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&5 T £ ¥ 5% (High molecular weigh polycyclic aromatic hydrocarbons, HMW-PAHs) [ fiff 2 4. 5 501, 76
B A K S5 (30 °C L pH 6.5K NaClik 5 2.5%) T, B it 5 4 Tk 13 2 52 W12 1l I e A T 9 SRR TR 38 AE 2
Dy M 0.6 EERIUAVIES6 mg L, BEFRIFIA]S dAOOL T, WK USG- 16 B AW 15 5132.5 mg L', BP0 3¢ ik
99.38%; TEFLFEED 0.6, FE WU EA8 mg L', Fr RIS dATEELT, %58 A R i 15 31)34.3 mg L, F-F
YRy #3599.61%; TEHERN D | H0.1, KIF[a]EERIHR K L60 mg L FEFRIFE] S5 dif, XA [a] i 4 K A ik 5124
mg L, FFEIER AR 1598.75%. BFRUS6-1X B8 M AT F[al EE IR AR RE T LEARDLALRT 73R i 1729.2%558%. €1 %5 221
KR AR WA M TREZHX IR (HMW-PAHs) ; YR B2Rh &
CLC X172

Using Uniform Design to Optimize Degradation of High Molecular Weight
Polycyclic Aromatic Hydrocarbons (HMW-PAHSs) by Novosphingobium
pentaromativorans Strain US6-1"

ZHENG Wei'2, TIAN Yun'" & ZHENG Tianling" ***

(‘Key Laboratory of Ministry of Education for Coastal and Wetland Ecosystems, School of Life Sciences, Xiamen University, Xiamen 361005, Fujian, China)
(3State Key Laboratory for Marine Environmental Sciences, Xiamen University, Xiamen 361005, Fujian, China)

Abstract The uniform design was applied to optimize the degradation of high molecular weigh polycyclic aromatic

hydrocarbons (HMW-PAHs) by Novosphingobium pentaromativorans strain US6-1. It was found that inoculum size (D, )

and PAHs initial concentration were the critical factors under the optimal biodegradation condition (30 C, pH 6.5 and 2.5%

NacCl). The degraded pyrene was 32.3 mg L' within 5 days at the inoculum size of 0.6 (D ) and pyrene initial concentration

660 nm
of 56 mg L. The degraded amount of fluroanthene (34.3 mg L") reached largest after 5 days, when the inoculum size was 0.6

(D660 nm
inoculum size of 0.1 (D

) and fluroanthene initial concentration 56 mg L. Totally, 23.7 mg L' benzo[a]pyrene was removed after 5 days with an
w0 an) aNd benzo[a]pyrene initial concentration of 60 mg L. The verified experiment showed that the
predicted degrading capabilities were fitted the optimum degrading capabilities very well, and the accuracy rate approached

99.38%, 99.61% and 98.75%, respectively. It improved the abilities of pyrene and benzo [a] pyrene degradation by over 29.2% and

58%, respectively. It means that the biodegradation condition by strain US6-1 has been optimized initially. Fig 1, Tab 5, Ref 21
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1 MRS 7k
1.1 SEIREHE

SLI B MR Novosphingobium pentaromativorans strain
US6-1 0 ph i AR VR A0F 9 e 2 14E.
1.2 iXFI5ERE

L B AT [a]tE S PAHSI [ Sigma /A 7, 4l =
99%, P . S %e . IEC B T TEDIA (3 E) 24H], ¥4
HPLC%, . BEEHRE 13 A Difico A |7 .

PAHs/— S Wk i W B - R R 4FHPAHS#0.1 g, 7
ST 10 mL =S H b, i 20 B 2910 mg mL-.

2216EH; 373 (1 000 mL) - S g, BEHRHE g,
WA = 260.01 g, 17K 750 mL, #£4%87K250 mL, pH 7.6~7.8, 1
x10% Pa’K %20 min.

MM285 773 (1 000 mL) : B2 860.278 mg, 1 mol/L#
R " EH800.1 mL, BifRE2.3 g, IR FHKE (MCD) 10 g, 5
/K750 mL, 7% /K250 mL, pH 7.2, 1x10° Pa’K [#20 min.
1.3 HMAELEWE

TETC B 45 14 T K AR US6- 182 R 21100 mL 2216 EWR A Kx
Fegkdr, 30 °C. 150 r/mindE % 155524 h, 8 000 r/min B5.0010
min, 2 B3 BRCERAR, HHKEPMMBRE; 7R A, 8
000 r/min Z0010 min, & 3K, B, KRR E TS
A MM2TRAR R 573 R, e il — e TR B A TR R VA .
1.4 HEEIHAR

AR, (60) By &, Sl =FEE, 1
X—Hefik (D, ), X, KYWE (mg L), X,—}EFEHf

] (d), W& 1. WEARR SN REKUSe- 1 | 2R, RIf
[a]E6 H % f 5E . A DPS#X 4 b B R 55 ( Data Processing
System, MiA<2.0) 43#1 B 15 B4, @50 WA US6-1XT B8 | 9%
B ZRIT [a] e 1 e AR B A DD A AR, 0 g AR A, IR [ A
RS A TR I
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Table 1 Parameters of the uniform design

Jreny e it JERAHC K FEmI )

Treatment Inoculum size Initial concentration Time
(X1, Dygy o) (X/mg L") (Xy/d)

1 0.2 10 3

2 0.6 50 2

3 0.3 60 4

4 0.1 40 1

5 0.4 20 0

6 0.5 30 5

1.5 PEFEZENE

T A T B I—E E A HMW-PAHs/ & B 1A i)
A B C K E Y20 mL MM AR 35 356 ob, B0 AT G il 4%
TR & TR R 29K (D, ), 30 °C, 150 r min™ #&
G TR, AR B B[]t I MM2E: 2 56 R
X I, BB 24 hHURE RO AR R, A AN IR B vk 3 18 34 AT
B URFE U, AR AE O = AR B BRI R I A 20 uL YR
10 mg mL A IEMCH AR, IIA 20 mL & H ke, #E S i Ve Ay
P15 min, 285 A FRE AR, S5EG mL A H
St T = I T Ve RE, T B SO R A S T <) .
PR MUA, 2 TOK B IR B 25 PR R R K M, Tl 78 &
I FREZEHe S, AT AR mL. JATES 2B VLA, &
0.45 pmfLA WA MU IE RS T 185 FEA 2 mLETE i, -20 <C
TRAFREI.

W22 FH 5,35 4}y Agilent Hypersil C18%E (4.0x250 pm, 5
pm) 5 FEIR25 °C; SRAME I FR K M I A 254 nm; FBIAR A
FEE/MITQIK (90/10) , %3 1 mL min'; #ERERFLS uL. %
It b B Je oA R FH Agilent b2 T A .

2 R 5500
2.1 AEAEE AT ERUS6-13HM W-PAHsHIPEfi%
T30 S 6 45 SR W, B MR US6- 119 Bl 28 K &1 M 30
°C, pH 6.5/ NaCI & 42.5% 0, 76 L 5Lab b, MsE 7 AR Ak
A F T HE AR US6-1%F 3R HM W-PA Hs 1 [ fige 6 1, &5 58
PR BARUS6-17E 528 25 1156 (D, N 0.5, JRYIMRE A
30 mg L, B53RMHE] RS d) BFA LAISE 4 F e 5 15 25.5 mg L
MIEE, FESCH 4 F2 (D, M0.6, IEYIHJE M50 mg L', K%
752 d) AT LASE 4 A T BE A 27 mg LAY %¢ B, 7ESC I 4513
(D, H0.3, JEWIHE }60 mg L', FiFRMFE 4 d) x4
I [al 6 1 B i R 0 1K 3123.4 mg L. A5 52 50 4080 K i A DPS
HOEAL IR G, AT E— B G50 HT
22 . KRB REH (2 EEEEIREI A E K RS
FIH TR
W2 LAY S0 285 S 4 A 2 DPSEHR 4b B 2R 42, I — G 1]
S 9 A R A A T A AR I 0o 2 A% R R ATt 3 PR AR R,
AT J5 BRI N «
Y ., = 22.6718+0.0529X,-8.5335X,-53.4027X X +
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Fig. 1| HMW-PAHs degradation by N. pentaromativorans US6-1 under
different treatments
5 FNbrfEZ  Bars indicate standard deviation (NV=3)
22.9031X,.X,, H P AHJC RELR = 1.000 00, FfEH= 64 505.091 1,
. EIKF-P = 0.0030<0.05, -5 20FF5 . EKF- 5] <0.05, Ik
Ml 5 1% 2.

Y oy, = 12.8346-91.65750X,+2.67447X,+105.1202.X X +
0.8741X,.X,, HHTHIJC R EUR = 0.999 99, F = 8 508.809 7, & %
JKF-P = 0.0081<0.05, 25 P-4 il 27K 57 <0.05, Kt a1
T

Y e = —10.0846-3.2920X +0.5720X,+3.590357143X -
0.0595X,X,, Hrp K RER = 0.999 94, F=2226.8655, &
FKF-P = 0.0159<0.05, #5071 i /K F-51<0.05, B L HIH
TR
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Table 2 Parameters of the pyrene degrading regression equation

A% Factor {5 Partial correlation t P
X, 0.99994 89.27902 0.00013
/Y} -1.00000 382.70130 0.00002
XX -0.99999 296.91533 0.00001
XX, 1.00000 430.77600 0.00001
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Table 3 Parameters of the fluroanthene degrading regression

equation
[XI% Factor A% Partial correlation t P
X, -0.00087 61.33959 0.00027
X, 0.99993 84.67126 0.00034
XX 0.99977 46.14544 0.00047
XX, 0.99993 86.60899 0.00013

R4 BB ARRAFTESH

Table 4 Parameters of the benzo[a]pyrene degrading regression

equation
[X# Factor A5 Partial correlation t P
X, -0.99923 89.27902 0.00013
X, 0.99974 43.81565 0.00052
X, 0.99928 26.40507 0.00143
XX, -0.99763 14.49732 0.00471
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3. K4 WA, P BUNFP L JeP U ]
USSR () B IR, () B4 TR 3R 2 IR A A B 58 AR 2 %t
% S i 07 e — 2 BRI

SE oo BT ASAG (a1 )3 7 R AT N B AR US6-16 2 | 9 BRI
I [l EE R AT ). TR US6-IFE 2RI D, 406, EEWI bR
We g 56 mg L, Bi gt a5 diEHL T, 32.5 mg L0 B8 9 %
fifts TEHER D, H0.6, FE R UHVEEEA8 mg L, 15 FR I 1]
5 dif, 34.3 mg LY BB R s fEdefh D, R0.1, AIF
[a]EE M HAHE 60 mg L, 15 F: ka5 diF, 24 mg LAY ZEI:[a]
BB B A
2.3 FEMEE KIS

Sy R 6 A fige g R R A A R, R AT T IR RSN, &h
AR SFIR. PRI EE B e K A 032.3 mg LY, [ fift
TRIKF]6.46 mg L d, 0 B 535 £ 17799.38%; X2 )
B KA A 34.2 mg L, P 30535 516,86 mg L d, Tl
HER AR H] 1799.61%; X AT [a] B f5c KW fiff #4237 mg L,
[ e i 28 5 1) 4.74 mg L ', T ME B 2805 5] 1798.75%.
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Table 5 The results of verified experiment

P WIS s VAo T Befgdosc  Tue
Inoculum  IMitial i WML W wE

PAHs size concen- . Predicted Measure Accuracy
D ) tration (@) value value rate

soonm” (p/mg L) (p/mg L") (p/mg L") (/%)

Pyrene 0.6 56 5 32.5 323 99.38
Fluroanthene 0.6 48 5 343 34.2 99.61
Benzo[a]pyrene 0.1 60 5 24.0 237 98.75
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T H A B 045 AR, HMW-PAHS/E SR B i fa
JE, MET R AR, Bop A AMERE . WO R, E AR B
REH 1 HMW-PA Hs I LA H:AE Sy 0k — B Y5 R BE U 0% e A= 90 1
s /b, ar A5 R4 i 2 55 1o 2 9 X HMW-PA Hs 1 R it GE 1 —
BN & — R M. B, A2 B 9k g
FHAAC A7 L0, AR R IEA T B bR A
fi# AMW-PAHsAY 2% 0, 0] 3 a8 oo 3% — o] 5 K, —J5 i
= HMW-PAHs I A4 ol R, — 7 TR E ok A 9 v 4 31 e
B SRR ZS , AR 2 FE X HMW-PA Hs i 6 i R0%K

ARSI EE LR, R K A& F (30 CL pH 6.5K
NaClife [ °82.5%) T, 52 & 5% I i K US6-1 X HM W-
PA s fif 1 0G5 I 22 B RRUS6- 128 /5 332 F i 9 1% 150 F %o by
R B B FIDE T8 B0 4% A 20 SR A i, T 6 T BR AY 2R 0 [a] B RO
fiff T B WA AN TR A B R i B SR AR R AL TV AR S AV HMW-
PAHSs A B AR US6-1HE L T A4 K T 77 1 — B Ui, Lk B i {1
T B2 5 A B Rk A AR B S M KRR B B9 HEAS. HM W-PAHs T
10 40 7 265 A8 0 L AR K i IS AR ARG, hy s A AR S 56 v
AIRE WK (MCD) DR #EHMW-PAHSTE 1% 35 7K 22 v (1) 145 i
FE. MCD&— 2R TG PERI M, Hor 1 H A 25 K LA R
JK I A MCD4y ¥ 56 5 HMW-PAHs > F A1 45 & JE S HM W-
PAHs-MCDZ% & LW, HrpMCDI® 35 7K 3L 2045 T2 24 ik
A ST, 3 3 3% — 1 R #E THMW-PAHS7E K i i v fi .
JEbifi 5 PAHSZR SR B H S N, 454 — 20 FPAHT# IMCD
Ay TR AR, BT R, — 4 FMCDA LS —4r T



878 N 5B W # iRk Chin J Appl Environ Biol 16 %
AP ERLL T AU PAHSES & Tl PAHS-MCDE &4, (HXTH IR 9 LinY (WH), Cai FY BEARE), Yuan YX (5= T #%), Zhang GY (GKIEIE).

HMW-PAHs, W|55%2~34r FMCDA fit 5 H 540 45 4. XS5
MCDX 5 ) 4 3 [a] 6 19 34 95 VB FH 55 F 6 Hoe D0 36 2 5055
KEMIEE VR, AR R IR R P TR M SN I [ =
58K 71> T PUBR U HMW-PAHs 21, 75 D285 [a] 2 9 JiS 9 1) 4 fie
TRF A, B/ 4 R A ) B R A 7R A B2 A o] A
PO T m SRR [al B8) MBS M 78 2 8
I, AR TR R A K. R, R4 v 5 i v 9t i X
A %) B i B T 2 S L 7 AR R S 6 JUT 18 S ) AR EE Y R

(<60 mg L) N, Bk I AR IR B IR M R i SR S
Bk XTHMW-PAHs I [ i BE 7. 3F 245 5400 4R IS 04 ml RETE KR
fiff 3ok R HR S W T B B A 0 R P S 7 S I HMW-PA s, filf 5
fif 25 B HMW-PAHSHE BE AR 5 1F — A sh B RE BRI Z N,
B MR B A AR L T A BB TS

N

ZI AL, BRRUS6-10 88 5 253 [a] 1t #Y 4 fiff 1 43
Wik 5]6.46 mg L d'54.74 mg L d, FLRE MR AE 1AL L A
AL HT (5 mg L d'F13 mg L d) U043 B4 15529.2% 55 58%,
1 FH T T3 38 I HM W-PA His [ ff B4 104 [ f g 0201, |
MBSk, it —Bam o £ ENE, Wk/A. i
FE L TEBE . pH. MBI IR | A5 YL S5 N A W i g
B RZA, A I 3 57 38 T 22 A 58 B9 PAHs il 25 ) % fift
FEETR, AT S50 6T PA HsT5 Y BR B3 F He 46 52
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