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An experimental study of the adsorption of lead ions by Aspergillus niger
enhanced by photoelectric of anatase

DING Yang, HAO Rui-xia, REN Gui-ping, WANG Ming-can and LU An-huai
(Key Laboratory of Orogenic Belts and Crustal Evolution, School of Earth and Space Sciences, Peking University;
Beijing Key Laboratory of Mineral Environmental Function, Beijing 100871, China)

Abstract: Lead is widely distributed in nature, and its soluble salts have great toxicity to animals, plants and
human bodies. The removal of lead pollution in the environment by biological remediation such as fungi has be-
comes one of the hot topics. In this paper, the anatase electrode was synthesized using sol-gel method, and char-
acterized by X ray diffraction (XRD), the Raman, environmental scanning electron microscopy (ESEM) and
electrochemical testing. The light-semiconductor mineral-microbial system was successfully constructed with
anatase electrode and Aspergillus niger Bpbl. The effect of photoelectron on adsorption of lead ions by As-
pergillus niger was studied. The experimental results showed that the adsorption rate of the experimental group
increased by 33.6% on average with the highest being 42% compared with the control group. The photoelec-
tron did not affect the morphology of lead minerals. Combined with energy spectrum test and previous litera-
ture, the authors found that lead ions were combined with organic acids to form minerals with organic lead salts,
which were twined in hyphae. In this study, the anatase photoelectron could enhance the adsorption rate of lead

ion by fungi, but did not affect its morphology.
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1L R AR HAR B ATz, ot Tk A
FITCE L — o (HET O Z AR Ay 3h #0455 1, X
N AR RN SR A AT P G T o R ] SR LAY
I 0.3~1.0 mg, SR AENENBIR, SIEIT M
PR 2855 o BlAE Tk AR E R (1) AN W & e, R B8 T )
B g H 2™, QT A2 B G G 2 2 s T R
. H R JTE S YL Ak )
1% (Wang and Chens 2006; Brady et al.,» 2008;
Dhankhar and Hooda, 2011). 2 WHE R 2E 2
2, AW BT MR (AR A B4R T O PR AT, T
SRR B AT ARG TG IR B4 Ahluwalia
and Goyal, 2007; Uluozlu et al. > 2008). W53 M
Fpd CR N3 75 55 KB Tl T 155D | 1 BE CRR Y 1
BEHIR 28 B0 1R L 215 AL B L 55 22 a8 L s~ )
SR TR 85 4« (Wang ez al . » 20015 Dursun et
al.» 2003; %4, 20105 Din et al., 2014; RiE
58, 2014, 2015: Jiang et al., 2016; % ¥ %%,
20170 AH & WM i LR K A 40 i 52 280%, H A
Rifil o o

WA A E ) 22 1) A7 T A s 0 T R A 3 AL
AR G T 4 F 545 )2 KRIE (Lovley, 20063
Kotloski and Gralnick, 2013: Pirbadian et al.
2014: Ren ez al.» 2016, JUIHALBEAR G4 4l B F H
Y T (Lu et al.» 20125 Saki-
moto et al . » 2016), #i % T ARG HL 7 5 EY)
(VR A B 2 AR 4 R D6 5 41w A AT D' e
AL T RIRE, (2 T B A HDG T B BE R AN
56 3%, 18 & A W50 H (Velasco-Alvarez et al. »
2011; Sanchez-Vazquez et al.» 2015, T KN
HENA, #FEPUM RN . T SRR
REVS, AAITFAR R - AT e A6 Re s £

TERZ MR, BLTiO, 4 2ok 10
Y —Mgs 25 - AR, T ARAE T HAR S, AT
DL T K B i H v g 7K A 38 2 A A 558 40 45
(Fujishima and Honda, 1972). TiO, A& —Ff[A] i1 £
a1 3 kAR BT A C14)/ amd » D)~ 4L
FAHCPAy/ mum s DD BERF A CPbac, DY), I
B AR RS M RO A b M e Bt (B R 2 AR,
2007

AHT SR - S ART Y45 e e 5 A6 0 e vl 1 19
R L DG REVE N BERUE, T i AXT A E R
BB, BB RS S el 745 5, U
S v A B SR AT W5 RE YR P TT B A o )
TG QIR

1 MRS

1.1 REMER

A pr A M % C Aspergillus  niger )
(KP940588) 773 15\ fifi ik H WM Be - B, i 44 ok
Bpbl. XK RT Ph? B A 5 e 1R I 52 4 0 0% B R
97, BURAT T b 50K A AL My Bk A 2 S i = 52
WP RR SR AR . AR IR NaCl 0.5 g,
NaNO; 0.5 g- MgCl, 0.01 g, NH,C1 0.1 g, R H
1.0 g BREE IR 3.0 g, BERERY 3.0 g, W% 0% 3.0 g
ZETKL LpH=4.5. 7 BIEFRHE: NaCl 0.5 g
NaNO; 0.5 g-MgCl, 0.01 g, NH,C1 0.1 g, R H
1.0 g RN 3.0 g FERER 3.0 g, #i % 6E 3.0 g,
2B 7K1 L, PbNO; 1.31 gspH=4.5. FIRAEHE
e (Bpb D AT & R % 4 d, WL 200 pL &
FR R 2oy B RO

S BT FHARFIS A b, T B Ak T ), 8%
FEHAF T 18 MQ £ B T/KBLE, T LK E LRH-
150 FEIELR FRAR C Rl 55 9 B2 A A7 BR A WD) ik
AT, BRI 30+ 0.5C -

1.2 ST BREE5RIE

HLZ [ o 46 4 ¥ I J I v, it AR ) FTO
(fluorine-doped tin oxide)s 1 2% M 1 45 mm X 150
mme. A FTO KRG A TE K L 25
TG G YE 30 min(Hsu er al . » 20125 AEFEFEF,
2017, FH E 47Kt 2R h, BT XU T .

W AB IR AL . W A: 6 g KR
VYTl + 40 mL JE/K L + 1 mL STl , 395345
o W B: 10 mL LK LB +1.26 mL 28 1K
+1 mL IR, TP o BT B I 2B
WA PSS B TE B I, B E 1 do AT
R dl e i, & T 5 b s 24 he SCIG T
FHARF3Y h 43 BT 4l
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YA R & XS AT I (XRDOFEAL 50K F 4k
50y T TR Bt X Pert Pro 24 47 5 % (A 2%
PANalytical 27D _E5¢. FHAA B Cu 1, Ni 38 9%
JUEH Cu KB 7™ Kal (A =0.154 06 nm) Fl Ko, (A
=0.154 44 nmDFFAE X 2R, B H 40 kV, B 40
mA. KHP AR HEE 5°~70°, 2K
0.02°, T4 I 0.25 so 1 H Highscore Plus %k
- (version 4.6. DIATR A KR4 E .

N PR Y A 2 O AL UK R
25 () A2 2 B S AR O S A A O B 2l i
{¥(Renishaw in Via Reflex, UKD XK. JEM2400%]
2, A i AE 520.5 em T VR HEAT REUE, WOR B
532 nm, WOGHREE 50% , FER EHARL 1 pam, FH I
2 s, WURAE 50 mW, Bk 10 % , DBLIBOK 50 5 o

FI PR B4 4 7 W A B CESENVD ML 8% 25 Jl - 5
PRy H AR I R THTRFAE o 8 35 DU 7E b 3 K24 fL B
S8 % R FEI Quanta 200 FEG #E47, M7 U
AL UORZE A k2B R FEL Quanta 450 FEG 411
o 20 kV I HE, TBOK 800 A%, TAERRES 11.9 mm:
CBS B — X H PR, L8 70 1.98 1073 Pac

HILA 27 S 06 R F = F AR AR R, 6 R R IR A
S, S Ag/ AgCl FLRG, TAE A AT
BB AR P AR, VA T 1 mol/L KCL
o LA DU A LA 2 AR i C g SR AR A 2
H AW, CHITO0E) o HL Y~ I [A] I 5« Wk v A7k
0.05 VO TArHE Ag/ AgClL HLARD , FIHRIFE 0.1 so
1.3 AXBEFIERAEHSKRRAGE

RIVARFR N H BB 358 e VAR & (E 1D,
ANERTA 370 mL, T LLHAE S em T A8 #e il
(PEM, Du-ponts USA)Z3 . BHARSE AMIR A 55 i
Bl BLA S5 AT BR A T, A1 S8 AR K IR S 1
mol/ L HCI~1 mol/ L NaOH ¥l 1 h 8 753 5%,
TN 350 mL 70 B35 R0k . L ke B e S,
A FH v 28K B 45 121°C KT 20 mine 2 51 200
pL AR AE R T R A AR 1, BRI
B 20 mL 2, B A0 AL ZE O FH Wil ) 58 1 2% 2%
Mt £ o BB AE AN T B T AR 4 d Ak,
370 mL ) 1 mol/L KCL ¥ S5 4l BHBALE H 300 W
WO G KA 380 ~760 nm) M. AT #E B8 2 S 44k
W 16.5 cme 1= T AR 9 FR A Hh O FEURE Ay
190 000 W/ e, AR AL 4545 000 W/ em?o A L%
4 382, 7 R CUT61E ) M & H 7 A e o
of 2 AN AT U, oAt 5 S0 20 41— B

€
s ——

O

BT
K1 H B R = B A0 IR, 7 = 2 AR
Fig. 1  Schematic diagram of the H-type experimental sys-

tem( the left chamber is the cathode, and the right chamber is
the anode)

1.4 SABETFIRENZEMBENIR

P> & ala: O B E. H0.5% 14
AR NS Pb? " br U CHE K05 fE 2 e 50 o0 4 4t
1 000 mg/ L)% WA BN 1,10+ 100500~ 1 000 mg/
Lo M1 mL T 5 mL BT, %M 0.5 mL /SIKF
S DY R CpH = 6) SR M, 1 1% 0.5% — H
P RE S VRAE i s A7, A HEYE 1 mmol/ L EDTA #xife
) B A HEAT W e, SRR I E 10
U M5 IR USRS, @ R E. H
0.5% L1 20 FR % P2 bR AEW AR 8 1410,
1005001 000 mg/Lo & 1 mL T 5 mL ket
IS0 0.5 mL M, 19 0.5% — I R v v AR
FRZRFA, 20 R I 1 mmol/ L Hoidk 5 ) EDTA #r #E
VAR A P HE VR A VR B P>+ A Y T 119 Bl i
AT E . TEREEENE 10 X, W 5E % 5E 2T 5
RS

i BRI L B UL 5 R i 2 M A . BE S
MR AE b 50K % B S0 5 % R FH FEI Quanta 200
FEG BT, L B 78 A6 R 27 A dm B 2 27 Bt
KH FEI Quanta 450 FEG fA##, 5 kV g ik, T
YEREES 11.1~11.2 mm; CBS & R ML 730 2, 2
TN 4.98 %10 31 6.98 %10 3 Pas

2 ZRE5w
2.1 HBREAFIREESKFE

X K S AP AT T XRD 23 #r, 42k
25.31°% 36.95°~ 48.04°% 55.06°~ 62.11°+ 76.03°-
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80.12°.83. 1773 AR M BLER(101).(103)(200)+
(211).(213). (3010 (3100 (312 AT H & 1 CICDD:
01-089-4203), 5 TiO, U AL X)W R #fF. XRD &l %
(Bl 220 0] WA FTO 5 L 38 26 I S B R U 47
55, JCILAR A% TN W AH VAL, ) AH Sl B —, i
W AR A LR .

BUAH A0 THO, J& T D23 [, REAS dd M b 5 A
AN THO, 731> fr 23 MO Ay, +2 By, + 3 E,»
2b 1 BB R A (¥ B 2 U, JE T, 143
em” WSS B, SRR ALE) O—Ti—O R M IR3NE, 55
FEBRCE-E RS, 2003). HHER 1 1551, FE i hr 2
FRAEUE S5 BRI W&, I U IR o2 BUER

145
= b
10] 103 % *—FTOEE
638
394 515
0 20 30 0 0 e 70 0 %0 200 200 500 500 7000 1200
20/(%) % G
Kl 2 RS gk XRD BRE CaO R B 1% (h)
Fig. 2 XRD diagram (a) and Raman spectra (b) of semiconductor mineral electrode
1 PHF  EARFH ST SIEMXTER 900
Table 1 Raman peaks of anatase, rutile and sample W R -
Bk Kane) FE P N—
VERL /em ™ WTRRZER WAL /em ' WRRER WEEUENT /om ! 600 -
147 E, 144 B 145
198 E, 239 — — 2
398 Ey 448 E, 394 il
W FRUEWEEHE K 17 Balachandran A1 Eror(1982).

S O 1 6 5 B o 1L 2 0 R, 75 1 |t s o 5
mol/L KCI HU L% AF 1 T AR AR 06 L -1 : : . , i
\ . NI e e e 0 200 400 600
4. JCIPIE S, R i 24 %, H ifs
G BV R (B 3D, n] LU & BT X' e i 1Y 3 G AT R R I ]l
TR, 2P PR, 4T o Fig. 3 I -t diagram of semiconductor mineral electrode

2.2 EMEXRE RO M

JEHAL 2R S R B, BT H AR HL A B
RGP is Mo R BEERAT F AR 1 A H 1 AR A, 28 B
SRR AE O T AR, BT AR RO A AL R
i 2 R PR 2 T A P 39 A T B AR K
IRGEHA, XSRS R G N 2 . TEIR R, 1
WA 3 i Ol i 4D 5 IR 5 B 7
B RO 4D W G UL A LT

A B T R L R IR B O T B R
HLF, S B o R S P e o 9 R i S S R AT 2
A B AR TR A AN 2], 2 B0 T UTE
ERIRIER AL, T B R AL RT 3 RN FECK
4), I EA AR 3 4 R, BIRAEP I ah
LR o A A, PR RN AR B0, SRR R
B e G HL T AL B IR R B R T I A e ik
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Fig. 4 Change of lead ion concentration with time

2.3 TJERFYSH

iR A5 pH A Eh {ERE R (R ARL W& 5. 52
i A K R, S T AUR 4L pH (. F RV Eh
i TSR AR — 3, 5 SR 00 = i AN SER 19 21
pH 1 Eh {E A1k 34— 20, UF B 6 L 1 3% A oo 2

B, BT SR ALCES 8 AR B R, IR B W By ik
B 959% o B FRHE BT VA L B PR A A AT R B
PR B S B A O A IR B BRI R AT
S5, 6T N T R AR B

8
b
—s -
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=
[=3
g
g
T 4t
s
i
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) | —=—garam
—*— TH+EAET
—A— RE+ERET
| rouma 1 .
4 5 6 7 8

B8 A RE I IR 1) A2 A ]

H A AU M AN TR R O S . PR 2 S A
R AT 2 W R A A 7 W0, A KA S5 S A 1
5. pH M Eh(BAES 4 RIBLZE S, I 8] ml 5 26
I AR &, #HENDE T AT REAE 4 ih 8 K F A
LIRS AIIR

160

a —e— T b
50 o FHEA !
140
48 +
£
T i
=%
120 t
46
—e— X4
4.4 N N N 1 1 N 100 L L L L L L
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

td

Kl 5 Kigedk pHAE (DRIEAE L BT Eh {5 () BE I ] 42 4k
Fig. 5 pH (&) and Eh (b) values of culture medium with time

FESRETIAH AL BT T WL 2R 2 [ R IR BT 0
&CE 60, i REWE (I 7)), AL 22 I A4
A R DK IR R R PR A S TR I AR R Cs
Oo BHFRE YR TH NN WP SEAE W 22 2, Y
W ARI ARG B B A i A A
A1) R0 AR A TR AN E B0 (R T 25 A W 2

Do AIRAAR SRR, G A I AR KBS
I E A eSS . XMy e e 2 P 5
S FACE P SOV TE B S B . TR VA A
FHARZ A= W B0 ) A Ak, () B34 45 (Sayer et al . »
1999). i L B AR ), V2 LR R
A B AR TR AR BRI B LR A RS DL AR
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Fig. 7 Energy spectrum of product at ESEM

TR (R R AH,2009) . (EREG S AT AH R 17 50 T A HL
PRV A ) () I R v i 5 B S R AR 45 5, DRI
AN L IO HLIR A R A 1) e g S o, SRR R b
VMW R R L e 2 R R 10 5 U L
(Welch and Ullman, 1996)
Ph? " 55 B s W AR B R S DCUE 1R Ak 27 T R X
wrs
H,G,0,=H" + HG,0,
HG,0, =H" +G0;~ K,=1.5x10"*%
P +GO; =PbGO, v +2 HY  1/K,=2.0x10’
Pb*" + H,G,0,=PbC,04 v +2 HY K =1.68x10*
I ] T, B A P RO AR IR A R A 27~ A
BCEAEAOR, 1E 0] s N R A, SO JE 5 25 2 1ET
fif A I A R R [ i Ph AR R IR A
AR, A3 BIF 90 3 W 0 ith & 7 26 1 A B e v i
TR, A2 B 7K & B (lead oxalate dihydrate),

K, =5.6xX10""2

R — ORI ED R ) iR Y SR th Bl gy
WAL AN 22 BE CEPS) AL 40 fit 15 FR 355 vh IR 3™ 1 &5 5 T8 1
REEM . MANREGYBA %G8, /] 54 YR
KAHEAE IR R th & -0 ) B G4k [FI, sk
Z RYPATHLRRAT W S i B S AR IR I, Tl
WA ) A A W R ot 0 W R A A
A8 Kt AR 2 A T AR S A TP B B AN R R Y
WOA B, SLELAT Y 5 BRI X NV (Barker et al .
1998: Welch ez al.» 1999),

PR 1 2 M A AL A0S 7 3 85 o A 1) 3 % A
R A B X RS G e VT e T I HOR A
FEH, A FIAS T 2200 . 8l Ok S 2 AR
U (RJEEAT TR Aol ) Bl 2K e 0 25 A AR a1 LAk
YER CBAGESE, 2011) 0 HERR & BT 1K) 3 2R 4,
TER D)1 2B ) e Al i it e A2 5 A Y K1 b 4
PR AR P B R B IR R TR BV A A
HAER] FE R ) SR Y o
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2.4 BHMBASHETIERTRMEEL Pr** AIHLH TG WS B 4 AR A 0 IR AL P 2 38 T 33,6 % » B

20 Y B 40 o IBE 2 A 40 R o P AR AR, G R 1
A2 A S ANHOW 54, A FE R B 1 T 2 Fad At
B ) B R AR T R A BT R, G R B T
fik 240 M B , i 2 0 AN R R 4K 2% A R 45 R v e
&IE 5 e M IAE

L R 458 P R D %) 40 0 B 32 o) b H R 2R
B T SROBE i 1 ORI R 5 5, 1 2 80% ~90 % 51X
L R e e R B S i U | YA SR B R R
J& B 7 B A, 4 i BE Y R A F—COOH.—SH.
—OH.—NH, % v 5 4 J& & 7 & A7 CH 3k 5 5,
2002; M, 2006 FLER 140 H B H 5 5 A5+
JERSE AL, A KR E R, BT — oA
by S MRS 1) B T 2 40% ~45% o BRI
JfukE ELL Ph—S b FEAFAE B, I D LY
Pb—O0 & & ME XA 7E(Alain er al.» 1996; Bargar
et al.» 1997; Sarret et al., 1998, 2001). Hi &1
T ST W BN R Al B R T, S g R RE b BRI 4 A
H Pb—SPb—O B, 2 J5 54 M Bl 4 & kB
A %€ (Tiemann et al., 2002; Smith ez al.
2011)-

TUAE - ) AR ELAE 2 A0F 24 A P XA A
(1) St B R 2 R A s, = 2 3 R D
TR A FACUR B L) CO, 590 R A 3R N
(Ehrlich, 1998; #%%,2008); @ AMMANES
YICEPS) SACETE i A HLIRR 5 0™ ) 2% 11 & 2B 2 1
W (Welch et al.» 1999: K K5, 2008); @ Tl
A S AR P ) B B B 5 ) R A AR AR iR
SN, G 4 Je8 A ) BRAR TN A R A SR I A )
(Sanzmontero et al.» 2009). H 87X 4 & & T4
VIR IS 2 (RO LB (I R /b, IR TR A
FIEZ Saps e 3 B B O TPk A2 Y/ R NN ]
Z IR T EE AT S . RS ST B S BT A L
VEF B R A A ) R EAG R B, 6 A U X 4 s ¥
A3 i05 4PS I RS LT /o e =7/ DR R A (= N1 5 S
& JE V5 e A R, AR R L.

3 4k

R AR B R X ' e N BB
PR RAf . IR T Ot SR -
G, MR CRENE Jh REF AU A8 F B R H Dt e
WL AR el 7 5 R i P R R

RN 429 , 75 5 1 25 2 KB SO AR A )
42 4 i 0 AN SR 45 0, R g 2 1
TR, 6 T 15 B R A T AT B S
EERRA . FRBE N b O 5 S T TR A 4% ROk
A O A KT A L R (B R S .
B 2 B 0 T 5 A R o 1 i R
LE4H Ph—S Pb—O T3, 2 J5 5 41 R LSS & K
PR AL 5 7 R
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