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Immobilization of Fluoranthene—Degrading Herbaspirillum chlorophenolicum strain FA1 and Its Optimization
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(Key Laboratory of Surficial Geochemistry, Ministry of Education; School of Earth Sciences and Engineering, Nanjing University, Nanjing
210023, China)

Abstract: Microbial remediation of polycyclic aromatic hydrocarbons(PAHs ), a group of persistent toxic contaminants that are widespread
in terrestrial and aquatic environments, has received increasing interests. A fluoranthene—degrading strain FA1 previously isolated from acti—
vated sludge has showed capability to use fluoranthene as sole carbon and energy sources and to degrade fluoranthene in the presence of in—
digenous flora. In this study, immobilization of fluoranthene—degrading strain FA1 by various matrices and its effects on fluoranthene degra—
dation in soil-water system were investigated. Results showed that the strain FA1 immobilized on polyvinyl alcohol (PVA )—diatomite matrix
prepared by chemical method (boric acid ) exhibited the highest degradation of fluoranthene, with a 97.74% removal of fluoranthene from
soil-water system after 25 d. PVA—-diatomite and PVA—activated carbon matrices obtained by chemical method showed better effectiveness
than those obtained by freezing and thawing method. The optimal immobilization conditions of PVA —diatomite matrix ( chemical method )
were 9.6% of cell density, 11.2% of PVA, 4.5% of diatomite and 4.0 mm of bead size. Under these conditions, 99.46% of fluoranthene was
removed from the soil-water system after 20 d.
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Table 1 Factors and levels of Box—-Behnken experimental design

5 R4t I
-1 0 1
TR /% x 6 10 14
PVA ¥ FE/% % 10 12 14
Tk -V /% X3 2
FiFe/mm X4 2

% H Design—Expert # {4 ( Version 7.1, Stat—ease
Inc.,USA) #4752 50 3580155001, H34E Box—Behnken
BT TR E (36 2) DLIIRR Il 4 PVA-fi
B BUR A7 1.4 595 R T LK R G rh 3 R R A
S, At 29 HARP R KFHE o SAL 2 S
WHES AR5 20 d I, I 28 AR B
1.5.2 Fiobr

XF 151 BSEseBdm AT o0 A, S k& il
AT5 REAA A F A2 i A (R 22 R] Y 56 & (X 2)1,
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(Analysis of variance, ANOVA ), WA T 1 SEBRALS

2 PVA-EERE T EIEURBEMEMEE FAL M
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Table 2 Box—Behnken design for optimal immobilization
parameters for fluoranthene degradation by

strain FA1 immobilized on PV A-Diatomite matrix

PHVREE PVAVKEE RESELUEE RiAR WAL Y COFRFET )
2

=i
i

X X X vy SEBR(E/%  FNAE/%
1 0 0 0 0 96.94 96.74
2 0 0 0 0 96.86 96.74
3 0 0 -1 1 70.13 64.68
4 -1 0 -1 0 81.58 79.41
5 0 -1 0 -1 79.46 82.72
6 1 0 0 1 84.82 87.10
7 0 0 1 -1 71.87 76.73
8 0 0 1 1 87.52 88.56
9 1 0 1 0 93.31 96.73
10 -1 1 0 0 65.05 65.26
11 -1 0 0 1 70.12 75.79
12 0 0 0 0 96.61 96.74
13 0 1 0 1 57.42 55.41
14 -1 0 1 0 89.76 89.61
15 0 0 0 96.58 96.74
16 -1 -1 0 82.45 86.55
17 0 1 -1 0 51.11 54.85
18 -1 0 0 -1 84.76 81.82
19 0 0 0 0 96.70 96.74
20 1 0 -1 84.03 85.43
21 1 1 0 70.49 70.53
22 0 1 0 -1 56.54 59.33
23 0 -1 0 1 85.57 84.04
24 0 1 1 0 76.06 71.29
25 0 -1 1 0 96.01 91.61
26 -1 -1 0 0 90.58 89.96
27 1 -1 0 0 98.65 97.85
28 1 0 0 -1 90.01 83.67
29 0 0 -1 -1 80.73 79.11
E
k k k
Y=Byt+ Y, Bart D Bixa+ D B +e (2)
i=1 i=1

i<y
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H 4l RSM B9 LAk g S, DA R vk ) 4% B #ff 1
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) IR BSOWAR ZR | Il A R e A ML o KT D AR 1) 282
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INEANI), BRI A Y A A2 2 TS e 2 T TR 8L
JINUOL A TR T A0 L ) A B AR LA R ik T A ) T

ARG PE DR , T 85 R 1 X 2 R B 80 . i
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FrPAERIEE BRSO 1 B A | R i
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Figure 1 Fluoranthene degradation by free and immobilized cells of

strain FA1 in soil-water system
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BRI, 8 2 A R A8 A B 2 it e A T Uy AR
AU X525 520 R R 17K B A8 HAR AT RN, A
T ARSH A 2 R G AR o A SC LA [0 (R (¢ R
i3 ) e RAE R 250 >R T 4 I ZR 11 Box—Behnken 51
IS 8 AU PVA MR ks ok B DLk
TR X AR i1 2 AU AR RS ), 45 TR - 1) S i i
W (=1~+1 )R PR A% . Box—Behnken 131 F14H 1
FSEIG A5 a3 2 7R oiliad Design Expert /455K
SRR T IR Z IR G, AR R 0T
AN AR ) IR Z IRy

Y=96.74+3.29x,-13.00x,+5.38x3-0.65x,—0.66x, x,+
0.27x; x3+2.36x; 24+2.85%, x3—1.31%5 x4+6.56x5 x4—2.06x7
~13.78x5-6.88x3-12.584; (3)

X A SR SR 1) 25 I 3R B AT 25 o0
(ANOVA), #fi e HEge it B #1E(K 3), 2200 ids
BATLAE B P<0.000 1,3/ T 2 3 K F 0.05,
U BAR S SCPRR BRI S R AR R 20, H
R 2y 0.948 , [z e A7 (1% T D0 (i 55 552 36 T A0 T o
)G AT, UL R A ST B v . RN

3 EARBFESH

Table 3 Analysis of variance for regression model

AR HEE #H2% S5 A FAE  P>F value
i 14 33873 474218 18.2 <0.000 1
xR 1 129.76  129.76 6.97 0.019 4
x-PVA ¥ 1 20293 20293  109.04  <0.000 1
o-FESEIREE 1 346.69  346.69 18.63 0.000 7
—RiA% 1 5.06 5.06 0.27 0.210 3
X1 %) 1 1.73 1.73 0.093 0.765
X1 X3 1 0.3 0.3 0.016 0.090 4
X1 X 1 2233 2233 12 0.291 9
X2 % 1 3243 3243 1.74 0.208
X Xs 1 6.84 6.84 0.37 0.554 1
X3 % 1 17227 17227 9.26 0.008 8
% 1 27.49 27.49 1.48 0.244 3
b 1 123168 123168 6618  <0.000 1
e 1 30735 30735 1652 0.001 2
% 1 102732 102732 552 <0.000 1

R 4 0.025

FORIYLE REL R*=0.948 AR FECV=5.25%

LR85 240 CV (Coefficient of variation ) B8 , 52
B (0 AT A5 BE A . ANSEBRRTERY CV BN 5.25%, Ul
B BT A EA R R S, ] DU RS Y kA
3 AFTAE JERER A TN  Xof A v - IR B 1) 8 2 A
B W] o (IR ) xo(PVA YR ) AT s (FEE VR )
Xof 7 AR A 38 ) 2 M A0, 8, X6 i 7 (25 T o S
T B FLEE RN PV A T3> Tk v 9 > B vk
E 5X2.X3 F x4( *j’/fé )Xﬁ”ﬁ@ﬁﬁ@ﬂﬂﬁﬁiﬂjﬁ% ,#H
e B Cocy ) R B8 4 35 i (o) 22 1) TR 9 2 5 3 ()
FVRIAR (x4) Z [BIAFAEAG BRI S HAEH

phy o 197 b T = 4R (R 2), 0] DL B 45 1A

ST ]

Rttt
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Figure 2 Response surface plotting effects of immobilization

parameters of PVA—diatomite matirx (boric acid method ) on

fluoranthene degradation
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PG BRI , T T g T A TR R T JL 1 1 e e
7o M [ 22 B e R RSt B I PR
BT, (A Y it 2 A S 5 G Wi 8 57
TEAAES EWTES, % S8 2 R BUARFLER A ],
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A DR R B TS P AR PR T T 2 10.5% 06 B 1Y
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PISFLBRRIRT A /)N [l o 7 L o 0 i 1 A B 7 B
TE— i, Wit ORI T AR 58, (AR MR AL
RRRE, DAz T 2(b) Rl DL E AT PVA U
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TEFEI N o Al , DA 157 R TRT T 2(c ) ] DU H 24 R
it 2 B A T S A B Ok AR R I S B S BT
TR RS R TR AR A R R AR R LR A
R BUETE FE 3R 3%~5%F1 3.5~4.5 mm,,

3 0 [T AR (2 3 ) iAEF 2R 3 R ARt R B
E PVA-REE - 2R (RS ) e FEACE 2 51 R - 1A
WeBE 9.6% PVA VREE 11.2% fiksE R 4.5% kit
4.0 mm, AR EAAR TR E FAL Q&R
6.3x10° CFU- g™ MiZim K FARA BIHEIRL (S 3)

KA AF BV AAE T AT 2 TR A2 ) BRI T
{84 99.98% .,
23 HAGIERHBEATEEERN

SR YRGB T AR R TN £ S AT S AR
Je 4t J i % PVA-TESE 300k (R YL ), b4 T K
TR RO B AR SE 58, DA 2E B 20 d BN
99.46%, %45 SR ST 99.98% 1) 4%
I, UERH T [ AR 8 A 2 AR R P e 1 VA Pk
[ AL S AT AT

AR T 2R R R LT A R TSP g R
I EEKEZ — B T HEALE PVA-fiEdE 38
PR AT S A M, K A A B K O AR
F TS 2 R 0 ¢ TR A S 30, 5 UR A fife S oy ¢
2210d, Z5HEW] TR0 E Y 8 YA R R i1 7
o, FEETERAR N A TERE FAL X925 10 d FEA-R
HILBEES, #H80d LIS, BIAkNIEAIrE
U, FLAE S A R v JG B BV B R R M B

3 #ig

(1)¥ BERR AN AR LE 30 CTFRE 22, Ik
2L ¢ B[R % B Herbaspirillum chlorophenolicum
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