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Effect of Hydroxyapatite on Adsorption of Chromium (VI) by Escherichia coli
LI Yan-lin, = SUN Zhi-qiang, = MA Jun, YUAN Yi-xing
(School of Environment , Harbin Institute of Technology, Harbin 150090, China)

Abstract: The capture and adsorption characteristics of hexavalent chromium by Escherichia coli
(E. coli) in the presence of hydroxyapatite (HA) were investigated in an actual water body. The adsorption
of Cr(VI) by E. coli complied with pseudo-first-order kinetics, and the optimum pH was 6. Under this
condition, the saturated adsorption capacity of E. coli for Cr( VI) was 30.71 mg/g. The nanoscale HA
releases and biological effects were affected by concentration. When HA exposure concentration was 5 mg/
L, positively charged HA attached to the bacterial surface and promoted the contact between E. coli and
Cr('VI), and the saturated adsorption capacity of E. coli for Cr('VI) reached the maximum of 55.98 mg/g.
When the exposure concentration of HA was 10-50 mg/L, excessive HA attached to the surface of bacteria
and changed the permeability of cell membrane, so the adsorption capacity decreased slightly, but it was
still higher than the adsorption capacity of Cr(VI) by E. coli alone. When the exposure concentration of HA
was higher than 100 mg/L, the agglomerated HA also had adsorption ability on Cr('VI), which enhanced
the removal efficiency of Cr( VI) in the system. In general, the synergistic effect of HA and E. coli can
improve the adsorption efficiency of Cr(VI).
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1.1 SRIEHR

KIGFF (E. coli) U 5255 % PR AF W BE , 15 1%
PRIEFPLE LB 55 35 5w, 37 °C 120 /min 5514 F IR
V5% 6 b, W) F ] 28 A0 43 5 006 B 1 I 20 TR ik
B BORE B0 J5 V3 VR TR, T AR R OD (BN 41 fifg
TR AE R, e hl b 2. Behlk S 500 mg/L
F14) L8 TR P A A TR o
1.2 BEEBRANGE

Uy 5 22 o 305 B9 B NHLHLPO, il
CaCl,, DA N, N-—"H 5 Bt frie (DMF) i 551, Rk
R THERpHEZE 2 AL =SB 2 h G
AN 229, 76180 CC F W 2 he LUEr=W, &
B2l K 2T i A e & P, 80 CCF A &, B
1R BN R I A
1.3 E. coli 3 Cr(VI)HI WK Bf SLIE

BUSE & T REME. coli 7 f#T PBS Z i,
B AN [R) e BE Y Cr (VD WO I A B TE i
P 6 h, /i B J5 B IS W . SR ICP-OES £ I
THRCT S S, R B AT X HRSEES . BRE. coli 45
I AT FE P 1 LB 55352 3 K R B 4lizk Ab , W B
S0 I FH /K 4T SRR T A AE VTR S B, HLAAROK
JoT s MUEE R 17.9 NTU, (454 30 £, UV, 24 0. 160
em™, BLIEHLEK (TIC) A 7. 98 mg/L, TOC A 15. 25 mg/
L,COD,, A 15. 54 mg/L, 4 J& 5 + Ca Mg Al .Fe .Cr
B o BE 43 51 4 18.536.3. 617.0. 028, 1. 865.0. 002
mg/L,
2 #R5%w
2.1 HAWIRIE

FH LG T AR Ge 5 70 Bk AR S 36 i A 75 U
BT HA Y B A% B R B8 4 T e I s R A S
HERE G BT BRI HA L W 1(a) L (b) Jir
o HAEME” A AR N 30 wm 224, T4k £
TR BL W KA R S AR B TR L T AR . Y
KIGHFF 58 T/NRSE B HA S5, K AT B R 8 4
e 1 W2 B 25T 25 2 B0 A ) N R N B RS, A T
2900 ~ 2 750 em™ 14 55 FE W& FT 1 600 em™ BT 1Y 55
P SE P=0 M 4r iR 306 , B IR MR 1 AN X FRdiR 2 0
£7F 1190 ~ 976 F1 660 ~ 520 cm ‘4t 3 600~3 000
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Fig.1 Morphology characterization of HA
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Fig.2 Influence of HA exposure time on adsorption of
Cr(VI) by E. coli
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B N L E. coli n] LAFE PR 22 5% Cr(VI) , 60 min [N
ST ZH ) g, 5 3k B 46. 64 mg/g, T X HR 4 H
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Fig.3 Influence of pH on adsorption of Cr (VI) by E. coli
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2.3 E. coli®n Cr(VD)FI& R EEHI 220

E. coli 1 hf e BEXT W B Cr( VI B 52 M 4 5] 4
No ATLLE X B4R S 56 20 5% Cr (VL) 8 10 Bt
YIBEE E. coli MIAR MR EE Y FH i M3 . M E. coli
S BN 10° CFU/L I, %F Cr( VL) B W8 FfFE 451, %o 1R
HFNSLHAH g 705 H A 9. 00 F1 14. 01 mg/g. X J&H
K E. coli ¥ B REARRT , B57 J5T 8 I B 7] B 1A L mp
FH AR 35 P A 2 A0 AN, BEL 1k 1 X6 Ce (VD) B 32E — 251
B SANARZRTE. coli Wk BEAR, B E Cr(VI) Y
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Fig.4 Effect of initial concentration of E. coli on
adsorption of Cr(VI)
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Fig.5 Effect of initial concentration of Cr(Vl) on
adsorption of Cr(VI) by E. coli
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0.014 98 F10. 015 20 min™'. HAKZEIE K HA ZR R
JEE N, AR RO 2 B B — A RO G, X S 2 T
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BV REHA 28 P 32 HA MR BE 520

F1 FAEHARZIRETE coliWRM&HMZI NESE (R
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Tab.1 Kinetic parameters of adsorption of Cr(VI)
by E. coli under different HA exposure

concentration (pseudo-first-order)

HA 2 /(mg- L)
i E|
5 10 20 50 100
q/(mg-g™) 69.17 71.18 | 77.06 | 43.75 | 41.83
k,/min™" 0.014 64 (0.014 98|0.015 20{0.008 96|0.004 98
R 0.96 0.96 0.92 0.87 0.86

2.5 E. coli 3} Cr(VI)HI MR Bt & iR AR 5Y

X E. coli W [t Cr ( VI) 52 #2 #£ 47 Langmuir 1
Freundlich WY [ 45 TR AR BU4EL A % 30, S 56 20 Fi ) AR
2T Cr( VD) B W B 34 B8 77 5 Langmuir M B RS ( I,
F2), SEG A O B 1Y g, 3 ) 31. 80 F1159. 67
mg/g, FEITLIAE . VLB E. coli W B Cxr(VI) J& F4=
i 7 E. coli B AT i i A5 5 X5 B AL 2 1
wREMAKP R Ce(VDIBES o S350 A ERAE
PIAHAE Y HA AT B T4 i W B AR

F2 E coli3tsgRIER WM & INE S
Tab.2 Isotherm constants of adsorption of Cr(VI)

by E. coli
Freundlich " fff #5744 Langmuir W ff 55754
mH Ing,=InK,+(1/n)XInC, | C./q=1/(K, -q,)+C/q,,
K, n R’ K, |q/(mg-g"| R
E. coli 10.71 | 0.55 | 0.945 | 0.39 31.80 0.988
E. coli +HA | 18.31 | 0.66 | 0.911 [0.32| 59.67 0.998

2.6 HAXKBEHFEFEMENZID

TEIRE F 25 °C E. coli FE N 1 g/L Cr(VI) ¥
R 50 mg/L ;B[] 287 90 min 254 K, %548 HA
WEEXT E. coli Wt Cr( VD) B2 0 , 25 5 4n & 6 iR o
AL LAE L Y HA W 0. 01~0. 1 mg/L I}, B HA
WL YEIN L E. coli KRS 1Y) ¢ B LA BT . K
HA ZEUR Z i v B /N, AR JR LUSE IR E. - coli W [T
Cr (VD) iy &k A% 5 i ok & 19 HA (500 mg/L) BH % T
E. coli 5458 T B3 fh , A B9 AH B A1 5 o BHLAS T
E. coli 5HMNA 32 fil, X P BB 4 i A E. coli 8 AT
YA AN RE AT IE B ARG, 3 E. coliBET

.\

0.1 1 10
HA M/ (mg-1L7")
E6 HAREEXSE. colilk i Cr(VI)EI 2200
Fig.6 Influence of HA concentration on adsorption of
Cr(VI) by E. coli
B = A HA 2 85 e B9 23 (43 12 5,50 #1500
mg/L) W B 0 2 v R A TR 7, SR 20 (12 000
v/min) , L 35 W CF B Cr( VI VR . 258381,
16 HA B 55 5,50 F11 500 mg/L 5144 F , K&
7 AL BET B coli X% B WL B 5 43 51 A 55. 98,
45.04.60. 77 mglg, 2 i 75 4k 35 W B 5t 20 ) ok
5.33.38.94.55.62 mg/g. W UL, HA Z 55 N
5 mg/L B}, M X E. coli W Cr( VL) B 5% M 5z B
T 24 HA (1Y 58 88 W 228 500 me/L I B & 728 1k
BE/IN X RN B P S R AR, B B coli W B Y
Cr( VD)2 PR 20 L i e A8 1T 3 R 2R & rpr  (H
B HA W2 B CoC VAU D8 53 % A R B o
ME 6 H SEM BE & B, 24 HA @5 Wk EE7E S
mg/L LT B, 20 50 4, 240 BRSO 0 5 Y HA B 2Rk
J& R 50 mg/L B, 4130 2% O 00T 5 17 24 HA IR
ik 2 500 mg/L B, 41 & Az S, AN i A1 2150
HA R EBEWSE R E. coli WML K vk s, 1
M T E. coli X Cr( VD) B W B AL RE o /b it 2 R
f HA 7T DA R4 B X Cr( VI BB, 42 i 2 bRk
R Y pHE>2 0, E. coli 20 i 53 1 52 7 f e i
HBEFE pH I (3G N Zeta Ho A7 48 XH{E I K (WLIE 7)) ,
E. coli FURLAIHE R T ™8 o R O A T — ey
TR, T HA FEAR R 48 pH B S Bl N 2 IE M, =3
AHEL W 51, 8 Bl [ AR A R Ry 200K, AT LALE 48 1 A
Cr( VD) YA % il 38 hn L 9> 1 43 88K vhoAS B
2 55 4 TR Al 9 JC RS LB . (EKIR AR R
i HA B, HA RUAT LR AR AN 5 Cr( VD) #2 i, 18
A RE S A 240 A, ATTRRAIR 1 E. coli X Cr( VI (1)
W B AACRE . G K TBORE 1) 2 M AL B — i 5 240 L A

100 1 000
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A HA QIR EH 7RI E. coli 20 LRSS, X 44
FLAS) 1 3L 7, b R S5 4 A 2% 0 ik, 2 B B
AR IR A o F SRR AR T Y HA B A X AR
W ETE 5 mg/L LT A 35 T 4058 % 55 4 8 A0 W B 2
Bio (HERBETG K, aniEse e TR Kl RS REKR
B HA, PRI FH 99 K % HA 388 58 K B #T 18 X6 7K
Cr( VD) i KBRS 2™ 4 W4 HA MR .

Zeta {7/ mV

B7 E colifyZeta BBz
Fig.7 Change of Zeta potential of E. coli

3 i

HA B9 22 B2 Wk BEXT E. coli WL Cr( VD) A 5210,
E. coli X Cr( VD) BIWZBEAF 5 i — 2 8 ) 27 05 e, 1)
FIWE B 5 A 30. 71 mg/g. 4 HA ¥ B2 AL AR X E.
coli W BfF Cr( VD) A7 B B0 BEAE T, HA BB 2 O
5 mg/L IS HC AL R RS fi 5, AT K 21 55. 98 mg/g, iX
Je PR Ol — 7 BB HA UKL AT LA BE B, coli 401 -5
Cr( VD) B9 RCH% fiph, [R] Ik 22 Cr (VI Xof 48 14 75 1
YRR, 2 M 48 v W R 2R o HA R A7 A n] LUHS Bl 4
R 7 R S ) TR B B A5, DA T 2 v A4 ) 0 o Ak 3
Bl HA 2 85 e BE /38N, B, coli X Cr (VL) (4 & B
R T MR 5 HA Y40 A 45 & e L
FETICAY 2 T BH B 5~ A 1 240 B v 2 P P A1 T
BF R R o 24 HA A 2R B v BE T, i T HA X
Cr( VDA W BHAEHT, T A g, 3CA7 1T

SE WK
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