Original Article

Korean J Fish Aquat Sci 59(2),103-114,2026

KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

gh4=2] 59(2), 103-114, 2026

IMe] &= Hlw

ra 0>
e
2
]
2
02
1=
=
|>
44
=
%
>
2
L]
1
10
roy
2
re
an
o
0z
0l0
ik

Comparative Study on the Treatment Efficiency of Natural and Synthetic
Coagulants for Recirculating Aquaculture System (RAS) Effluent Treatment
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This study evaluated natural polymer coagulants and polyaluminum chloride (PAC) for the removal of suspended sol-
ids from recirculating aquaculture system (RAS) effluents. Synthetic wastewater (TSS~4,000 mg-L") was prepared
using sedimentation-tank solids. Chitosan, alginate, an alginate—Ca composite, starch, cationic starch, and PAC were
evaluated as coagulants. Jar tests were conducted at 150 rpm for 2 min, 40 rpm for 10 min followed by 30 min of set-
tling. The supernatant total suspended solids (TSS), turbidity, total dissolved solids (TDS), chemical oxygen demand
(COD), total nitrogen (TN), and total phosphorus (TP) levels were measured. The optimal dosing was determined
primarily by TSS reduction, with COD, TN, and TP used as secondary criteria. When the performance plateaued, the
minimum effective dose was selected. PAC achieved strong TSS and turbidity removal, but increased TDS, raising
concerns about residual aluminum and increased ionic strength. At similar doses, chitosan provided solids and turbid-
ity control comparable to that of PAC. It also consistently reduced COD and TP and lowered TDS, suggesting that it
is a biodegradable, low-toxicity coagulant with minimal residuals. The alginate-Ca composite improved over alginate
alone but had practical limitations owing to the added process complexity and cost. In contrast, starch-based coagu-
lants exhibited low efficiencies under these conditions. Overall, chitosan emerged as the most feasible eco-friendly
alternative to PAC for RAS effluent treatment.

Keywords: Recirculating aquaculture system, Effluent treatment, Coagulation-flocculation, Natural polymer coagu-
lants, Polyaluminum chloride
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FAg A Ste] T2 @ AEA S {3t tlEo, A AEEo] AAARCE I =4 A7 A&H 02 733w
H=o] FEEE &2 A AAZ R E e dY] ZAE 4 I QtH(Liu et al., 2024). = E3} A7) S Qe W4
M7= 8 Q10 & A A =41 ) TH( Akhtar et al., 2021). ©] T8 71EE AEH 08 kst gl o Hto|l= W A
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0] & =310 14 QFALA| AH(recirculating aquaculture system,
RAS)o] 4] 7]s & F44519Ith RASE o3t 34& AA 4
SHE ARG E TR 0 2 A0 2 F gt o F S
o AA ] Asin, o F e o HE o] WA FUS &
weto] LA AF§3} QP Ael Aol FH5sirhs AR E A
drh(van Rijn, 2013). o]+= t}efe] LG5 A AR W7
sho] 27 e 2 RE 71 WA fa] FA ot
2207 QYEES ALE YA Alo]- e o k=
HollAl Xghy FA71E=A & 7Hs /e HolEtH(Martins
etal., 2010).

IURASE 9 EH HiES 2|43kl TE o 1} S o A
V=R 5 o i Rt A E AdTh &
=24 ofat oA sk vlErE RS TRe Ee
7b AL, ookt 2719 B/ 19 ES 29kl QIth(Ebel-
ing et al., 2004). °]F-oll= 217 30 um o]s}2] w|A| YA} 9 =
To|uA YA= AT HIE R EA sk, ol 23t nlAl A=

ol

HHA QA A AZF ol HTH(Chen et al., 1993). A= 283} v
4= 2] 7} o] Fo| A 7] ¢kE A4S FH A LS AT
T A Wk opy ek A A" = A o A ol R &
E2 3 A A9 ofskE 2| patol| itk Aol
SHA| 2 A A o] $hth(Piedrahita, 2003). w}2}A] RAS Hj&<
O] mA| YARE M A o &2 A A fleliAl= 3 5789 A
fo] F4=2o]thZhang et al., 2014). SH-& A&} Z3}o} &
A} 7kl 285 Fol vl AR A E50E FGAA A
Aao P 7IeR 1P = AAY AA 2 SAllA =
A 2-8-=31 3/ch(Duan and Gregory, 2003). @A 4ty &%
of| A= BE-g-/d o] $-4=dfal vl - Fgo] W2 Eu| QR ulE
(polyaluminum chloride, PAC)¥} 722 &2 ul 54 g4 33
A7} F 2 AREE) AL QItH(Gao et al., 2005). L o] g &4
EAL SR Al A e 2 Sl o] 79| obrha] A
9] Ajzzof AgstAY AR FEIZ S5 2AE o] ofrfr]
o Eo 3k wekd fksh 4= QIok(Exley etal., 1991).
ol o SHAE Qg oprhu] 42 A G A FokE =
skl 9 5= AsHAI7]H(Wilson, 2011), A3} 0= 4]
£ 45 HALE A5t 5 A4 7|5 oFSE fEste] oA 4k
A& Z#E 4= 1t Gensemer and Playle, 1999).
AL S A O] 2HR =T AR A B A7 A
7)ol w2k, s o] stal Ae=Ado] ¥ HA SH
Alof] tht A-L7F ghdhs] Mg =]l QITk(Yin, 2010). t3E2Q1
AR 7| EAL D74 H R Fol glom, o] 5222 LA
FSHA] oA blA| YRS Bt o2 FHAA 9l
#1317 A 0]%-2 A ITHEl Bouaidi et al., 2022). o] ] w}a}
¢ -SAAl= A EA P FEE 4 e S A
A A A = g 7EE AL QI 1A T RAS v Eof 242
e 7S TR 53w 2xolA A SAAS

ol
I

Kl o ¢

ColA - A - g

A A2 Bgt} 22 2 27 ol ik s o) uy]
g Algolck. ofo] ¥ ¢z RAS ¥4 Helol &3 Hel
SHAS ARt 2 Folghe wHatugt sgict. o] S vt
GO RAS Hl240] 04 Hok A 9Ish Hel W A 3
WA 33 A5 FFH O v BAR T, obt 28
of3h4] GFA] A 28] B BHAlel vhE4 Hel| e
9l3t 7|2 422 vfatskag shct.

A A A2 o wE 1y
o $4 TT YAHRE WSkE BT Sla] Hepol
BEAL Q= 9] &5 o= AFS X3
ek Aol ARE v E = A E Yol 1A o]
(Anguilla japonica) RAS Z Az A A slct e =Y
e A7t AeEe A E WollA drE A2 417t 4
¥l 51 10-20 om AHoIA] SRRk Aaat Al ofo]
vpam WA Al R gkl o0, AR AR o4 F ke A
A& skt A= F A B 5 5 L% E(total
suspended solids, TSS)ol| £+ A] Y= AES 2 mm 7 &
& ol-gste] A|ARE & SRA oA = M HH el
& A2k Algs Rl A E Qs Aol AHE A7EA] ¥
% Hatstict.
&+ A2 =X 2 STA MY

A A 5.9 jar testS 95k} Y H =2
Akt 27] Y4 TSSE sl et 3
g3t H, 24 S uigo 2 Lejx|e}
250 mLg TSS 1 g (4,000 mg-L1)o] =%
pHE 7|2 94> 27191 pH 725 §-A8151c}
WA 918l T S HAIA PACE 22
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Weraol| A Hatsto] 12417k o] jof] ARE-
5 gl A uA S o] 88l FUS 2 0= A
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Fig. 1. Changes in supernatant TSS concentration as a function of polymer coagulant dose in jar tests. a, Chitosan, PAC, and alginate + Ca;
b, Alginate, starch, and cationic starch; TSS, Total suspended solids; PAC, Polyaluminum chloride. The dashed line indicates the TSS of the
control wastewater (control), and error bars represent mean+SD. Because the tested dose ranges differed among coagulants, the results are

presented in panels (a) and (b), and the x-axis ranges therefore differ between panels.

7](MSH-20A; DAIHAN Scientific Co. Ltd., Wonju, Korea)
£ ol&skeltt. 2t A2t SAAE FYE $ 150 ppm &2
23 ok F4r el 0% 102 59k 40 pmOR 9k 7
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W) SAS SESIITE W BR F ARE 308 B AR
A7 SR AHE DB BB BE 2AL 38w
o= st
43 9 Yz 24

$3A Helol] e nPBO 3 P4 W] Slof
M ER AF AAEA S ARE WA AHske] YErA

= TRkl deizs FolA A4 AriAl7|(Mas-
tersizer 3000; Malvern Panalytical Ltd., Malvern, UK)E ©]
&sto] S5k AR Al 7= Bt 4731 D[4,3]3}
2 gJate] 50%e SFsHe W73 DU(S0)E AEstel ALg
SR w2 WA B2 J wskE vt o] A
7 308 & NS AF et TSS, g (turbidity), & A4
(total nitrogen, TN), & ¢l(total phosphorus, TP), &}F2] AkA
2 7=F(chemical oxygen demand, COD), &-8-318Z(total
dissolved solids, TDS) #-4]-2 #335}%it}. TSS+= o A =-
A (APHA 2540 D) &835to] 743513t Bes &
£ €= A (DR900; Hach Co., Loveland, CO, USA)E o]-&-3}
o] &340 H(Method 8237; Hach Co.)2.2 &43}%ch TN
2 Ak J23f 24 331 (Method 10071; Hach Co.), TP
= A3t Baf 3 ofaF 2 RlAF 3HIR (Method 8190; Hach
Co.), COD+= F3-54H-EH(Method 8000; Hach Co.) 2.2
Aersgieh. TDS 5 S8 24 7)(COM-100; HM Digi-
tal Inc., Signal Hill, CA, USA)E AR&-5}o] Z435}%

SA 2

= Aghe] tigt BAEA-2 SPSS Statistics 26.0 (IBM
Corp., Armonk, NY, USA)S- o] 8319t} A514-2 Shapiro-
Wilk A%, 5 84H-2 Levene 74 0 & gR15}9c}. 54t
ZZ5] 79 Y %] EAHLA (One-way ANOVA ) Tukey's
HSD A& A8 om, SAto] 7Hgo] -] =|7] ¢
S 7% Welch ANOVA®} Games-Howell AFS7 A4S 2185}
Ak 79 =52 P<0.052 A7g3k3t.
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ZF 3RA ) Tt Folgo] whE e 4
£ Table S1, Table S2¢ A| A5}t =4 =0 ¥
SHA F5oll whet AdolsiA vebd o, 5

H
Fojey Z7}o] up2 f212el Zol7} Bl
YRt n=E X|E

&4 AR -SHA T7 9 Fogfo] 2 TSS i H3t
£ Fig. 19 AAISFATE TSS 5 = -8 A T2 ol el wh
2t 9] gt Zpol & UERITHP<0.05). S YAIE A 2aHA] o2
20 TSS %= 1,490.0+17.3 mg- L' & 714 =4 Lhe}
Witk 7| EAR A 2] tol A= TSS7F 34 3] 746ke] 80 mg-L!
o 4] 0.0+0.0 mg- L' & 714 225} A7t A1HE W9t PAC
A= Tl F7tof wet TSS7F Hvba o2 7hAas)
o] 200 mg-L 'O A] 32.2+ 1.9 mg- L''7HA] Wopich &714k-Z+
% B34 A 2] 7= 160 mg Lo A 261.1+£25.0 mg L& 7}
2 W2 gk Yedo] slid 2ollA] 23t &uprt 7Y £5
s oL, 1 9] ool A= 357.8-550.0 mg L' HHIE A
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Fig. 2. Changes in supernatant TUR concentration as a function of polymer coagulant dose in jar tests. a, Chitosan, PAC, and alginate + Ca;
b, Alginate, starch, and cationic starch; TUR, Turbidity; PAC, Polyaluminum chloride. The dashed line indicates the TUR of the control
wastewater (control), and error bars represent mean + SD. Because the tested dose ranges differed among coagulants, the results are pre-

sented in panels (a) and (b), and the x-axis ranges therefore differ between panels.

Ao R =2 3 JABHTE Fol 2 HE Auie £
ofgf Z7tol whek TSS7F Fx o & 7haste] 800 mg-L'of
A 268.9+84 mg- L' O & 7} o 710 el o) AR
ol A 22 7| EAF Y PACK T Wofth HEF 4714 A
231 747} 563.3-843.3 mg-L" 4 453.3-728.9 mg-L' 9|
2 Ve o S Aol B8l TSS A7 &7} Algha o] e,

&g AR SAA $5F 9 Foge] o g wsh=
Fig. 20| A A8}t vi&4= AlR9] Bt g2 S3A S7<t
Fojefol| whet §-olgtk 2to] & LR tH(P<0.05). -3 AAIE A
2|512] 9k-o- o2 19] BHE ZR 749.7+5.7 FAUR UreRgth.
SHAIE 23t Ajtola= ANtH o R djxtHTh W
B g Bou, AR e SA 7L} Folskl w
2t Zpol 5 Uetlitt. 7124t A2l Al s e gert 54
3] 7+45ke] 80 mg-L1o| 4] 4.0+ 1.0 FAUR 713 943} 2|7}
IS et PAC A2l GA| Folgf F7to| wet g
7} =818l A| FAste] 800 mg Lo A 8.0+3.6 FAUR e}
U 155 7oA =2 A7 aatE Bk d7lAk-ds B
S| A g e ANEAE © & 335.7-623.3 FAU H 9IS Uehd o
™, 160 mg-L'o]| 4] 335.7+3.1 FAUR 7P W 718 1ol 3
ol A A2 makr 7R SEElshol ). GFolAd AR A

= Folsk S7tol whet ghert JR A 08 sk AdS
0] 1,000 mg Lo A] 427.7+ 1.2 FAUS Uel o}, 7| EAF
I PACO] BlaljAl= 2 et 2 2ol Qlek. At A2+t
L 742.7-1,029.7 FAU H9|2 Ueht} e A7t 537} o<
AgtA o9l o, £5] 20 mg- L' A2 Fo A= 1,029.7+21.5
FAUR txHe) 93]8 52 kS Btk G4 A 4te
613.3-678.3 FAU ¥ 9|2 Yep} o2 S A4of vls A7 &
Wb A2 ghgkom, s Ao N e FEg =7 A7

Uik gt
2= 13Z XE

& AR SHAl 7 9 Folgl wE TDS ¥ah=
Fig. 30l A|Ask3th viE5= A=) TDS 32 534l 72
Foligo] whet F-23k 2ke] 5 UERITH(P<0.05). SHAIE A
2lakA] ok 29| TDS #5-2 230.7+ 1.52 Yefych &
TS 23t Aol S4A F5ell wet TDSO] 2t
& B ST ol AR HEA YEth 71EA AT
HubH o8 TDSE 7P aupA o g waglon, 5 mg-L'o
A 126.0+3.6, 40 mg-L oA 133.7+5.0, 80 mg-L'o|A]
129.7 +0.6. 0.8 LFefL AA| 7kl A e 2R e -2 5HA]
& $EE Btk PAC A2l s Aw e kol A= ti-9t
AR PES Bl o, FolgF S7to] whel TDS7F A 45
&o] 200 mg L' o] 4] 257.3+0.6,400 mg-L o 4] 302.7+ 1.5,
800 mg-L oA 3450+ 1.00% el 1% A2 L7k
A =& ke Boloh d1akz B8 A et 80 mg L
ol Al 202.7£2.9% 713 Wk 7HS LpERY 91}, 200 mg-L-lo|
A 31874318 §43] F7Fsto] Folgko] upet M Fol
A bt AR At Ak o8 ebet kA A
o] 400-800 mg-L'o|A 215.7-204.7+0.60F LERS
o], b Sl Bl W3t £ 22 gk AT A2
T2 5 mgLof|A] 203.0+ 1,708 7P8 ok, o] th i
217.0-231.0 ¥ 9= Ueh th 2710k FARSEA L Thar W2 o=
& FAIBIGAT oFol 24 M A el 94 210.0-235.0 H 9]
oA t2Tef FARE W flol A S HhEste ke e
Wk AAA o2 TDS At At 7| B4t A 71 S-516HA
UrEbst o m, PACS U742 B3 A= Al s Fo] A 23]
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Fig. 3. Changes in supernatant TDS concentration as a function of polymer coagulant dose in jar tests. a, Chitosan, PAC, and alginate + Ca;
b, Alginate, starch, and cationic starch; TDS, Total dissolved solids; PAC, Polyaluminum chloride. The dashed line indicates the TDS of the
control wastewater (control), and error bars represent mean + SD. Because the tested dose ranges differed among coagulants, the results are
presented in panels (a) and (b), and the x-axis ranges therefore differ between panels.
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Fig. 4. Changes in supernatant COD concentration as a function of polymer coagulant dose in jar tests. a, Chitosan, PAC, and alginate + Ca;
b, Alginate, starch, and cationic starch; COD, Chemical oxygen demand; PAC, Polyaluminum chloride. The dashed line indicates the COD
of the control wastewater (control), and error bars represent mean+SD. Because the tested dose ranges differed among coagulants, the results
are presented in panels (a) and (b), and the x-axis ranges therefore differ between panels.

2] TDS7} S7sk=
7= X|#
o% 1ol COD ¥3H= Fig. 49 A A|8}9lc}. CODE= 227
Fojgko] whet o3t Aol S LERITHP<0.05). 53
H]% A 2|sHA] 2 tj2412] CODE 823.3+153 mg'L'2
UEbstTh 71 B4 A 2]t A s COD7E 23] 3443t
o] 40 mg-L'oA 110.0+17.3 mg L& 7P 22 718 et
Wik o] % tha: Skl o, MukA o 7 9% A7t aaks

A%S BT,

A5k3Aek PAC A 2|7t 9A] FoigF F7to] whel COD7 5
517 7H48ke] 800 mg Lol 4] 23.3+5.8 mg-L' & el
HE A F 7P & A ankE Eelvh vhd gkt

r;;xﬂ A 2] 7= 20-120 mg-L 710l 4] 696.7-863.3 mg-L-

HI91= U AlA &-go] AlgH 0]l o, 160 mg-L ol A
= 463.3+£63.5 mg'L'2 7Faste] s L7toll A 7P =5l
A a7t EelE ok A& A2+t 676.7-990.0 mg-L-
PR LEh AN Rl A Fo] A4 shth dRIAE A
23 9A] 690.0-1,016.7 mg- L' WY& Ueh} COD Azt

O
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Fig. 5. Changes in supernatant TP concentration as a function of polymer coagulant dose in jar tests. a, Chitosan, PAC, and alginate + Ca;
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sented in panels (a) and (b), and the x-axis ranges therefore differ between panels.

A7} AgHH o] qiet. eFold AR A AT
856.7+£20.8-28.9 mg- L& )27} GARSAL ThA o
oI e, Tk Skl whet HRA o7 FFaste] 800
mg-L') 4] 503.3+15.3 mg-L'E VERHC]

36| TP 5= H3k= Fig. 5o AIAISHAE TP 52w &
A 5ot Fofwkol weh M 2 tE A A e et 3
AAE A 2)ehA] ¢S 2719 TP % == 80.67+2.52 mg L
2 UeRgdth PAC A gl FLol| A& TP7L 71 S35 14s)o]
280-800 mg-L"' 7ol 4] 5.87-6.97 mg' L' 202 GA|E
o 7V %t Al A AIE Bt 7| EAF A 2]tof A= TP
= ARbE 0 2 Al 3RS o] 40-160 mg L' 7ol A]
L 43.00-43.67 mg-L"! HY & UERE O PACE] B84 =
5 TP7F AA & w2 ol qleh YA 534
A el Folgo] uhe} §is 2ol 1o, 20-120 mg L' +
Zrol A= 45.50-61.67 mg- L' 1 91E X 2l ¥hH, 160 mg-L'o]|
A1 3533+£1.26 mg' L2 71 wrolA] sy 2ol At &
W7} 71 skt ol HE A elate Al EolA] o
Zeb FARSEA B 22 g1S WG O, Fojef STk whet
A2t zk4sko] 800 mg Lol A 33.13 +1.63 mg-L'E LW
c}. b AR 2 2]t 80.33-97.00 mg L {92 veht A
WA 0 & o 2t FARE S 54181, 20 mg- Lol A
L97.00+11.53 mgL'2 23|89 o 2 7k Btk 47l
Ab A2 9A] 74.67-82.33 mg L' RIS R e ROl 5
Zhofl mhE S5 s o] SRIEA| ke, TP A4 &
= AlgHA o gl

$5 9] TN &= Wsk= Fig. 60 AAsI3Ath TN =

SHAA FFet Folgol me AR o S UEhlen,
UH A2 7holl= fogt Zfo] 7} 2RI =] ITH(P<0.05). -84
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& et A% avkE Bk 71BAF APAte AR o s
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2 7P WolAl= S SRRt M A et 71.00-
88.00 mg-L" W 9] = Yeh th 279k fARE 32 F-AI5H
Onf, FofgF F7tol w2 513 A A I A Fokr
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A7k Fo] AR ehgkar, =T o] AlgHA] Q1 Fhant s
k. ol A& A2l s = 1711 800 mg Lol A]
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F| x| ghol] v]af A= o] 8] w2 40l ATt
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Fig. 6. Changes in supernatant TN concentration as a function of polymer coagulant dose in jar tests. a, Chitosan, PAC, and alginate + Ca;
b, Alginate, starch, and cationic starch; TN, Total nitrogen; PAC, Polyaluminum chloride The dashed line indicates the TN of the control
wastewater (control), and error bars represent mean+SD. Because the tested dose ranges differed among coagulants, the results are presented
in panels (a) and (b), and the x-axis ranges therefore differ between panels.
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Fig. 7. Volume-weighted mean particle diameter (mean+SD) of the effluent supernatant as a function of polymer coagulant dose. a, Chitosan,
PAC, and alginate + Ca; b, Alginate, starch, and cationic starch; PAC, Polyaluminum chloride. The dashed line (control) indicates the pre-
treatment particle size, and error bars represent mean+SD. Because the tested dose ranges differed among coagulants, the results are shown
separately in (a) and (b); therefore, the x-axis ranges differ between (a) and (b).
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Fig. 8. Median volume particle diameter (mean+SD) of the effluent supernatant as a function of polymer coagulant dose. a Chitosan, PAC,
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2, 7|EAL A 2] 2pg ol Al & A2 YETF A AAE U=
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Table S1. Values are presented as mean+standard deviation (n=3)

Polymer Dose (mg-L") TP (mg-L") COD (mg-L") TN (mg-L") TUR (FAU) TDS TSS (mg-L")
Control 0 80.67+2.52°  823.33+15.28"  89.33+5.13°  749.67+5.69"  230.67+1.53° 1,490.00+17.32°
80 25.40+0.44¢ 476.67+30.55° 118.33+3.51¢  298.33+2.31°  240.33+1.53° 128.89+20.372°
120 21.03+1.04¢  386.67+11.55¢ 103.00+1.73°  244.00+5.20¢  235.33+0.58° 104.4445.09°
PAC 200 11.40£0.40° 186.6745.77° 87.67+1.15° 98.00+15.62° 257.33+0.58% 32.22+1.922
280 6.97+0.45%  173.33+20.82°  35.67+1.442 31.33+5.51°  274.67+27.15> 294.44+140.09°
400 6.47+0.45° 86.675.77° 40.50+1.322 22.00+1.00®  302.67+1.53° 153.33+40.41%°
800 5.87+0.402 23.335.772 36.00+1.322 8.00+3.612  345.00+1.00¢ 96.67+83.732
5 54.33+3.51°  406.67+30.55°  60.17+1.89°  284.00+0.00°  126.00+3.612 128.89169.47°
10 49.67+0.58*® 270.00+26.46° 59.67+1.15° 141.674+2.08°  151.67+2.52° 88.89+9.62
Chitosan 20 69.00£7.55°  146.67+25.178  52.17+6.17®>  44.3315.51°  141.33+6.11° 23.33+3.33*
40 43.00£1.00°  110.00+17.322  45.50+2.29° 7.33+1.532  133.6745.03% 3.33+0.582
80 43.67+1.53®® 160.00+26.46°  49.17+5.35%® 4.00+£1.00°  129.67+0.58% 0.00+0.002
160 43.6745.86°° 283.33+23.09°  54.834#5.35®  28.00+1.00°  180.67+0.58¢ 21.11+5.09%
20 4550+6.73> 696.67+37.86 72.00+0.50 482.33+7.37°  219.67+1.15° 397.78+63.0°
40 55.83+3.06°  756.67+49.33%  76.8310.29 524.335.77¢  208.33+4.622 453.33+69.60
Alginate+Ca 80 57.00£1.80°  766.67+41.63 77.83£0.58° 548.67+7.77¢  202.67+2.89° 398.89+21.69°
120 61.67+1.53° 863.33415.28°  93.17+1.53¢  623.33+16.80° 297.33+0.58° 550.00+6.67°
160 35.33+1.26° 463.33+63.517  48.33%2.02¢2  335.67+3.06*°  245.00+0.00¢ 261.11+25.022
200 46.00+2.78°  640.00+20.00°  71.1741.04>  468.334+5.13°  318.67+3.06 357.78+21.43*

TP, Total phosphorus; COD, Chemical oxygen demand; TN, Total nitrogen; TUR, Turbidity; TDS, Total dissolved solids; TSS, Total sus-
pended solids; PAC, Polyaluminum chloride. Different lowercase letters within each coagulant indicate significant differences among dose
treatments, as determined by one-way ANOVA followed by Tukey’s HSD test (P<0.05).

Table S2. Values are presented as mean+standard deviation (n=3)

Polymer Dose (mg-L") TP (mgL') COD (mg-L" TN (mg-L") TUR (FAU) TDS TSS (mg-L")
Control 0 80.67+2.52° 823.33+15.28"  89.3315.13° 749.67+5.69 230.67+1.53°  1,490.00+17.32°
20 97.00+11.53° 990.00+40.00¢ 88.00+4.00° 1,029.67+21.46° 221.67+3.21° 843.34+31.80°
40 81.67+1.15% 726.67+75.72% 77.00+8.542  789.00+6.24°  225.00+0.00¢ 563.33+23.33°
Starch 100 89.67+6.03* 803.33+15.28 75.3318.96  849.67+6.43°  229.67+0.58° 695.56+148.79°
200 83.67+6.03* 750.00£10.00%c  77.00+13.75° 800.33%5.69°  227.67+1.15% 585.56+25.02°
400 80.33+2.892 703.3345.77° 72.33+4.73*  751.33+#3.51°  215.67+1.53* 577.7845.09°
800 81.67+0.58* 676.67+20.82° 71.0049.172  742.67+12.34° 204.67+0.58%  740.00+230.24°
5 75.33+5.03%  690.00+30.002 85.00+1.80*  624.33+5.512  203.00+1.73° 487.78+10.722
20 76.33+2.522  733.33+30.55%® 80.00+3.28>  677.67+2.52°  220.33+2.31° 466.67+112.60°
Alginate 40 74.67+2.522 866.67+107.86>  77.67+7.65® 659.00+2.65°  222.33+2.52° 488.89+6.94°
200 77.33+4.042 806.67+37.86%c  68.33+1.89°  613.33£2.08°  217.00+1.00° 453.33+50.00°
400 81.00+1.73% 873.33+11.55° 77.50+2.50®  653.67+10.69° 231.00+5.20° 568.89+36.72%
800 82.33+3.212  1,016.67+37.86¢  75.00+1.80®* 678.33+6.43°  231.00+2.65° 728.89+90.33°
50 91.00+7.55° 856.67+20.82¢  103.8311.04°  767.67+4.51°  216.33£2.08%® 557.78+27.76¢
100 84.33+1.53% 856.67+28.87¢  105.17+1.76°  731.00+6.00°  226.33+2.52> 517.78+42.21«
Cationic 200 50.434£0.23¢ 743.33+11.55° 95.17+1.04>  647.33x4.51¢  215.33+0.58* 465.56+21.69°
starch 400 45.0042.33 686.67+11.55° 93.00+0.00°  556.67+5.51°  230.00+1.00° 382.22+32.38°
800 33.13+1.632 503.33+15.287 77.00+1.322  369.67+0.58°  210.00+4.58° 268.89+8.39°
1,000 36.93+0.47% 563.33+32.15° 78.17+2.022  427.67+1.15°  235.00+10.58° 340.00+16.67%°

TP, Total phosphorus; COD, Chemical oxygen demand; TN, Total nitrogen; TUR, Turbidity; TDS, Total dissolved solids; TSS, Total sus-
pended solids. Different lowercase letters within each coagulant indicate significant differences among dose treatments, as determined by
one-way ANOVA followed by Tukey’s HSD test (P<0.05).



