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Immobilization of Photosynthetic Bacteria for Oily Wastewater Treatment
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Abstract; Photosynthetic bacteria Rhodobacter sphaeroides (PSBRS) was immobilized to treat oily wastewater. Three different embedding

materials were compared for the oil removal effect of the immobilized PSBRS. The process for removing oil was optimized and the degradation
of fatty acids in oily wastewater was also analyzed. The gel complex with 2% zeolite and 2% sodium alginate was selected after comparison for
co—immobilization, with a diameter of 4 mm of the immobilized granule and an embedding ratio of 1:2. After 6 days treatment with 10 g-L"

granules under aerobic conditions in the darkness, the oil, NH; =N, and POY in the wastewater were removed by 80.1%, 87.4% and 96.3%.

The amount of oil removed by immobilized PSBRS was 50% higher than that by the same bacteria without immobilization. Fatty acids were al—
so largely removed by immobilized PSBRS. This work is beneficial to the screening and immobilization of microorganisms for efficient treat—
ment of oily wastewater.
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1.1 323G &K

N TEC i K8 & i R 7K (g+ L) : D—glucose 4.0,
K,HPO, 0.015,KH,P0, 0.006,Na,HPO, - 12H,0 0.030,
NH,CI 0.117,MgSO, - 7H,0 0.056, CaCl, 0.010, peptone
0.150,KNO; 0.069, Z£/#7K 1000 mL,3 300 mg-L™ &
FHIEFNH (RIS ).
1.2 K EHRIEFSWE

D66 20T (PSBRS)FE A T WU & AR 55 32 M,
BIELEE R 30 C OGRS 4 000 Ix JREDE AT T
Bt ads, WERERK 5000 r-min™ 2.0 15 min,
2 LREW, HBREGE AR 45 iR 29 A
225 g- L, 4 IR H
1.3 EELTTE

ARSI T R AN [R) Fh S AR ISR H VRORT 2%
PRGN IR TR 5 1) L R P BEIRS R RNk 1 f
INo PEHRAR TR — 7 LU AR AR S 4
PR AW H 10 mL JCE TS A5 A 10 em = Abiig A
2%CaCl, BYFRFNTNRR A (SR ) b, S0 A B AR N
2~4 mm AEAT BRI, [ E AR BETE 2%CaCl, 14
FNRRAE Y A VKA Th RS2 € 24 b WOER /)N
BRI TC UK VeSS IR AFAE 0.85%HE FEER K

x 1 BERAIHNRESH
Table 1 Percentage of gels composition
B 45 P e RLKGREPVA) Wi
SR AU % 2 10 1.5

1.4 KHE

B 1000 mL &k K T 1500 mL = £ 5800
o SR K Sl 3 300 me- L [EE ARG A 2
FR AR K PEA TR, 30 CCERIE & F RV 6 d,
RIS 5% i A R IR AR LB, SL i P iRl
2575 PSBRS Fl[H & 4k PSBRS W AP b FE 7 15, HeAi A
[vi) s i A AL BRI AR SE AL L A8 A [ Ak
PSBRS &l /K AL FRACR 5200
1.5 Ak
1.5.1 I BRI Ty i

FHATIEEAC R 1 000 mL ZKAEHT 3, B 65 CHE
TEAE PR R H FRE

TR L BRR IR . LBRF=(mi—-m,)/mix100%

APemy MK PRI T, g5 my AIKAERY
BRI, g0
1.5.2 JK B E b P B s !

SR HANIC L LA, SR R H AR IR R et
BRI AR YST 550A FE s At 400 S A 4 o
1.5.3 [ AL 0RO 454 RAT

K F] PHILIPS XL—-30 ESEM %474 v 55 (faf 2% &
FITH ) LR [ AL R SR 2540 o 1 56 2.5% )% — 1
[ S VR ORE [ 1, B RS 32 8 e 5 ot
TORETEA T, SR 5 FH I S 5 T AR 25 T AR A0, 7
B WA R R A N TSR AR
1.5.4 JRIDIER 53 Hr Jy i

{045 : TRACE[ET] GC-MS “AH (3% - %k H X
(EHEIEER ),

IS IF: DB-17 B A% FE 30 mx0.25 mmx
0.25 pm, 2SN F4EE(99.999% ) , S A 1.2
mL-min™ , FERE FHEJE Jy 260 °C, G4 60 °C, 14
1 2 min, ) 30 °Comin™ FHEZE 145 °C, Lk 1.5 °C+min™
THEZ 250 °C, 154F 2 min,

i 25 R i b 2 v iy =k
TTE T, EL B RE RN 70 eV, 32 1R E Ry 250 C,
BFIRIRE A 220 °C, B4 Dy 42~500,

2 HR5iTie

2.1 BB R & i B 7K BRH R B 2
2.1.1 AR S K BRSO A5 R

N [ SRR AR 4 I 7 A ORE B BRI R 45 SR A& 1
6 d J& ,3 FAS [ AL LA R [ 7 1 PSBRS BRIMIACR
B3, WM PVA PRI A URL £ R R T
IS , BRIMACE A ik 65.3% . HHIE 2 A B 3R ES
5k AT R A R R R R AT, MR
(U T AN A AT 8 i ) S RO 2 1 I A
B AT HA SN I IREEH AL BA Y
FLoCEIE , LI BB T B A H AT e e 5 |
T3, T E AR AL R A R B, I HLh £ 8
TR RRF 2 A FL R S5 200 T RS 75 7 42 ik T ALY
R, PR s 1O AR5 T B SRR . A KL
A 2 60 LRI B B OUEE AR, TR i i 19 25 BR R L
PVA 159 G50 A R 2 e . dild 2 €D
BERREYS 5 W AL 1T A H P B R D R Y K
I ICH , B o8, U IR IR 85 5 Wi B oA
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REZE1, IS B 0E A JBORE N T, BRI i B ik A
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Figure 1 Effect of embedding materials on efficiency of removal oil

by immobilized PSBRS beads
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WHER 5 48 ELAH 52 28, S8k ) X MR s X b 45 4
AR T 20 R T O AR B . PV A E AUk
FFE B REAS , A R T S5 A Ak . (H7ESE50
ORI, ORI A K N 48 h JE L, PVA Fiok i B
HIRAERK, 72 h J5 , TP IRV 5 T PVA JORLS Bl R
SEIRAIIIG , 2D A7 LR B o315 R 1), SO Rk 75 4% o

WG T TR AR BREE 7 0FI H R 6%
AR A ML AE R W L o), A 7 — Al i A
W, B =R BRE FAE R H R A B A A iR AR ik
IR LBRFE LT, 24 DO A% 1.23 mg- L7 B, JHI{ETY
LB I8 70.4% . X TR K T ARG
ARG, SRR A Al R R DT s SR
IR ST, [ RE AR AR A A BT TR K
AR FE I RS P i 43, 24 DO it
—SDHERA I 2 BR F SO A BT R R R DGA 4
PR AR R R AT — o a AU B, SR i o, i
SRR ARG o DRI, S5V sl 1 42 ol v f
FUREETE 1.23 mg- L7 24

AR 121 122 125 540 3 L ) 5 i ks Ak B 5
MK, AN 6 d, ORI e il . BRI REE R

A TCTE AT UKL B. AT TR A7 0k 5 C. T IRTWIBNURE s D. A7 TR WK UL s E. JCTA PVA 90K F. A7 T8 PVA JitkE

A. zeolites with no microorganism ;B. zeolites with microorganism ;C. glutin with no microorganism ;D. glutin with microorganism;

E. PVA with no microorganism; F. PVA with microorganism
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Figure 2 Configuration on the surface of immobilized beads observed under SEM
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Figure 3 Effect of dissolved oxygen on efficiency of removal oil by

immobilized PSBRS beads
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Figure 4 Effect of embedding ratio on efficiency of removal oil by

immobilized PSBRS beads

2.2 EIEW BRI I E 3T & il & K R H SR A
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Figure 5 Effect of different beads amount on efficiency of removal oil
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Figure 6 Effect of different weight on removal NH;-N and POY

of immobilized beads
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3% 2 PR AR (CieH0,) 9,12, 15—V JBRFR
(CIBHSOOZ) \9, 12—32?[43@2?((313}13202) \9_‘]&]@&((:18}13402)
FIAEA R (CooHlagOo ) A2 FH HH 114 5 =5 2 119 i I PR e
g1 i i i R R 9-THIR , (R1ik43.81% , ARk
S 9, 12-W il R (34.63% ), tEHTR (7.53% ) F
9,12, 15— kAR (7.44% ), 9—IHER AN 9, 12—V R )
SRR 8% , 1 A FHYH I I R () AN AR R AR B
B3 d i, e B TR BR ISR 2, R IR & rE A1,
Horp 9—JHiR F1 9, 12— W IR & & T FE 2k 13.29% Fl
12.18% , HAEA R 1L HEiR (CiHs0,) Fil 9— 175 ik
IR (CioHi00,) B8R, JFHIEE T+ ke iR
(C15H3002)o 6dJ5 ,ﬁ%ﬁ}iﬁi7ktp%ﬁﬂgﬂﬁ@§ﬁ
EURSERRAS, FRH 9,12, 15— BRI+ i ke i gk 52
4oPEf# . 3 d J5, [ E AL PSBRS BRIHIASCRE 5, G 1D 1%
SR, Hrh oA 9, 12— & B RN
9.53% 1 7.11% , H+ £ 4 2 (C,H3,0,) F1 9—+ 75 fik
15 1R (CieH0,) 8 58 2 B ff , OF B 88 T -+ F B R
(CISHSOOZ);FHH?EE(C3H803>o6 d E ’ é’éﬁ/ﬁ:ﬁ/{‘b PSBRS
AEEREE K, Hod 9-JhER AN 9, 12-WyM R & =
WK 3.85%F1 2.97% , H 9,12, 15- V. B{ IR .+ TLkelk
FH b o8 R . BAIDG G A0 B A AN T R
HR IR (1) e

G 240 TR 3% A i D07 T A T TR 3 i s T )

®2 BEUAGHEEFELSHE
BHMBEAABR Y KRR R AIXTLL
Table 2 Comparison of volatile fatty acids removal by means of

immobilized PSBRS and suspended PSBRS

i H.II?J% AET I 1530 %e
= Eﬂ'ﬂ/ e ir ZSE B W Bl Bl
min 0d H/AdH/6d HB3d H6d
1 4095 B2 (C) 144 - - - -
2 3151 9Tz (Cis) 4381 1329 6.01 953 385
33243 9, 12-WilfR(Cy) 3463 1218 471 711 297
4 33559,12,15-W KR (C,y) 744 176 - 095 -
5 26.15 Lk (Cr) 0.08 - - - -
6 26.30 AR (Cyy) 006 234 094 907 092
7 3512 9,12-WfR(Cy) 025 138 055 7.61  0.69
8 21.77 FERAIR (Coo) 753 261 220 201 149
9 2197 9-RBKMERR(C) 019 - - - -
10 2433 T HKERR(Cos) - 044 - 2.81 -
11 5.46 Hyh(Cs) - - - 4.53 -

YRR o e I 107 T 00/ P ok ot s Yl R 5 2
Mz, SR i it B—4E b it R A A A U IR , o 223 B o
fift B CO, A HLOPY, B A5 5% 4R T BRI 21 {15 2 e T i
W sy U RS Fh2 2 Frs , 9— IR A 9, 12— 11
TR £ I R PR R KBRS IR . 2 A0
(%) A At e 0 S AT, T AR A BRI o R ) 5
SRS MIAEAN R AL BRAOEE 3 d /K R F e R
T, JER TN O, 12317 30k /R 4 45 12 S i 184 o, 33 T
REJE G 0 TR R KA TR D R e S A IR I TR - K
o I P R 5 AR, T S e R P R 5 T v R E
PR RERR IR . 6 d Ji , % BN I 12 th 1l 40 T )
F L A& R & 5 B TR, UiDE G AN AR A
R R T

M 2 fi7R,6d J5, [E5a 1k PSBRS (W15 i R k%
i R i B OB 4 PSBRS AbBRE K, 10 [ 5
1k PSBRS HAT H 4 HIBRIMALCR . Wk 3 FioR, [EE ik
A 20 B P o e 3R 73 1 1 2 A 3 A R 5 TR
A AN B AR A 2 B P R A= K ie 8 14 3l B
AR, fFE) AL B BRI ER , A H] T Y
H: W8 it o TR 7 R T A 20 T TR R A 2 BB T
ARG TR B3, T DS SR IR (8 40 T BEAS 1
I, ARERE [ S R TR, B T BRI VE R R
fli HAE RS K HE AR AL RE™  TRIRHE & 4N [ 2 b 5
TERA AR, TG ) 300 0 A gt o T8 D RT3, D) P
TSN, AFN TG4 40w i Z 0, K A
SR L R AV o AR IR A I8 R A R P e
BT E I B AR VR L DR R AR AT o

&3 BEEAASEESHREMRHAIZBERT
Table 3 Summary of oil removal by using immobilized
PSBRS and suspended PSBRS
FFR [ ST E (o e R AR VR A A S D)
FRib%/%  35.31 74.95 9.62

3 #ig

(1)2% 41 +2%CA 1 [ 32 AL FURL I B I R AT T
10%PVA+2%CA F1 1.5% W e+2%CA 1Y [ A6 B0k o

(2) M fidhi S5 F i AR PRI S A Uit 1.23 mg -
L7 KEA% 4 mm, A8 1 12, OR8N 10 g- L IpAk
A K R R 1, Gt 6 d AR SRS IR K
B NHi-N . PO3 9 LBR34511 80.1% .87.4% 96.3%

(3)H5 6B 40 P 181 22 1k BB A% I =2 44 1= T I R A
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