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Mineralization and adsorption mechanism of carbonate mineralizing bacteria on heavy metals in soil filtratein karst area.
YANG Qian', LI Xiao-yil, CAO Jun-yil, PAN Yun-fengl, HE Cheng-zhongz, TU Chun-lin?, WU Long-hua3, LIANG Xin-ran'",
ZHAN Fang-dong'* (1.Key Laboratory for Improving Quality and Productivity of Arable Land of Yunnan Province, College of
Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2.China Geological Survey Kunming General
Survey of Natural Resources Center, Kunming 650111, China; 3.Institute of Soil Science, Chinese Academy of Sciences, Nanjing
211135, China). China Environmental Science, 2026,46(1): 29~40

Abstract: A carbonate-mineralizing bacterial strain C7-1was isolated from karst soil and identified as Serratia marcescens. Through
single factor test combined with characterization technology, the cadmium (Cd) removal efficiency and underlyingmechanism of S.
marcescens were analyzed, along with its ability toremove Cd, lead (Pb), zinc (Zn), and copper (Cu) from soil. The results indicated
that the urea concentration was the main factor controlling Cd?* removal. The maximum Cd?" removal rate reached 74%, which was
primarily via extracellular precipitation (42%) followed by surface adsorption (27%). Cd?*" may bind to CO;> to form CdCO; based
on scanning electron microscope-energy dispersive spectroscopy (SEM-EDS), fourier transform infrared spectroscopy (FTIR) and
X-ray diffraction (XRD). The removal efficiencies of strain C7-1for Cd2", Pb", Zn?" and Cu?" achieved 22.9%~65.9% in soil filtrates.
The heavy metal ions were found to form amorphous mineral precipitates through co-precipitation and were adsorbed onthe bacterial
surfaces via functional groups, including hydroxyl, carboxyl, carbonate, phosphoric acid, and sulfuric acid groups.

Key words: carbonate mineralized strain; karst area soil; heavy metals; biomineralization
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Table 1 Basic physicochemical properties of tested soil

N N o o .
R B pH 18 HWUM(g/ke)  A%(gkg)  Digkg) Af(gke) BAFE(mg/ke) (mglke) HA M (mg/kg) A Cd(mg/kg)
ik 4.56 8.52 0.44 2.77 22.52 14.65 1.17 45.88 19.53
Y 5.63 19.67 0.48 1.68 29.34 16.36 4.25 78.68 10.50
A - 38 5.84 28.28 1.59 1.65 21.04 110.44 7.48 110.79 3.32

S T L SRIEOR B = M R PR )
J& H1(26°30'52.567"N,103°35'7.278 "E)J i . ¥4 %

TR P g T i e R X 1 3
N6 i 8l Dk, G S ) A P A 1 o 45 2R
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DL 1 HRBRH AP R iR AR . 1 B 2, A
i S 4iK(pH H4 6.9)4% 1:1(% & Lb) 1) Lu il i
12h J5, 338t 0.22pm JE £ 3PN 1 58 g v

Cd*", Pb*". Zn® I Cu® e B 38 i A SR Wl 4y
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Table 2 Physicochemical properties and anion/cation contents of soil filtrate

+HEEW Pb(mg/l)  Zn”'(mgL) Cd”(mg/ll) Cu’’(mg/l) Ca’’(mg/L) Mg™(mg/L) ClI(mg/L) SO, (mg/L) pH{H EC(mS/cm)

it 11.47 13.96 2.10 6.04 235 0.53 12.08 7.38 457 2.31
HY 10.86 9.15 1.46 3.62 4.57 1.26 8.13 2.80 5.06 1.74
A 4 7.87 3.98 0.10 1.74 6.22 1.46 9.21 20.50 5.76 1.63

1.2 Cd ZFRE L RIS IR0 R 2 B ()0

T 20 0 B BRI 2% (AR LE,0Dg00=0.4, B 2 T
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0
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0.1x7
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Fig.1 Phylogenetic tree of strain C7-1
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Fig.3 Effectsof environmental factors on Cdremoval efficiency of strain C7-1

%3 RiE Cd EREMH THE A IREEE R ~HIE R
Table 3 Bacterial growth, urease activity and alkali

production under optimal Cd removal conditions

IiH LD EES
Wk Cd #JE (mg/L) 1
5 & (h) 48
WHBIN (%) 4
At JRFW S (g/L) 30
HEE(C) 30
pH 1H 7
Cd KBRFE (%) 74.43+£1.21
71 ODgo 2.78+0.10
JOR AR 14 (U/mL) 1401.71476.86
A pH 18 1.61£0.03

IS LR R S A BB CT-1 1 Cd £Brix
BTN 3 AR LR IR R, bk C7-1 1)
Cd £Br# 74%,0Dg00 A 2.78, KIS 124 14010/
mL,pH (VIR A= T 1.61.

2.3 JREEM FRAEDT IR

2.3.1 RNFEJRFEREE FAHE SO Cd D AmRRE
WFERE 1E 30g/L JRERE N ANTTIEN Cd™ B3
T HARAL L (P<0.05), 4 42%.20 Fl 30g/L JRZHE I
AR G Cd 2 AR B (P>0.05), R E K
&4 30g/L IRRF Cd™ e, 75 31 27%. M 2R
Cd*" b, HA% AbFR ) 2 52 AN 2 25 (P>0.05). JR F Ik
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Fig.4 Effects of urea concentration on Cdremoval rates in different cellular compartments(A) and urea consumption(B)
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Fig.5 SEM and EDS images before(A) and after Cd treatment(B—D)
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12 i 1] 1 R E 06 (532em ) 7E Cd ki8S (&

6A) O kR W], R AR S cdT R T
HAEH.

XRD 73 #7285 F ORI, B bk C7-1 2 1 A2 B 1) 32 22
FE) R ZE AT I AT S5 kR UE PDF R4S
Eb R B, T BARAE B U2 CACO; fiT 5 16 (PDF kiR
F 5 98-000-0341)(& 6B).
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Fig.6 FTIR spectra (A) and XRD patterns (B) of bacterial cells before and after Cd exposure
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Fig.7 Heavy metal removal efficiency of strain C7-1
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