55 45 B2 5 1) SREIAXFZFIR

Vol. 45 No. 5 2024 Journal of Qingdao University of Technology

ETFREARESHENE ST LR SN EREEYHR

5 R, R B, AR 5 TE IR, AT W
CGE BT B STHE LERY. HF 5 266525)

O LOEIE DOBU B E 4 5 5 bR 22 30 05 18 R SR AR A 2 T 2 IR LR 43 71 (Analytic Hierarchy
Process, AHP) M T 2310718 = 5 i R . T2 IR DR SR A AT vk o XoF 4 1 10 88 £ 2 B AR Mk AT LU R
I AR AR 20 8 T 3 4 23055 ke [ 8 F  AHP-1 CE LR AVRE 2D - AHP-2 (32 LA o Tt
) AHP-3CE ML) . SCI0E5 R, THRE R RE AR DR 25 = TR A DY i, e IEmh |, LIS 1L
7 2R G AP VE R IRAL L IR SE T LA I 4 PR e A e M . 45 R, 1 d 9, AHP-3 U T #¢
Fi I PAHs FEARFR (64. 02%) . 55 F AHP-1(58. 75%) . AHP-2(55. 17 %) K AT A4 (54. 98%) . FI I JZ kb ok
A3 BT IR v AR T T AL R R Y T B, T AR R PAHs WY IR R TR, BT DA S — Rl ik, S T
Edivapeierteistitiog ¢

KA ZIFT5TIE s Biolog A AR ; SRR VLR M i s TR BE AL 2

RE S ES X741 X ERARERS: A XERS:1673-4602(2024)05-0086-08

Microbial mixed culture for efficient degradation of polycyclic
aromatic hydrocarbons using analytical hierarchy process

LI Ruifeng, CHEN Xibei, LIN Sudan, MA Weiwei, SHI Xueqing”
(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao 266525, China)

Abstract: Five strains of efficient polycyclic aromatic hydrocarbons(PAHs) degrading bacte-
ria were isolated from intertidal zone sediments, and the efficient PAHs degrading bacteria
group was constructed based on the analytical hierarchy process(CAHP). The AHP was used
to compare the degradation rate and metabolic activity of bacteria in pairs, and three groups
of PAHs degrading bacteria were constructed through different evaluation methods, namely
AHP-1 (subjective mild evaluation group), AHP-2 (subjective extreme evaluation group)
and AHP-3 (objective evaluation group). The experimental results indicate that the degrada-
tion rate of the microbial community is significantly higher than that of a single bacterium.
On this basis, a control group was constructed by mixing bacteria in an equal proportion,
and the degradation performance and metabolic characteristics of the above four bacterial
groups were studied. The results showed that within one day, AHP-3 achieved a high degra-
dation rate of PAHs (64.02%), which was higher than that of AHP-1 (58.75%), AHP-2
(55.17%) and the control group (54.98%). The AHP, a new method of constructing flora
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that has not yet been reported, can improve the degradation rate of PAHs. Therefore, it can
be used as a model method to provide a theoretical basis for the construction of flora.
Key words: polycyclic aromatic hydrocarbons(PAHs) ; Biolog-ECO plate analysis; analytic

hierarchy process (AHP); construction of strain
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1) SEGPERE A B GORA M s R, DASE VB R ME— B UR, BT 26t T 5 Bk PAHs =80 M A 1 48
WE 5 W E T Gordonia \ Brevibacterium  Phycicoccus « Erythrobacter . Microbacterivum » 53 5 5 45 N Gor-1,
Bre-2.Phy-3.Ery-4 .Mib-5,

2) f#h LB(Luia-Betani, LB) 35574510 g BRER IR, 5 g BERHEHU, 30 g NaCl A B FKERE
1 L,pH R 7. 4, EAREFR G 1. 5 %0 193 #3 .

3) MMC #5545 MgSO, « 7H,O 7 g,NaCl 30 g, NH,NO, 1 g, Na, HPO, 3 g, KH,PO, 2 g,KCl
0.7 g INEBEFKERZE LI pH A 7. 4,121 CHEZEIKE 20 min, KEJG#ME RHEITCERS
W 0.1 mL/L,

4) It £ IR A W H,BO; 0.05 g, ZnCl, 0.05 g, CuCl, 0.05 g, MnSO, « H,O 0.05 g.
(NH,)sMo, Oy, 0.05 g.AlCL 0.05 g.CoCl, 0.05 g.NiCl, 0.05 g, MEBEFKEARE 1 L. MR ITEL
0. 22 pm JEEIT IERRTR .

5) ¥ PAHs ) MMC 55758  ERRFREUIE LB EEAS 0. 05 g BT 25 mL AEAAESI T, I PI 2 7%
2 25 mL, il % 6 ¢/ L W HEBUETR A PIERRE K 3E B IR A NI RGE 0. 22 pom A HIUAHUE B RR TR IS I A
FIHEIE R BTG L R T B & 58 A K K R B MMC SRR 3235 A S i %
& PAHs i) MMC B33 3%,

6) FEFEAAE 28 °C 200 r/min FH RIS FRAE T ROGE 3R
1.2 HAEEREHAR

PEAE B AN B 43 0 e i LB [ B 47 P 28 LRIZR 3G 5% M2 F— s, B S B T 28 “CHEIR
AR ThEEEIE AR 48 h S i A R A A A 1K
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PR LL RSB A 51— 9, BU BV BUED o 7 RZ AT X THE bR B2 By AR 8 288 B2 22 g (0 7 88 0 %
(Average Well Color Development, AWCD){E (3¢ 1), F-18 3 1—3 SRt 17 E s 7 RZ 40X TH6 b5
Bl FHHXT EERRES % 7 d N PAHs BIREARER (R 1) AR 3EAS 7] B9 TR AE 7 3% . # 3 A BORT Eb 55 0
OAHP-1CEMEANRAELD « il 1—7 AR AT E s @ AHP-2 (W IR E 2D il o 1—9 AR
T Bl A TIRAE s @ AHP-3 (B MIRAE A , 38 5 P A i A T R MEL . AR 4l AP, B Rt Ll 3 B VA — Ak A )
VTR 5% AEL XS AN (AR B o — AL BN B A B A T3 TP e 2 2 SOk (15-16 1, T4 1158075 310 45 20 B AH
N AL AR (3R 2) .

x1 TEHEEMERER AWCD &

B2 s Gor-1 Bre-2 Phy-3 Ery-4 Mib-5
B1(7 d N PAHs MIFf#%) / % 70. 82 72.71 81. 08 83.90 59. 95
B2(AWCD {i) 0. 646 27 0. 654 54 0.715 48 0.724 57 0. 555 50
AT BT . Sl A—EEA ®2 AEHEEXINERE
FEFRHR CI(Consistency Index) 5L 24131 Gor-1 Bre-2 Phy-3 Ery-4 Mib-5
— 55 F8 RI(Random Index) # ] AHP-1 0.1068  0.1289  0.2808  0.4335  0.0500
W B A B, THEAR D 2 AHP-2  0.0828  0.1383  0.2665  0.4686  0.0438
Fis s —BE K E CR /T 0. 1, 1 AHP-3  0.1865  0.1908  0.2330  0.2393  0.1504
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o C N —BUEFVETENR 5 A e FPIWHE R A e R AEAE 5 0 A R ARG Cr I —BUEHE R R, S REAL
— AR

ZFO L TR CRAEANER 3 s i 3 A1, 3 ZHERFAY CR /N T 0. 1, U WY AT 4 BRI X AL R
EE R IEAT DR
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A TR A 0 L RS () 4 TR 5 L £3I —HHERBRSH CR
B A A5 26 B2 R R 2 AHP it - R BA } %2 C-Bl HEE CB2
SEAT R AR K A R A 43 A5 B i TR TR T
B AHP-1.AHP-2 . AHP-3, B #4521 AHP-1 0 0.08 0
BT o LA CERLTRT o B AE A LB Gn 3k 4 AHP-2 0 0.08 0. 05
Jh7s . AHP-3 0 0.08 0
1.4 HAEBEAFEFERERKBENE

TSR A T = 3 LB AR R 7% 2k F4 TREHLHSH %
H1 BT 28 °CL200 1/ min B9 9E i 7R 4151 Gorl  Bre2  Phy3  Ery4  Mibs
R e B AR B R 48 ho AE 4000 1/ X HRZH 20 20 20 20 20
min,4 “CHYZRPE T # L 10 min, 5% b AHP-1 11 13 28 43 5
TH BCEDITE R A, A 6 mL 4 AHIP-2 8 14 97 47 :
FRERZK (8. 50 Hi B4 M T UE LA i e 4 AHIP-3 19 19 93 94 15

M, HE 2 RS H K. fJE A
MMC 1557 JE 52 40 A 22 20 B2 V7R 600 nm P4 H A9 OGAEL (Optical Density, OD) BN 0. 2, A TR
A 5 A R AE R A% PAHSs 2 B2 A ARG AN [] it T 58 40 43 500 B2 31 5 AN [ B ZE 600 nm A (9 I
FCREAE LM E 7 dL A TR A0 B R R A i AR il 2k
1.5 SIWRFRIE

R R RO AR R X Z2 3R 05 e A T I e o AU 25 < i s AH e FH R A K (80 20 FR IR +20 26 7K - i
ST E N 1.0 mL/min, @E3EHN C18 S ikt A 25 °C R A A hiftFEgs sERE , [k UERE 10 pl,
A L BRI B KA 9K £ 254,254,250 nm., PAHs FEARFRAGTTE : LIS BRI B 15 35 00 % IR, 4R
i 2 O TR MR LA AT PAHs BIFEMRRGp -

77:W°W;OW" X100 % (3

K.y WM, V0 W, AItE PAHs WEE ,mg/L; W, A5 PAHs ¥ . mg/L,
1.6 KiHEEMR

FIH Biolog A= S MPEAN B RE AU BR IRAR I G 1 . Biolog AR A4 & 31 FhBRIE, AT LAY A 6 25,43 1)
EARE /B BRGHE RIS VR IR IS (R (BRI . X T Biolog AR AR AL 19 43 # . >k HT AWCD
FAEGLE Py R AN M , PPAL TR R e TR RE 1 4 bR . AWCD 1A RH
2 (C,—R)
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1

D

WCD —

P Awen HEIEEIARAE R C; AN TRk I B9 FLIROE BE B FE 590 A1 750 nm AL B 22 (8, BUE/NF 0. 06
¥ 0 WbBH ;R X BRFLWOEEE(E . % C, —R A HUENTE 0 AbH s n M fLAR A 8% U A9 %0 . » = 31 (Biolog
HESARA 31 FhERTE) .
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TGN P A5 — T 20 B e Ao 7™ A 410 ) 5 — b 200 7 2R R B W o
T B A 38 (1 A R R T o 240 1R 22 ) AN A7 E RS 9006
F eSS SORAEIZREN B il AR KOT Y% . e 40 i P PR AT
FEPURRWITE AR 2 PR . S AR A 2 M R W4
ZIAIRFEAEAE UG AR AT LA TR S A 8 PAHs FEATERE.
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B3 Al g, EAEAESS 1 RN HGE , ODy 353 T 0. 15 DI, BE8E & FAE— 40 7E 600 nm AL AW GAE .
UERA B REAESE 1 R AE KRt it 2 T A0 B A A B R, R PR ] BB 40 o =2 () LG BRI VE L 4 o 1 i
PEFAC IS A B AT LATUEGE 7 5 PAHSs 3885, Rl ] PAHs #E174E K AR s,
2.3 WAESHEEE 1| X3t PAHs FEERS

HARTT BRI B g% 8 T A0 PR 5 B RFTESE 1 R PAHs FEfRR (Bl O, K535 1 d J5, BREXT
PAHSs fY P i 2R 370 78 25 T B0 B A0 R Al 23, 6F 3 L B B I B R 2497 50 % DL b Hirp, AHP-3 XHR &
PAHs HIE B B8 YRR R B 20 N 66. 71 %065, 22%.60. 13 %5 5 XiF BB 2H [ fi R A ik, %R L L EE Y
R 5330 R 52. 24%6.58. 612654, 09 %0 » (EAT 2 T R B A A A Miib-5 (FE 47. 27 %6 \J& 45. 37 %%,
BE 28.21%0) . Z5SRRILL BERE AT LABE = PAHSs MOREAR 5, i PAHSs 7680 B8] P9 75 20 Dt b 3 A . P
A RE S PR LA R RV P T LA S 0 B, A i) A A 0 TR i, X PAHs 14 R £ %t
FAREUY L AT EE A R A SR DR 0T RS 5 T R A BN S BOEE A B R AR R K B L 41
AR RPEAE 20 AT Mib-5 78 1 d NXTEE RO R s L Tk 29. 21 %0 (AT ARG T AT R X 26 0
fERE ST VLI B R E T X IR EE AP . DR DR AT RE R B R AL & P L 45 A B8 TSI (0 T BE T (SR L
it U BRI SE) Lff PAHs 153 5 g2 20 e
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B3 4B 5 e B A 2 Bl 4 OR[E RGBS BE L dP YT PA HsPE A 5
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2.4 ZINFRKPEMEREN PAHs BEEZRES R

RS REXT PAHs MIBEMRRE T e T 7 d 5 408 S AET PAHs BIRERR (& 5) . HIE 5wl
HRERT PAHSs WIMR G I 79. 86 % ~88. 33% , AHP-3 % PAHs (&M 5w . 1l 3k 88. 33% , /& T4
X PAHs BIRFEfRER(59. 95%~83. 90 %) (WLEE 1), T R ] A S 1 HE 48 BAL TR A7 A6 S ) A B il 142 i K
BIMRI A FH R R =2 ) B4 ATV P BRTRE T PA s B4 AR ik 56 4 i

RGBT K A S RS AR T PAH s B o R R W it o 5 3 a0 WL A1 9 78 1)
FRE AHP-3, H PAHs FEfffe 1 T HAME R4S
2.5 ZIRFREIEMEEE Biolog XEHE D7

ARG B R A B AR IS L 58 T B REXT Biolog AR ASAR R 31 Rl U A1 T M (& 6) .
1L 6 Ca) T, Bt 25 5 SNk ) A8, 4 4 R B AWCD (B 25932 8 184 0 56 WA mT LA P 31 A R kA7
Rt RFNERE S . AHP-3 19 AWCD B 55 i » Ul AR P B vi B2 B 3l W AS R 1 R BREE . A4l
A I B AWCD R, 43 B A [ B A TR0 6 e U5 A A RS 00 (L 6 (o) o RBEXT 6 el IR 34 3 1 1 B
J1 X ERE TR IS B A 58 M, IF B o] BEE 22 Fh R 858 b 4 T B i PAHs S5 &
FAENALE Y, a4 S ERERT 31 R IE A AWCD {5 B w] 41, T RERT 31 Fhas I A4 AR S 1k
HR (& 6(a) (b)),



o ] 2R R A TR YRR M BT A 8 22 B3 A 120 A A F T RO T 5 91

180 100 180 100
_ 150 1 1 I 180 _ 150 30
= o R g
& 120f S w120t >
& {60 # E {60 ¥
i E o E
B 90 £ x 92 =
B 140 5 = {40 =4
= I o' o
: W/ =27 i
[a%} =%}
S0k I - r . ) 1 20 -l 20
1 e L L
0 0
At [al/d At fAl/d
(a) X HR4H (b) AHP-1
180 100 180 100
_1sop 30 . LoOF 80
lJ o lJ o
& 120+ S 1201 s
= {0 & E {60
i B oW &
& 90 & & 901 i
= 10z = 140 2
s i 4 % 6ol =
: 60 2 <
Ay a9}
30} 12 30t e
0 0 0 0
At [al/d At fAl/d
(c) AHP-2 (d) AHP-3
B 5 AR TE#E7 dPXT IR A PAH s [ A 26 BRI 4 1R R
I ;[ CL iR f2 PAHs ; —@— PAHSs 6l Fi A 22
1.2 1.2 1.6
1.4
1.2 1
o L0
gosl _
“ 06
0.4
0.2 | ,
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 L
0 12 3 456 78 910 0 1 23 45 6 7 8 910 an o
B o &F W
&%“@’5@ S
\ \ P S
B fial/d At 7 /d BRIRFP2E
(a) A~ [F) B BE X3 1R B VB A ) (b) A~ [} o 40 B4 XeF3 170 B U A9 A (c) A~ [R) B B X628 38k U8 A% R
—=— X4 ; —e— AHP-1; —#—Gor-1; —®— Bre-2; —&— Phy-3; B T HEZH ; B AHP-1;
AHP-2; —¥— AHP-3 —¥—Ery-4; ——Mib-5 W AOP-2; HE ALIP-3

6 AN [ 4 B -5 B XA ] 26 BB U A

3 it

H AAS A R 0 L R B0 O vk N I RS M R T B T 2 R S PR A AT o R
i, L, AR SR T —F 3T PAHSs BRI 31 FRaIEACIEEME 2 Fhdsbr i i o5 s AHP, TR BE



92 RO TR R $45 &

FIREIEE , D R A AN [ B R () R A e A RS PR A T 0 A il 25 R F

D WREEREMESE T PAHs PR 55 1 REBEXT PAHSs YRR3R0 = T B 0 B 5 (J8 O
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