSOeV ZeUe diUecWO\ cRUUeOaWed ZiWh 

Ca+2, ZaWeU WePSeUaWXUe, aQd WXUbidiW\ ZhiOe iQYeUVeO\ UeOaWed WR cRQdXcWiYiW\, aONaOiQiW\, WRWaO 

diVVROYed VROidV, aQd Whe cRQceQWUaWiRQV Rf COí, BUí, NOí3 , SOí2 4, Na+, aQd NH+. 
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C\OiQdURVSeUPRSViQ aQd Va[iWR[iQ cRQceQWUaWiRQV ZeUe bRWh diUecWO\ cRUUeOaWed ZiWh ZaWeU 

WePSeUaWXUe aQd iQYeUVeO\ cRUUeOaWed ZiWh Whe cRQceQWUaWiRQ Rf Mg+2. ThRXgh Whe caXVe Rf VRPe 

Rf WheVe UeOaWiRQVhiSV aUe XQcOeaU, iW caQ be iQfeUUed WhaW WheVe eQYiURQPeQWaO cRQdiWiRQV UefOecW 

RQ Whe WiPiQg Rf ecRORgicaO QeedV ZiWhiQ Whe WiPefUaPe Rf a bORRP. Of Whe chePicaO aQd Sh\VicaO 

facWRUV WeVWed b\ SXbbiah eW aO. (2019), SH, ZaWeU WePSeUaWXUe, cRQdXcWiYiW\, aQd DO, aOVR ZeUe 

PeaVXUed iQ WhiV VWXd\ XViQg a YSI. SXbbiah eW aO. (2019) PeQWiRQed WXUbidiW\ aV Whe beVW 

SUedicWiQg facWRU Rf c\aQRWR[iQ cRQceQWUaWiRQV ZiWh c\OiQdURVSeUPRSViQ haYiQg ORZeU 

cRQceQWUaWiRQV iQ highO\ WXUbid ZaWeUV aQd PicURc\VWiQ aQd aQaWR[iQ haYiQg higheU 

cRQceQWUaWiRQV aV WXUbidiW\ iQcUeaVed. CXUiRXVO\, OeVV cRQViVWeQW iQ SXbbiah eW aO. (2019) ZaV Whe 

UeOaWiRQVhiS beWZeeQ Whe SUeVeQce Rf bORRPV aQd Whe SUeVeQce Rf c\aQRWR[iQV iQ Whe ZaWeU.  

IQ a caVe VWXd\ b\ NeZeOO eW aO. (2019), MicURc\VWiV bORRPed aQQXaOO\ iQ WeVWeUQ LaNe 

EUie dXe WR aQWhURSRgeQic eXWURShicaWiRQ. AfWeU SOaQWiQg, faUPeUV aUe eQcRXUaged WR feUWiOi]e, aQd 

WhiV OeadV WR iQcUeaVed NH4 iQ Whe LaNe EUie V\VWeP dXUiQg Whe PRQWhV Rf Ma\ aQd OcWRbeU. The 

cRPSaUiVRQ beWZeeQ NO3 aQd NH4 QiWURgeQ iV VigQificaQW becaXVe NH4 cRPeV fURP cRPPeUciaO 

faUPiQg aQd WhXV iV OiNeO\ aQWhURSRgeQicaOO\ added WR aTXaWic eQYiURQPeQWV Yia UXQRff. NH4 iV 

cRUUeOaWed ZiWh Whe dRPiQaQce Rf c\aQRbacWeUia RYeU diaWRPV. SiQce MicURc\VWiV dReV QRW fi[ 

QiWURgeQ, SUeYiRXV VWXdieV haYe VhRZQ WhaW VROXbOe UeacWiYe ShRVShRUXV ORadiQg VRXUced fURP Whe 

MaXPee RiYeU iV cRUUeOaWed ZiWh Whe MicURc\VWiV BORRPV. KjeOdahO QiWURgeQ, QiWURgeQ WhaW iV 

UedXced aQd biRaYaiOabOe, haV iQcUeaVed RYeU Whe SaVW decadeV aQd haV beeQ VhRZQ WR cRUUeOaWe 

ZiWh c\aQRbacWeUia biRPaVV aV ZeOO. The UaWiR Rf chePicaOO\ UedXced QiWURgeQ (TKN) WR NiWUaWe 

cRQceQWUaWiRQV ZaV cRPSaUed WR chORURSh\OO aQd Sh\cRc\aQiQ cRQceQWUaWiRQV. TKN:NO3 ZaV 

SRViWiYeO\ cRUUeOaWed ZiWh bRWh chORURSh\OO aQd Sh\cRc\aQiQ. NeZeOO eW aO. (2019) adYiVed 

cRQWURO Rf NiWURgeQ ORadiQg iQ addiWiRQ WR PhRVShRUXV cRQWURO iQ UeVSRQVe WR WhiV daWa. 
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DXe WR aQ iQcUeaVe Rf diVVROYed RUgaQic caUbRQ (DOC) UeSRUWed iQ iQOaQd ZaWeUV Rf Whe 

NRUWheUQ WePSeUaWe UegiRQ, FeXchWPa\U eW aO. (2019) aWWePSWed WR iQcUeaVe Whe XQdeUVWaQdiQg Rf 

Whe UeOaWiRQVhiS beWZeeQ DOC, QXWUieQW iQSXWV, aQd ZaUPiQg RQ Whe iQOaQd OaNe ecRV\VWePV. ThiV 

VWXd\ fRXQd WhaW ChORURSh\OO-a cRQceQWUaWiRQ, Zhich VigQaOV Sh\WRSOaQNWRQ cRQceQWUaWiRQ, ZaV 

QRW VigQificaQWO\ aOWeUed b\ ZaUPiQg. SiQce iQWeUPediaWe RUgaQic PaWWeU OeYeOV VigQificaQWO\ 

iQcUeaVed ChORURSh\OO-a cRQceQWUaWiRQ iQ VXPPeU, aXWXPQ, aQd ZiQWeU. C\aQRbacWeUiaO bORRPV 

RccXUUiQg iQ Whe VXPPeU iQcUeaVed iQ iQWeUPediaWe RUgaQic PaWWeU OeYeOV aQd RccXUUed OeaVW RfWeQ 

iQ high RUgaQic PaWWeU OeYeOV. MacURiQYeUWebUaWe abXQdaQce iQcUeaVed iQ VSUiQg aQd VXPPeU ZiWh 

iQWeUPediaWe RU high RUgaQic PaWWeU OeYeOV, aQd fiVh abXQdaQce ZaV QRW affecWed b\ RUgaQic 

PaWWeU OeYeOV. FiVh abXQdaQce ZaV higheU, aQd SeaN abXQdaQce RccXUUed WZR ZeeNV OaWeU iQ 

aPbieQW PeVRcRVPV. IW iV VXggeVWed WhaW RUgaQic PaWeUiaO cRQceQWUaWiRQ haV a PRUe SURQRXQced 

effecW iQ VhaOORZ OaNe ecRV\VWePV WhaQ WePSeUaWXUe RU Sh\WRSOaQNWRQ cRQceQWUaWiRQV. 

C\aQRbacWeUiaO bORRPV RccXUUiQg iQ iQWeUPediaWe OeYeOV Rf RUgaQic PaWWeU VXggeVW WhaW HABS 

Pa\ iQcUeaVe iQ cOeaU, VhaOORZ, eXWURShic OaNeV aQd DOC iQcUeaVeV (FeXchWPa\U eW aO. 2019). 

IQ addiWiRQ WR c\aQRbacWeUia, diaWRPV aUe SaUWicXOaUO\ gRRd iQdicaWRUV becaXVe Whe\ 

UeVSRQd TXicNO\ WR chaQgiQg cRQdiWiRQV aQd WheiU ViOica ceOO ZaOOV caQ be eaViO\ SUeVeUYed fRU 

fXUWheU VWXdieV. DXe WR WhiV, iW iV SRVVibOe WR WaS iQWR a YaVW hiVWRUicaO UecRUd Rf cOiPaWe aQd 

ecRV\VWeP daWa iQ aQ aUea Pade SRVVibOe WhURXgh diaWRP PicURfRVViOV. IQ a VWXd\ SeUfRUPed b\ 

Ha]XNRYi eW aO. (2019) e[aPiQiQg Whe YiabiOiW\ Rf Whe PDI (POaQNWRQic DiaWRP IQde[), iW iV XVed 

WR aVVeVV Whe ZaWeU TXaOiW\ Rf a bRd\ Rf ZaWeU XViQg Whe VSecieV cRPSRViWiRQ Rf diaWRPV WheUe. 

The PDI iV baVed RQ hRZ eXWURShicaWiRQ, VSecificaOO\ high ShRVShRUXV, affecWV Whe SRSXOaWiRQ 

VWUXcWXUeV Rf diaWRPV. TRWaO ShRVShRUXV aQd PDI VcRUeV ZeUe VigQificaQWO\ cRUUeOaWed, bXW ZheQ 

PeaVXUed ZiWhiQ each baViQ, Whe WRWaO ShRVShRUXV aQd PDI VcRUeV Rf Whe WeVWeUQ BaViQ ZaV QRW 
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VigQificaQWO\ cRUUeOaWed, VXggeVWiQg VigQificaQW aOgaO cRPPXQiW\ diffeUeQceV. ThiV Pa\ be dXe WR 

Whe WeVWeUQ BaViQ beiQg a highO\ YaUiabOe eQYiURQPeQW, eYeQ WhRXgh WhiV baViQ ZaV cRQVideUed 

eXWURShic (Ha]XNRYi eW aO. 2019). 

KUagh aQd SaQd-JeQVeQ (2018) fRXQd WhaW Sh\WRSOaQNWRQ biRPaVV ZaV higheU iQ haUd 

ZaWeUV dXUiQg VXPPeU WhaQ iW ZaV iQ VRfW ZaWeUV ZiWh Whe VaPe QXWUieQW ORad. The PRUe eXWURShic 

Whe OaNe, Whe PRUe haUd ZaWeU VWiPXOaWed aOgaO gURZWh. HaUd ZaWeU OaNeV WeQded WR be PRUe baVic 

ZiWh a SH UaQge Rf 7.3 WR 9.3 Zhich aOORZed aWPRVSheUic CO2 WR eQWeU Whe ZaWeU aW aQ iQcUeaVed 

UaWe. The\ SURSRVed WhaW iQ a QXWUieQW Uich eQYiURQPeQW, iQRUgaQic caUbRQ becRPeV Whe OiPiWiQg 

facWRU aQd higheU SRROV Rf diVVROYed iQRUgaQic caUbRQ VXSSRUW Sh\WRSOaQNWRQ SURdXcWiYiW\ iQ high 

SH, haUd ZaWeUV (KUagh aQd SaQd-JeQVeQ 2018). 

Lee eW aO. (2019) VeW RXW WR XQdeUVWaQd hRZ Whe cRPbiQed effecWV Rf ZaUPiQg aQd 

eXWURShicaWiRQ affecW Sh\WRSOaQNWRQ SURdXcWiRQ aQd Whe SURdXcWiRQ Rf aOgaO bORRPV. TheVe 

RbVeUYaWiRQV RccXUUed iQ QaWXUaO bRdieV Rf ZaWeU. TePSeUaWXUe had a QegOigibOe effecW if Whe ViWeV 

ZeUe XQeQUiched, bXW WePSeUaWXUe iQcUeaVed Sh\WRSOaQNWRQ SURdXcWiRQ ZheQ Whe ViWeV ZeUe 

eQUiched. HRZeYeU, ZheQ RQe ViWe had a ORZ VaOiQiW\ Rf 6.5 PSU, WePSeUaWXUe did QRW iQcUeaVe 

SURdXcWiRQ. NiWUaWe cRQceQWUaWiRQ WR chORURSh\OO-a cRQceQWUaWiRQ (NCCA) had a cOeaU UeOaWiRQVhiS 

ZiWh aOgaO SURdXcWiRQ. WheQ NCCA ZaV aW RU abRYe NCCA 1.2, Whe SURdXcWiRQ Rf Sh\WRSOaQNWRQ 

iQcUeaVed. Ph\WRSOaQNWRQ SURdXcWiRQ decUeaVed aW RU beORZ NCCA 1.2. ThiV daWa VeePed WR be 

cRUURbRUaWed b\ ViPiOaU iQWeUQaWiRQaO aQd RWheU VWaWeV¶ daWa, fURP Whe UK, US (CaOifRUQia), 

EVWRQia, aQd NRUZa\, ZheUe SURdXcWiRQ iQcUeaVed abRYe aQd decUeaVed beORZ a NCCA Rf 1.5. IW 

ZaV VXggeVWed WhaW NCCA cRXOd becRPe aQ iQdicaWRU fRU chaQgeV iQ aOgaO SURdXcWiRQ (Lee eW aO. 

2019). ThiV UeVeaUch VhRZV WhaW WePSeUaWXUe YaUiaWiRQV, Zhich caQ RccXU ZiWhiQ Whe VaPe OaNe, 
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cRPbiQed ZiWh ORcaO QXWUieQW eQUichPeQW, haV Whe caSabiOiW\ Rf iQcUeaViQg RU decUeaViQg aOgaO 

SURdXcWiRQ. 

5. PUHGLFWLYH PRGHOOLQJ 

GUeaW VWUideV haYe beeQ WaNeQ iQ PaSSiQg biRORgicaO cRQceSWV iQcOXdiQg ecRV\VWeP 

VeUYiceV aQd heaOWh ha]aUdV. MXch Rf WhiV adYaQcePeQW iV dXe WR Whe UeceQW SRSXOaUiW\ Rf 

SUedicWiYe PRdeOiQg. RecRUd eW aO. (2021) QaPed Whe iQcRUSRUaWiRQ Rf daWa iQWR PRdeOV aV a 

cXUUeQW iVVXe Rf Whe daWa OaQdVcaSe. YaQg eW aO. (2021) aSSOied Whe LaPbeUW-BeeU¶V OaZ WR UiYeUV 

b\ cUeaWiQg Whe CNANDY (CRXSOed CRPSOe[ AOgaO-NXWUieQW DYQaPicV) PRdeO. The\ XVe 

ShRVShRUXV, a cRPPRQ aTXaWic SROOXWaQW, aV Whe OiPiWiQg diVVROYed QXWUieQW dXe WR iW beiQg a 

UeTXiUed QXWUieQW WhaW QR aOgaO gURXS caQ V\QWheVi]e RQ WheiU RZQ. The\ ZeUe abOe WR PaS RXW 

ShRVShRUXV OeYeOV aQd Oa\eU UiYeU Vi]e aV ZeOO. YaQg eW aO. (2021) fRXQd WhaW beQWhic aOgae 

RXWcRPSeWed SeOagic iQ VPaOO UiYeUV Zhich aUe VhaOORZeU aQd haYe beWWeU OighW SeQeWUaWiRQ iQWR 

Whe beQWhic ]RQe, aQd SeOagic aOgae RXWcRPSeWed beQWhic aOgae iQ OaUgeU UiYeUV ZheUe WheUe ZaV 

OeVV OighW eQeUg\ SeQeWUaWiQg iQWR Whe beQWhic ]RQe. PhRVShRUXV iQcUeaVed aV Whe ZaWeU fORZed 

dRZQVWUeaP, OiNeO\ becaXVe Whe SROOXWaQW ZaV dUaiQiQg fURP Whe VXUURXQdiQg ZaWeUVhed, iQWR Whe 

WeVeU UiYeU (YaQg eW aO. 2021).  

OQe Rf Whe diUecWiYeV Rf Whe EPA iV WR cUeaWe QeWZRUNV Rf UeOaWiRQVhiSV beWZeeQ ZaWeU 

TXaOiW\ YaUiabOeV. ThiV aOORZV UeVeaUcheUV WR beWWeU XQdeUVWaQd Whe XQdeUO\iQg PechaQiVPV aQd 

cXWV bacN RQ Whe aPRXQW Rf WeVWiQg WhaW QeedV WR be dRQe. The EPA cUeaWed a WRRO fRU eVWiPaWiQg 

Whe cRQceQWUaWiRQ Rf PicURc\VWiQ iQ Whe ZaWeU baVed RQ Whe cRQceQWUaWiRQ Rf chORURSh\OO-a. IW iV a 

ViPSOificaWiRQ Rf Whe UeOaWiRQVhiS beWZeeQ chORURSh\OO-a, Sh\WRSOaQNWRQ biRYROXPe, 

c\aQRbacWeUiaO UeOaWiYe abXQdaQce, c\aQRbacWeUia biRYROXPe, aQd PicURc\VWiQ. The effecWiYeQeVV 

Rf WhiV WRRO YaUieV baVed RQ Whe cRQfideQce OeYeO. WheQ cRQfideQce OeYeOV aUe ORZ, aV Whe\ RfWeQ 
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aUe aV daWa WaNeQ fURP QaWXUaO VeWWiQgV, Whe WRRO becRPeV OeVV effecWiYe WR Whe SRiQW ZheUe Whe 

SUedicWed PicURc\VWiQ OeYeOV cRXOd eiWheU be beORZ RU ZeOO abRYe cUiWeUia (EPA 2019).  

6. RHVHUYRLU V\VWHPV 

LaNe SiQcOaiU iV a UeVeUYRiU fRUPed b\ Whe daPPiQg Rf Whe OcRQee UiYeU. AfWeU daPPiQg, 

Whe fXQcWiRQV Rf Whe UiYeU ZaWeUVhed, OiNe VXSSRUW Rf fORRdSOaiQ SURdXcWiYiW\, YegeWaWiRQ 

UecUXiWPeQW ViWeV, aQd PaiQWeQaQce Rf UiYeUbaQN ZeWOaQdV, ZeUe aOWeUed. ThURXgh iQWeUSUeWaWiRQ Rf 

Whe COeaQ WaWeU AcW Rf 1972, Whe UeVeUYRiU VhRXOd UeWaiQ VRPe Rf Whe VaPe ecRV\VWeP VeUYiceV aV 

a QaWXUaO OaNe. WheQ UiYeUV becRPe UeVeUYRiUV, VediPeQW WhaW RQce fORZed dRZQVWUeaP iQVWead 

accXPXOaWeV iQ UeVeUYRiU deOWaV aQd XSVWUeaP bacNZaWeUV. NaWXUaO OaNeV haYe PiQRU VWage 

fOXcWXaWiRQV, bXW PaQ-Pade UeVeUYRiUV RfWeQ fOXcWXaWe beWZeeQ ORZ SRRO aQd high SRRO WR VXSSRUW 

h\dURSRZeU geQeUaWiRQ aQd WR cRQWURO fORRdV. The YeUWicaO h\dURORgic fOXcWXaWiRQ Rf UeVeUYRiUV 

cUeaWeV aQ XQXVXaO aTXaWic aQd UiSaUiaQ eQYiURQPeQW (RRRd eW aO. 2020). AOgaUWe eW aO. (2009) 

fRXQd WhaW Whe fORRd SXOVe ZiWhiQ UeVeUYRiU V\VWePV iQcUeaVed cRQQecWiYiW\ Zhich iQ WXUQ 

iQcUeaVed VSecieV UichQeVV aQd chaQged Whe cRPSRViWiRQ Rf SeUiSh\WRQ. IQ addiWiRQ, Whe UiSaUiaQ 

YegeWaWiRQ aURXQd UeVeUYRiUV PXVW WROeUaWe beiQg bRWh VXbPeUged aQd XQVXbPeUged dXe WR Whe 

high OeYeOV Rf fOXcWXaWiRQV (RRRd eW aO. 2020). 

7. UVLQJ IOXRURPHWHUV WR GHWHUPLQH DOJDO ELRPDVV 

 PRiNaQe eW aO. (2014) defiQed Whe µgRRd-PRdeUaWe¶ VWaWXV bRXQdaU\ aV 21-23 ȝg L-1 Rf 

chORURSh\OO-a iQ VhaOORZ OaNeV (<3P) aQd 10-12ȝg L-1 Rf chORURSh\OO-a iQ deeS OaNeV (3-15P), bXW 

acNQRZOedged WhaW RWheU facWRUV VXch aV h\dURORg\, WXUbidiW\, aQd OaNe VSecific chePicaO 

cRPSRViWiRQ PaNe iW haUd WR defiQe bRXQdaUieV acURVV aOO OaNeV. PRiNaQe eW aO. (2014) PRdeO ZaV 

defiQed fRU OaNeV iQ ceQWUaO EXURSe. FOXRURPeWeUV OiNe AOgaeGXaUd aQd BeQWhRWRUch (MROdaeQNe 

BBE, hWWSV://ZZZ.bbe-PROdaeQNe.de/), aSSUR[iPaWe biRPaVV b\ e[ciWiQg SigPeQWV UeOaWed WR 
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Wa[RQRPic gURXSV Rf aOgae aQd PeaVXUiQg Whe fOXRUeVceQce WhaW e[ciWaWiRQ ePiWV. ChORURSh\OO-a, 

XVed b\ aOO aOgaO gURXSV, iV e[ciWed b\ bOXe OighW (400-530 QP), aQd Sh\cRbiOiQV Zhich aUe 

SUeVeQW iQ C\aQRbacWeUia aQd CU\SWRSh\Wa aUe e[ciWed b\ gUeeQ, RUaQge, aQd Ued OighW (550-630 

QP). SiQce chORURSh\OOV aQd Sh\cRbiOiQV aUe Whe RQO\ SigPeQWV WR aXWRfOXRUeVce, QaUURZeU 

ZaYeOeQgWh UaQgeV aUe XVed WR fXUWheU diffeUeQWiaWe Wa[RQRPic gURXSV b\ WheiU SigPeQWV. 

Ph\cRc\aQiQ, RQe Rf Whe WZR Sh\cRbiOiQ W\SeV, iV Whe PaiQ acceVVRU\ SigPeQW fRU PRVW 

c\aQRbacWeUia, fOXRUeVceV aW 640-660 QP. DiaWRPV cRQWaiQ chORURSh\OOV a aQd c aQd caURWeQRidV 

haYe higheU fOXRUeVceQce Rf chORURSh\OO-a WhaQ RWheU chORURSh\OO-a cRQWaiQiQg RUgaQiVPV, gUeeQ 

aOgae haYe chORURSh\OOV a aQd b aQd caQ be diffeUeQWiaWed aOVR (GUegRU aQd MaUVaOeN 2005).  

8. PUHOLPLQDU\ GDWD 

PUeOiPiQaU\ daWa fURP SUeYiRXV UeVeaUch aW GCSU (DU. MaQR\ORY¶V ATXaWic ecRORg\ 

caSVWRQe cOaVVeV, ZheUe aYaiOabOe 2014-2016) SURYided aOgaO VSecieV UichQeVV, VSecieV deQViW\, 

aQd WR[iciW\ aQaO\VeV. ThiV VWXd\ OaVWed WhUee PRQWhV iQ eaUO\ VSUiQg aQd eVWabOiVhed aOgaO VSecieV 

cRPPXQiW\ iQdiceV. EighW ORcaWiRQV RQ LaNe SiQcOaiU ZeUe aQaO\]ed fRU aOgaO cRPPXQiW\ 

cRPSRViWiRQ aQd WR[iciW\ aQaO\VeV. LaNe SiQcOaiU ZaV chRVeQ becaXVe iW iV XVed fRU cRROiQg b\ a 

GeRUgia PRZeU SOaQW, aQd WhiV cUeaWed a XQiTXe eQYiURQPeQW fRU aOgae. The WR[igeQic 

c\aQRbacWeUia geQeUa Microc\stis, Aphani]omenon, aQd Anabaena ZeUe fRXQd iQ RSeQ ZaWeUV. 

M. aeruginosa ZaV aOVR fRXQd iQ ORZ abXQdaQce iQ aOO VaPSOiQg ORcaWiRQV. MRVW VaPSOeV ZeUe 

dRPiQaWed b\ diaWRPV, OiNeO\ dXe WR Whe high UaWiRV Rf QiWURgeQ WR ShRVShRUXV SUeVeQW iQ Whe 

VSUiQg PRQWhV. MicURc\VWiQV YaUied fURP 0-5 SSb. NR RWheU aOgaO WR[iQV ZeUe dRcXPeQWed eYeQ 

WhRXgh C\lindrospermopsis raciborskii (WRORV]\QVNa) SeeQa\\a & SXbba RajX aQd 

Dolichospermum flos-aquae (BUpbiVVRQ e[ BRUQeW & FOahaXOW) P.WacNOiQ, L.HRffPaQQ & J. 

KRPiUeN ZeUe cRPPRQ aQd abXQdaQW (MaQR\ORY XQSXbOiVhed daWa). 
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IQ aQRWheU SUeOiPiQaU\ VWXd\ (daWa cROOecWed 2010-2012), high WXUbidiW\ (12-14 NTU) 

SUeYeQWed aOgaO bORRPV iQ Whe VhaOORZ cRYeV. AOgaO cRPPXQiW\ cRPSRViWiRQ, QXWUieQWV, aQd 

WePSeUaWXUe did QRW YaU\ beWZeeQ Whe bORRP aQd QRQ-bORRP \eaUV (MaQRORY aQd MXWiWi, 

XQSXbOiVhed daWa). The cXUUeQW UeVeaUch addUeVVeV Whe fROORZiQg aiPV: deWeUPiQe Whe effecW fORZ 

YeORciW\ RQ aOgaO bORRPV iQ VhaOORZ ZaWeU cROXPQV aQd deYeORS a beWWeU XQdeUVWaQdiQg Rf cXUUeQW 

UeOaWiRQVhiSV beWZeeQ WePSeUaWXUe, SH, DO, aQd aOgaO cRPPXQiW\ cRPSRViWiRQ. ThiV SURjecW ZiOO 

WeVW Whe h\SRWheViV WhaW diffeUeQceV iQ VhaOORZ cRYeV aQd deeS PaiQ chaQQeOV cUeaWe diVWiQcW 

UegiRQV ZiWhiQ a UeVeUYRiU iQ Zhich aOgaO cRPPXQiW\ d\QaPicV RccXU iQdeSeQdeQWO\ fURP RQe 

aQRWheU. The SUeVeQce Rf WR[igeQic c\aQRbacWeUia aQd UeOaWiYe abXQdaQce ZiOO be dRcXPeQWed aQd 

UeOaWed WR WR[iQ SURdXcWiRQ. 

The EPA XVeV Whe UeOaWiRQVhiS beWZeeQ DO aQd chORURSh\OO-a, XViQg Whe eaV\ WR PeaVXUe 

DO YaUiabOe WR SUedicW aOgaO biRPaVV. DO decUeaVeV ZiWh iQcUeaViQg chORURSh\OO-a accRUdiQg WR 

Whe daWa Whe EPA haV cRPSiOed. A VecRQd UeOaWiRQVhiS Whe EPA diVcRYeUed iV WhaW DO decUeaVeV 

fURP Whe 150Wh da\ Rf Whe \eaU aQd UeacheV iWV ORZeVW OeYeO aURXQd Whe 200Wh da\ Rf Whe \eaU (U.S. 

EPA 2019). 

FRXU VhaOORZ ViWeV aQd fRXU deeS ViWeV ZeUe PRQiWRUed PRQWhO\ WR WeVW Whe h\SRWheViV WhaW 

heWeURgeQeiW\ beWZeeQ ORcaWiRQV ZiWhiQ a UeVeUYRiU aQd Whe OiNeOihRRd Rf a haUPfXO aOgaO bORRP 

caQ be SUedicWed XViQg chORURSh\OO-a. ThiV VWXd\ ZaV deVigQed WR (1) deWeUPiQe if chORURSh\OO-a 

iV aQ accXUaWe SUedicWRU Rf Whe SUeVeQce Rf c\aQRWR[iQV, (2) if chORURSh\OO-a caQ be UeOaWed WR 

eaViO\ PeaVXUabOe YaUiabOeV OiNe TePSeUaWXUe RU DO fRU bORRP SUedicWiRQV, aQd (3) WR deWeUPiQe 

if heWeURgeQeiW\ beWZeeQ ORcaWiRQV ZiWhiQ a UeVeUYRiU SURdXce heWeURgeQeiW\ Rf aOgaO cRPPXQiWieV 

beWZeeQ ORcaWiRQV.  
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III. MHWKRGV 

1. SDPSOLQJ VLWHV 

FRXU VhaOORZ ViWeV fURP LaNe SiQcOaiU ZeUe PRQiWRUed RQce a PRQWh iQ WUiSOicaWe fRU 

eOeYeQ PRQWhV (Fig 1). ShaOORZ SiWe 1 (33� 11¶ 14´ N,   83� 11¶ 14´ W) ZaV a bRaW OaXQchiQg aQd 

PRRUiQg aUea. IW ZaV a deeSeU ViWe WhaQ Whe RWheU VhaOORZ ViWeV, aQd Whe bRWWRP ZaV XQUeachabOe. 

The bRaW OaXQch aUea ZaV aVShaOW, bXW VaPSOeV ZeUe aOZa\V WaNeQ eiWheU fURP Whe dRcN abRYe Whe 

PXdd\ OaNebed RU beVide Whe ZRRdeQ UeWeQWiRQ ZaOO ZheUe WheUe ZeUe SiOed URcNV. ShaOORZ SiWe 2 

(33� 11¶ 33´N,   83� 17¶ 37´W) ZaV a fiVhiQg QRRN acURVV fURP WRZQhRPeV. IW ZaV Whe TXieWeVW 

aUea WhaW VaZ QR bRaW WUaffic. ShaOORZ SiWe 2 had a URcN\ bRWWRP aQd RUchidV gURZiQg iQ Whe 

UiSaUiaQ ]RQe. ShaOORZ SiWe 3 (33� 11¶ 53´N,   83� 17¶ 45´W) ZaV a bRaW OaXQch iQ aQ RV SaUN 

acURVV fURP Whe QRZ defXQcW cRaO SRZeU SOaQW, a Oegac\ UeVeaUch ViWe ZheUe WheUPaO SROOXWiRQ ZaV 

eYideQW (SPiWh aQd MaQR\ORY 2013). ShaOORZ SiWe 3 had a cRQcUeWe bRaW UaPS ZheUe VaPSOeV 

ZeUe WaNeQ. The UeVW Rf Whe cRYe had a PXdd\ bRWWRP. SediPeQW cROOecWed iQ Whe UidgeV Rf Whe 

bRaW UaPS aQd YiVibOe aOgae, Zhich ZaV cROOecWed aV SaUW Rf Whe cRPSRViWe VaPSOeV, aWWached iWVeOf 

WR WhaW VediPeQW dXUiQg Whe VXPPeU PRQWhV. ShaOORZ SiWe 3 aOVR had fUeTXeQW bRaW WUaffic. 

ShaOORZ ViWe 4 (33� 11¶ 52´ N,   83� 17¶ 41´W) ZaV ORcaWed aW Whe bRaW fXeOiQg VWaWiRQ aW Whe 

CheYURQ gaV VWaWiRQ. IW ZaV aOVR a bRaW OaXQch ViWe, aOWhRXgh iW had a PXd bRWWRP aQd VaZ OeVV 

OaXQchiQg bRaW WUaffic WhaQ ShaOORZ SiWeV 1 RU 3. AOO fRXU VhaOORZ ViWeV ZeUe Rff a bXV\ URad. FRXU 

deeS ViWeV ZeUe PRQiWRUed fURP Ma\ WR AXgXVW. AORQg WhaW aUea Rf LaNe SiQcOaiU, fRXU-Za\ 

cURVVURadV aSSeaU aV UeVideQWiaO cRYeV aOigQ SaUaOOeO WR each RWheU aORQg Whe OeQgWh Rf Whe OaNe. 

The fiUVW Rf WheVe cURVVURadV aV RQe OeaYeV Whe SiQcOaiU MaUiQa, ZaV DeeS SiWe 1 (33� 11¶ 

11´N,   83� 16¶ 37´W). DeeS SiWe 2 (33� 11¶ 4´N,   83� 15¶ 4´W) ZaV Whe VecRQd cURVVURad. 

DeeS SiWe 3 (33� 11¶ 53´N,   83� 17¶ 45´W) iV ORcaWed beWZeeQ Whe RffVhRUe µGRaW iVOaQd¶ aQd Whe 
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VRXWh VhRUe. DeeS SiWe 4 (33� 8¶ 36´N,   83� 12¶ 20´W) ZaV fURP Whe SiQcOaiU daP. The deeS 

ViWeV dR QRW e[SeUieQce ZaWeU OeYeO fOXcWXaWiRQV, VediPeQW ORadV, aQd chaQgeV iQ WXUbidiW\, aQd 

Whe\ aUe cROdeU WhaQ Whe VhaOORZ ViWeV. 

2. SDPSOLQJ SURFHGXUH 

AW each VhaOORZ aQd deeS ViWe, Sh\VicaO aQd chePicaO RbVeUYaWiRQV ZeUe PeaVXUed iQ WUiSOicaWe 

Yia YSI (YSI IQcRUSRUaWe, YeOORZ SSUiQgV, OH): 1. diVVROYed R[\geQ (DO), 2. cRQdXcWiYiW\, 3. 

ZaWeU WePSeUaWXUe, 4. SH. aiU WePSeUaWXUe, ZaWeU PRYePeQW, ZaWeUcRORU, ZaWeU RdRU, aQiPaO aQd 

SOaQW Oife, VXUface RiOV aQd VcXP, aQd ZeaWheU cRQdiWiRQV ZeUe UecRUded befRUe VaPSOiQg aW each 

ViWe. A cRPSRViWe VaPSOe Rf Whe ZaWeU cROXPQ aQd aURXQd 39 cP2 Rf VcUaSiQgV fURP eYeU\ XQiTXe 

eSiOiWhic, eSideQdUic, RU eSiSVaPPic VXUface WhaW cRXOd be Ueached aW each VhaOORZ ViWe. DeeS ViWe 

VaPSOeV ZeUe WaNeQ aW Whe VXUface ZiWhiQ Whe ShRWic ]RQe. SaPSOeV ZeUe cROOecWed iQ 400 PO gOaVV 

cRQWaiQeUV.  

3. BLRPDVV PHDVXUHPHQWV 

IQ ViWX eVWiPaWiRQ Rf beQWhic biRPaVV ZaV cRQdXcWed SUiRU WR VaPSOiQg aW Whe VhaOORZ ViWeV, a 

BeQWhRWRUch (MROdaeQNe BBE, SchZeQWiQeQWaO, GeUPaQ\), UeadiQgV Rf Whe eSiOiWhic (eSiSVaPPic 

iQ Whe caVe Rf SiWe 3) aOgae ZeUe WaNeQ iQ WUiSOicaWe. 

MRUe SUeciVe aOgaO biRPaVV ZaV PeaVXUed iQ Whe Oab, aV a SigPeQW aVVa\V cRQdXcWed XViQg 

AOgaeGXaUd, PaQXfacWXUed b\ MROdaeQNe BBE (YeUViRQ 2.6 E1). FURP each cROOecWed VaPSOe Rf 

500PO a UeSUeVeQWaWiYe VXbVaPSOe Rf 300 PO ZaV NeSW iQ Whe daUN aQd cROd fRU AOgaeGXaUd 

aQaO\VeV. The cRPSRViWe VaPSOe ZaV Pi[ed befRUe aQaO\ViV b\ AOgaeGXaUd.  

The AOgaeGXaUd SORWWed a gUaSh Rf Whe UeOaWiYe biRPaVV ZiWhiQ Whe Wa[RQRPic gURXSV aV iW 

cRQWiQXRXVO\ PeaVXUed, 30PO aW a WiPe, diVSOa\iQg UeVXOWV iQ cXUUeQW WiPe Yia aQ iQWegUaWed 

cRPSXWeU SURgUaP. The PeaVXUePeQWV b\ AOgaeGXaUd ZeUe aV fROORZV: TRWaO chORURSh\OO-a (�g 
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ChO-a/L), gUeeQ aOgae cRQWUibXWiRQ WR WRWaO chORURSh\OO-a (�g ChO-a/L), c\aQRbacWeUia cRQWUibXWiRQ 

WR WRWaO chORURSh\OO-a (�g ChO-a/L), diaWRPV cRQWUibXWiRQ WR WRWaO chORURSh\OO-a (�g ChO-a/L), 

CU\SWRSh\Wa cRQWUibXWiRQ WR WRWaO chORURSh\OO-a (�g ChO-a/L), aQd a \eOORZ VXbVWaQceV cRUUecWiRQ 

iQ UaPaQ XQiWV (U.X.). The SORWWed gUaSh VWabiOi]ed, aQd WhUee PeaVXUePeQWV ZeUe WaNeQ Rf each Rf 

Whe SUeYiRXVO\ PeQWiRQed WUacNed PeaVXUePeQWV. WheQ Whe SORW VeWWOed iQWR a ORgaUiWhPic cXUYe 

aQd aQ aYeUage ZaV UecRUded Rf WheVe WhUee PeaVXUePeQWV WR SURdXce Whe biRPaVV PeaVXUePeQW 

SeU VaPSOe. BeWZeeQ each VaPSOe, Whe AOgaeGXaUd ZaV aOORZed WR UeVeW ZiWh DI ZaWeU XQWiO aOO 

Whe SigPeQWV UeadiQgV Uead aV ]eUR. AOgaeGXaUd aQaO\ViV ZaV SeUfRUPed ZiWhiQ a PRQWh Rf Whe 

VaPSOiQg daWe.  

4. MLFURVFRS\ 

FRU aOgaO ideQWificaWiRQ, Whe GCSU aOgaO Wa[RQRPic UefeUeQceV OibUaU\ (e.g, KUaPPeU & 

LaQge-BeUWaORW 2007, PUeVcRWW 1962), aORQg ZiWh a UeVeaUch gUade PicURVcRSe Leica (Leica 

DMLB, aQd a Leica DFC7000 GT CaPeUa (Leica MicURV\VWePV, WeW]OaU, GeUPaQ\) ZaV XVed. 

SRfW aOgae ZeUe SUeVeUYed ZiWh 37% FRUPaOdeh\de iQ a UaWiR Rf 2 SeUceQW SeU YROXPe 

FRUPaOdeh\de WR 100 PO Rf VaPSOe. 200 PO VXbVaPSOeV ZeUe cRQceQWUaWed WR 40-50 PO aQd VSOiW 

iQWR WZR YiaOV. A YiaO VeW aVide fRU VRfW aOgae ZaV fXUWheU cRQceQWUaWed WR 5 PO. The eQWiUe aOgaO 

cRPPXQiW\ ZaV eQXPeUaWed aQd ideQWified WR Whe ORZeVW Wa[RQRPic OeYeO SRVVibOe WR dRcXPeQW 

Wa[RQRP\ aQd VSecieV UeOaWiYe abXQdaQce daWa. SRfW aOgae eQXPeUaWiRQ ZaV caUUied RXW XViQg a 

gOaVV VOide aQd 22X22 cRYeUVOiS aQd a 0.2 PO VXbVaPSOe, XViQg WUaQVecWV aQd fieOdV Rf YieZ WR 

eVWiPaWe aUea YieZed aW 400[ PagQificaWiRQ. If a WUaQVecW had feZeU WhaQ 20 aOgaO XQiWV RU Whe 

aYeUage fieOd Rf YieZ had feZeU WhaQ 5 XQiWV, Whe VaPSOe ZaV cOaVVified aV XQcRXQWabOe. A 

PiQiPXP Rf 100 aOgaO XQiWV ZeUe eQXPeUaWed. ThiV VWXd\ cRQdXcWed a WRWaO Rf 576 VhaOORZ ZaWeU 

aQd 192 deeS ZaWeU aQaO\VeV. 
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5. DDWD DQDO\VHV 

 SSecieV UichQeVV, ShaQQRQ¶V iQde[, aQd VSecieV eYeQQeVV ZeUe caOcXOaWed XViQg cRXQW 

daWa. ShaQQRQ¶V iQde[ iV caOcXOaWed aV H iQ Whe eTXaWiRQ: H=-ȈSi*OQ(Si) WheUe Si iV Whe SURSRUWiRQ 

Rf each VSecieV iQ a VaPSOe. SSecieV eYeQQeVV iV caOcXOaWed aV EH =H/OQ(S) ZheUe H iV ShaQQRQ¶V 

iQde[ aQd S iV Whe WRWaO QXPbeU Rf XQiTXe VSecieV iQ a VaPSOe. SaPSOeV aQaO\]ed ZiWh a PiQiPXP 

Rf 100 aOgaO XQiW cRXQWV VWaUWiQg ZiWh JXQe 2020. UQcRXQWabOe VaPSOeV ZeUe RPiWWed iQ aQaO\VeV 

Rf ShaQQRQ¶V iQde[ aQd VSecieV eYeQQeVV.  

DXUiQg aQaO\ViV, biRPaVV daWa fURP TZR-facWRU ANOVA ZiWhRXW UeSOicaWiRQ ZaV 

SeUfRUPed RQ DO, cRQdXcWiYiW\, SH, ZaWeU WePSeUaWXUe, WRWaO chORURSh\OO-a, gUeeQ aOgae biRPaVV, 

c\aQRbacWeUia biRPaVV, cU\SWRSh\We biRPaVV, diaWRP biRPaVV, aQd \eOORZ VXbVWaQceV. The 

PeaUVRQ cRUUeOaWiRQ cRefficieQW ZaV aSSOied WR Sh\VicaO, chePicaO, aQd SigPeQW aVVa\ daWa. A 

WZR-Za\ aQaO\ViV Rf YaUiaQce (ANOVA) ZaV XVed WR aVVeVV Whe VigQificaQW diffeUeQceV aPRQg 

YaUiabOeV aQd WR aVVeVV Whe VigQificaQce Rf WheiU SRWeQWiaO iQWeUacWiRQ. BRWh BeQWhRWRUch aQd 

AOgaeGXaUd biRPaVV daWa ZeUe aQaO\]ed ZiWh WZR-facWRU ANOVA ZiWhRXW UeSOicaWiRQ aQaO\VeV 

WR deWeUPiQe if Whe daWaVeWV beWZeeQ PRQWhV aQd ViWeV had VigQificaQW diffeUeQce. BR[SORWV ZeUe 

cUeaWed cRQVideUiQg aOO PeaVXUePeQWV fRU a giYeQ ViWe acURVV aOO PRQWhV WR cRPSaUe ViWeV (FigV 

16-18). LiQeaU UegUeVViRQ aQaO\ViV ZaV SeUfRUPed Rf eYeU\ cRPbiQaWiRQ Rf AOgaeGXaUd aQaO\VeV, 

VSecieV iQdiceV, aQd Sh\VicaO aQd chePicaO daWa WR deYeORS a cRUUeOaWiRQ WabOe (TabOe 2).  

KUXVNaO-WaOOiV WeVW aQd gUaShV (S\VWaW 13, 2017 S\VWaW SRfWZaUe, IQc.) ZaV SeUfRUPed RQ 

aOO Sh\VicRchePicaO ZaWeU SaUaPeWeU daWa 2008-2012 fRU Whe VaPe ORcaWiRQV aQd 2020 WR aVVeVV 

cRPSaUiVRQV beWZeeQ Whe WZR habiWaWV. ThiV iQcOXdeV daWa WhaW ZaV cROOecWed b\ MaQR\ORY Oab 

SUeYiRXV UeVeaUch, GeRUgia PRZeU¶V aYaiOabOe daWa, aQd daWa cROOecWed XViQg YSI (cRQdXcWiYiW\, 

WePSeUaWXUe, DO, SH) aV SaUW Rf WhiV VWXd\. PeaUVRQ cRUUeOaWiRQ cRefficieQW (U) ZaV SeUfRUPed 
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RQ aOO Sh\VicRchePicaO ZaWeU SaUaPeWeU daWa aQd biRORgicaO daWa WR aVVeVV UeOaWiRQVhiSV beWZeeQ 

aOgaO cRPPXQiW\ WUaiWV aQd VhaOORZ YV deeS OaNe eQYiURQPeQWV ( U>0.5 aW S<0.001 ZaV cRQVideUed 

VigQificaQW). 

 

IV. RHVXOWV 

1. PK\VLFDO DQG FKHPLFDO FKDUDFWHULVWLFV 

 DiVVROYed R[\geQ (DO) YaOXeV ZeUe abRYe 5 Pg/L iQ 94.64% Rf ViWeV VaPSOed (FigV 2 & 

3). DO iQ NRYePbeU ZaV abRYe 8.6 iQ aOO ViWeV. IQ JaQXaU\, DO ZaV ORZeVW aW 7.4 Pg/L iQ ViWe 3. 

The DO Rf SiWeV 1-3 iQ FebUXaU\ ZeUe beWZeeQ 8 aQd 8.5 ZheUeaV ViWe 4 ZaV higheU aW 9.49. ASUiO 

DO Rf ViWeV 1 aQd 2 ZeUe 7 Pg/L, SiWe 3 had Whe higheVW DO aW 8.18 Pg/L, aQd ViWe 4 had Whe 

ORZeVW Rf 6.3 Pg/L. Ma\ DO UaQged beWZeeQ 6.38 aW ViWe 1 aQd 7.92 aW ViWe 8. TheUe ZaV QR 

VigQificaQW diffeUeQce beWZeeQ VhaOORZ aQd deeS ViWeV iQ DO dXUiQg Whe PRQWh Rf Ma\. JXQe DO 

iV ORZeU aW Whe VhaOORZ ViWeV WhaQ aW Whe deeS ViWeV. SiWe 1 haV Whe ORZeVW DO. Of Whe deeS ViWeV iQ 

JXQe, ViWe 5 had Whe ORZeVW DO aQd ZaV cORVe WR Whe OeYeO Rf Whe VhaOORZ ViWeV. IQ JXO\, ViWe 3 ZaV 

RQO\ VOighWO\ abRYe 5 Pg/L aW 5.2 Pg/L ZhiOe Whe UeVW Rf Whe ViWeV ZeUe iQ Whe 6-8 Pg/L UaQge. 

DO iQ aXgXVW ZaV ORZeU WhaQ 5 Pg/L aW ViWeV 2,3, aQd 6. SiWeV 5 aQd 7 haYe DO YaOXeV Rf 5.08 

aQd 5.14 Pg/L UeVSecWiYeO\. SeSWePbeU DO UaQ beWZeeQ 5.8 Pg/L aW ViWe 4 aQd 8.3 Pg/L aW ViWe 

1. OcWRbeU DO UaQ beWZeeQ 5.92 Pg/L aW ViWe 3 aQd 7.54 aW ViWe 1. FRU aOO VaPSOeV DO ZaV 

VigQificaQWO\ diffeUeQW WhURXgh WiPe (ANOVA, F3,21=10.27, S<0.001, F-cUiW=3.07) aQd ZaV 

VigQificaQWO\ diffeUeQW baVed RQ ORcaWiRQ deSWh (ANOVA, F7,21=1.98, S=0.02, F-cUiW=2.49); IQ 

VhaOORZ ViWeV, DO iQcUeaVed iQ cROdeU PRQWhV (ANOVA F9,27=11.42, S<0.001, F-cUiW=2.25), bXW 

ZaV QRW diffeUeQW baVed RQ ORcaWiRQ deSWhV (ANOVA, F3,27=0.64, S=0.60, F-cUiW=2.96). 
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 The ZaWeU WePSeUaWXUe iQ NRYePbeU UaQ fURP 14.5 �C WR 15.5 �C (Fig 4). The higheVW 

NRYePbeU ZaWeU WePSeUaWXUe ZaV aW ViWe 4 aQd Whe ORZeVW aW ViWe 3. SiWe 2 ZaV Whe ZaUPeVW VSRW iQ 

JaQXaU\, aW aURXQd 15 �C, aQd SiWe 3 ZaV Whe cROdeVW VSRW, aW 12.64 �C, fROORZed cORVeO\ b\ ViWe 4. 

IQ FebUXaU\, ViWeV 1 aQd 2 ZeUe aURXQd Whe VaPe WePSeUaWXUe, aW jXVW abRYe 12 �C, aQd ViWe 3 ZaV 

Whe ZaUPeVW, aW 14.85�C. The cROdeVW ViWe Rf ASUiO ZaV ViWe 1, aW 20.66 �C, aQd Whe ZaUPeVW ZaV 

ViWe 4, aW 22.8�C. Ma\ ZaWeU WePSeUaWXUe VWa\ed beWZeeQ 22 aQd 27 �C ZiWh Whe higheVW ZaWeU 

WePSeUaWXUe, beiQg 26.57 �C aW ViWe 3. SiWeV 7 aQd 8 had Whe higheVW ZaWeU WePSeUaWXUeV iQ JXQe, aW 

28.1 �C aQd Whe ORZeVW ZaWeU WePSeUaWXUe ZaV aW ViWe 4 aW 26.87 �C. IQ JXO\, aOO Whe ZaWeU 

WePSeUaWXUe UeadiQgV aW VhaOORZ ViWeV ZeUe abRYe 33 �C (Fig 5). IQ AXgXVW, aOO ZaWeU WePSeUaWXUe 

UeadiQgV ZeUe abRYe 30 �C, ZiWh Whe higheVW WePSeUaWXUeV UecRUded aW ViWeV 1 aQd 4, 32.77 �C aQd 

32. 63 �C UeVSecWiYeO\. SiWe 4 iV Whe ZaUPeVW ViWe iQ SeSWePbeU aW 25.2 �C, ZhiOe ViWe 2 iV Whe 

cROdeVW aW 24.5�C. IQ OcWRbeU, ZaWeU WePSeUaWXUe iV Whe ORZeVW aW ViWe 3 ZiWh 23.16 �C, aQd Whe 

higheVW aW ViWe 1 ZiWh 23.5 �C. WaWeU WePSeUaWXUe chaQged VigQificaQWO\ fROORZiQg VeaVRQaO 

chaQgeV fRU aOO ViWeV, JXQe-AXgXVW WhURXgh WiPe (ANOVA, F3,21=96.08, S<0.001, F-cUiW=3.07) bXW 

did QRW diffeU ZiWh deSWh (ANOVA, F7,21=2.48, S=0.5, F-cUiW=2.49). IQ VhaOORZ ViWeV, WePSeUaWXUe 

decUeaVed VigQificaQWO\ cRPSaUed WR deeS ViWeV (ANOVA, F9,27=285.71, S<0.001, F-cUiW=2.25) bXW 

ZaV QRW diffeUeQW beWZeeQ Whe 4 VhaOORZ ViWeV (ANOVA, F3,27=0.95, S=0.43, F-cUiW=2.96). 

 CRQdXcWiYiW\ iQ NRYePbeU ZaV cRQViVWeQWO\ beWZeeQ 67 aQd 68, e[ceSW fRU ViWe 3 Zhich 

ZaV 64.7 (Fig 6). IQ JaQXaU\, ViWeV 1 aQd 2 ZeUe aURXQd 55 aQd ViWeV 3 aQd 4 ZeUe 80 aQd 76 

UeVSecWiYeO\. SiWeV 1 aQd 2 ZeUe aURXQd 40 aQd SiWeV 3 aQd 4 ZeUe jXVW abRYe 60 iQ FebUXaU\. 

ASUiO ViWeV 1 aQd 2 ZeUe beWZeeQ 56 aQd 60 aQd SiWeV 3 aQd 4 ZeUe aURXQd 50. CRQdXcWiYiW\ iQ 

Ma\ ZaV beWZeeQ 50 aQd 55 fRU aOO ViWeV e[ceSW 6 Zhich had a cRQdXcWiYiW\ Rf 44.2. JXQe 

cRQdXcWiYiW\ UaQged beWZeeQ 61 aQd 65. JXO\ cRQdXcWiYiW\ UaQged beWZeeQ 62.8 aW bRWh ViWeV 7 
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aQd 8 aQd 74.8 aW ViWe 2 , bXW ZaV QRW diffeUeQW baVed RQ ViWe deSWh (ANOVA, F3,27=2.26, S=0.1, F-

cUiW=2.96, Fig 7). CRQdXcWiYiW\ iQ AXgXVW ZaV VigQificaQWO\ higheU iQ Whe VhaOORZ ViWeV WhaQ iQ Whe 

deeS ViWeV (ANOVA,F9,27=7.51, S<0.001, F-cUiW=2.25). The higheVW ZaV aW ViWe 1 aW 74.6 aQd Whe 

ORZeVW ZaV aW ViWe 8 Zhich ZaV 69.36. SeSWePbeU cRQdXcWiYiW\ UaQged beWZeeQ SiWe 1, aW 65.33, 

aQd SiWe 3, aW 69.53. OcWRbeU cRQdXcWiYiW\ UaQged beWZeeQ 64.1 aW ViWe 1 aQd 70.5 aW ViWe 3. 

CRQdXcWiYiW\ ZaV VigQificaQWO\ diffeUeQW WhURXgh WiPe, JXQe-AXgXVW (ANOVA, F3,21=112.84, P 

S<0.001, F-cUiW=3.07), aQd VigQificaQWO\ diffeUeQW iQ VhaOORZ YeUVXV deeS ViWeV (ANOVA, F7,21=3.7, 

S=0.009, F-cUiW=2.49). 

 The SH iQ PRVW VaPSOiQg ViWeV ZaV baVic (FigV 8 & 9). IQ NRYePbeU, SiWe 2 had a SH Rf 

8.69. SiWeV 1 aQd 3 ZeUe cORVe WR beiQg RYeU 8.5 ZiWh VRPe Rf Whe UeSOicaQW SH YaOXeV beiQg RYeU 

8.5. The aYeUage Rf ViWe 1 ZaV 8.47 aQd ViWe 3 ZaV 8.45. SiWe 4 ZaV aOVR RQ Whe higheU eQd ZiWh 

8.17. JaQXaU\ had Whe higheVW UecRUded SH YaOXeV ZiWh SiWe 3 haYiQg 9.32 aQd ViWe 4 haYiQg 9.05. 

SiWe 1 had 8.86. SiWe 2 had Whe ORZeVW SH ZiWh 8.29. IQ a chaQge Rf diUecWiRQ fURP PRVW RWheU 

PRQWhV, FebUXaU\ ZaV TXiWe acidic. SiWe 1 ZaV aW 3.78, ViWe 2 ZaV aW 5.27, ViWe 4 ZaV aW 6.03, aQd 

ViWe 3 ZaV aW 6.26. The SH iQ ASUiO aQd Ma\ UaQged fURP 7.2 WR 7.5. IQ JXQe, ViWeV 6 aQd 7 

VXUSaVVed 8.5 SH. SiWe 6 ZiWh aQ aYeUage Rf 8.58 aQd SiWe 7 aW 8.92. SiWe 8 had a SH Rf 8.08. The 

UeVW Rf Whe ViWeV UaQ beWZeeQ ViWe 1 aW 7.04 aQd ViWe 3 aW 7.35. IQ JXO\, ViWeV 7 aQd 8 aUe Whe PRVW 

baVic aW 8.77 aQd 8.87 UeVSecWiYeO\ (Fig 9). SiWe 3 haV Whe Qe[W higheVW SH aW 8.06 ZiWh ViWeV 2, 1, 

aQd 4 cORVeO\ fROORZiQg aW 7.92, 7.9, aQd 7.87 UeVSecWiYeO\. SiWe 5 haV Whe ORZeVW SH aW 7.34. 

AXgXVW SH ZaV higheVW aW ViWe 4 aW 8.62 aQd ORZeVW aW ViWe 6 aW 7.03. The VecRQd higheVW SH YaOXe 

iQ AXgXVW ZaV 7.9 aW ViWe 3. SeSWePbeU SH YaUied beWZeeQ 7.83 aW ViWe 2 aQd 9.28 aW ViWe 3. 

OcWRbeU SH UaQged fURP 7.24 aW ViWe 2 WR 7.73 aW ViWe 3. SH ZaV QRW diffeUeQW beWZeeQ ViWeV 1-8, 

JXQe-AXgXVW (ANOVA, F3,21=2.60, S=0.08, F-cUiW=3.07), RU PRQWhV (ANOVA, F7,21=1.04, S=0.43, 
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F-cUiW=2.49). ShaOORZ ViWeV ZeUe VigQificaQWO\ diffeUeQW WhURXgh WiPe, NRYePbeU-OcWRbeU 

(ANOVA, F7,21=22.07, S<0.001., F-cUiW=2.25), aQd beWZeeQ ViWeV (ANOVA, F3,21=3.17, S=0.04, F-

cUiW=2.96). DO, CRQdXcWiYiW\, aQd SH had aQ eYeQ VSUead Rf daWa acURVV aOO ViWeV accRUdiQg WR 

bR[SORWV (Fig 18). WaWeU WePSeUaWXUe had a VPaOOeU VSUead Rf daWa aQd ZaV VOighWO\ higheU iQ 

deeSeU ViWeV cRPSaUed WR VhaOORZ ViWeV accRUdiQg WR bR[ SORWV.  

2. AOJDO ELRPDVV 

AOgaO biRPaVV PeaVXUed ZiWh WRWaO ChORURSh\OO-a (Fig 10) ZaV higheVW iQ AXgXVW, 

eVSeciaOO\ iQ ViWe 1 ZheUe WRWaO chORURSh\OO-a ZaV 487.4 �g/L iQ RQe VaPSOe. SiWe 4 had UeadiQgV 

RYeU 100 �g/L aQd ViWe 2 had UeadiQgV RYeU 50 �g/L. OcWRbeU had Whe VecRQd higheVW biRPaVV, 

ZheUe ViWe 2 had RYeU 100�g/L aQd ViWe 3 aQd 4 had RYeU 50 �g/L. SiWe 1 aOVR had Whe higheVW 

biRPaVV PeaVXUed ZiWh WRWaO chORURSh\OO-a iQ SeSWePbeU, ZheUe WRWaO chORURSh\OO-a aW Whe ViWe 

ZaV RYeU 50�g/L. ShaOORZ ViWeV had ViPiOaU biRPaVV WhURXgh WiPe (ANOVA: F4,12=2.52, S=0.10, 

F-cUiW=3.26) aQd WheUe ZaV QR diffeUeQce beWZeeQ ViWeV ZiWh YaUiabOe hXPaQ aOWeUaWiRQV 

(ANOVA: F3,12=1.68, S=0.22, F-cUiW=3.49). SiPiOaUO\, biRPaVV ZaV QRW VigQificaQWO\ diffeUeQW 

WhURXgh WiPe (ANOVA: F2,14=2.51, S=0.12, F-cUiW=3.74) RU beWZeeQ VhaOORZ YeUVXV deeS ViWeV 

(ANOVA: F7,14=2.08, S=0.12, F-cUiW=2.76). 

AOgaeGXaUd PeaVXUed Whe UeOaWiYe biRPaVV Rf cRPSRViWe VaPSOeV aQd VhRZed ViPiOaUO\ 

high biRPaVV UeadiQgV iQ AXgXVW, SeSWePbeU aQd OcWRbeU (FigV 11 & 12). SiWe 1 VhRZed Whe 

higheVW biRPaVV iQ AXgXVW aQd SeSWePbeU aQd ZaV dRPiQaWed b\ c\aQRbacWeUia fROORZed b\ 

cU\SWRSh\WeV iQ AXgXVW aQd diaWRPV aQd c\aQRbacWeUia iQ SeSWePbeU. SiWe 4 iQ AXgXVW aOVR 

VhRZed a gUeeQ aOgae UeadiQg RYeU 50�g/L. SiWe 2 iQ OcWRbeU had Whe higheVW biRPaVV UeadiQgV 

Zhich ZeUe dRPiQaWed b\ diaWRPV fROORZed b\ CU\SWRSh\Wa. TheUe ZaV a UeOaWiYeO\ eYeQ 

biRPaVV diVWUibXWiRQ Rf C\aQRSh\Wa, ChORURSh\Wa, CU\SWRSh\Wa, aQd \eOORZ VXbVWaQceV acURVV aOO 
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ViWeV, bXW ZiWh a ZideU VSUead Rf daWa XVXaOO\ SUeVeQW iQ Whe VhaOORZ aUeaV (Fig 17). TRWaO 

ChORURSh\OO-a ZaV VWURQgO\ cRUUeOaWed ZiWh c\aQRbacWeUia (U2=0.86) aQd CU\SWRSh\Wa (U2=0.76) 

(TabOe 2). C\aQRSh\Wa ZaV cRUUeOaWed ZiWh CU\SWRSh\Wa (U2=0.75) dXe WR VhaUiQg Rf Sh\cRbiOiQ 

acceVVRU\ SigPeQWV. GUeeQ aOgae ZeUe QRW diffeUeQW WhURXgh WiPe, JXQe-OcWRbeU 

(ANOVA, F4,12=1.26, S=0.34, F-cUiW=3.26), RU ViWeV (ANOVA, F3,12=1.08, S=0.4, F-cUiW=3.49); 

c\aQRbacWeUia aOVR did QRW diffeU iQ JXQe-OcWRbeU (ANOVA, F4,12=1.45, S=0.28, F-cUiW=3.26), RU 

ViWeV (ANOVA, F3,12=1.78, S=0.2, F-cUiW=3.49). DiaWRPV cRQceQWUaWiRQV ZeUe VigQificaQWO\ 

diffeUeQW WhURXgh WiPe iQ JXQe-OcWRbeU (ANOVA, F4,12=4.65, S=0.02, F-cUiW=3.26), bXW QRW 

beWZeeQ ViWeV (ANOVA, F3,12=1.18, S=0.4, F-cUiW=3.49). DiaWRPV cRQceQWUaWiRQV, Zhich did QRW 

VigQificaQWO\ diffeU beWZeeQ JXQe-AXgXVW (ANOVA, F2,14=1.62, S=0.23, F-cUiW=3.74), diffeUed 

VigQificaQWO\ ZiWh ViWe deSWh (ANOVA, F7,14=4.23, S=0.01, F-cUiW=2.76). CU\SWRSh\WeV did QRW 

diffeU VigQificaQWO\ WhURXgh WiPe JXQe-AXgXVW (ANOVA, F4,12=0.79, S=0.55, F-cUiW=3.26), ViWeV 1-4 

(ANOVA, F3,12=0.91, S=0.46, F-cUiW=3.49), JXQe-OcWRbeU (ANOVA, F2,14=1.10, S=0.36, F-

cUiW=3.74), RU ViWeV 1-8 (F7,14=1.38, S=0.29, F-cUiW=2.76).  

The iQ ViWX ESiOiWhic aOgae biRPaVV diVWUibXWiRQ RbWaiQed fURP Whe BeQWhRWRUch 

PeaVXUePeQWV VhRZed fUeTXeQW dRPiQaWiRQ b\ c\aQRbacWeUia aQd diaWRPV (FigV 13-15). 

C\aQRbacWeUia biRPaVV dRPiQaWeV: ViWeV 1, 2, aQd 4 iQ ASUiO; Whe VaPe ViWeV iQ Ma\; ViWeV 1 aQd 2 

iQ SeSWePbeU; aQd ViWe 2 iQ OcWRbeU. DiaWRP biRPaVV dRPiQaWeV: ViWeV 1, 2, aQd 4 iQ JXQe; aOO ViWeV 

iQ JXO\; ViWeV 1 aQd 2 iQ AXgXVW; aQd ViWe 1 iQ OcWRbeU. GUeeQ aOgae RQO\ dRPiQaWe Whe eSiOiWhic 

biRPaVV Rf ViWe 3 iQ JXQe aQd ViWe 4 iQ AXgXVW. ANOVA ZiWhRXW UeSOicaWiRQ fRU eSiOiWhic UeOaWiYe 

biRPaVV UeVXOWV ZeUe aV fROORZV: c\aQRbacWeUia ZeUe QRW VigQificaQW WhURXgh WiPe (ANOVA, 

F6,18=1.89, S=0.14, F-cUiW=2.66), bXW ZaV VigQificaQWO\ higheU iQ VhaOORZ ViWeV (ANOVA, F3,18=3.86, 

S=0.03, F-cUiW=3.16); gUeeQ aOgae ZeUe QRW VigQificaQW WhURXgh WiPe (ANOVA, F6,18=1.04, S=0.43, 



30 
 

F-cUiW=2.66), RU ORcaWiRQ (ANOVA, F3,18=0.8, S=0.51, F-cUiW=3.16); aQd diaWRPV ZeUe QRW 

VigQificaQW WhURXgh WiPe (ANOVA,F6,18=1.37, S=0.28, F-cUiW=2.66), bXW ZeUe VigQificaQWO\ higheU 

iQ deeS ViWeV (ANOVA, F3,18=4.74, S=0.01, F-cUiW=3.16). 

FRU VhaOORZ ViWe, Whe iQ ViWX eSiOiWhic aOgae biRPaVV diVWUibXWiRQ RbWaiQed fURP Whe 

BeQWhRWRUch PeaVXUePeQWV VhRZed fUeTXeQW dRPiQaWiRQ b\ c\aQRbacWeUia aQd diaWRPV 

(ANOVA, F3,18=3.86, S=0.03, F-cUiW=3.16, FigV 12-14). C\aQRbacWeUia dRPiQaWed ViWeV 1, 2, aQd 4 

iQ ASUiO aQd Ma\; ViWeV 1 aQd 2 iQ SeSWePbeU; aQd ViWe 2 iQ OcWRbeU, bXW C\aQRbacWeUia 

cRQWUibXWiRQ WR WRWaO chORURSh\OO-a ZaV QRW diffeUeQW (ANOVA, F6,18=1.89, S=0.14, F-cUiW=2.66). 

DiaWRP ZeUe dRPiQaQW iQ ViWeV 1, 2, aQd 4 iQ JXQe; aOO ViWeV iQ JXO\; ViWeV 1 aQd 2 iQ AXgXVW; aQd 

ViWe 1 iQ OcWRbeU. GUeeQ aOgae RQO\ dRPiQaWed ViWe 3 iQ JXQe aQd ViWe 4 iQ AXgXVW. ESiOiWhic gUeeQ 

aOgaO biRPaVV ZaV QRW VigQificaQWO\ diffeUeQW beWZeeQ PRQWhV (ANOVA, F6,18=1.04, S=0.43, F-

cUiW=2.66), RU ORcaWiRQ (ANOVA, F3,18=0.8, S=0.51, F-cUiW=3.16). DiaWRPV ZeUe abXQdaQW iQ ViWeV 

1, 2, aQd 4 iQ JXQe; aOO ViWeV iQ JXO\; ViWeV 1 aQd 2 iQ AXgXVW; aQd ViWe 1 iQ OcWRbeU, bXW QRW 

VigQificaQWO\ diffeUeQW WhURXgh WiPe (ANOVA,F6,18=1.37, S=0.28, F-cUiW=2.66). DiaWRPV ZeUe 

VigQificaQWO\ PRUe abXQdaQW iQ VhaOORZ ViWeV (ANOVA, F3,18=4.74, S=0.01, F-cUiW=3.16). 

LaNe SiQcOaiU hiVWRUicaOO\ (2014 aQd 2020) had ORZeU OeYeOV Rf chORURSh\OO-a XQWiO 

UeceQWO\ (FigV 19-21). ChORURSh\OO-a OeYeOV ZeUe VigQificaQWO\ higheU iQ VhaOORZ ViWeV WhaQ iQ deeS 

ViWeV (ANOVA, F1, 295=23.405, S0.01ޒ, R2=0.28, Fig 22). U.S. EPA VXggeVWed Wha\ VWaWeV WeVW Whe 

SRVVibiOiW\ Rf OiQNiQg eaViO\ PeaVXUabOe YaUiabOeV (OiNe DO) ZiWh ChORURSh\OO-a PeaVXUed aURXQd 

175-200 da\V (UecRPPeQd XQified VaPSOiQg±da\ Rf eYeU\ \eaU fRU VWaWeV) Rf Whe \eaU WR SUedicW 

SRWeQWiaO aOgaO bORRPV aQd WR[iciW\ (U.S. EPA 2021). LaNe SiQcOaiU hiVWRUicaOO\ had ORZeU OeYeOV 

Rf chORURSh\OO-a XQWiO UeceQWO\, 2014 aQd 2020 (FigV 19-21). ChORURSh\OO-a OeYeOV ZeUe 

VigQificaQWO\ higheU iQ VhaOORZ ViWeV WhaQ iQ deeS ViWeV (ANOVA, F1, 295=23.405, S0.01ޒ, R2=0.28, 
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Fig 22). U.S. DeSWh-aYeUaged DiVVROYed R[\geQ (DO) PeaVXUed aW 2 Pg/L aW chORURSh\OO-a Rf 10 

�g/L WhaW NeSW deceaViQg ZiWh iQcUeaVed chORURSh\OO-a. DO iQ LaNe SiQcOaiU had QR UeOaWiRQVhiS 

ZiWh eiWheU chORURSh\OO-a (S>0.05, Fig 23) RU da\ Rf Whe \eaU (S>0.05, Fig 24).  

3. AOJDO FRPPXQLW\ 

SiWeV ZeUe dRPiQaWed b\ chaiQ-fRUPiQg ceQWUic aQd SeQQaWe diaWRPV, gUeeQ aOgae, aQd 

c\aQRbacWeUia. Of Whe 180 VaPSOeV cROOecWed, RQO\ 55 VaPSOeV had high aOgaO deQViW\. 34 VSecieV 

aSSeaU iQ PRUe WhaQ 10 VaPSOeV. Of WhRVe 34 VSecieV, 17 aUe diaWRPV, 12 aUe gUeeQ aOgae, 3 aUe 

C\aQRSh\Wa, aQd 2 aUe DiQRfOageOOaWa. SSecieV UichQeVV ZaV gUeaWeU iQ VhaOORZ ViWeV cRPSaUed WR 

deeS ViWeV ZhiOe VSecieV eYeQQeVV aQd ShaQQRQ iQde[ did QRW diffeU (Fig 16). diaWRPV accRXQWed 

fRU PRVW Rf Whe VSecieV UichQeVV bXW ZeUe QRW aOZa\V Whe PRVW dRPiQaQW. AV e[SecWed, baVed RQ 

Whe PeaUVRQ cRUUeOaWiRQ cRefficieQW WeVW, ShaQQRQ'V iQde[ ZaV cRUUeOaWed ZiWh VSecieV eYeQQeVV 

(U2=0.76) aQd ZiWh VSecieV UichQeVV (U2=0.55).  

BaciOOaUiRSh\Wa, C\aQRSh\Wa, ChORURSh\Wa, DiQRfOageOOaWa, EXgOeQRSh\Wa, aQd 

XaQWhRSh\Wa ZeUe SUeVeQW iQ Whe Wa[a LaNe SiQcOaiU. DiaWRPV, c\aQRbacWeUia, aQd ChORURSh\Wa 

ZeUe fRXQd iQ 31%, 30%, aQd 30.5% Rf VaPSOeV UeVSecWiYeO\. C\aQRbacWeUia geQeUa caSabOe Rf 

SURdXciQg WR[iQV VXch aV Aphanocapsa (POaWe 1 A-E, G), C\lindrospermopsis (POaWe 1 F), 

Microc\stis (POaWe 1 H-I), Planktothrix (POaWe 2 A-B, F-G), Anabaena (POaWe 2 C, H), aQd 

Oscillatoria (POaWe 2 E, I) ZeUe SUeVeQW iQ 28% Rf VhaOORZ aQd 22.9% Rf deeS ViWeV. TR[igeQic 

c\aQRbacWeUia ZaV fRXQd iQ PaQ\ Rf Whe ViWeV, bXW Whe RQO\ WiPe a VSecieV Rf WR[igeQic 

c\aQRbacWeUia VXUSaVVed a 10% SURSRUWiRQ Rf a VaPSOe ZaV iQ JXQe ZheQ RQe iQ RQe Rf Whe 

WUiSOicaWeV Rf ViWe 5, a deeS ViWe, had Aphanocapsa VS. 6 (POaWe 1 G) accRXQW fRU 29.41% Rf Whe 

WRWaO SRSXOaWiRQ Rf aOgae. C\PbeOORid diaWRPV (POaWe 3 A, C, E, F, H, J) ZeUe fRXQd iQ 18.66% Rf 

ViWeV aQd ZeUe QRW dRcXPeQWed iQ deeS ViWeV. CeQWUic diaWRPV (POaWe 3 D, F), aQd deVPidV gUeeQ 
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aOgae (POaWe 5 A-B, D-E, J, L, P, S) ZeUe fRXQd iQ 21.66% aQd 30.56% Rf ViWeV UeVSecWiYeO\. 

ChaiQ-fRUPiQg DiaWRPV, chaiQ fRUPiQg UeSUeVeQWaWiYeV Rf Aulacoseira (POaWe 4 A-B, G) RU 

Fragilaria (POaWe 4 C, E, F), ZeUe SUeVeQW iQ 26.7% Rf ViWeV. DiQRfOageOOaWa Rf Whe geQeUa 

Peridinium (POaWe 5 I) aQd Parvodinium VSecieV P. inconspicuum, POaWe 5 O) ZeUe fRXQd iQ 

17.22% Rf ViWeV. EXgOeQRSh\Wa, NRWabO\ Euglena (POaWe 5 T) aQd Trachelomonas (POaWe 5 M), 

ZeUe fRXQd iQ 15.56% Rf ViWeV. S\QXURSh\ceae ZeUe SUeVeQW iQ 0.56% Rf ViWeV, aQd Whe geQXV 

SUeVeQW ZaV Mallomonas (POaWe 5 M). XaQWhRSh\WeV ZeUe SUeVeQW iQ 4.4% Rf ViWeV. 

 
V. DLVFXVVLRQ 

AOgaO biRPaVV, PeaVXUed aV ChORURSh\OO-a, ZaV QRW a gRRd SUedicWRU Rf WR[ic aOgaO bORRP 

RQ LaNe SiQcOaiU, GeRUgia fRU Whe SeUiRd Rf WhiV VWXd\. The EPA WRRO SUedicWiQg PicURc\VWiQ 

OeYeOV UeOaWed WR OeYeOV Rf chORURSh\OO-a ZaV WeVWed fRU Whe fiUVW WiPe iQ a PaQ-Pade UeVeUYRiU 

dXUiQg WhiV VWXd\. AOWhRXgh chORURSh\OO-a OeYeOV ZeUe high (abRYe PRiNaQe eW aO. (2014) aQd 

GeRUgia DNR WhUeVhROdV Rf 24 ȝg/L aQd 14 ȝg/L aV aYeUageV RU ViQgOe PeaVXUePeQWV), QR 

bORRPV RU ceOO cRQceQWUaWiRQV abRYe 10,000-15,000 ceOO/PO ZeUe UecRUded. WiWhRXW deQVe 

SRSXOaWiRQ QXPbeUV, c\aQRbacWeUia ZiOO QRW SURdXce WR[iQV (PeaUO eW aO. 2013).  

The QeaUVhRUe UegiRQV Rf OaNeV aUe diUecWO\ cRQQecWed WR Whe XSOaQd ZaWeUVhed. AV a 

UeVXOW, QeaUVhRUe eQYiURQPeQWV aUe iQfOXeQced b\ OaQd-XVe chaQge, SROOXWaQW ORadiQg, eURViRQ, 

UecUeaWiRQ aQd UeVRXUce RYeUXVe, aOO Rf Zhich caQ Oead WR aQ iQcUeaVe Rf QXWUieQWV iQ cRYeV 

(BeeWRQ 2002). BiRPaVV iQ Whe VhaOORZ ViWeV Rf LaNe SiQcOaiU ZaV 8.9 WiPeV higheU cRPSaUed WR 

deeS ViWeV. AOgaO VSecieV caSabOe Rf SURdXciQg WR[iQV RccXUUed iQ 88% Rf cRXQWabOe ViWeV, 

aOWhRXgh QRW iQ high cRQceQWUaWiRQV WR iQdXce WR[iQ SURdXcWiRQ. Of VhaOORZ ViWeV, 28% SeUceQW Rf 

had WR[igeQic c\aQRbacWeUia geQeUa cRPSaUed WR 22.9% Rf deeS ViWeV. ChaiQ fRUPiQg 
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UeSUeVeQWaWiYeV Rf geQXV Fragilaria dRPiQaWed VhaOORZ ViWeV, aQd cRccRid gUeeQ OiNe Golenkinia 

VS. (POaWe 5 K) dRPiQaWed deeS ViWeV.  

1. PK\VLFDO DQG FKHPLFDO ZDWHU TXDOLW\ SDUDPHWHUV 

DeSWh-aYeUaged DiVVROYed R[\geQ (DO) PeaVXUed aW 2 Pg/L chORURSh\OO-a Rf 10 �g/L 

aQd NeSW decUeaViQg ZiWh iQcUeaVed chORURSh\OO-a OeYeOV. DO iQ LaNe SiQcOaiU ZaV QRW 

VigQificaQWO\ cRUUeOaWed ZiWh eiWheU chORURSh\OO-a (S>0.05, Fig 23) RU da\ Rf Whe \eaU (S>0.05, Fig 

24). PRiNaQe eW aO. (2014) daWa ORRNed aW VhaOORZ aQd deeS OaNeV iQ EXURSe. IQ GeRUgia, USA, 

LaNe SiQcOaiU iV a XQiTXe aTXaWic habiWaW ZheUe, iQ Whe VaPe V\VWeP, bRWh VhaOORZ aQd deeS ViWeV 

caQ be VeeQ, aQd UeVXOWV fURP WhiV VWXd\ VXggeVW a chORURSh\OO-a aQd bORRP UeOaWiRQVhiS. IQ WhiV 

VWXd\, Whe 25Wh SeUceQWiOe Rf ViWeV had SUiPaU\ SURdXceU biRPaVV Rf abRYe 39 ȝg/L ChORURSh\OO-a 

aQd SRVVibOe ecRV\VWeP aOWeUaWiRQV OiNe aOgaO bORRPV. PURbabiOiW\ Rf a bORRP aQd c\aQRbacWeUia 

dRPiQaQce ZeUe SRVVibOe iQ aOO VhaOORZ ViWeV. NR bORRPV RU aOgaO WR[iQV ZeUe deWecWed. A 

SRVVibOe UeaVRQ fRU Whe OacN PighW be Whe high abXQdaQce Rf Whe iQYaViYe PacURSh\We H\dUiOOa. 

TXUbidiW\ Rf LaNe SiQcOaiU iV cRQVWaQWO\ chaQgiQg dXe WR Whe daP. 

The GeRUgia DeSaUWPeQW Rf NaWXUaO ReVRXUceV VWaWeV WhaW LaNe SiQcOaiU VhRXOd haYe a DO 

³aYeUage Rf 5 Pg/L aQd QR OeVV WhaQ 4 Pg/L´ (ChaSWeU 5 Rf TiWOe 12 Rf Whe OfficiaO CRde Rf 

GeRUgia AQQRWaWed). The ORZeVW DO Rf aOO VaPSOeV ZaV 4.12 Pg/L iQ AXgXVW, ViWe 3. Leaf OiWWeU 

aQd deca\iQg PacURSh\WeV RfWeQ accXPXOaWe aQd geQeUaWe aQR[ic cRQdiWiRQV. ThRXgh AXgXVW had 

Whe PRVW aOgaO biRPaVV ZiWhiQ Whe ZaWeU cROXPQ, Whe decRPSRViWiRQ Rf Zhich b\ aeURbic bacWeUia 

Pa\ decUeaVe R[\geQ iQ Whe ZaWeU, ChORURSh\OO-a iQ AXgXVW aW ViWe 3 ZaV UeOaWiYeO\ ORZ cRPSaUed 

WR RWheU VaPSOeV (Fig 10). âSROjaU eW aO. (2017) fRXQd WhaW iQcUeaVed fORZ YeORciWieV iQcUeaVed DO 

aQd PacURSh\We gURZWh aQd SURSRVed h\dUaXOic WUeaWPeQW WR UegXOaWe PacURSh\We cRYeUage iQ 

VhaOORZ UeVeUYRiUV iQ UeVSRQVe WR WheVe UeVXOWV. BaVed RQ PRdeOV, DO ZaV e[SecWed WR decUeaVe 
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ZiWh iQcUeaVe iQ chORURSh\OO-a (U.S. EPA 2019). IQ WhiV VWXd\, DO ZaV fRXQd WR be XQUeOaWed WR 

bRWh chORURSh\OO-a RU da\ Rf Whe \eaU iQ LaNe SiQcOaiU. DO QeYeU ZeQW beORZ 4ȝg/L. Mi[iQg aQd 

cRPPXQiW\ cRPSRViWiRQ Pa\ e[SOaiQ Whe OacN Rf a UeOaWiRQVhiS beWZeeQ DO aQd ChORURSh\OO-a. 

GeRUgia DNR UeTXiUeV LaNe SiQcOaiU¶V ZaWeU WePSeUaWXUe PeaVXUePeQWV WR be beORZ 

32.22�C (ChaSWeU 5 Rf TiWOe 12 Rf Whe OfficiaO CRde Rf GeRUgia AQQRWaWed). IQ JXO\ aQd AXgXVW, 

WhaW WePSeUaWXUe OiPiW iV VXUSaVVed 6 WiPeV: iQ JXO\ aOO VhaOORZ ViWeV ZeUe abRYe 32 C; aQd 

AXgXVW, ViWe 4, 32.63�C. WaWeU WePSeUaWXUe ZaV VigQificaQWO\ diffeUeQW aPRQg PRQWhV, bXW QRW 

VigQificaQWO\ diffeUeQW aPRQg VhaOORZ aQd deeS ViWeV. 

TheUe ZeUe QR cRQdXcWiYiW\ VWaQdaUdV SUeVeQWed fRU LaNe SiQcOaiU b\ GeRUgia DNR. The 

cRQdXcWiYiW\ YaOXeV UePaiQed ViPiOaU WhURXgh WiPe aQd diffeUed ZiWh deSWh, bXW UePaiQed 

cRQViVWeQW ZiWh fUeVhZaWeU cRQdXcWiYiW\ YaOXeV (UaQgiQg fURP 40 WR 80). IW VhRXOd be QRWed WhaW iW 

ZaV difficXOW WR geW a VWabOe UeadiQg Rf cRQdXcWiYiW\ aW ViWe 3 Zhich ZaV QeaU a SRZeU SOaQW aQd 

diUecWO\ beORZ SRZeU OiQeV RQ aOO RccaViRQV ZheQ ViWe 3 ZaV VaPSOed.  

WaWeU SH did QRW diffeU WhURXgh WiPe bXW ZaV VigQificaQWO\ higheU iQ VhaOORZ 

ViWeV. GeRUgia DNR cRQVideUV SH aV high aV 9.5 aV UegiRQaOO\ acceSWabOe. NRQe Rf Whe VaPSOeV iQ 

WhiV VWXd\ VXUSaVVed WhaW OeYeO (ChaSWeU 5 Rf TiWOe 12 Rf Whe OfficiaO CRde Rf GeRUgia AQQRWaWed). 

Of cRQceUQ, hRZeYeU, aUe Whe SH YaOXeV beORZ 6. SiWe 1 aQd ViWe 2 iQ FebUXaU\ aUe beORZ Whe 

ORZeU SH WhUeVhROd ZiWh UeVSecWiYe SH YaOXeV Rf 3.78 aQd 5.27. TheVe YaOXeV ZeUe aOVR a PajRU 

VhifW fURP Whe SUeYiRXV PRQWh¶V ViWe 1 aQd 2 YaOXeV Rf 8.87 aQd 8.29. BRWh JaQXaU\ aQd FebUXaU\ 

VaPSOeV had WRR feZ aOgae XQiWV WR eQXPeUaWe, VR QR aOgaO cRPPXQiW\ chaQge ZaV aWWUibXWabOe WR 

WhiV PajRU VhifW fURP baVic WR acidic ZaWeU. A SUeYiRXV VWXd\ RQ LaNe SiQcOaiU cRQdXcWed iQ 2008 

UeSRUWed a PXch PRUe QeXWUaO aYeUage SH Rf 7.04 ZiWh a SH UaQge Rf 6.82-7.26 (SPiWh aQd 

MaQR\ORY 2013).  
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2. BRDW WUDIILF  

CRQVeUYaWiRQ iVVXeV UeVXOWiQg fURP cXPXOaWiYe effecWV Rf daPV iQYROYe decOiQeV iQ QaWiYe 

fUeVhZaWeU biRdiYeUViW\ aW UegiRQaO VcaOeV (CaQWRQaWi eW aO. 2020). MaQ\ OaUge UiYeUV haYe beeQ 

WUaQVfRUPed iQWR a VeUieV Rf UeVeUYRiUV (dRPiQaWed b\ iQWURdXced e[RWic aOgaO VSecieV) (AQdeUVRQ 

eW aO. 2021) cRQQecWed b\ highO\ UegXOaWed fORZV WhaW cRQWaiQ UePQaQW SRSXOaWiRQV Rf QaWiYe 

UiYeUiQe VSecieV. FRU e[aPSOe, Rf Whe 51.2 PiOOiRQ NP Rf VWUeaPV iQ Whe ORZeU 48 USA VWaWeV, RQO\ 

2% Rf Whe UiYeUV UePaiQ fUee-fORZiQg aQd aUe UeOaWiYeO\ XQdeYeORSed. OQO\ 42 fUee-fORZiQg UiYeUV 

e[iVW WhaW aUe PRUe WhaQ 200 NP RU PRUe iQ OeQgWh (PUiQgOe eW aO. 2000). ThiV UeVeaUch cRQWUibXWeV 

WR Whe XQdeUVWaQdiQg Rf aOgaO cRPPXQiWieV ZiWhiQ PaQ-Pade aTXaWic habiWaWV WhaW iV OaUgeO\ 

PiVViQg fURP Whe OiWeUaWXUe.  

ThUee Rf Whe fRXU VhaOORZ ViWeV WeVWed, ViWe 1, 3, aQd 4 ZeUe cRPPRQ aUeaV WR dRcN, OaXQch, 

RU PRRU bRaWV. SiWe 1 aQd ViWe 3 ZeUe dRcN aQd OaXQch ViWeV aQd ViWe 4 ZaV a bRaW gaV VWaWiRQ. 

TheVe aUeaV VaZ heaY\ bRaW WUaffic, ZheUeaV ViWe 2 ZaV WXcNed aZa\ acURVV fURP a UeVideQWiaO 

aUea aQd did QRW Vee aV PXch bRaW WUaffic. The bRaW WUaffic Rf Whe ViWeV cRXOd haYe iQfOXeQced Whe 

VSecieV diVWUibXWiRQ iQ WhRVe aUeaV. LaNe SiQcOaiU iV a SRSXOaU ORcaWiRQ fRU UecUeaWiRQ, aQd WheUe 

ZaV bRaW WUaffic iQ Whe PaiQ chaQQeO ZheUe deeS ViWeV 5-8 ZeUe VaPSOed. SiWe 5 ZaV jXVW RXWVide 

Rf SiQcOaiU MaUiQa aQd OiNeO\ VaZ Whe PRVW bRaW WUaffic Rf Whe deeS ViWeV.  

TXUbXOeQce SURdXced b\ bRaWV WeaU XS YegeWaWiRQ hROdiQg VediPeQW iQ SOace ZhiOe VWiUUiQg 

XS Whe VediPeQW. The VXVSeQded VediPeQW VhadeV RXW ShRWRV\QWheWic RUgaQiVPV. FiQe ViOW aQd 

RUgaQic PaWWeU, OiNe WhaW aW Whe bRWWRP Rf LaNe SiQcOaiU, aUe eaVieU WR VWiU XS aQd VSeQd a ORQgeU 

WiPe iQ Whe ZaWeU cROXPQ cRPSaUed WR cRaUVeU VediPeQW W\SeV (SageUPaQ eW aO. 2019). The 

VhaOORZ aUeaV aUe ZheUe WheVe effecWV Rf WhiV VWXd\ ZeUe PRVW YiVibOe ZheUe iQcUeaVed diVWXUbaQce 

ZaV highO\ SRVVibOe. OiO VSiOOage aQd OiWWeU aUe aOVR facWRUV WR cRQVideU ZheQ ORRNiQg aW hRZ bRaW 
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WUaffic affecWV Whe ecRV\VWeP (MRhaPPed 2018). BRaWiQg iV a VRXUce Rf Oead aQd ]iQc 

cRQWaPiQaWiRQ iQ VediPeQW aV ZeOO (GRSaO eW aO. 2017). 

IW iV XQNQRZQ ZheWheU Whe cRURQaYiUXV SaQdePic Rf 2020 chaQged bRaWiQg habiWV Rf LaNe 

SiQcOaiU UeVideQWV dXUiQg WhiV VWXd\. IW iV SRVVibOe WhaW UeVideQWV dURYe WheiU bRaWV PRUe RfWeQ aV iW 

iV aQ acWiYiW\ WhaW dReV QRW UeTXiUe cRQWacW ZiWh RWheU hRXVehROdV. 

3. CKORURSK\OO-D 

ChORURSh\OO-a iV a ShRWRV\QWheWic SigPeQW fRXQd iQ aOgae (WeW]eO 2001) aQd RWheU gUeeQ 

SOaQWV. The cRQceQWUaWiRQ Rf chORURSh\OO-a, WheUefRUe, iV cRPPRQO\ XVed aV a PeaVXUe Rf Whe 

deQViW\ (biRPaVV) Rf Whe aOgaO SRSXOaWiRQ iQ a OaNe RU UeVeUYRiU. ChORURSh\OO-a cRQceQWUaWiRQV aUe 

geQeUaOO\ higheVW dXUiQg VXPPeU ZheQ aOgaO SRSXOaWiRQV aUe higheVW. MRdeUaWe SRSXOaWiRQV Rf 

deViUabOe aOgae aUe iPSRUWaQW iQ Whe fRRd chaiQ; hRZeYeU, e[ceVViYe SRSXOaWiRQV RU aOgaO bORRPV 

aUe XQdeViUabOe. AOgaO bORRPV caQ caXVe WaVWe aQd RdRU SURbOePV aQd OiPiW OighW SeQeWUaWiRQ 

Qeeded WR VXSSRUW Whe gURZWh Rf VXbPeUged aTXaWic SOaQWV. CeUWaiQ VSecieV Rf bOXe-gUeeQ aOgae 

(c\aQRbacWeUia) caQ SURdXce WR[iQV. 

HaUPfXO aOgaO bORRPV aUe deWUiPeQWaO WR Whe heaOWh Rf cRPPXQiW\ PePbeUV ZhR OiYe aQd 

UecUeaWe RQ Whe bRdieV Rf ZaWeU Whe\ affecW. NeXURWR[iQV, heSaWRWR[iQV, aQd caUciQRgeQV SURdXced 

b\ aOgae caQ PaNe cRQWacW ZiWh Whe SXbOic WhURXgh VNiQ, WhURXgh cRQVXPSWiRQ Rf affecWed fiVh, 

aQd VRPeWiPeV WhURXgh Whe aiU. AOgaO WR[iQV haYe beeQ NQRZQ WR PaNe SeWV iOO, VRPeWiPeV faWaOO\, 

aQd aUe iPSOicaWed iQ VRPe hXPaQ hRVSiWaOi]aWiRQV aV ZeOO. HaUPfXO aOgaO bORRPV aUe aOVR 

deWUiPeQWaO WR Whe ecRQRP\ Rf a cRPPXQiW\, aV Whe XQVighWO\, RdRURXV, aQd daQgeURXV bORRPV 

dUiYe WRXUiVWV, aQgOeUV, aQd SURVSecWiYe OaNe hRXVe RZQeUV aZa\. The UeVXOWV Rf WhiV SURjecW Pa\ 

be XVed WR deYeORS PRUe geRgUaShicaOO\ accXUaWe PRQiWRUiQg SURWRcROV, Zhich ZRXOd aOORZ 

cRPPXQiWieV WR eQacW WaUgeWed bORRP adYiVRUieV, WhXV OiPiWiQg Whe XVe Rf affecWed aUeaV Rf a OaNe. 
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TheUe aUe WZR chORURSh\OO-a bRXQdaUieV cRQVideUed. The fiUVW iV SUeVeQWed fRU LaNe 

SiQcOaiU b\ GeRUgia DNR aV QRW WR e[ceed 10 ȝg/L XSVWUeaP fURP Whe daP (ViWe 8) aQd 14 ȝg/L aW 

aOO RWheU ViWeV (ChaSWeU 5 Rf TiWOe 12 Rf Whe OfficiaO CRde Rf GeRUgia AQQRWaWed). IW iV VSecified 

WhaW WheVe UeadiQgV PXVW be fURP ShRWic ]RQe VaPSOeV, VR WhiV bRXQdaU\ RQO\ caQ aSSO\ WR deeS 

ViWe VaPSOeV. OQO\ ViWe 7, a deeS ViWe iQ JXO\, Zhich ZaV 24.69 ȝg/L, VXUSaVVed WhiV WhUeVhROd. 

DeVSiWe beiQg cRPSRViWe VaPSOeV, JXQe¶V VhaOORZ ViWe 2, JXO\¶V VhaOORZ ViWeV 2-4, aQd AXgXVW¶V 

VhaOORZ ViWe 3 aUe beORZ Whe WhUeVhROd.  

The VecRQd chORURSh\OO-a bRXQdaU\ cRQVideUed ZaV PRiNaQe eW aO. (2014) ZheUe Whe gRRd-

PRdeUaWe bRXQdaU\ iV 22 ȝg/L fRU VhaOORZ ZaWeU aQd 10 ȝg/L fRU deeS ZaWeU. 8.33% Rf deeS 

VaPSOeV (JXO\ ± ViWe 7) aQd 55% Rf cRPSRViWe VaPSOeV (JXQe - ViWe 1; JXO\ - ViWe 1; AXgXVW - ViWe 

1,2, aQd 4; SeSWePbeU - ViWe 1 aQd 2; aQd OcWRbeU - aOO ViWeV) ZeUe abRYe Whe OiPiW Rf aOgaO 

biRPaVV cUeaWiQg cRQdiWiRQV fRU aOgaO bORRPV aQd WR[iciW\. AccRUdiQg WR hiVWRUicaO daWa fURP 

LaNe SiQcOaiU, chORURSh\OO-a OeYeOV did QRW VXUSaVV PRiNaQe eW aO¶V gRRd-PRdeUaWe bRXQdaU\ fRU 

VhaOORZ ViWeV XQWiO 2014 (FigV 19-21). The gRRd-PRdeUaWe bRXQdaU\ fRU deeS ViWeV ZaV QeYeU 

VXUSaVVed. AccRUdiQg WR Whe EPA WRRO SUedicWiQg PicURc\VWiQ OeYeOV fURP chORURSh\OO-a 

PeaVXUePeQWV, WheUe iV a 50% SURbabiOiW\ Rf WR[iQ SURdXcWiRQ abRYe 38.7ȝg/L Rf chORURSh\OO-a. 

ChORURSh\OO-a VXUSaVVed 38.7ȝg/L afWeU 2014 aV ZeOO. TheUe ZeUe a feZ RXWOieU VaPSOeV ZiWh high 

aOgaO biRPaVV Zhich ZeUe dUiYiQg Whe high chORURSh\OO-a OeYeOV (Fig 20). The higheVW aOgaO 

biRPaVV RccXUUed iQ AXgXVW (Fig10). DeVSiWe Whe VXUSaVViQg Rf WheVe bRXQdaUieV WheUe ZeUe QR 

bORRPV UecRUded dXUiQg Whe WiPe Rf WhiV VWXd\, dXe WR Whe diYeUVe aOgaO cRPPXQiW\ cRPSRViWiRQ 

aQd SUiPaU\ SURdXcWiRQ dRPiQaWed b\ diaWRPV. OWheU OiWeUaWXUe VXggeVWV WhaW UegiRQaO diffeUeQceV 

SOa\ a facWRU iQ Whe efficac\ Rf XViQg chORURSh\OO-a WR deWeUPiQe SUeVeQce Rf WR[iQV. DRZQiQg eW 

aO. (2001) UeSRUWed a VWURQg UeOaWiRQVhiS beWZeeQ chORURSh\OO-a aQd UiVN Rf c\aQRbacWeUia 
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dRPiQaQce XViQg UeVeaUch fURP IRZa aQd KaQVaV. A VWXd\ Rf WZR OaNeV iQ CaOifRUQia b\ HRZaUd 

eW aO. iQ 2021 fRXQd YaU\iQg UeVXOWV ZheUe RQe OaNe had high chORURSh\OO-a aQd high WR[iQ OeYeOV, 

aQd Whe RWheU OaNe had ORZ chORURSh\OO-a OeYeOV \eW VWiOO had high WR[iQ OeYeOV. The WZR-facWRU 

ANOVA WeVW UXQ RQ ChORURSh\OO-a UeYeaOed WhaW WheUe ZaV QR VigQificaQW diffeUeQce Rf 

ChORURSh\OO-a aPRQg ViWeV RU PRQWhV.  

DaWa fURP PRiNaQe eW aO. 2014 aQd Whe daWa fURP WhiV VWXd\ ZaV XVed WR PRdeO Whe 

SUedicWiYe SRZeU Rf ChORURSh\OO-a. BaVed RQ chORURSh\OO-a dRcXPeQWed YaOXeV iQ WhiV VWXd\, 

SUedicWiYe abiOiW\ ZaV high iQ VhaOORZ ViWeV. ShaOORZ ViWeV ZeUe dRPiQaWed b\ iQYaViYe 

PacURSh\We (H\dUiOOa) WhaW WRRN XS QXWUieQWV aQd SUeYeQWed WR[igeQic c\aQRbacWeUia gURZWh aQd 

SURbabiOiW\ Rf WR[iQV. IQ deeS ViWeV Whe SURbabiOiW\ Rf WR[iQV SURdXcWiRQ ZaV ORZ dXe WR diffeUeQW 

aOgaO cRPSRViWiRQ dRPiQaWed b\ diaWRPV. AYaiOabOe QXWUieQWV iQ VhaOORZ ViWeV ZeUe ORZ, 

WePSeUaWXUeV ZeUe high fRU WePSeUaWXUe, DO VWa\ed high iQ VhaOORZ aQd deeS ViWeV aQd ZaV QRW a 

gRRd SUedicWRU Rf Sh\WRSOaQNWRQ abXQdaQce RU c\aQRbacWeUiaO dRPiQaQce, BORRPV fRU bRWh 

VhaOORZ aQd deeS ViWeV ZeUe SRVVibOe, bXW iQ diXUQaO aOWeUaWiRQV Rf OaNe h\dURORg\ ZeUe QRW 

RbVeUYed. 

TheUe aUe VRPe SURbOePV aVVRciaWed ZiWh WhiV PeWhRd Rf aSSUR[iPaWiQg aOgaO biRPaVV. 

The biggeVW SURbOeP iV WhaW e[ciWaWiRQ OighW caQ VRPeWiPeV QRW SeQeWUaWe OaUge cRORQieV, 

eVSeciaOO\ cRORQieV Rf c\aQRbacWeUia dXe WR Whe ZeaN fOXRUeVceQce Rf c\aQRbacWeUiaO chORURSh\OO-

a. SaPSOeV ZiWh ORZ deQViW\ Rf aOgae aQd high QXPbeUV Rf VSecieV e[SeUieQce PRUe YaUiabiOiW\ iQ 

chORURSh\OO-a fOXRUeVceQce beWZeeQ VaPSOeV (GUegRU aQd MaUVaOeN 2005). CRORUed diVVROYed 

RUgaQic PaWWeU caQ geQeUaWe bacNgURXQd fOXRUeVceQce WhaW PiPicV ChORURSh\OO-a (CUePeOOa eW aO. 

2018). ChORURSh\OO-a iV VWiOO ZideO\ XVed aV aQ aQaORg fRU aOgaO biRPaVV aV iW iV OeVV WiPe iQWeQViYe 
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WhaQ caOcXOaWiQg aOgaO biRPaVV XViQg ceOO biRYROXPe aQd deQViW\ (WhaW UeTXiUeV VSecieV OeYeO 

ideQWificaWiRQ XViQg Wa[RQRPic OiWeUaWXUe aQd UeVeaUch gUade PicURVcRS\). 

4. AOJDO FRPPXQLW\ DQDO\VHV 
 

SSecieV UichQeVV fRU bRWh VhaOORZ aQd deeS ViWeV. SSecieV UichQeVV ZaV VigQificaQWO\ 

higheU iQ VhaOORZ ViWeV. ShaQQRQ DiYeUViW\ aQd SSecieV eYeQQeVV ZeUe QRW VigQificaQWO\ diffeUeQW 

aQd iQdicaWed a high degUee Rf eYeQQeVV beWZeeQ ViWeV. TheUe ZaV a PaUNed diffeUeQce beWZeeQ 

Whe aOgaO biRPaVV Rf Whe ZiQWeU PRQWhV aQd VXPPeU PRQWhV. FURP NRYePbeU WR Ma\, Whe 

cRQceQWUaWiRQ Rf aOgaO ceOOV ZaV WRR ORZ WR eQXPeUaWe. MXch Rf WhiV, hRZeYeU, ZaV dXe WR Whe 

VhifW iQ VaPSOe W\Se fURP ZaWeU cROXPQ WR cRPSRViWe VaPSOe Zhich RccXUUed iQ Ma\. WaWeU 

cROXPQ VaPSOeV ZeUe WRR ORZ cRQceQWUaWiRQ WR be cRXQWabOe, WhXV Whe chaQge WR cRPSRViWe 

VaPSOeV ZaV Pade WR eQVXUe VRPe dRcXPeQWaWiRQ Rf Whe aOgaO cRPPXQiW\ cRXOd be Pade. 

ANOVA WZR-facWRU WeVWV RQ aOgaO biRPaVV daWa UeYeaOed WhaW WheUe ZaV QR VigQificaQW diffeUeQce 

beWZeeQ ViWeV RU PRQWhV ZiWh UegaUdV WR UeOaWiYe biRPaVV Rf ChORURSh\Wa, C\aQRSh\Wa, aQd 

CU\SWRSh\Wa. TheUe ZaV a VigQificaQW diffeUeQce iQ DiaWRP biRPaVV iQ Whe VXPPeU PRQWhV 

beWZeeQ ViWeV ZheQ Whe deeS ViWeV ZeUe added aQd aPRQg PRQWhV ZheQ WeVWiQg JXQe-OcWRbeU 

ZiWh jXVW ViWeV 1-4. APRQg Whe biRPaVV Rf eSiOiWhic aOgae, WheUe ZaV a VigQificaQW diffeUeQce 

beWZeeQ UeOaWiYe biRPaVV aW ViWeV ZiWh UegaUdV WR C\aQRSh\Wa aQd diaWRPV, bXW QRW ChORURSh\Wa. 

DeVSiWe Whe abVeQce Rf CU\SWRSh\Wa VSeciPeQV fRXQd iQ VaPSOeV, WheUe ZaV SUeVeQce Rf 

CU\SWRSh\Wa VhRZQ iQ Whe AOgaeGXaUd daWa. The SigPeQW aVVa\V XVe Sh\cRbiOiQV WR PeaVXUe Whe 

UeOaWiYe biRPaVV Rf CU\SWRSh\Wa, Zhich aUe aOVR XVed WR PeaVXUe c\aQRbacWeUia, aQd bRWh aUe 

e[ciWed b\ gUeeQ, RUaQge, aQd Ued OighW (550-630 QP) (GUegRU aQd MaUVaOeN 2005). The biRPaVV 

Rf c\aQRbacWeUia bUeaNiQg dRZQ Pa\ be cRQfXViQg Whe VeQVRUV iQWR aWWUibXWiQg VRPe Rf Whe 

Sh\cRbiOiQ fOXRUeVceQce WR CU\SWRSh\Wa UeSUeVeQWaWiYeV. The diffeUeQce beWZeeQ aOgaO biRPaVV 
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beWZeeQ VaPSOeV beiQg iQVigQificaQW iQ Whe cRPSRViWe VaPSOeV VXggeVWV WhaW SOaQNWRQic aOgae aUe 

ZeOO diVSeUVed RYeU Whe ViWeV WeVWed. The aOgaO biRPaVV Rf Whe eSiOiWhic cRPPXQiW\ ZaV 

VigQificaQWO\ diffeUeQW aPRQg ViWeV, VXggeVWiQg WhaW Whe VWaWiRQaU\ aOgae, ZiWh OeVV abiOiW\ WR 

diVSeUVe, iV Whe PRVW iQfOXeQced b\ Whe QaWXUaO aQd aQWhURSRgeQic iQfOXeQceV aW each ViWe. 

EYeQ ZiWh Whe addiWiRQ Rf VRfW aOgae iQ WhiV VWXd\, cRPSaUed WR Whe aOgaO cRPPXQiW\ 

UeSRUWed iQ LaNe SiQcOaiU b\ SPiWh aQd MaQR\ORY fURP 2008-2009, WheUe ZeUe faU feZeU 

iQVWaQceV ZheUe a VSecieV ZaV RYeU 25% dRPiQaQW iQ VaPSOeV (6 iQ WhiV VWXd\ cRPSaUed WR 23 iQ 

SPiWh aQd MaQR\ORY (2013). Achnanthidium minutissimum, Zhich ZaV RYeU 25% dRPiQaQW iQ 

2013 (SPiWh aQd MaQR\ORY 2013), ZaV QRW dRPiQaQW iQ Whe cXUUeQW VWXd\. WaV fRXQd iQ ORZ 

abXQdaQce iQ 31 VaPSOeV. Aphanocapsa sp. 5 (POaWe 1 G), Golenkinia sp. (POaWe 5 K), 

Pseudstaurosira sp. 1 (chaiQ fRUPiQg, POaWe 4 D), and Fragilaria sp. 2 (POaWe 4 E) ZeUe RYeU 25% 

iQ UeOaWiYe abXQdaQce iQ JXQe deeS ViWe 1. Fragilaria chains (POaWe 4) ZeUe abXQdaQW RYeU 25% e 

iQ WZR VhaOORZ VaPSOeV. 

5. IQYDVLYH PDFURSK\WH H\dUiOOa YeUWiciOOaWa effecWV 

H\drilla verticillata (LiQQ. f.) RR\Oe ZaV SUeVeQW aW ViWeV 1-4 fURP JXO\ WhURXgh OcWRbeU. A 

PeWhaQRO e[WUacW Rf H\drilla verticillata ZaV VhRZQ b\ ZhaQg eW aO. (2012) WR iUUeYeUVibO\ 

daPage aOgaO ceOO PePbUaQeV. The e[WUacW SURdXced O2- UadicaOV Zhich R[idaWiYeO\ daPaged ceOO 

PePbUaQeV aQd caXVed Whe UeOeaVe Rf SURWeiQV aQd DNA. ThiV, ZhaQg eW aO. (2012) h\SRWheVi]ed 

WhaW Whe iQYaViYe PacURSh\We gURZWh ZRXOd WeUPiQaWe aQ aOgaO bORRP. AccRUdiQg WR Whe ZhaQg eW 

aO. (2012) e[SeUiPeQW Zhich WeVWed Whe PeWhaQRO e[WUacW RQ Dolichospermum flos 

aquae (BUpbiVVRQ e[ BRUQeW & FOahaXOW) P.WacNOiQ, L.HRffPaQQ & J.KRPiUeN aQd 

Auxenochlorella p\renoidosa (H.ChicN) MROiQaUi & CaOYR-PpUe] Zhich XVed WR be iQ geQXV 

Chlorella c\aQRbacWeUia ZeUe PRUe VeQViWiYe WR Whe e[WUacW. 
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HRZeYeU, high aPRXQWV Rf PacURSh\WeV iQ Whe ZaWeU ZiOO aOVR iQcUeaVe VSecieV UichQeVV Rf 

aOgae eVSeciaOO\ ZheQ cRPSRXQded ZiWh high ZaWeU OeYeOV. ThiV iV becaXVe PacURSh\WeV SURYide 

PRUe VXbVWUaWe fRU aQ eSiSh\Wic aOga WR aWWach WR. MacURSh\WeV SaUWicXOaUO\ iQcUeaVe Whe aPRXQW Rf 

Z\gnematoph\ceae aQd Chloroph\ceae (AOgaUWe eW aO. 2009).  

 A WR[iQ SURdXciQg c\aQRbacWeUiXP VSecieV caOOed Aetokthonos h\drillicola S.B. WiOde & 

J.R. JRhaQVeQ Zhich gURZV eSiSh\Wic RQ H\drilla iV OiQNed WR VacXROaU P\eOiQRSaWh\, a diVeaVe 

Zhich YacXROi]eV ZhiWe PaWWeU iQ Whe bUaiQV Rf ZiOdOife, SaUWicXOaUO\ iQ baOd eagOeV aQd RWheU 

ZaWeUfRZO. ThiV diVeaVe iV caXVed b\ a c\aQRWR[iQ caOOed aeWRNWhRQRWR[iQ (AETX) WR[iQ, 

SURdXced b\ A. h\drillicola. AETX iV RQO\ SURdXced ZheQ eOeYaWed bURPide fURP geRORgic aQd 

aQWhURSRgeQic VRXUceV (e.g., ZaWeU WUeaWPeQW, SRZeU SOaQWV, aQd fURP VSUa\iQg chePicaOV e.g. 

diTXaW dibURPide XVed WR UePRYe H\drilla) ZaV aYaiOabOe WR Whe aOgae (BUeiQOiQgeU eW aO. 2021). A. 

h\drillicola ZaV QRW dRcXPeQWed iQ WhiV VWXd\, WhRXgh iW iV SRVVibOe WhaW Whe Wa[RQ iV SUeVeQW aV 

H\drilla Pade XS RQO\ a VPaOO SURSRUWiRQ Rf Whe cRPSRViWe VaPSOeV. 

6. UVLQJ ELRORJLFDO WUDLWV LQ DGGLWLRQ WR WD[RQRP\ WR JDUQHU IXUWKHU LQVLJKWV 

Ta[RQRP\ ZaV aQaO\]ed iQ WhiV VWXd\ WR deWeUPiQe Whe fXQcWiRQiQg Rf LaNe SiQcOaiU aV aQ 

aTXaWic ecRV\VWeP, bXW WheUe iV aQRWheU URXWe RQe cRXOd WaNe iQ WhaW UegaUd. BiRORgicaO WUaiWV, 

SaUWicXOaUO\ WhRVe Zhich UeOaWe WR eQYiURQPeQWaO WROeUaQceV, Pa\ be XVed WR iQdicaWe hRZ ZeOO aQ 

ecRV\VWeP iV fXQcWiRQiQg. IQ 2021, MiaWWa eW aO. deVcUibed fiYe XVeV Rf biRORgicaO WUaiWV: (1) WR 

gaWheU iQfRUPaWiRQ abRXW Whe ³VeQViWiYiW\ Rf VSecieV aQd cRPPXQiWieV WR diVWXUbaQce´, (2) WR XVe 

Whe VaPe iQfRUPaWiRQ RQ VeQViWiYiW\ WR SUedicW e[WiQcWiRQ UiVN Rf VSecieV, eYeQ if QRW \eW 

WhUeaWeQed, (3) WUaiWV Zhich UeOaWe WR UeViOieQce VigQaO Whe difficXOW\ RU eaVe Rf Zhich ecRV\VWePV 

UecRYeU afWeU a diVWXUbaQce, (4) cRQVeUYaWiRQiVWV caQ XVe Whe fXQcWiRQ Rf biRORgicaO WUaiWV WR ORcaWe 
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Whe PRVW iPSRUWaQW aUeaV fRU cRQVeUYaWiRQ Zhich iQcRUSRUaWe Whe PRVW fXQcWiRQV aQd ecRV\VWeP 

VeUYiceV, aQd fiQaOO\, (5) iQdicaWRUV Pa\ be geQeUaOi]ed baVed RQ biRORgicaO WUaiWV.  

 WheQ XViQg aOgae aV biRORgicaO iQdicaWRUV, XVXaOO\ Whe\ PXVW be ideQWified WR Whe VSecieV 

OeYeO. ThaW dReV QRW PeaQ WhaW iW iV iPSRVVibOe WR XVe VeQViWiYiW\ aV MiaWWa eW aO. (2021) deVcUibe. 

IQ facW, WheUe aUe VeYeUaO iQVWaQceV iQ WhiV VWXd\ ZheUe Sh\VicaO aQd chePicaO SURSeUWieV Rf Whe 

ZaWeU aUe abRYe aQd beORZ ZhaW iV acceSWed b\ Whe EPA. The iVVXe ZiWh XViQg Whe fiQdiQgV Rf WhiV 

VWXd\ WR cRQVWUXcW biRORgicaO iQdicaWRUV baVed RQ WUaiWV iV WhaW Whe EPA VWaQdaUdV fRU DO, ZaWeU 

WePSeUaWXUe, SH, aQd cRQdXcWiYiW\ ZeUe QRW cRQVWUXcWed ZiWh Whe SUefeUeQceV Rf aOgae iQ PiQd, 

QRU ZaV WhiV VWXd\ deVigQed WR WeVW Whe VeQViWiYiW\ Rf aOgae. SH acURVV VaPSOeV ZeUe fUeTXeQWO\ 

high. WiWh QR VigQificaQW diffeUeQce beWZeeQ Whe gURXSV iQ bRWh chORURSh\OO-a aQd SH, iW VeePV 

aV if Whe aOgae SUeVeQW aUe QRW VeQViWiYe WR Whe high SH. The VecRQd aQd fRXUWh XVeV Rf biRORgicaO 

WUaiWV cRXOd be XVefXO WR aTXaWic biRORgiVWV becaXVe PicURRUgaQiVPV aUe QRW RfWeQ XVed iQ 

diVcXVViRQV abRXW WhUeaWeQed VSecieV RU cRQVeUYaWiRQ. AOgae dR, hRZeYeU, VeUYe PaQ\ Rf Whe 

fXQcWiRQV RXWOiQed aV iPSRUWaQW b\ MiaWWa eW aO. (2021) iQcOXdiQg eQeUg\ aQd eOePeQWaO c\cOiQg, 

fRRd VXSSO\, SURdXcWiYiW\, aQd WR a ceUWaiQ e[WeQW, habiWaW cUeaWiRQ aQd PRdificaWiRQ Rf Sh\VicaO 

SURceVVeV. AOgae aUe eVVeQWiaO PRYeUV aQd VhaNeUV Rf aQ\ aTXaWic habiWaW. 

 IQ UecRYeUiQg afWeU a diVWXUbaQce, WUaiWV VXch aV WhRVe OiVWed b\ MiaWWa eW aO. (2021): 

UeSURdXcWiRQ PeWhRd, PRbiOiW\, aWWachPeQW W\Se, bRd\ deVigQ, ZaWeU cROXPQ PigUaWiRQ aQd 

hRUi]RQWaO PigUaWiRQ, becRPe PRUe iPSRUWaQW. AbiOiW\ WR SURdXce QeaUO\ iQdeVWUXcWibOe 

UeSURdXcWiYe XQiWV VXch aV aNiQeWeV aOORZ ceUWaiQ NiQdV Rf aOgae SRSXOaWiRQV WR gR dRUPaQW iQ 

VWUeVVfXO eQYiURQPeQWV XQWiO Whe habiWaW becRPeV hRVSiWabOe agaiQ. AWWached aOgae caQ UeViVW 

VXddeQ SeUiRdV Rf high fORZ ZhiOe abiOiW\ WR PigUaWe iQ Whe ZaWeU cROXPQ RU hRUi]RQWaOO\ aOORZV 

VRPe VSecieV WR VeeN RXW OiPiWiQg facWRUV OiNe VXQOighW. 
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 The fifWh SRiQW UefeUV WR hRZ VXUYiYaO iQ aQ ecRV\VWeP fiOWeUV fRU WUaiWV UeTXiUed WR VXUYiYe 

WhaW ecRV\VWeP. TheVe aUe UeVSRQVe gXiOd cRQceSWV Zhich aOORZ geQeUaOi]aWiRQV acURVV Whe V\VWeP 

ZiWhRXW VSecieV VSecific iQfRUPaWiRQ (LR]aQRYVNa eW aO. 2018). IQ Whe e[aPSOe Rf Whe UiSaUiaQ 

UeVSRQVe gXiOd cRQceSW, VSecieV iQ a UiSaUiaQ ecRV\VWeP VhaUe h\dUR-WRSRgUaShic SRViWiRQV aQd 

h\dURgeRPRUShic UeTXiUePeQWV (MeUUiWW eW aO. 2010). CUeaWiQg a ViPiOaU UeVSRQVe gXiOd cRQceSW 

fRU aOgae, RQe PighW WhiQN bacN WR YaQg eW aO. (2021) CNANDY PRdeO deVcUibed abRYe. The 

aTXaWic ecRV\VWeP ZiOO fiOWeU aOgaO WUaiWV fiUVW b\ WheiU abiOiW\ WR deaO ZiWh OiPiWed QXWUieQWV aW WheiU 

UeVSecWiYe OighW OeYeOV aW WheiU ORcaWiRQ. AddiWiRQaOO\, Whe ZaWeU OeYeO fOXcWXaWiRQV Rf UeVeUYRiUV 

ZRXOd fiOWeU aWWached aOgae aW Whe VhaOORZ ViWeV b\ hRZ ZeOO Whe\ VXUYiYe SeUiRdV Rf deViccaWiRQ 

PXch OiNe hRZ UiSaUiaQ SOaQWV aUe ViPiOaUO\ fiOWeUed RXW aURXQd a UeVeUYRiU (RRRd eW aO. 2020). 

WaWeU fURP LaNe SiQcOaiU iV SXPSed bacN iQWR LaNe OcRQee daiO\. The ZaWeU iQWaNe Rf daPV aUe 

XVXaOO\ deeS WR SUeYeQW dURXghW fURP iQfOXeQciQg eQeUg\ RXWSXW. DXUiQg PRQWhV ZheQ 

VWUaWificaWiRQ iV SUeVeQW, cROd, h\SR[ic ZaWeU iV WaNeQ fURP deeSeU SaUWV Rf Whe UeVeUYRiU aQd 

bURXghW WR Whe VXUface, iPSacWiQg WheUPaO aQd ORZ R[\geQ VeQViWiYe VSecieV dRZQVWUeaP Rf Whe 

daP. The fORZ Rf a UiYeU VORZV XSRQ Whe aSSURach Rf Whe UeVeUYRiU aQd ZiWh iW, VXVSeQded 

VediPeQWV becRPe XQVXVSeQded dXe WR UedXced fORZ. DRZQVWUeaP Rf a daP, Whe UiYeU iV VWaUYed 

fRU QXWUieQWV WhaW RQce ZeUe caUUied iQ b\ Za\ Rf Whe VXVSeQded VediPeQW. OQe Rf Whe QXWUieQWV 

WUaSSed iQ UeVeUYRiUV iV SiOicRQ, Whe OiPiWiQg QXWUieQW Rf diaWRPV WhaW XVe iW WR cRQVWUXcW WheiU gOaVV 

ceOO ZaOOV. ThiV OeadV WR a decUeaVe iQ SiOicRQ dRZQVWUeaP Rf Whe daP, UedXciQg diaWRP 

SRSXOaWiRQV iQ faYRU Rf RWheU aOgaO gURXSV VXch aV c\aQRbacWeUia aQd ChORURSh\Wa. PhRVShRUXV iV 

aQRWheU QXWUieQW WUaSSed ZiWh Whe VediPeQW aQd biRaYaiOabOe ShRVShRUXV iV UeOeaVed iQ aQR[ic 

ZaWeUV aQd dXUiQg deVWUaWificaWiRQ. PhRVShRUXV iV a OiPiWiQg QXWUieQW fRU aOO aOgaO gURXSV aQd caQ 
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caXVe UaSid gURZWh (WiQWRQ eW aO. 2019). The eQWUaSPeQW Rf SiOicRQ aQd PhRVShRUXV ZiWhiQ Whe 

UeVeUYRiU Pa\ be Whe caXVe Rf dRPiQaWiRQ b\ diaWRPV iQ LaNe SiQcOaiU¶V aOgaO cRPPXQiW\. 

ThiV VWXd\ cRQceQWUaWed RQ VhaOORZ YV deeS ViWeV ZiWhiQ Whe VaPe aTXaWic habiWaW XVed fRU 

h\dUReOecWUiciW\, bXW iQ fXWXUe UeVeaUch WXUbidiW\ ZiOO be iQcRUSRUaWed agaiQ. DXUiQg PRVW 

VaPSOiQg daWeV, Whe ZaWeU ZaV RSaTXe ZiWh VXVSeQded cOa\ Zhich Pa\ haYe bORcNed VXQOighW aQd 

cRQWUibXWed WR Whe ORZ aOgaO deQViWieV. AOgaeGXaUd PeaVXUePeQWV ZeUe iPSRVVibOe XQWiO JXQe aQd 

ZaWeU cROXPQ VaPSOiQg WaNeQ fURP VhaOORZ ViWeV had WR be PRdified WR cRPSRViWe iQ Ma\, 

agaiQ dXe WR ORZ aOgaO cRQceQWUaWiRQ. ThiV VWXd\ iV cRPSaUaWiYeO\ VPaOO bRWh VSaWiaOO\ aQd 

WePSRUaOO\ dXe WR Whe WiPe cRQVWUaiQWV Rf a PaVWeU¶V degUee, bXW iW iV aQ iPSRUWaQW RQe WR beWWeU 

XQdeUVWaQd Whe diffeUeQceV beWZeeQ VaPSOiQg ViWeV deSWh iQ WeUPV Rf Sh\VicaO, biRORgicaO, aQd 

chePicaO chaUacWeUiVWicV.  

 
VI. CRQFOXVLRQV 

 ThiV UeVeaUch iV SaUW Rf a QeZ WUeQd Rf SURacWiYe, UaWheU WhaQ UeacWiYe, SUiPaU\ SURdXceU 

PRQiWRUiQg iQ aTXaWic habiWaWV . C\aQRbacWeUia aQd diaWRPV dRPiQaWed WhiV ORWic aOgaO cRPPXQiW\ 

ZiWhRXW UeachiQg abXQdaQceV defiQed aV bORRPV. HigheU aOgaO biRPaVV RccXUUed iQ high OighW, 

QeaUVhRUe eQYiURQPeQWV. IQSXWV Rf VediPeQWV aQd QXWUieQWV fURP ZideVSUead OaQd deYeORSPeQW 

aQd iQVXfficieQW VeZage WUeaWPeQW aQd diVSRVaO SUacWiceV iQiWiaWed aQWhURSRgeQic eXWURShicaWiRQ 

Rf Whe OaNe aV iW haV beeQ UeSRUWed iQ RWheU ORZ QXWUieQW OaNeV (e.g., GROdPaQ aQd De APe]aga 

(1975). AOgaO cRPPXQiW\ biRPaVV Rf cRPSRViWe VaPSOeV ZaV QRW cRUUeOaWed ZiWh Whe OeYeO Rf 

deYeORSPeQW aURXQd each ViWe. SiWe ORcaWiRQ did iQfOXeQce Whe aOgaO biRPaVV Rf diaWRPV aQd 

c\aQRbacWeUia aPRQg eSiOiWhic aOgae. ESiOiWhic aOgae aUe VWaWiRQaU\ (XQOeVV gUa]ed RU VcUaSed) 

ZheUeaV SOaQNWRQic aOgae caQ diVSeUVe acURVV a ZaWeU bRd\. ThiV VXggeVWV WhaW PXOWi-ViWe 

cRPSRViWe PRQiWRUiQg Pa\ be XVefXO ZheQ SOaQQiQg WR PRQiWRU Whe VWaWe Rf aOgae. 
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VII. TDEOHV 

TDEOH 1. SXPPaU\ Rf daWa SeU ViWe fRU aOO VaPSOiQg WiPeV. GPS cRRUdiQaWeV aQd diVVROYed R[\geQ 
(Pg/L, DO), SH, ZaWeU WePSeUaWXUe (�C), aQd cRQdXcWiYiW\ (ȝS/cP, CRQd.), aQd aYeUage 
�VWaQdaUd deYiaWiRQ. 
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TDEOH 2. PeaUVRQ CRUUeOaWiRQ MaWUi[ Rf cRUUeOaWiRQ Rf ZaWeU SaUaPeWeUV aQd biRORgicaO daWa 
dXUiQg 2019 aQd 2020 (cRUUeOaWiRQV WhaW aUe VigQificaQW aW Whe 95% OeYeO aUe VhRZQ iQ bROd) WRWaO 
chORURSh\OO-a (�g/L, ChO-a ), ChORURSh\Wa chO-a cRQWUibXWiRQ WR WRWaO (�g/L, gUeeQ aOgae, GU.), 
BaciOOaUiRSh\ceae chO-a cRQWUibXWiRQ WR WRWaO (�g/L, diaWRPV, diaW.), C\aQRSh\Wa chO-a 
cRQWUibXWiRQ WR WRWaO (�g/L, C\.), CU\SWRSh\Wa chO-a cRQWUibXWiRQ WR WRWaO (�g/L, CSW), \eOORZ 
VXbVWaQceV, diVVROYed R[\geQ (Pg/L, DO), SH, ZaWeU WePSeUaWXUe (�C, WT), cRQdXcWiYiW\ (�S/-
cP, Cd.), VSecieV UichQeVV (SR), VSecieV eYeQQeVV (SE), aQd ShaQQRQ¶V iQde[ (SI). 
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VIII. FLJXUHV 

  

 

A 

B 

Figure 1: MaS Rf VaPSOiQg ViWeV. A. OYeUhead YieZ Rf LaNe SiQcOaiU. 
B. CORVe XS Rf VaPSOiQg ViWeV. ShaOORZ ViWeV aUe cRORU cRded Ued ZhiOe 
deeS ViWeV aUe cRORU cRded ZhiWe. (GOOGLE EARTH AcceVVed JXO\ 
28, 2021; BiQg AcceVVed NRYePbeU 24, 2019). 
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Figure 2: DiVVROYed R[\geQ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd 
deYiaWiRQ fURP NRYePbeU 2019 WR JXQe 2020. 
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Figure 3: DiVVROYed R[\geQ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd 
deYiaWiRQ fURP JXO\ 2020 WR OcWRbeU 2020.  
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Figure 4: WaWeU WePSeUaWXUe aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd 
deYiaWiRQ fURP NRYePbeU 2019 WR JXQe 2020. 
 



59 
 

 
 

10

15

20

25

30

35

40

6LWH
1 -6

6LWH
2 -6

6LWH
3 -6

6LWH
4 -6

6LWH
5 -D

6LWH
6 -D

6LWH
7 -D

6LWH
8 -D

:
DW

HU
 WH

P
SH

UD
WX

UH
 (�

C
)

JXO\ 2020

10

15

20

25

30

35

40

6LWH
1 -6

6LWH
2 -6

6LWH
3 -6

6LWH
4 -6

6LWH
5 -D

6LWH
6 -D

6LWH
7 -D

6LWH
8 -D

:
DW

HU
 WH

P
SH

UD
WX

UH
 (�

C
)

AXJXVW 2020

10

15

20

25

30

35

40

6LWH 1 -6 6LWH 2 -6 6LWH 3 -6 6LWH 4 -6

:
DW

HU
 WH

P
SH

UD
WX

UH
 (�

C
)

6HSWHPEHU 2020

10

15

20

25

30

35

40

6LWH 1 -6 6LWH 2 -6 6LWH 3 -6 6LWH 4 -6

:
DW

HU
 WH

P
SH

UD
WX

UH
 (�

C
)

OFWREHU 2020

A B 

D C 

Figure 5: WaWeU WePSeUaWXUe aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd 
deYiaWiRQ fURP JXO\ 2020 WR OcWRbeU 2020. 
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Figure 6: CRQdXcWiYiW\ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ 
fURP NRYePbeU 2019 WR JXQe 2020. 
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Figure 5: WaWeU WePSeUaWXUe aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd 
deYiaWiRQ fURP JXO\ 2020 WR OcWRbeU 2020. ShaOORZ ViWeV aQd deeS ViWeV aUe 
dePaUNed ZiWh (-S) aQd (-D) UeVSecWiYeO\. 
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Figure 7: CRQdXcWiYiW\ aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ 
fURP JXO\ 2020 WR OcWRbeU 2020. 
 



62 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

0
1
2
3
4
5
6
7
8
9

10

6LWH 1 -6 6LWH 2 -6 6LWH 3 -6 6LWH 4 -6

JDQXDU\ 2020

0
1
2
3
4
5
6
7
8
9

10

6LWH 1 -6 6LWH 2 -6 6LWH 3 -6 6LWH 4 -6

NRYHPEHU 2019 B A 

0
1
2
3
4
5
6
7
8
9

10

6LWH 1 -6 6LWH 2 -6 6LWH 3 -6 6LWH 4 -6

FHEUXDU\ 2020

0

2

4

6

8

10

6LWH 1 -6 6LWH 2 -6 6LWH 3 -6 6LWH 4 -6

ASULO 2020D C 

0
1
2
3
4
5
6
7
8
9

10

6LWH
1 -6

6LWH
2 -6

6LWH
3 -6

6LWH
4 -6

6LWH
5 -D

6LWH
6 -D

6LWH
7 -D

6LWH
8 -D

MD\ 2020

0
1
2
3
4
5
6
7
8
9

10

6LWH
1 -6

6LWH
2 -6

6LWH
3 -6

6LWH
4 -6

6LWH
5 -D

6LWH
6 -D

6LWH
7 -D

6LWH
8 -D

JXQH 2020F E 

Figure 8: SH aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP 
NRYePbeU 2019 WR JXQe 2020. 
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Figure 9: SH aYeUageV SeU ViWe aQd PRQWh ZiWh VWaQdaUd deYiaWiRQ fURP JXO\ 
2020 WR OcWRbeU 2020. 
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Figure 10: AYeUage WRWaO chORURSh\OO-a ZiWh VWaQdaUd deYiaWiRQ b\ PRQWh aQd ViWe fRU 5 
PRQWhV fURP JXQe 2020 WR OcWRbeU 2020. 
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Figure 11: AYeUage UeOaWiYe biRPaVV Rf gUeeQ aOgae, diaWRPV, aQd c\aQRbacWeUia ZiWh VWaQdaUd 
deYiaWiRQ iQ chORURSh\OO-a ȝg/L SeU ViWe aQd SeU PRQWh aQd ViWe fURP ASUiO 2020 WR AXgXVW 
2020. The OegeQd beORZ gUaSh A, aSSOieV WR aOO iQdiYidXaO baU gUaShV abRYe. 
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Figure 12: AYeUage UeOaWiYe biRPaVV Rf gUeeQ aOgae, diaWRPV, aQd c\aQRbacWeUia ZiWh 
VWaQdaUd deYiaWiRQ iQ ChORURSh\OO-a ȝg/L SeU ViWe aQd SeU PRQWh aQd ViWe Rf SeSWePbeU 
2020 aQd OcWRbeU 2020. The OegeQd beORZ gUaSh A, aSSOieV WR bRWh iQdiYidXaO baU 
gUaShV abRYe. 
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Figure 13: AYeUage biRPaVV Rf aOgae gURXSV ZiWh VWaQdaUd 
deYiaWiRQ b\ ViWe aQd PRQWh fURP ASUiO 2020 WR JXQe 2020. The 
OegeQd beORZ gUaSh A, aSSOieV WR aOO iQdiYidXaO baU gUaShV abRYe. 
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Figure 14: AYeUage biRPaVV Rf aOgae gURXSV ZiWh VWaQdaUd deYiaWiRQ 
b\ ViWe aQd PRQWh fURP JXO\ 2020 WR SeSWePbeU 2020. The OegeQd 
beORZ gUaSh A, aSSOieV WR aOO iQdiYidXaO baU gUaShV abRYe. 
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Figure 15: AYeUage biRPaVV Rf aOgae gURXSV ZiWh VWaQdaUd 
deYiaWiRQ b\ ViWe aQd PRQWh fRU OcWRbeU 2020. 
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Figure 16: BR[SORWV deVcUibiQg cRPPXQiW\ iQdiceV WhURXghRXW Whe \eaU. BR[eV aUe 
1-8 iQ RUdeU Rf VaPSOiQg ViWe. 1-4 aUe VhaOORZ ViWeV aQd 5-8 aUe deeS ViWeV. 
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Figure 17: TRWaO chORURSh\OO-a aQd aOgaO gURXS biRPaVV aORQg ZiWh \eOORZ VXbVWaQceV 
WhURXghRXW Whe \eaU. BR[eV aUe 1-8 iQ RUdeU Rf VaPSOiQg ViWe: 1-4 aUe VhaOORZ ViWeV aQd 5-8 
aUe deeS ViWeV. LegeQd iQ gUaSh A aSSOieV WR aOO abRYe.  
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Figure 18: BR[SORWV deVcUibiQg Whe VSUead Rf Sh\VicaO aQd chePicaO daWa WhURXghRXW 
Whe \eaU. BR[eV aUe 1-8 iQ RUdeU Rf VaPSOiQg ViWe: 1-4 aUe VhaOORZ ViWeV aQd 5-8 aUe 
deeS ViWeV. LegeQd iQ gUaSh A aSSOieV WR aOO abRYe. 
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Figure 19: HiVWRUicaO chORURSh\OO-a (ȝg/L) daWa fRU LaNe SiQcOaiU accRUdiQg WR SUeYiRXV VWXdieV 
dRQe iQ Whe MaQR\ORY Oab. GUaSh A WUacNV VhaOORZ ViWeV aQd gUaSh B WUacNV deeS ViWeV. 
ChORURSh\OO-a UecRPPeQdaWiRQV fRU VhaOORZ ViWeV aUe 21-23 ȝg/L. ChORURSh\OO-a 
UecRPPeQdaWiRQV fRU deeS ViWeV aUe 10-12 ȝg/L. 
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Figure 20: HiVWRUicaO chORURSh\OO-a (ȝg/L) daWa fRU LaNe SiQcOaiU accRUdiQg WR SUeYiRXV 
VWXdieV dRQe iQ Whe MaQR\ORY Oab aV bR[SORWV. GUaSh A WUacNV VhaOORZ ViWeV aQd gUaSh B 
WUacNV deeS ViWeV. ChORURSh\OO-a UecRPPeQdaWiRQV fRU VhaOORZ ViWeV aUe 21-23 ȝg/L. 
ChORURSh\OO-a UecRPPeQdaWiRQV fRU deeS ViWeV aUe 10-12 ȝg/L. 
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Figure 21: HiVWRUicaO chORURSh\OO-a (ȝg/L) daWa fRU LaNe SiQcOaiU accRUdiQg WR SUeYiRXV 
VWXdieV dRQe iQ Whe MaQR\ORY Oab. ShaOORZ aQd deeS ViWe bR[ SORWV aUe SOaced RQ Whe 
VaPe VcaOe fRU gUeaWeU cOaUiW\. Red iQdicaWeV deeS ViWeV aQd bOXe iQdicaWeV VhaOORZ ViWeV. 
ChORURSh\OO-a UecRPPeQdaWiRQV fRU VhaOORZ ViWeV aUe 21-23 ȝg/L. ChORURSh\OO-a 
UecRPPeQdaWiRQV fRU deeS ViWeV aUe 10-12 ȝg/L. 
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Figure 22: DiffeUeQce beWZeeQ VhaOORZ (S) aQd deeS (D) ViWeV Rf 
WRWaO chORURSh\OO-a (�g/L) cRQceQWUaWiRQV. 
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Figure 23: ReOaWiRQVhiS beWZeeQ diVVROYed R[\geQ aQd chORURSh\OO-
a. GUaSh A iV Rf VhaOORZ ViWeV aQd gUaSh B iV Rf deeS ViWeV. 
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Figure 24: ReOaWiRQVhiS beWZeeQ diVVROYed R[\geQ da\ Rf Whe \eaU. 
GUaSh A iV Rf VhaOORZ ViWeV aQd gUaSh B iV Rf deeS ViWeV. 
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I;. PODWHV 
 

 

Plate 1: TR[igeQic cRccRid c\aQRbacWeUia A. AShaQRcaSVa VS. 1; B. AShaQRcaSVa VS. 2; C. 
AShaQRcaSVa VS. 3; D, J. AShaQRcaSVa eOachiVWa YaU. cRQfeUWa (WeVW) G.S. WeVW; E. AShaQRcaSVa 
VS. 4; F. AShaQRcaSVa VS. 5; G. MicURc\VWiV aeUXgiQRVa (K�W]iQg) K�W]iQg; H. MicURc\VWiV VS. 2; 
I. AShaQRcaSVa VS. 6. ScaOe baU iQ I Rf 10 �P aSSOied WR aOO iPageV. 
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Plate 2: FiOaPeQWRXV c\aQRbacWeUia ± A-C & F-I aUe WR[igeQic A. POaQNWRWhUi[ 
VS. 1; B. POaQNWRWhUi[ VS. 2; C. AQabaeQa VS 1; D. LeSWRO\Qgb\a VS.1; E. 
OVciOOaWRUia VS. 1; F. POaQNWRWhUi[ VS. 3; G. POaQNWRWhUi[ VS. 4; H. AQabaeQa VS. 
2; I. OVciOOaWRUia VS. 2. ScaOe baU iQ I Rf 10 �P aSSOied WR aOO iPageV. 
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Plate 3: DiaWRPV, BaciOOaUiRSh\Wa ± A, E-F, H, & J c\PbeOORid diaWRPV 
(iQdicaWRUV Rf ORZ QXWUieQWV) A. C\PbeOOa aVSeUa (EhUeQbeUg) COeYe; B. 
S\QedUa VS. 1; C. AchQaQWhidiXP PiQXWiVViPXP (K�W]iQg) C]aUQecNi 
PXOWiSOe ceOOV iQ YaOYe YieZ; D. C\PbeOOa VS. 1; E. C\PbeOOa VS. 2; F. 
EQc\RQePa PiQXWXP (HiOVe) D.G. MaQQ; G. NaYicXOa; H. EQc\RQePa VS. 
1; I. S\QedUa VS. 2; J. EQc\RQePa VS. 2. ScaOe baU Rf iQ J 10 �P aSSOied WR 
aOO iPageV. 
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Plate 4: DiaWRPV, BaciOOaUiRSh\Wa ± A-B, G, CeQWUic diaWRPV, C-F AUaShid 
diaWRPV. A. AXOacRVeiUa VS. 1; B. AXOacRVeiUa VS. 2; C, F. FUagiOaUia VS. 1; D. 
SWaXURViUa VS.; E. FUagiOaUia VS. 2; G. AXOacRVeiUa SXViOOa (MeiVWeU) A.TXji & 
A.HRXNi. ScaOe baU iQ D Rf 10 �P aSSOied WR aOO iPageV. 
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Plate 5: OWheU aOgae: ChORURSh\Wa (A-H, J-L, & S-T), DiQRfOageOOaWa (I, O, & Q), EXgOeQRSh\Wa (H 
& R), aQd S\QXURSh\ceae (M). A. EXaVWUXP VS.; B. CRVPaUiXP VS.; C. DicW\RVShaeUiXP 
ehUeQbeUgiaQXP NlgeOi; D. SceQedeVPXV ecRUQiV (EhUeQbeUg) ChRdaW; E. SceQedeVPXV VS. 1; F. 
ChORURSh\Wa VSS.1; G. GOeRc\VWiV VS. 1; H. TUacheORPRQaV VS. 1; I. PeUidiQiXP VS. 1 ; J. 
DeVPRdeVPXV TXadUicaXda (TXUSiQ) BUpbiVVRQ ; K. GROeQNiQia VS. ; L. DeVPRdeVPXV VS. 1 ; M. 
MaOORPRQaV VS. ; N. ChORURSh\Wa VSS.1; O. PaUYRdiQiXP iQcRQVSicXXP (LePPeUPaQQ) CaUW\; P. 
TeWUasdURQ VS. ; Q. PeUidiQiXP VS. 2 ; R. TUacheORPRQaV VS. 2; S. DeVPRdeVPXV VS. 2 ;T. 
ChORURSh\Wa VSS.2. ScaOe baU iQ P Rf 10 �P aSSOied WR aOO iPageV. 
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