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Plackett-Burman Design 53 51& 15 LK E
TEK = & 7 1k B =B 14 BE
B EE”
(1. BHEIYE AR A=anbbrabe 2B S 230061)
Q. LR HEarklrssbe LR AIE 230601)

# ZE. [A4] KA Plackett-Burman Design (PBD)5 34 £) 3% i+ (Uniform Design, UD) AL IR
E AR E (Micrococcus roseus) B R ALBLR A &M, ARZHEBLAME. [F5] 2 FR OHBS
(Polyvinyl alcohol, PVA)% %% B 44(Sodium alginate, SA)E A B 2 usmfatttt, AR HEmIKF
X5 HA, KA PBD 2t 9 MraBl AR B Z#HATR EHARE, it PVA. SA. BE. #
BT, BIRESAREMREE(P<0.05). A UD &t 5 MR F R EH#HATLAL, HRIGKE
i@ it Minitab 5 Matlab 34 #ATIRF = 54T, FREZ M ZAXAEE . [4R] RUBLASH
# PVA 9.6%. SA 2.2%. /% 33.4°C. HR&RIZEFZ 8%. BIKE 500 /~/100 mL, #EZEALA 72 h,
RS PLAFLF] 60.9%. [4£]1 PBD 5 UD $9B A A S AR F R Fiha S FHh I RESTE
Ve . EEMRGRIE A, BOREMARA LR AR T ZB LR, AL RALIER.

KR, BOLEMIKRE, BEM, PBLE, Plackett-Burma Design, 3% %)%t

Application of Plackett-Burma Design and Uniform Design to
the optimization of nitrogen removal performance of
immobilizing Micrococcus roseus

ZHOU Ming-Hui'  JIA Rong”

(1. College of Life Sciences, Hefei Normal University, Hefei, Anhui 230061, China)
(2. College of Life Sciences, Anhui University, Hefei, Anhui 230601, China)

Abstract: [Objective] A combination of Plackett-Burman Design (PBD) with Uniform Design (UD)
was applied to optimize the nitrogen removal performance of immobilizing Micrococcus roseus.
[Methods] Polyvinyl alcohol and Sodium alginate were used to immobilize cells. Using PBD, five
factors including PVA, SA, temperature, the inoculation amount and the amount of pellet were selected
from nine factors based on their significance (P<0.05). Next, UD was used to further optimize these
five significant factors in order to improve nitrogen removal effect. Further, these data were analyzed
by stepwise regression and second-order polynomial, which were based on Minitab and Matlab.

RSB 288 ARPHEIEE T H No. 070413132); LB AA ML AR H
*BINIEE: 0<: ahujiarong@163.com
Uis BEE: 2014-11-27; $#3 BHEE: 2015-02-11; fHEEF R B2 (www.cnkinet): 2015-03-09
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[Results] The optimum conditions are as follows: PVA 9.6%, SA 2.2%, 33.4 °C, the inoculation
amount 8%, the pellet number 500 per 100 mL, and the highest value of nitrogen removal rate peaked
60.9% after 72 h operation for nitrogen removal. [Conclusion] The combination of PBD with UD is an
effective way to select significant factors for the optimization of denitrification performance of
Micrococcus roseus. And Micrococcus roseus removes ammonia mainly through assimilation,

nitrification and denitrification.

Keywords: Micrococcus roseus, Immobilization, Nitrogen removal, Plackett-Burman Design, Uniform

Design

I#i] 7 1 B A 5 R 2 e 0 S B A 2 Y O 0
K5 73 TR 725 1) Fol A 0 200 1 7 A — PR s 1] IX
BN, DIPR e ARRRE, HORARA 1 A
YIRS I G R ikt AR SR T Al
JR/IN . BT BME . S s g, PR
Fr 7R RURHE . FsE TR . YRS | Wb
sk . BT BRI RS, AEBROK AL BRGTUAT ™
el 10 g FH iS5

FRRFOK P FEEG R Z —, FEUKIRD
EHEME, TUEBMEYR A, K EE
L o TR R4 2 0 S AR R T R Ok o
OSEE~E Y79 UK 41 R 1 B/ IR 7 IR ]
FIROERE A AL IR TP R A AL, 48 h )5
REBRFILF 35.9%, HITHUKEBEFARET
BAT M LA, MAERASM T REdEAT Sl
VRN, RO A T A i, AL T
IR BT, AT s B bR U PR I,

Plackett-Burman Design (PBD) 5 3 5] % 11
(Uniform Design, UD)#RZANLIRE 2510952450
T, TEXT BARKE R GETTH 2R s 4w
Rl PBD JE T H M R i K T
REMS AR D RYSER A T Y, AARZ A i e
i th e o LR R, B B R 4
&, M TRgAanE, UD R IR EReE
FOTIFRITRIR— M L7, LR IR
JE A 2270 e B SEB UK, AT 5 45 R T IS 56 B
EUEL B RBCE S R R, PBD 5 UD 78
Tkt Aies TR G RN AZ
Jr ARSI Z R,

http://journals.im.ac.cn/wswxtbcn

AR PF SN PVA L SA 1R ELL
FOEE, X BOER OROREE T, B PBD 5 UD
X [ S A B A BEHEAT AL, DASR MR R P B R 2%
P, IR 2B 0 B LA

1 MBS hE%
1.1 ##
1.1.1  EFk: B OHERE (Micrococcus roseus),
AR S5 % 3 B 4l
1.1.2  BEFE: ki F3g/L). CH;COONa 6.0,
MgS0, 0.1, NH,Cl 2.4, NaHCO; 0.1, NaCl 5.0,
BAAYEA R YW 12 mL, pH 7.0-8.0, 0.1 MPa K&
20 min,
RERERER(gL): WX 0.10, M 0.35,
MR 2 0.30, XTEIEEARHFR 020, ZRES
0.10, £ % By, 0.05, FRERILIZEL 0.10, 1 JEFRE .
AT A& AR K (g/L): CH;COONa 1.5,
NH,C1 2.5, NaCl 3.0, MgSO,4 0.1, pH 7.0-8.0,
0.1 MPa ‘X 20 min,
1.2 A%
1.2.1 EELEBRHIEI&: KR 25U &
WEANFIREE R PVA B SA I, HHkds),
AR 50 mL R, FEHEEYE, RS
CaCl, R ER, g, FIJCH A #ER K vk
Y 2-31K, 4°CxHk2h, &H.
122 ARIEEMMRIRIRIERERIIR: HEA
WREER) PVA, SA. CaCly 47 [l ikikss:, W
R 586 W EE LRk HERe, s sekn
MEZRREE | BBRMMLIIER R . PEERIE T DL R R
KEZ, DR IR e =,
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1.2.3 Plackett Burman i®3&i&3+": 3%£#% PVA .
SA. CaCly, pH. M. Bl JBAERHE .
e | FEERE 9 REM R, DU ERAE i N,
% N=15 [ Plackett-Burman #3137 Hi /K ik
5y, VAR s i ECR B R, TR
itk

124 #5i&iHUD)": T PBD IXR4LERE, Xt
W RZERA UD ittt D i
FIFEMARE.

125 Bazitaagt. p="o""

x100%

my

Kb M: BAE; mo: WIREA S E; ma:
SRR S &E, n AAFEHR0=0, 1, 2...n),
1.2.6 HKBREMIKERENIBHEN: e
AT, HATIES MRS, AR 12 h A
KA R B (TN) .z 5 A (NH;-N) | A 2 A
(NO; -N), WAHIEANO, -N)AY &, MR
JBREMLER, I Ty MU A e ) B R 4 ARk 52 41
% Ot Ot B (GB11894-89) . ZE 1B % & ¥

(GB7478-1987) . W B iR 43 BE 1 (GB7480-87)
N-(1-Z555)-2 o6 H:(GB7493-87)! 7

2 HR540H
2.1 AEREE WA BEKET e

FIH PVA. SA LK PVA+SA 4355 CaCl, i#
FmERiss, HeAcrEkIERE, B S ik X
SRR, SR E 1, 2. 3,

1 AT%1, 4 PVA WREEART 7%, MELIAGEK,
TE PVA 5 CaCl VR 43 HIHE 8%—10%F11 2%—4%H
il 28 1 /NER LA — 2 sk o, GA )il 22
Ky 2 WA, SA WREEALT 3%HF, MELIAIEK,
HARKRIE T A%, 24 SA VRBEIRE] 5%, Johtk
WE, WERMEER K, PL4% SA 5 3%—5% CaCl,
Tl 2 /BRI BE AR th 3K 3 AT, i H] PVA+SA
AT E BRI, PVA HREEMRT 7%, MELUSER,
SA WEERT 3%, HIAVE/NERMERERK, 76 PAV
7%—10% . SA 2%—3%. CaCl, 2%—3%5M T, Hl4%
/NERPEREIS RIS EK

&1 PVAEEW/NERIERE
Table 1 Capability of PVA immobilization beads

PVA CaCl, BBk HIUAHGR E (e Fok
(%) (%) Sphericity Mechanical strength (g) Mass transfer performance (min) Water loss rate (%)
6 2-4 = = = =
7 2-4 i F- = = =
8 2 A 3.43 1 20
8 3-4 +* 5.11 2 16
9 24 + 5.11 2 15
10 2 4 5.11 3 13
10 34 e 6.84 3 10

&2 SABEEWNIKAYIERE

Table 2 Capability of SA immobilization beads

CaCl, Bk HUAHGR etk gk
(%) (%) Sphericity Mechanical strength (g) Mass transfer performance (min) Water loss rate (%)
1 1-5 - - - -
2 1-5 - - - -
3 1-5 == 3.43 1 30
4 =2 4 5.11 1 26
4 3 +F 6.84 1 18
4 =5 ¥ 6.84 2 15
5 =5 + 8.44 2 10

http://journals.im.ac.cn/wswxtbcn
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it PVA 5 SAMHEHF5E G HFEEiAs 2.2 Placket-Burman X3 i+ R85 {E

RO, AT ERBRIPUEREE | B, & TERERIRS A -, V5 PVA+SA G
AR TR FREE, ENREaRmME el HETIRA, JEoE PB BOTRIRIER 5K,
T AR, 4P2RILE 4, 5,
F 3 PVA+SA EEW/ERAMERE
Table 3 Capability of PVA and SA immobilization beads
SA  CaCl,  JUBkME WU etk RIRH
(%) (%) (%) Sphericity Mechanical strength (g) Mass transfer performance (min) Water loss rate (%)

6 -2 2 - - - -

6 34 23 i - - - -

7 1 2-3 i - - -

7 23 23 + 343 15 18

8 2-3 2-3 i 6.84 2.0 15

9 2-3 2-3 Ak 8.44 2.0 13

10 2-3 2-3 e 6.84 3.0 11

% 4 Placket-Burman &1t E Z/K T & 455

Table 4 Factor levels and coding of Plackett-Burman Design

; i3t JI5d ZRU ] e -
IKF- SA(A) PVA(B) CaClL(C) pH s Rotating speed Nitrogen Elﬁ%ﬁ% Ak
Level (%) (%) (%) (D) Temperature (F) removal time Inoculation Pellet number
(E) (°C) (t/min) (G) (h) Amount (H) (%)  (J) (/100 mL)
-1 2 7 2 6 28 100 24 10 200
0 3 8 3 8 34 130 48 15 300
1 4 9 4 10 40 160 72 20 400
Table 5 Experimental design and response value of Plackett-Burman
- [HZE 7K Factor level A% Nitrogen removal rate (%)
Test No. A B C D E F G H J SEUS{E Experimental value FHI{E Predictive value
1 1 -1 -1 -1 1 1 1 -1 1 40.200£0.306 40.1
2 0 0 0 38.800£0.361 382
3 0 0 0 35.700£0.361 354
4 1 -1 1 1 -1 1 -1 -1 -1 17.100+0.738 17.2
5 -1 -1 -1 1 1 1 -1 1 1 15.40040.700 15.3
6 1 1 -1 1 1 -1 1 -1 -1 23.20040.306 233
7 -1 -1 -1 -1 -1 -1 -1 -1 -1 5.800£0.400 6.1
8 -1 1 -1 -1 -1 1 1 1 -1 13.100+0.764 13.4
9 1 -1 1 -1 -1 -1 1 1 1 20.600+0.436 21.1
10 -1 1 1 -1 1 -1 -1 -1 1 24.300+0.416 24.1
11 -1 1 1 I -1 1 1 -1 1 16.700+0.513 16.2
12 1 1 1 -1 1 1 -1 1 -1 16.900+0.451 17.3
13 1 1 -1 1 -1 -1 -1 1 1 13.40040.681 13.2
14 -1 -1 1 1 1 -1 1 1 -1 10.600+0.625 11.3
15 0 0 0 0 0 0 0 0 0 39.200£0.808 38.4
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iz FHl Minitab #X/4%F 5% 5 25 SR P17 [nl AR AR 4
SES T, BRI 6.

R N IE AR B 2R, BT 1 PR P
BEAR BT ()RR R TR, AT DL A IR
MlT, HEE 6 I, RP M 90.1%, BB 90.1%MK
IR o] L DL R A R, IR B ER . M P
&, PVA., SA. IR . WM E . WEkE N RE
FHE(P<0.05), "FEEHRT 95%.

23 HENRIT RGN E

7£ PBD XI5 RAILAE ., RS R
b5 M REHZE, 2500 PVA. SA | IR HRH%L
Pl | Bk, IR U BRI TI4E, 72h
W AR A RAE, AR 3 AT, LA
SEINE RS T 22500, SRR 7,

i1k Minitab RGN 7 g g R it
7 — oo [l 3 B A g ar, 45 B 7 RE (D) -
Y=68—111X,+114X,+16.7X;-1.41X,4+0.056 7Xs+
6.89X,°-25.9X,"—0.250X57,

BIDORnN et 0P SISl S R A Y L ]
AT 2000, Z5RILE S, 9,
Hi2 9 AT, R® K 92.4%, ViR 92.4%i56 %L

*6 BEREEFMSH
Table 6 Signficance test of each factor

WH Item i Effect  FEX Coef T P
% Constant 0.180 00 18.06 0.000
A 0.076 67 0.038 33 3.85 0.018
B -0.066 70  —0.033 30 2.68 0.025
C —0.006 67  —0.003 33 -0.33 0.755
D -0.04333 -0.02167 —2.17 0.095
E 0.073 33 0.036 67 3.68 0.021
F 0.033 33 0.016 67 1.67 0.170
G 0.053 33 0.266 70 2.68 0.055
H —0.060 00 —-0.03000 —3.01 0.040
J 0.070 00 0.035 00 3.51 0.001

Note: R*=90.1%.

P rTLALA SR R e R, RIS ZR, P M 0,
R EAE R ER L, £ 8 PEIMHRYEE
(P<0.05), Jii Ffl Matlab A4 5 B2 (1) 3R A e L &
54 PVA9.6%. SA2.2%. JRJE 33.4°C. THWHE
FhiE 8%, MHEKE 500 4~/100 mL, fHmEiER N
60.9%, TERMLMEA S T MR, MASRE
# 58.2%, SHMEY)E .

x7 HERITESWNE
Table 7 Uniform Design and response factors

KA [FEs
e Factor level Nitrogen removal rate (Y) (%)
TestNo. PVA (X)) SA(X) TRLEE(XG) %ﬁgﬁiﬁm) (23706 Y Y. v
(%) (%) Temperature (°C) :I‘f;;ln?t(l;n) Pellet amount (/100 mL) ' : ’
1 7.2 22 33 14 150 16 17 17
2 7.5 24 37 12 400 25 28 26
3 7.8 2.6 32 10 350 23 25 25
4 8.1 2.8 36 8 300 16 18 18
5 8.4 2.1 31 15 250 16 15 14
6 8.7 2.3 35 13 200 20 17 16
7 9.0 2.5 30 11 150 17 15 18
8 9.3 2.7 34 9 100 20 19 20
9 9.6 2.9 38 16 500 27 26 27
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®8 EPEAFERALEEMNE

Table 8 Significant inspection of regression coefficients

8 Predictor ZHL Coef FEREZE SE Coef T P
HHL Constant 67.600 000 141.900 000 0.48 0.639
Xi 111.140 000 18.730 000 =5.953) 0.000
X, 113.890 000 37.160 000 3.06 0.007
X; 16.676 000 4.566 000 3.65 0.002
X 1.407 400 0.454 100 -3.10 0.006
Xs 0.056 667 0.006 708 8.45 0.000
X/ 6.899 000 1.162 000 5.93 0.000
X 25.926 000 6.846 000 -3.79 0.001
X 0.250 000 0.068 460 -3.65 0.002

R EEFEBFESR

Table 9 Variance analysis of regression equation

SR FI ST FI ¥175 F {8 P {H
Sources of variation Degree of freedom Sum of squares Mean square F value P value
1A Model 8 489.630 61.204 40.30 0.000
%2 Deviation 18 27.333 1.519 = =
S Cor total 26 516.963 - - -

Note: R*=92.4%.

24 HIRGEEKE AR BN R

AR S Tl s ek, AN TR
RIBOK AT AR, B0 12 h Rk
TN. NH;-N. NO; -N. NO, -N Wy&&, ELA
9 ANHEYR, FHIBCE (ORI AL, 2R
LR

M 1 FE i, TN 5 NH;-N 2L EA—3bE, TN
FES R NH;-N, 7EBE AR 60 h A/, B NH;-N
PIREAR, TS, NOs -N 5 NO, -N FritfFlaf I
F, KIPKHEEPLEAE NH;-N—>NO, -N —>NO; -N
bR, A EIVER; 60 h 5, AR
FHaE, 1M NO; -N 5 NO, -N & R, H
TN 5 NH;-N Fra22{fA8 K, I KEEHAATE
NO; -N—> NO, -N—> N, i 2, 1% HA [ il
YEM

3 i
DL R [ 7 P PR R A0 L i PO A LR 2
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BARMI KA LK RAF L Bk, ARt 2
() AT ok B b S B ib Y S PVAL SA
PVA+SA = Ay EHIVERER, 2R A PVA i
I E TR ER , VIR 518 Brkii s, Rks
s SA T ELTAER, PUMERE 515 Ttk
I, RAKRE R s 1 PVA+SA B A HIVER [ AL
B, 4G TIENIIA, BERIERERIL, AR T
T R

A5 H 1 FH B9 Plackett-Burman Design (PBD)
BB AE AR 22 1 PR 3R v A A i 8 ) i
¥, WA SR PR ES  B TR P EOR 2 5
FHAY P FAS E TTR  5 E U, PBD — RS
M )37 11 1 (Response surface methodology , RSM)H [
FRUCE A 11T (Central composite design, CCD)EE
Hu2H A5 1T (Box-Behnken Design, BBD)BK A
SNVEIRIEE S E GRS Ty KRS VA [T
CCD 5 CBD &—fcili T/ i 2 1k,
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650 _ 1080 470
L i/! 7] 0.75
i . a
550 - 1065 )
~ } Y 10608 15 &
2 s00l 1055 = 5
g L 40.50 g s
B ] El =
g 450 - -_0.45; 40 g
£ - Jo40 s 1 2
3 400 |- 10350 {30 &
4 Z =]
Z - —A—Nitrogen removal rate | (30 “- o)
N . J )
= 350 | 1025 % g
z 105420 2
B ] e}
300 | 1020
| J0.15
250 | —: 0.10 +110
L 4 0.05
200 10.00 40
1 7k# TN, NH;-N. NO;-N. NO,-N ZEURBAET ik
Figure 1 The change curve of TN, NH;3-N, NO;™-N, NO, -N and nitrogen removal rate in water samples
1A CCDh 5 CBD ,ﬁﬁ 5 ?/ﬁﬁ/ﬂs’ iﬁ%‘{j{ﬁﬁ%” characterization of nonylphenol degrading enzyme[J].

RE 32 546 0, WARKMEIG AL UECRIERE
A B A B2 (UD) LA AR R i R,
WEUNH 9 YK, UD %} PBD &% AT 15 22404k
et R RS (el v, IFRETRE S, UD
153 1 45 AL BE R 2 B e T H R 2R 4T ] I A5 7
(S 50T, AIRE PBD ik i H 15
B et ot & -y 2250 G R B — 3k,
Uil PBD 5 UD BYBE-& 1 HREAS 7E 12 2 A it 5
Fh R EE R

Wit PVA+SA X BUHR (G ER i T [t
B, HRTE S EFRYTENRNY B, AT
BRI A NI UK S X SR, ST
R R B R A A S RS ARVE A, S TR AR
B, WD TP BR S AT, PRI LB
BREATE K A b B BRI IV g .
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