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Effects of carbon and nitrogen source on the adsorption and reduction of
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Abstract: The aim of this study is to reveal the effects of the UO3" complexes and P. Fluorescens on adsorption
and reduction of uranium under the condition of different carbon and nitrogen sources of CZA (Czapek-Dox
medium). On the basis of the formulation of CZA, sugar was replaced by glucose and sodium nitrate was re-
placed by ammonium chloride, and then the Visual MINTEQ was used to analyze the UO3" complexes. The re-
sults show that different types of carbon and nitrogen sources have no effects on the growth of P. Fluorescens.
There exist different types of complexes of UO3" when uranium concentration is changed. UO3" mainly occurs
as UO,PO,” when uranium concentration is 10 mg/L, and as UO,(SO,)3 " when uranium concentration is 50 to

200 mg/L in CZA medium. U3 " exists as UO,HPO, (aq) when dextrose serves as carbon source, and as UO,Cl (aq)
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when ammonium chloride serves as nitrogen source. The tolerance concentration of uranium for fluorescent pseu-
domonas is higher than 100 mg/L in general, and loses its activity at 200 mg/L. Compared with live and inacti-
vation of P. Fluorescens, carbon and nitrogen sources have little effects on the adsorption and reduction of urani-
um. The adsorptions range from 84.02% to 92.59% and 3.32% to 10.94% , and the reduction rates range
from 3.32% to 10.94% for living P. Fluorescens. The adsorption rates are 24.33% ~39.05% and the reduc-
tion rates are 37.50% ~ 44.58% for inactivated P. Fluorescens. The reduction rate of uranium is 53. 12%
when glucose is used as carbon source. The results indicate that inactive bacteria and reductive glucose as carbon
source synergistically reduce uranium. However, no obviously synergistically effects exist for P. Fluorescens un-
der living conditions.
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Growth curves and plate counting of P. Fluorescent under different culture conditions
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Fig. 2 Growth curves of Pseudomonas Fluorescent in Cza-

pek’s culture medium with different concentrations of UC V[ )

F 1 FEKE UOVDB&IEFES pH E
Table 1 pH values of the culture medium under different

concentrations of UCV[)

W /mge ! 0 10 50 100 200
T [CHEIR5E 8.27  7.32  3.27 2.3 1.92
WA RS SEAE 8,29 7.28  3.02 2.29 1.91
SULEREIG IR 7.6 7.1 3.21 2.35 1.9

2.2 ARBKRABREFREP U0 SRS
EAFIAEE UCVID I & 15 77 5 pH AH W3R 1 P
TN TN, B A Bl R R BE OK, RS IR AR pH E A W
N UCVDW N 200 mg/L I, pH EHAKE 1.9 /&2
Hio UCVDIRFELE 0~ 10 mg/L I, &AL 5% B 77
FEMIUR pH AEAR T 7 B 1% 2% JE 7050 0 0 oo 5 5 9%
XSmRS N NH, ZHE N NHy 5 14
H' &7, HES i HY SR pH A 5.

IG5 0 2 B IR 3 R I AR B B A
NO; «HPO; + SO; -~ Cl . H b & & &\ 12
NO; » 1460 mg/L, H X A HPO;~ 560 mg/L,
SOF™ A Cl™ & & 8AK, 477 8 203 mg/L A 260
mg/L. HPO;  7EW WP INAFE LS 55 pH H
AR KK R Bk WP, HPO 2 B A
PO}~ FIH' . BRUIEHEET, PO~ 5% H
&S HPO ™ H 2 H,PO, «» UOs™ S5+ B
B4 G R ) 5 I B - 2 T P Al SR H g 0 G,
THEBE TN, &85 U3 %A RET
J PO~ >S0;” >HPO; >H,PO, >Cl . &IKS
AT 2 W A R 5% 7 i P A B 1 T 4% TR A B 45 IR
Wi 2 fiome UCVIDWEE R 10 mg/L B, pH 8
7.3, B R TR SRS EE N
UO,PO;, » H¥k A& UOHPO,(ag) Fl UO,(SO,03 » %
WA /D B B R AR AR DT E P A . UV
[ 50~ 100 mg/L i, pH {54 2.29 ~3.27, #lifik
BT ETEE LN UO,(SO03 « UCVDIWKEE
15200 mg/L I, SlBEE 745 & E A U0,
(S0,0% , H k2 UO,HPO, Caq)~ UO,SO, Cag)-
UO,H, PO, ~ UO,CL, Caq)s i & /> & ) UO,CL' -
UO,H;PO;* A1 UO,NO5 -

T 2 1 AE S A AL RS TR IS P (0 48 45 FE A A
PR 3 Fror. EAEREREFRE D S8
B, 1190 mg/L, e e & 71 2~5f%. U
VDR 10 mg/L W, 85 785 h Al ik 3 14 &
EAF LA UO,PO, 5 UO,HPO, aq), A > HEUT

* 2 ERERFEFERFEFREPAERE vOD %
PiHE R FREMS5RE
Table 2 Chemical species and concentrations of UO3* in

Czapek’s culture medium and glucose as carbon sources

UCVDWRE /mgeL™! 10 50 100 200
UO,PO; 85.904 — —

U0,(S003 6.636 99.84 99.732  83.893
U0,S0,(aq) — 0.059 0.178 3.324

UO,HPO,(aq) 7.438 0.099 0.075 —
UO,H;POF* — — — 0.165
UO,Cly(aq) — — — 3.301
UO,Cl* — — — 0.174
UO,NO; — — — 0.048
UO,HPO,(aq) — — — 7.622
UO,H,PO; — — — 1.471
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Table 3 Chemical species and concentrations of UO3* in

Czapek’s culture medium using nitrogen source of NH,Cl

UV /mgeL.™! 10 50 100 200
UO,PO; 87.435 — — —
UO,HPO,(aq) 12.564 — — —
UO,PO; — 0.072 — —
UO,ClL(ag) — 19.117  65.341  83.909
UO,Cl* — 0.218 0.781 1.121
UO,HPO,(aq) — 79.788  31.476 12.23
UO,H,PO; — 0.79 2.257 2.36
UO,H;PO3 " — — 0.094 0.265
U0,S0,(aq) — — 0.019 0.03
UO,NO; — — 0.025 0.079

" ROR R A IE .

V. HTEEFRIEP I NH, 456 7 K35 SO, i
/ST SOFT 5 HPO; WISE4 R . 4 UCVDIKREEIL
50 mg/ L I, LR A7 71 1B X 328 UO,HPO,
(aq)s FR A UO,CL Cag)e UCVD W E =T 2] 100
mg/L I, Bl & F T S S TSR IR
UO,CL(aq)+UO,HPO,(ag)~UO,H, PO, »
2.3 pH {EX R AR 2 AR X IR MY 5 3% R B 521
& AR HL TR BA T B RT IR B SR b pH (AR %
RN 3 FioR. bfidE pH {E IR BRI, 2887w 25 18 =4
(e A AR KRB (R A8 45, 2011 b)), %€ AR P Jfd 1T
(1) A= 3 P 2 T AL, WO PR 2 A R T B 3, (H
WA B UCVDKE R 10 mg/L B, 1
FRIEM) pH MH & T 5, Wl A D B gk (Yl -
A RE SRR AT A R AP S R D,

HREEE WA FRE R T R R
100 — — 10 100, e 10 00 10
- b - i C ;
. > iEiE |, B gt
- —-pH{E 80F —-plfE 18 80t 15 I
£ © e
5 60F 16 = 60} 6 < 60 {6
5 = g% =
Mot 4= fﬁw- 4™ 1?140. 143
20¢ 12 20¢ 2 20 12
0 > 0 0 0 - —lo
0 50 100 150 200 0 50 150 200 = S0 100 150 200
i BE/mgL! e B /mg-L! e B /mge L

3 pH 1H 5 W BRALE JFUR 1) 56 &

Fig. 3

AR B B A P G AR, I R R AR
B Bl B2 386 K, pH (EDEWT AR 2/ T 5, W G
DUBEF= 4, BHIE RS 1 LABE IR 4% & & 4 1, W i P i 15
(Rt TE 25 7 38 22, 38600 T 2 M A P B A Bt ) f
B, 3@ T A AR B . UCVIDIE 200 mg/
L I, pH AEAR T 2, S A 9 R0 , 41 Bl , I 25 1
TEW W 2 G B A RS HonT s v sy, S 4 )
{10 W B 23 T B, AL 0 A e 3 4 5
SiARTT b LA AR ) S T I 5 AN A B R AT Y
oS T UCVD IR R
2.4 RNIBRERRE X AR M FLE RIERM R
& A PR I AT AN () 35 77 i AR B 4 R %
Bl B A 4a BTk . AR ARG F7 35, R
PUX B W B R 4E UV 2 50 mg/ L I ik 3
K530 89.14% F1 88.68% - Bt UC VI ¥ 5 HY
Ko AN [R5 7 e 45 A1 2 AR 57 e R 0 el ) B

The influence of adsorption and reduction rates under different pH culture conditions

BRETNBFER . UCVDREMT 100 mg/L %
A L AT A 9 AR, SHLOGH B R B S (1 BRI — T
B UCVIDIRE RN, 153231 pH {E 2 #i K S
34079 e B H AT A0 R ARG, vk 2D T A AR AR
W B s o — 5 A2 R A BTE pH BRI K, 5
SIS AALEI I 7 R e g A Y. UV
WEEIE R 200 mg/ L I, 586 B B B 2K 3, )
PR B oy AR 1 2L R B QTR AR 455 2006, W B 28 KK
BREAS, G AR B 218 0.3 ~0.5 fie

AN T B 205 45 77 2 v 9 Sl M1 v 0o A 1 3 i
FOATUIE 4b FTs e Tl W03 PR 4 1 R x4l 11 3k
JFRR(3.23% ~ 10.94 % e /N T HEA S A T X8l
WA (37.50% ~53.12% ). SRR AP 40
RS0 %, A EL AV P %) A B T e RO D 1P 4
SR A TR R (VS 55, 20100, 46 6 T
W R A N ARl 45 B i R 38 OK T I I S A )
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Fig. 4 The influence of UCV]) concentrations on adsorption and reduction of UCV[) by Pseudomonas Fluorescent under the same

culture condition

FLAhIT o BRAN, R IS I 8 972 3 B o R 78 40 R AT
AR o 1 A SR I, 22 A 10 2 B
X 7Sl L AT — e (R IR TR A 5 R T R R
Srhahitna iR s I e WA . A IR SR A S Al
(I B2 2R 4458 % » i 26 W Ak s 3% 77 Rk JRL 0l
5312 % » 1 26 BB U5 5 AR A R TR0 A () 3 il
A FEAEH

(1) AR 338 LR, 58 ' Al 50 i v ] ) H 2
T 55 R o R T 2 B L A IR N 5 S AE A )
HARRKFZME /AN o DA g0 UCVID i 52 9 B2
T+ 100 mg/L, 24 UCVDIEF] 200 mg/L I, B AR
o

(2) UCVID M 10 mg/L i, 3 Flks 7% 5 v il 15 25
T EEKXELESE N UOPO, « UCVIDH 50~
200 mg/ L I, 5 [R5 77 KR4 200 o U5 5% 7 2 vh gl
T 25 7 () R B A TR AR 8 U0, (S0, )3« AL
RIERGFRIEEAE T, UCVDIRBEIL 50 mg/L A, Al
I FE RGBS UOHPO, Caq)s UCVID A 100
~200 mg/ L I, Sl 55 1 F 2R A UO,Ch(ag)-

(3) UCVI ¥R FE 1 35 I A 5% F= 5L 1) pH {8 12 ¥
BEATG , 300 17 5% m B 26 A0 M R G B8 1 I B TEAS
UCVD RN T 80% T 100 mg/L I, fAE490 0 i
A, BB RE R IE pH A IR BRI, %€ ' s 5 w1 et Bt
Bh R BRI R B ETHES UCVDRE R
200 mg/L I, pH A A 1.92, W 7K 2K 1% 40 Mo il 4, 1%

TR R FE I B A M N IE
gh, UCVIDIIE J5 R TR 51 i

(4) UCVIOH ”’J\?jj%@$ 100 mg/L, % 1
SR BRI A R SR AT 5 € M A1 B AR BT ) TR B
S A IR R, W B 23 5 v P IR 92.59 % 5 KT Al ()
MAFA RBAL. UCVDIREIE 200 mg/L 926
A8 BT TR R0 5 X P R 32 S Ay AR W B, R
PN BE, IR 24.33% o AR IEBIEAT L — e A4
W P () 0 R 4 i 5 5 ) o T, 1
KT 8518 S5 S A 25 A B RE S T R TR A el 40
H@ﬁi/ﬁ,iﬁ?%ﬁk“ﬂi%&}i"%ﬂﬁﬁ,%ﬁ%*f%\?%@
AT BLAT O DA Y Al DA 0 A e 5 T s
I Tl 1) 3 R B IR 53.12% o 3 D 2 HE
55 5 AP I BRGS  R) E BA PR RIE

J“MLE% L5 B 2 1
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