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1.1.1 R HE#

TEAAR B T (CICC 20699) . g [ v [ Tl
B B b GRS B 0 s AnGS, T Ll AR R
TR BT BR A H]

1.1.2 EEEKH

UVDARMER W (1 g/L) , & AL# (NaCD , &
A AL A (NaOHD L 3 S b & (H, 0,) , K & B
(C,H,OH) , N il (C;H,O), /K (NH; » H,O),
By Bk (Cy Hy O IR LB (Br-PADAP) 45
1.1.3 FENF

A BE T (721 B, LU ORE ) 5 3 L B
(SEM, Apreo 2 A, & [E FE B K) s A (L B X g4k
HEREAL (EDS, X-Max., 9 [ 4= 5t) ; 8 5L i 28 46 21 4p
JEHEAYL (FT-IR, Nicolet-iS10 %, 5% [E FE 2k € ; X &
6 T BB 1% (XPS, Escalab 250Xi A, 38 [H 7% B
K s MEIR IR 4 (IS RDD3 A, 6 FEDRE 3D |
1.2 BEFRERBESZROEE

Luria-Bertani(L.B) ¥ {4 1% 37 %& 14 Bic i) 5 =X . ¢
10 g AR FIR .5 g BRIV A 10 g NaCl AR
NAE K g A, T pH & 7. 0~7. 2, 5E 4 5
1 L. F 121 CF @ KE 20 min, K5 E 37
FEAETH AR PR EAAE 2 TEIRT &

AT 2 VR T 28 SR FH VR A 4 o 1« 7 T TR B A 2%
PER SO AR T A TR R R R B
LB W& R KG 5 5 b, PO B A B % B 00 HE R 8
F 30 CHEEZ A, L 150 r/min B E E RS
B FE 24 h, TR BB AT
1.3 FHRRBEMES AnGS HiE5R

FREC1 g2 H) AnGS, R 24 100 mL LB
WARSEFEEL A 250 mL HEJR M, B AR R 43
BR 5.0 26 (AT 240 (B BRI RV . AR S SE 9 B TR
DA A R B L T 30 CCIEIRIR G A% DA
150 r/min B3 BEPR % 55 5% 24 h. 14 PC-AnGS,
1.4 PC-AnGS £BREKFE U(V)iXLE

I B UGD R B E o 10 mg/L 1

100 mL AL 5l R 7K Fl— 8 & 1 255 57 7 1) PC-
AnGS A% 150 mL #YAE S, LA 150 r/min 1Y
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UCVD KR HERS UCVD B LBRE - HHEA
KF .

p=0"0 % 100% (D
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o N ¢ BRI UCVD s W, me /L.
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SERCHR R U5 T P O T
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2.1 #MEpH U(V)ERBEIE

76 PC-AnGS #hn# 1 g/L JE Mt ] 10 h, i
B 30 CAMTF 9tk pH X UCVD 52 152
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UWVDFEART pH FRIES M. 45 R K 2 pr
AR AT BRI pH TR UGV £BRRE
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PC-AnGS % i 19 (—COOH,—PO} ) % 1% &
Al A g B2 Ak 45 R TR B0 2 B0 A 1 A6
AL 5 R L PC-AnGS H ok 22 %3 6 14 1 5
Sk v TR R B0 4 o Bl 2 e A AR 3
) 200 i 1 £ O M e LA 3R A (EPS) 7= A, I
IS S o UCVD g e s ™). R 1
4,2 pH=7 i}, PC-AnGS Xf UVD) it 2= B 335
. — 2R TEZ pH 254 T, PC-AnGS &
Wik kLR AR AR L R S S UOsT
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A P B L B R AR K 2 1 EPS, N Bl Bk S 1

7

FaERMtE EE M aMa. YpHHR 7 HAZE9
L UWD EBRREEZETT. A%, X2l T UGDTE
% pH %& fF F F L (U0, (OH); A
U0, (OH); FFEFIEX A, BEi1& 5 il
19 PC-AnGS 7 A i H HE R AR FIW R R F IR
Zg L], PC-AnGS Xt U VD B 2 B 858 2 91
WER pH Z 5. M#MRE 245 PC-AnGS
XUV B R BRACR #0E UL pH="7 1§ B P14f
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Fig. 1 Effect of initial pH on U( V[ ) removal rate
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Fig.2 Distribution of U( V[ ) species in aqueous

solution at different pH values
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Fig.3 Effect of PC-AnGS dosage on U( V[ ) removal rate
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Fig. 4 Effect of temperature on U( V[ ) removal rate
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35 CHE M, FH i A] AR BE R B A AR
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2.4 AREMEERERI UV)EBBIFTEE
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Fig. 5 Comparison of U( V) removal rates

in different systems
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UCVD ¥ 4 B & W BF 10 mg/L.pH=7. 0, & &
35 °C .PC-AnGS 8t 2 g/ L S &0FF L 1) S0
R HIAIA 10 mg/L ) KT .Ca®™ \Mg*" (LI&
I X mAD K& SO (COR™ (LA ERIE A
PR IR A VAR 35 “CL150 r/min % F F 4R %
10 h 22 J5 BORE 0 7 15 W b R 4 UCVD) o i R 2
SRR ISEAE B T 1928 Aot A e X He . 3K
K4k Z N 6 FiR .,
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Fig. 6 Effect of coexisting ions on U(V[) removal by PC-AnGS

HII&l 6 7l 0. ot W O 10 mg/L A B L FH
BTSRRI U VD B 25 BRAOCR ]

5.0 -
4.5
4.0
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HiLL Ca™* A SOF W2 A X 5K, PHE IR &R
L, UCVD 25 B 5% e 32 2005 R T 5 4 W BRI A1 B
HAEBH B 7 58Pk 25 7 (CUOS ) 48 1F HL fi , 7E W Ff
bR SEAE B B O L AR R T A5 A LA
EHIF UND 5 RMEDIREE A M AR . I
TARZE AL L SOF b UCVD 22 BRALAE (30 1 48 i e
R X FEHR T SO 55 U0 JEREEE R
FIRPERC A Y (U0, SO, ) o M FEAR T T 25 4l 15 9
-5 W 551 2 T P B2 FARE SR [ Bof v R EEE 1 SOF A
S5 U0 5a 4R T8 Y MRS, i
COF RXF UCVD B3 7™ A= 5 0w 1) 32 22 i K2 L 76
pH=7.0 50T . B ik iR #h £ 2 L HCO, B
SAFAE I UGDFEZ pH R 1 R K AL I itk
MERE AL UO, (COy ), ' SRELS ™,

R B T vk B 10 mg/L, &
B IEMHS UCVD) 5 vk B AR 24 i 7 52 B
BT P2 K B R G s S A B Uk R RT g
TR e I B A T RE I B
2.6 PC-AnGS =B U(V)RIZh hZESH

TEIRJE 35 °C \PC-AnGS #hnt 2 g/L. ¥tk
pH=7.0 %M, HEHE fl i (B X UCVD) L Br =
B2, 1T 3 A gl g 2 B A X ik 50 B i AT 40
AL EERWE 7R 1R,

5.0 rp
45 o
4.0 °

35+
3.0
25
2.0

q/(mg+g™)

g/(mg*g™")

t0.5/h0.5

B 7 it E X PC-AnGS WMt U( VL) MR ME (a) , BE— BN HZERE (D),
HEZRHNEEE () MPFR AT SRR (d) B EHE
Fig. 7 Effect of contact time on U( V) adsorption by PC-AnGS(a) and fitting curves of pseudo-first-order kinetic model (b),

pseudo-second-order kinetic model (¢) and intraparticle diffusion model (d)
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Table 1 Kinetic fitting parameters of three kinetic models
E— 23 J) 2 B WE 98 1 2 A UKL A RS
e/ R/ o k2 ka/ kaz/
q 1 " qe/ / " d1 ) G R d ) C R
(mge+g ') h! (mgeg ') (gemg '«hD) (mgeg ' +h "% (mgeg ' «h %%
4.67 0.635 0.958 5.03 0.199 0. 985 1.02 1.736 0.944 0.004 4.699 0.031

i &7 Ca) W1 WD 4G B BE (0~ 10 h),
UCVD 2 [ 2 bl 42 fioh Bsf ] 42 < i R 42 7, B 1 h
F49. 5% TH = 10 h A9 94. 2% . £ B UVD £ W)
TR B REAS L B B PC-AnGS W% Fff , X 7] BE & Ik
Bt PC-AnGS R A K5 R w4l 09 3% P78,
EL Y VR R R 700 A T T A v ) U VD e B
JE AL RSN 1 BRI EG )W 10 b S A RER
T T A R A7 e R, L [P - A T A SR
BEL T3 33 T VR B 3k 238 0 ek 2 O 8 B By P

i 3 sl 1R X PC-AnGS W fff U VD
AR E L (B 7(b) ~d) KME&SHK
(F DA fE 93 ) 28R A 4005 4 ¢ R 8
(R*=0. 985) fa T — 2 A5 AU 1) 0L & HH ¢ R 4K
(R*=0.958) , 3% B Ak 27 W BfF Sy 82 Bt ok 2 1) 32 =
MU, HoE R E 8GR T UV 5 PC-AnGS %
THE RE T 75 6 UKL ] A 4 5 M A T AR L Sk
TR OB B A S5 R (B (D)), UV 2
W aek i S 0 M TR ) 9 Y B Bl ) A REAE L 5 1 B B
(0~10 h) Jy W[ 5 T PR 3 A% 5 By B, U (VDD

25
o
o0
g
< ' =308 K
K 4 -®-298K
< -A-288 K
0 1 1 1 1 1 1 1 ]
10 20 30 40 50 60 70 80 9
pJ(mg = L7
3.6
Z30f
o
on L
2 24
>
F 18}
1.2

In(p /(mg * L71))

& 8

o] 0.8

QU

/(g + L™

i R O B 4R T PC-AnGS E i 55 2
B (>10 ho 2y W Bt SF i B B . 1 B 4006 T 2 A AR
T T & UL O 8 TR, Bk 1 aT AL,
TR N RS RL B 5 1 B B 4L A il e ok 2 R
S UE S T B 3 R 3 3 56 4 el Ok 9 T O L i
S HH VY S O 9 4 B TR R s

2.7 PC-AnGS =B U(V )N ZEH

ERE pH=7.0,PC-AnGS # i f& 2 g/L.
FERRETE] 10 h 454, B EIRBEXT UCVD &R

GRL L ZE RN 8% 2 PR,

p & 8 Ca) AT Tl AE 15~ 35 “C Y [l W, B
WHh U CVD) - iy ot & v B2 T+ & . PC-AnGS X
U VD B 17 087 B 25 6 5 e 39 0 5 i T 1 Ml i 3
7] — - i 5 v R L U VD W B 25 e i S o 3L
T & BT @S X R mk B UCD ] 2t
KWK ) 7, 7 — & B b e ik PC-AnGS 5
VW R /Y A% 5T BEL . T A e R BE A B T e Ak
UCVD 5448 2 10 BE A 01k 22 4E T, — 3% 3515
R W o 5 e g T
2.4
2.0
1.6
1.2

S
0.4

0.0

- o A288K
1 1 1 1 ]
0 1 2 3 4
In(p /(mg * L™1)

WX U( VL)WM B9 R ME (a) , Langmuir (b) \Freundlich(c)#1 Temkin (d) %8 W% M2 & #h £

Fig.8 Adsorption isotherms of U( V[ ) at different temperatures (a) and fitting curves of Langmuir (b),

Freundlich (¢) and Temkin (d) Isothermal adsorption model
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Table 2 Fitting parameters of three isothermal adsorption models
Giens/ Langmuir Freundlich Temkin
T/K -
(mgeg D) o J(mgeg™) k/(Lemg™") R ke/(Leg ) 1/n R’ kr/(Leg b br R?
288 19. 50 23.44 0.158 0.925 1.31 0. 457 0.628 1.83 0. 47 0.775
298 20. 29 23.55 0.205 0. 944 1.23 0.425 0.599 2.56 0.50 0.734
308 21.73 22.60 0. 560 0.996 1. 08 0. 357 0. 836 6.50 0.58 0. 897

i Langmuir, Freundlich, Temkin &5 Ji& W% [}
R 1 400 A il 2 (B 8 (b) ~ (d)) K L& 2 8L
(& 2) AT H1 : Langmuir %5 i W B2 7Y (%) 481 & AH O
FH(R* =0. 925~0. 996) & % & T Freundlich
A5 i W B Y, L HC D A B Y e R I B A
(qn=21.73 mg/g) 5k 5 S ML W) & B2 5 e
B PC-AnGS XF UCVD) (W2 B A7 2 DLy 7 2 1
itk 3255 1 Ah, 1R B 288 K I, Freundlich %
Tk W BRFASE Y 1) R AR 5 » B 1/n<<1, R BZR
JETF W M 2 $E AT HARAE — 8 B Y AR A

C
C
=
i
0o
W
1 1 1 1
0 2 4 6 8 10
44 BE/keV

W B 5 A s Temkin 45 I e #5280 (19 400 &5 A OC R 4K
(R*=0.775~0.897) B fIlk F Langmuir % i W [t
FER, {5 T Freundlich &5 18 W [ A5 260, 158 B £E
W 3 2 b, PC-AnGS 5 U VD) 2 [ f W B 4 B
TSR ENALE LR X — i
WYz B ook B Al A A R ARAE .
2.8 PC-AnGS £ U( V)89 #LH R
2.8.1 SEM-EDS %4 #f

i1 SEM-EDS 43 #7 PC-AnGS % UCVD)
HI 5 BB ST R A2 4G, S5 R sl 9 i,

d

C
i
M (6]

U Ca
WA
1 1 1 1
0 2 4 6 8 10
A fe/keV

a— W B AT SEM s b— % B I - SEM s o— W B T . EDS s d— % Bt )5 . EDS

9 PC-AnGS W Bt U( V)87 ./5 8 SEM-EDS 43 #7 45 R
Fig. 9 SEM -EDS analysis of PC-AnGS before and after U( V[ ) adsorption

H1 Il 9 Ca) & 1, 3 1T ) M 174 S A R sl BRTR 4
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Effect and Mechanism of Pseudomonas cepacia and Anaerobic Granular Sludge Co-culture

in the Treatment of U( V[)-containing Wastewater
JIANG Qian, KONG Qiuyun,PENG Runyi, YAN Yao,ZENG Taotao

(Hunan Province Key Laboratory of Pollution Control and Resource Reuse Technology »
University of South China ,Hengyang 421001,China)

Abstract: For treatment of uranium-containing wastewater, a co-culture system comprising Pseudomonas
cepacia and anaerobic granular sludge (PC-AnGS) was constructed, and its performance and underlying
mechanisms for removing of U(V]) was systematically investigated. The results show that the removal rate of
U(VD) is as high as 94. 2% under the optimal conditions of initial pH=7. 0, PC-AnGS dosage of 2 g/L,
contact time of 10 h and temperature of 35 °C. The results of adsorption kinetics and isotherm analysis
indicate that the adsorption process conforms to the pseudo-second-order kinetics and Langmuir isothermal
adsorption model,and is dominated by monolayer chemical adsorption. The control test and SEM,FT-IR,
XPS and other characterization results confirm that the PC-AnGS system uses the synergistic effect of
the two components to adsorb and fix U(V]) mainly through the rich functional groups on the surface,
and then partial mineralization and reduction. The research results can provide certain technical
reference for the bioremediation of uranium-containing wastewater.

Key words : Pseudomonas ;anaerobic granular sludge;uranium;microbial adsorption; wastewater treatment



