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OB BEXE R R ZER L1 AR R K AR B b A SO T B TR, i e Y SR ) R A pH O T 22 B4 T e
BEATOLAL s SR AT SEM M AL 5 B B 22 BR AT 1R AE, WSS T O0ALJS B9 T 22 Bk 07 40R & 41 1 FG-06 Ak 1 45 Ak % /K
AR AR AR, TR T i | 3 R o 52 M) P ORI DG A I 1) T 22 BRI B &85 SR S el o 5 2R T IR S Y
R ZZBR A B B AR, T 22 (RHDHE s f AR ALK AR BESCBG v, 5k 90 M 11 2K FG-06 1Y I 22 Bk, A< 1 [k
fige iy 17 o 1] PO S 4, R A I ) e A R B I AR T 5 Xk 20 mL W JBE O 50 mg- L PR 45 i 5 % B S 06 45 2R
N, 20 WA 22 R . 120 remin”! Z TP AR RO PERE , BRI 3, B EARTE 86% L b MR AL AL
J5 BT 22 5RO — b BAEL A [ GE AL A, IR AT R IR G TERE

REIE  ARALBK; YRR B2ZER; Ak BUEWIEE

B T M A PR i, T R K AR S AN W I . R T M R K AR B SAS i, B
R 22 1) Tl AR 15 B A R BB AR, PR, oK T e ni ok R R i e ) B R R,
EBEZ) . AT BN FEEAR AT, HOE KA NI BE . 50 2 2% . MERE MR T 5 Y L E R,
HHEARLIFHEGLRMA . BA . R . ZRBK, PR _PREFAHHELAED R HA
S e YA EE, TR KA T RES A B T oK b, ) ] Y F RN A S PR 3 ™ A

T EE W 1 A AR 2 it Ak T R /K b B Ry 2 T A O 7 ik 2 — B TR 22 3Rk T HRR R I 2 1L
SEAE, TR SE PR R K AL B A BB 0 A5 N R R A RAR AR o RN, 2R A TR BT,
Hag R Ry UORE A B Ve, IS 5 T o0 8, M0 45 TR 22 3K A R /K Ak 3 b 1 32 G 70,
DONG 511 i ] T 22 1A JSURL AT by 25 ) 3 480 4% i1 7 VR P TR PR TRT , BIF 9 L T AR 1 R 408 S A T 17
AWK e Re, dE kBt E R AR S SRR 1 R BR AR IA B T 92.6%., LU &P R T E R
Aspergillus niger ZYUBE-1 il # FI [ € W 22 /K- 0F 58 G Ry, SRR, AWM RS 8—
5 )y 7% M Langmuir S5 RS, B8 22 (4 fi R W 25 B 263.2 mg-g ™!, JF 78 A= W) W B Ao R SR
Fo 4 ER R RN R B2 AT A2 v o BT UK Bh B T G-13 T 2R ON AR, [ G B A R 2T 4k K ) I
FEZF AT I X10-1-2, T8 BT [ I e it A BT 2R FNET 4B 3R 0 0 B TR 223K

—HLOK, ATHEZREWEZREFFAMEI, A T SRR R (0 pH, #i&E
Wi EHEA: 2018-12-25; RAHHA: 2019-05-20
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85) X B 22 BR A BRI R (W S, Tk 2 PR ER ) Ak S TR 22 BR LA A R AR AR SRl
WFGT L F R IR ] . R 95 pH B pR 22 BRIZ b 8 0 o 22 BR Y BEVE RE A s ), 3R A MR RE i 15 57
F A, AR AR S 1 DA 22 BRaIE AT I K 6 R A e A A Ak B A AR R K T RIE S, kg R ik 52 K RN
etk B K () Ab BEAR I S %

1 MB5ER*®

1.1 XEAFIENE

R BB (CLH,L0,). T R M (CHNa0,). B M % ((NH,),S0,). Lt /K& Wik 8
(MgSO,-7TH,0), SAALHR (KCl), B 4 — 8 (K,HPO,). L /K& Bl W2k (FeSO, 7H,0). UK & ik
ff (MnSO,-4H,0). 45 fH45 (CpsHy NLCl), ¥R a3t

1A WEbR R (8012 8, FiEFEHH B THAMRAF); M4 (101-1A, KRERBEFARA
Al); PG EETE (721 B, RIS A BR A FD) s AR HLEE JSM-7100-F, H A R 2s4h).
1.2 LEMFERE

LT B RPN S 3 Ak BT Penicillium sp. L1(KU163443)12, 2 B 0 16 19 A 4k B 7K b 300 ) 1 <
PTG PETS U6 o 52 G TR 22 BR IR A R 2k 40 7 B P %) A1 D DR TR & Al 7 FG-06, i A i 8 1 AR AR B K b 311
RS TE MG U8, AN SAT B AR B R R R i R R AR, B R i R R s A v e,
2 iU W 2 SR FH A D R AAS A O 02 A T DR A

L1 B 22 Bk 5 95 3k . #EME 12,717 gL', KCI10.500 g-L', (NH,),SO, 0.614 g-L"', MgSO,-7H,0
0.500 g'L™', FeSO,-7H,00.010 g-L™', K,HPO, 0.500 g-L™", pH & 7, i FIRGAE K EH LI 115 C K
30 min,

TRA 4N FG-06 K ## 3k . (NH,),S0,0.472 ¢ L', T —fR%M 4.630 gL', MgSO,-7H,0 0.050 g-L ",
K,HPO, 0.200 g'L™!, MnSO,4H,0 0.010 g-'L"', FeSO,-7H,0 0.010 g-L™", pH Jy 7, {i FH 1if 76 K 14 5%
Ll 121 °C K # 20 min,

M TR KK B o B 2%, 15 Yk B I Bk, ARSI AT, BRI A5 b AR R vk 32 A
. UL, R A A B R SRR K IR R LG R 201 BB IR A 2K, DA R K 9 R A Ak
PERE, KK SIREGEAOK BRI 1.

£1 BELEKSEAEKKR

Table 1 Water quality of cooking wastewater and mixed wastewater

=x
=]

IKEE pH COD/(mg'L™) TN/(mg'L™") NH,"-N/(mg-L™) X /(mg-L™)
fEALEIK 7~72 3368~3 601 252.6~293.1 161.07~189.31 735.22~787.69
RAEEK  7~71 3110~3212 151.2~168.5 115.15~127.42 225.39~245.07

1.3 LRI

D) L1 22 Bk 25 5010 . T 2Z BRAY i R 0 A7 B 37 07 3K, R i L/ 778 L1 B 97 2%
AL 2 d R TR ST . BEMLEC—E e 9 5 AL T4 M 2 2 0 S SR B rh LG SR, B AR — eI
Ja, Wl ez AT HAB UL, WA BB IR R0 30 °C L 120 rmin', 250 mL HESE Y
2 100 mL 15 5E

T pH g 7. $EFD 40 B FR 5 0 7 0O T, RIRHER ORI 77, BEFR 24 h U 1R, —
IE5d, MR EZERAPERE, B8R 22 BRI IR IR0 AR RE A2 o 72370 40 TS 3% )5 A9 4 5,
Fraem ey 3d M AF T, Ead sk L1 SR pH oy 3, 4, 5. 6. 71/ 0.1 mol-L™" A NaOH &,
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HCl), #EfEANR pH &1 T BB 2 ERPERE . 76 pH Ry 7. BEFREFEA 3 d 40T, il A 4
S IR FE A TR FE A T3 R AE (20, 40, 60, 80, 100 JHi) Sl AfF 7 ) I 22 BR A fiE Y 52 0

Pz B DL 0 8 B 22 BRI B AR . IR EL . I R R R T 7R S S R A S 6 A I
S0 v Ay AR S5 AR T A A TR 228K

2) L1 W 2 R fE B Ak R K TP O R o o e, TR) SEoKE 19 10 3 5 181 T RN 30 T i 23k (B2
(4.1£0.2) mm) fil A #] FG-06 K532 %L, £ 30 °C . 120 rmin”' 954 F, LR 5% 48 h 5 HBUH &,
SEIL R 22 BRISUE I T d . ARG, DAEERD 5% (1)U B TR TRCRT 60 9128 (B 22 BRAE Xt B, 0 il 2
Fl LR E A 223K 30, 60 F1 90 FifE A SCH 20, 43I 7E 120 mL 1R & K ik o8 Ho itk g, B Fh
% O [F] B Ak 3 2P A7 S, BOR3ME .

3) L1 B 22 BR W BE 45 4R s i B R o SEER 2 7E 20 mL ¥R BE R 50 mg L' A &5 i SR W P b AT,
1630 C 4T, WM 24h )5, 78 583 nmdl WO B2 Jf1F 50 (4 3%, A0 H A U], N
120 rmin's 43 BIBFFE 10 J50F1 20 P 57 22 BR () W B P B 5 7E 20 R 22 Bk 54T, 5T 0. 60, 120,
180 r-min' BYFZ M ; £ 20 W 22 BR & F R, LA24h g 1 AW, HE 6 IR SE 56 X i 22 BR A 52
Ml e (1) THA B

&

Co—C
R=

x 100% (1)

Co

K RMUWBLAR; o b2 XA G MR EE , mg L'y ¢ 5000 21 Ab B 45 0I5 19 % Tk
B, mgL,
1.4 Dk

SR FHP I i 0 66 EE VR 2 COD; R 9 PG R o0 e e B e e 2 MR B 5 SR By — i 1R
A3IEICREE I E A R s R N-(1-838)-2 BRI WAl SRR E s SR 421
LR B2 0 72 PR B Wk B2 5 TR 7% %% B2 ODgg 7E 73 MGG BE 11 600 nm A0 22 5 45 & 58 Wk FE 78 43 SO
i1 583 nm AL E .
2 #HR518
2.1 L1 HZLIKWFHIZS5MHKE

AR R, TR 22 Bk A R b AR N, W B AR AR, EAR SR TR AR
XA BT LT, HRZEREE, SRR, SFEUE M GE TR 2Bk T E TR
K, RPATHLERIT &K 8D, D22 BK08 gl /&y o i P 223K R AF i iR PR RE vl DA R 223k 5
IR 78, TAE K AR B A ag a FHUO PR, FER 22 BRI T KA, AL R T L

K1 3G FRET ] . pH S Fh i X G 22 3R e i 2w o NI L(a) AT LA R B, TR 223k AR T
o Pl FsF ()38 3, T L) A S A, M BEFRETEICE 1 d B, BRI I (4.18%), {H
UUBT R 22 BR AR AT AL /N, TR 223K %50 . BagR 2 d B, WZEkA B RIE B AR, Hrt A
AR AR 42 mm F 2.66%. 2d VLG, BEERZRNMS AR, BEREEIG K, 450 BB
B, AF T 22 BRAE K AL B AR g R A o T 1(b) s 8 % 3 pH X B 2 Bk B PR RE RO RS I, B
pH W TH&E, PEZZERAY T8 L A DTRE S 3 0 28 LT, I ELAR DM o e . B TRT 38 Y 38 A AR TR MR 45 1
TAK, HFERRYEAME T R 223K L1 458 T A8, 7ERI4G pH b 6 F1 7 B, TR 223K 1% B AR (3.8 mm,
3.7mm). TR (3.35%, 3.36%). PUFEHEEK (16.76 m's ", 16.90 m's ) FH2ZE A K., H 2R FEF
i UL 1(c), B Ema st K, LRk Rzl MR, JUHOEEHR & 80 WA 100 Win), HE
FEF] 3.2 mm A1 2.9 mm; 17 I HC U SR 7E 60 F94E Bl i B5) B T 3 0 R A 2.57%, TR RN R R
BRI B R B R 2 PR, HARMIRBE AR, 5 ARG RRY], TRkl F7esist 2d.
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BRI 60 RT3k | pH=T A9 4 fF F 24 e B

BR L1 B4 B RE T 47 : 03
H &1 2(a) ATAT 2(b) ATRT, RAOCAEHT, 722 g © S i

BRBR S AL, R ADRR, MR © 5102 E

WAl TR B SRR . BN 3 5 | 3

9o, KAWL, AR RV, g %2 5| =

U 1L ) = 25 20 2 T 20 A0 LR . l,

Fh 4 22 B 0 P BT (P 2(0)~(0) T, i

5 1 B 22 A U AR S50, L % 3% H il

ST, IFELE 2 kSRR Se %, AR 5

T 2 BRAE K AR 5 P BT 1 4y : |

22 L1 5 A E L FRYE ST IR B K o O PSR M £ 3, MS e g
T 54 TR BRI, B TR E} S

U LT UL LI l.2]" %

W, VA PG00 ROk AR | e &

JUTRH AR, U AR P 30 U o Ll s

B 22 IR TE 96 h B AT A LAY A % BR R pifpH

(56.68%, 57.14%). W% HE R0 AR, A (o) PofipH

[ 2 R 5 AT T 1 Tt 4 90 115 4 T 24 Bk ’ * -

i, 24h EAERRN 8110%, ZRARE . laas 1™ &

BERITLTE, RAHORER 0 18.67%, SR S 5| 3

LT R AR AR . A RN

£, BRI A & 52| 8

MR TR ARG, fE AR B, 2 Pk U

BB AR, FEIOK AR LT | |

pH {9 25 {15 5L L P 3(0). {3 45 b i 2 B vt et

PH M ARAERFAE 77041 U AT A2 2 7 22 L R A A 8 SR R B

R0 A A A szEéJ:ﬂ‘ﬁ?}o Fig. 1 Effect of globular conditions optimization on the

B A 2 Bk AT, COD M L BRA R characteristics of mycelial pellets
(7.14%), 7] RE 3B TR 22 BRIV FHEH (WLIE 4)
TR B AR TR 2H (76.57%) P ST 223K 4H (80.10%, 81.13%, 82.55%)COD £ HRAHE A K, BEH
FER X COD 2 B S 4 N SR AT B, 4319 COD 32 8 2 — Su A A B /K vy A MERR ft 75 Y2 By . i
F G DR Wy ) R A S R, B A P 22 BRAE R A RN, FG-06 R LA FH BE 22 BR Sk it i ok Dl
55 A5 Ak R K BB R, 26 e S T A A o g B ), R v R T A AR RN iR S 4N R AE 96 h
F B AL N 81.88%., 1 1% Fh 90 i & B 22 BRINE, 72 h 2K B B it R N 95.54%, B KRN
98.21%, A My Pk fift 55 SR BH AR 48 Fh 30 AN 60 0152 4 B 22 BRI A1 DL

Ry W gk 1) F2 P B] P (AT IR AN FEIR AE ) 2 (VA VR pH REARY, T T 22 BR AR,
AL P 22 8K — S A W R RE S R A A Bl T R Y R R R AR, — S R b SR 5 VTR pHL 1
A%, TE 60~72 h, %D 30 FUFN 60 TR 22 3K R W J5 B 43 5 Ry 24.30% F 59.29%, T pH A BE LT
R (UL 3(b))s M4 FP 90 JUpA 22 Bk, pH — B FFRRE M L% . bR, o0 Wiikfh &
WA AIZAR R E T IR K
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(a) PRALHTHE (o) L) B (¢) A5 SEM(5004%)

110,000 1 LT e

500 5 um x000] um =—— SE1 15KV

(d) LA/ SEM(S 000£%) (e) JLfb)m SEM(10 000£i%) () AL S SEM(10 000)
K2 W2z BROCALHT IS B S 18 R AR A )5 AN R AG £0) SEM 5]
Fig. 2 Physical pictures before and after optimization and SEM images with
different multiples of the optimized mycelial pellets

—a— TR ALK —A— 0P A B 2R —e— 90 A 43k —a— TR LI —A— 30PE ALk —e— 0P A1 43k
—— U AE  —v— 60 A4k —— A —v— 60IE ARk
1201 95r
100 | 9.0
4
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S L 75
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6.5F
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K3 ARl i A5 F T E R A pH AR

Fig. 3 Changes of ammonia nitrogen concentration and pH under different inoculation conditions

23 L1 E£kKRMERENRCSRA

i & 5(a) AT %0, 20 0 22 2R 00 0 (78 0 88.87%, W vE: T+ 10 45 A Ji € 5% (85.78%). B J] 20 ¥
T 22 BR o A TR DR €8 3R 3, 3R BT T R B (A Ry 6 h 22 AT 5 T T 10 AR 22 3K 5K B 7 i
BRI 10h DA b 2558360, X [RIRE MR EE i e lb i K, (T A 2 10 1R 22 3Rk T LAAT S0 b 42 v it 6
WA, WM S0b) AT, TEFERET, WL ARREM, 0 8329%, £ 0~120 rmin' I}, Jii
0 S5 e S ) 1S I 3G 0 5 % 60 rmin”t B, L3R 87.89%; FE 120 rmin”' B, 7 38 5K ]
THECRAE, H88.32%; M4 KT 120 rmin ' B, B RE T 7€ 180 rmin' B, %
9 84.54%, FEML T FED, Al B — 7 RTINS AR AR, AR 4Bk IE R A K, B —Jrim
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{6l T 22 TR BRSO 5 B RO e i, SEINA% B, DA R R € R0 SRR, 22K L1 B
B R Tl 120 romin!, JE— 20 B e R R 2 BN 5 52

F R 6 AT, TR 22 BG4 i 4R Y I £ R Bl 250 3500
] R S0 38 0 T AN BT R ARG o /T 3 R A R G A 200 NG 3000
BRI, 51 3 B %55 2 2500 _
Jy 87.320% 1 86.10%; i 4 WL @RIt 5 10 2000
TRE; B S IR R E 74.22%; 5 6 Il g 100 1 500 %
FHIE, W0 R AR 2 52.67%. M B 6 S2BRWE Fi %g 000 S
WRR T, AT B L R 22 BRI » o
L SRR ELI D, P LEREIE AW TR, o 0
RIEHS S A R BT RAG . 25 5REW, L1 ] °
2Bk B — 0 09 e e J) = &2 4l H 9 T R AR
y ) S = s M A s ol B P T : EN COD
025 0 3t O R 5 T 2 ST <A
J R, A - |4 E M z JK 1Y [A] —o— i Yl C U d e
B e %, B FE B 2 AR AR W b B R K Y TR " 3;%}1 i
; —a— 30 770 3045
FF 5 W M A P 1 €2 B LA T 2k B K A B it B 0K
Y T 5 B 2 BRAE AR E S 1T AT A AR - 90 B0
3 YR S 5 0 8 8,22, 20k 2 i ) 2 S R A7 K 4 OR[E R & 54 KB A1 COD 1484k
SRR T RDIRAS . (IR R R % Fig. 4 Changes of phenol and COD under
o ’ ° different inoculation conditions
100 - 89
“ 88 - 7 7
< < 8T
i 60, ﬁ e |
#
%\g 40 %ui 85 y
& st
20 b — @ - 205 a é
0 ' : ' : ; 82 % / !
0 5 10 15 20 25 0 60 120 180
ALFRT [E)/h b PSS /(1 - min")
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Pl 5 FR i RGO L1 BT 22 B B 235 & 5% A 52 )

Fig. 5 Effect of inoculation size and rotation rate on adsorption of crystal violet by mycelial pellets

(@) 1Kk (b) 21k (e) 3%
P& 6 B 5 ) T TR 22 BR WG B 45 & 58 S PR AdCR
Fig. 6 Actual effect of crystal violet adsorption by the reused mycelial pellets




2440 ok L B ¥ W F13 %

3 g

1) T A 96 F 15 SR 05[] . pH ORI 45 Bl X BR 22 2R Bk M RE A A K . eV AR R R 2 d,
pH=7, 100 mL X577 FE2 Rl 60 J b 22 BRI S50 T, 22k pERe . @ P s E R Bos,
W ZERIEALIS , LRGSR, B 22 M0, T8 A 70 24 [ 5 fh 28 04 sk W BB e

2) R4 B RE FG-06 22 22 3R [ E AL, B Ak R 7K A Kb B0 SR Bt 52 4 T 22 Bk 42 Tl 00 488 o i
T e e 90 PEE R & SRR, SIS AT S AR R W 1 2 BRR N 78.7% 1 98.2%, = TN IR 4 Y
56.7% F1 81.9%, LA FE [ 22 AL 2 0 Ak B0 AE A R /K AR 8 T 3 1 e R 281k

3)FEAh AL B N AR FH R EIORT TR 22 Bk 0 B O Rk 38R A T e L R BFF 20 mL vk B
50 mg L' A4S S VAW, T 20 P 223K . 120 rmin! &R HA AR IR, A A
3WIE, WO FRA RS 86.10%., B 223K L1 HAT N T YL h 19 /K It € b 384 95 7 .
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Globular conditions optimization of Penicillium sp. and its application in
immobilization and decolorization

YUAN Xin, LIU Yuxiang®, LIANG Tao

College of Environmental Science and Engineering, Taiyuan University of Technology, Taiyuan 030024, China
*Corresponding author, E-mail: yuxiangliu2002@126.com

Abstract Aiming at the problem of effective application of Penicillium sp. L1 mycelial pellets in wastewater
treatment, their performance was optimized through the culture time, inoculation size and pH, and SEM was
used to characterize the optimized mycelium pellets. The degradation effect was studied when the optimized
mycelial pellets loaded with mixed bacteria FG-06 treated coking wastewater, and the effects of inoculation size,
rotation rate and reuse times on the adsorption of crystal violet onto the optimized mycelial pellets were
investigated. The results showed that, the optimized mycelium pellets showed regular network structure with
strong mycelium. In the experiment of treating coking wastewater, the degradation response time of phenol was
significantly shortened using 90 mycelial pellets loaded with the mixed bacteria FG-06, and the degradation rate
of ammonia nitrogen and phenol was significantly improved. In 20 mL crystal violet solution with initial
concentration of 50 mg-L™', 20 mycelial pellets had better adsorption performance at shaking rate of 120 r-min ",
and the reused mycelial pellets after 3 times still remained the decolorization efficiency above 86%. The
mycelial pellet after optimization of the globular conditions is an ideal immobilization carrier with a good
decolorization performance.
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