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Abstract: The study focused on the influence of calcium and magnesium ions (Ca>" and Mg®") in karst areas on adsorption behavior
between algal organic matter (AOM) of Chlorella sp. and Pseudanabaena sp. and extracellular polymeric substances (EPS) extracted
from bacterial cultures were conducted. The adsorption experiments, the fitting of kinetic and isotherm adsorption models, and the
analysis of spectroscopic techniques revealed the influence of divalent cations on the biosorption between EPS and AOM. The results
showed that in the presence of divalent ions (Ca’'=89.38mg/L, Mg*'=17.59mg/L), the biosorption efficiencies of the EPS were
improved by bridging the negatively charged functional groups (which was consistent with adsorption under quasi—secondary
kinetics). Among them, the adsorption efficiency of Chlorella AOM increased from 31.57% to 59.99% due to its richer functional
group structure, which was significantly higher than that of Pseudanabaena AOM (from 59.59% to 62.77%). 3D-EEM analysis
showed that aromatic protein (AP) and soluble microbial product (SMP) fractions dominated the adsorption system, and Ca®>" and
Mg?" altered the stability of fluorescent components during biosorption process. In combination with a specific UV wavelength
SUVA,s,4, the adsorption induced an increase in the content of aromatic compounds. The characteristic peak shifts detected by FTIR
in the bands of 3300~3600cm ' (O-H/N-H groups) and 1600~1650cm ™' (C=0 groups) revealed that divalent ions combined with
related functional groups to form coordinate bonds and caused bridging effects. This study demonstrated that the divalent cations
enhanced the adsorption strength of AOM and EPS through charge neutralization and bridging effects.
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Table 1 Kinetic fitting parameters for the after—adsorption system with or without Ca>" and Mg*"
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Fig.2 The adsorption kinetics and adsorption isotherms of AOM of two species with or without Ca®>" and Mg*
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Table 2 The Freundlich and Langmuir isotherm parameters for the after-adsorption system with or without Ca®>" and Mg?*

IiH Freundlich Langmuir
1/n K¢ R On(mg/10°cells) KL R
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TE: O W3 KB 25 i (mg/10°cells); 1/m 9 W PR3 5 Ko MK 43 1y Langmuir Rl Freundlich J7 T2 746 3 30

2.4 SUVA

XL SUVA,sq ZHUE R AG(E] 3(a)):AE P
HIL,/NEKEE AOM 1) SUVALs {E 4 1.95L/(mg m), =4
W B, /s BR OB A R I A0 2 3 1 0 2
2.60L/(mg'm) (P <0.05),Ca>" /Mg /- N bt J5 % i
Tt 3 B K AH 2.63L/(mgm). i O £ I 35 14 2 (1
SUVA 54 18, IR B AT I 0.72L/(mg-m) 5 2 $2 T 310
Bt J5 % 1.67L/(mgm) (P <0.05),Ca”>" /Mg> /i N5 3|
1.71L/(mg-m). %} U B §i i, o) L H A A ik R 4
WP 5 SUVA,sy fik 35 1 IN(P<0.05), 2 WIWL 38 n 17
T C=C Al C=0 X S HFIEN AW & &, FEBOF &
TR EE 5 .

55 SUVAusq fHIFAFHIBLAE Ca*' /Mg BNE
SUVAggo~ SUVAgs AT L TH. L SUVALge il
(B 3(b)), /I BR 3 W B 4K &R TG Ca®' Mg 1)
1.08L/(mg-m) hnF 1.11L/(mg-m), Dy f IR 5 B A
0.58L/(mg-m)# %] 0.72L/(mg-m), W] &5 7 nf
CAEHEIR P EPS Hh 2R (1 53 OB TH 4 50t L s
A E H,NEREAR R I SUVA 32 v T 0k £ 5 5
PR UE I /N EREE R A WL I 2 B B O AR
Bt it 2 LB Sy B SR 2 S 5 S AT AT 4
2505 2% WA [R) S A A LA 0 4 P R 2
J7 AFAEZE 5.

s

(a)SUVA W5 i il v&lﬁi‘: Ca¥/Mg?* mﬁa Ca**/Mg**

H
m

SUVA[L/(mg'm)]
-

S

20

®)SUVA,_

SUVA [L/(mg'm)]

(©)SUVA 5

SUVA[L/(mg'm)]
5

n

@
ﬁ% Na
\ﬁ- w‘ 99*

ﬁﬁ" ‘#"

B3 AR AT IS ) SUVAssys SUVAg Fl SUVAgs 4L
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Fig.4 Changes in fluorescence composition of the system before and after adsorption
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Table 3 Changes in protein content before and after adsorption of the samples

i pH=7 pH=38
ODsos(nm) 1 A B (pg/mL) ODso5(nm) A7 14 5 B (ug/mL)
EPS 0.059:£0.006 6.361+0.232 0.062+0.004 6.852:0.696
/NEREE AOM 0.076+0.008 9.148+0.232 0.081+0.004 9.967+0.649
Phta i AOM 0.064+0.010 7.180+0.116 0.068+0.003 7.836+0.464
ANERERI P 0.143+0.062 20.131£0.927 0.154+0.002 21.934+0.325
Lo )i R B 0.126+0.073 17.344+1.159 0.139£0.004 19.475+0.696
INEREE B Ca® Mgt 0.165+0.001 23.738+0.070 0.1760.001 25.541+0.232
Pl ti FEEER N 5 Ca' /Mg 0.133+0.064 18.492+0.927 0.14240.003 19.967+0.464
T4 HEREMEIEZEESENTL
Table 4 Changes in polysaccharide content before and after adsorption of the samples
5iH pH=7 pH=8
ODgo(nm) LA B (ug/mL) ODg0(nm) 2B B (ug/mL)
EPS 0.012+0.003 0.931+0.488 0.018+0.001 1.966+0.244
/NERTEE AOM 0.018:£0.004 1.966+0.731 0.025+0.001 3.172+0.098
Phta s AOM 0.009:£0.002 0.414+0.293 0.017+0.000 1.793+0.024
BRI B 0.026+0.003 3.345+0.488 0.033+0.004 4.552+0.731
Ly e JEE R B 0.019+0.002 2.138+0.366 0.0240.006 3.000+£0.975
ISR Ca® Mg 0.0340.001 4.724+0.244 0.041+0.008 5.931+1.463
Pt SRR 5 Ca” Mg 0.031+0.005 4.207+0.805 0.039+0.011 5.586+1.951
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