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Adsorption and desorption of lead on graphene oxide
surface under reduction condition
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(1. School of Environmental and Municipal Engineering, Xi'an University of Architecture and Technology, Xi’an, 710055, China;
2. China Communications Construction Company First Highway Consultants CO., Ltd, Xi'an, 710055, China)

Abstract: Lead removal using high adsorption capacity graphene oxide ( GO ) has attracted
increasing attention recently, whereas the potential release of Pb was GO into groundwater under the
reduction environments is presently underappreciated. This research investigated the fate of Pb
adsorption on GO surface in the presence of S, a typical metabolic product of sulfate reducing
bacteria (SRB) in anaerobic environments, with batch experiments and XPS, FTIR, SERS and
XRD speetroscopic analysis. The experiment results demonstrated the adsorption of Pb** on GO
before and after reduction by Na, S can be fitted well by Langmuir model and the maximum
adsorption capacity was 937.65 and 92.99 mg-g™' respectively. 19.9%—35.3% of Pb was released
from GO as Pb* in the presence of Na,S under anaerobic condition, and the PbS precipitates were
confirmed by XRD. The main mechanism of Pb*" released from GO was the loss of carbonyl group on
GO surface induced by Na, S reduction. The mobilization of adsorbed Pb** on GO surface will
increase environmental risk especially in anoxic environment, such as groundwater, sediment-water
interface and stratified water column.
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TR E 4 B AR SRS T B A B R I 7 16 5 ARG BR B R W98 02 H AT R 15
eI BRI A P N 2 2 — ' S W B 25 BRoK TP 4 R B T AR P R S A R B T R e A
5, SRR A 4 R T Y R K A AR R T AR Ok, — T B A B 40 K B R SRR SR
(GO, Graphene oxide ) M HATA G W, XK Hh Z R 4 @ B 7RI SR KW B RE 0, W95 £ 9, GO
XK Cu®* (Cd* [Co™ \Eu™ U™ As™ Zn*" Pb* S5 H 4 & B 7, e KW B 25 12 20l ik 3] 46.6—294 106.
3.68.2.175.44 97.5 80.1 345 1119.0 mg-g~" , A M P A WL 28 19 10—20 5477

GO & S5 e F AR VEF T 3 72 RV W 208 s B2 5 2 12 RGO P RL, G A e E S
16 GO R Z 3R MG AFAE R ERIE (C=0) RE(0—C=0) BH(C—0) FEHEHE(—0—)FF
FUEBER GO MY ARG o A AR S K R R A B B 2 A AR R W, GO W]
DL 1 Z2 P07 spkad S5O I8 R A A A 884 (rGO, reduced Graphene Oxide) D VR G R A S R S
GO &R FUE REHT AT 2 PRI GO 38 J5EHIT 5 B W B RE ) A7 AE 22 57, iX — mUTE Yang AR h 2 &
RNESE R GO MR TIAR L B AP IR A F AR R GO 2N rGO (i R o8 HLA B
e I T GO W R 4 B AL PRE A RIS M R, A X GO ARIAR B DL B AR
T4 GO TE ML [ 55 1) i 4 S WA BB LA S i W B R i 244 T RIS

AL = RAREESIEZ—E Bhnis ), 8 i 78 R S S T BB AP B0l T 7K UL
TRIRERIE T 25T , W58 GO (IR S FE LLSGR JF AT T GO Y B i W B RRAIE | DA DA PR I8 v 0 B 45
) GO ZHK 0k i R A e k.

1 SZEG#B4) ( Experimental section)

1.1 SEgSMPRL Ak 2]

SEHSRFHHLZE GO W A R & S YR BHE A FRA R (JCNANO) , B 1—5 pm XY 4 16 RUE A
0.8—1.2 nm JEJE (Z) REEHL 10 mg ) GO TH3 A 100 mL A#EZE/K (>18.2 MQ-cm, 25 °C) 7 5
(KQ-500DE )60 min {457, il 0.1 g-L™' A9 GO fifi %7 B 1.461 ¢ NaCl FIHE 4K % T 250 mL
A, BEH] 0.1 mol - L' A NaCl fiff 5 FH LAA & B9 13 2. L 0.016 g Pb(NO,) , /i1 0.5 mL AR , 4l
JKAEZS 2 1000 mL il 45 1000 mg- L™ B Al 28 ¥ W AR B e 5 1 A 1228 23 B 2l 20
1.2 W32 e

B 2.5 mL, 1000 mg- L' Ay Pb> I& W&, T A 10 mL, 0.1 mol-L™" Y NaCl fi# & % W, I A 20 mL,
0.1 g-L™" GO fifi A&, N 2E/K E 25 2 100 mL J5 A TEIR/K IR IR Z %5 (25 °C,100 remin™" ) M HIFIR S
Fie BB ] (B oA 0.3 .5,10,15.,20 .30 .60 min HUFE , B RHRFE 2 mLAE SR 0.22 wm B8 =0 JE e i
U8 , DBV AN PR R AL I B LTI BT (AAS, WFX-210, Beifen-Ruili) 52 Ph* ¥R .

W R 2 g 5 PO ¢, = W S g AR (mg g, C o o R R IR R R v
(mg-L7"), C AR R 5 W B BTk BE (mg - L), V R ROWAR R BUARFR (L), W AR5 (GO) /Y
it (g).

1.3 W BREA IR S g

i BB BB 5,10 .15 .25 .50 75,100,125 150, 175,200,250 300,350 mg-L™'fic il 100 mL Pb* %
W (WIIGRHTH I 50,75 100,150 mg- L™ FFE A 43 314575 Pb-50 \Pb-75 Pb-100 Pb-150) , 4 ¥k & Pb**
VW ALE 10 mL, 0.1 mol-L™" NaCl i s VAR (#E I BSF o B ) , & 20 mL GO &, K & GO ¥k
JE 4 20 mg- L™ IR G #2 4 FH NaOH Al HC1 2% vp3i 45 pH {H°8 3.020.2. 3R & 58 UG A VH IRUK 16 IR %
#(25 C),100 remin™" F N 6.0 hFRERVSE4 ST, B FE A TE 15000 1+ min™ %3 F 2.0 30 min, FIGH
FH0.22 pum A EF G 828 0 DR WA R IR A6 5 R FH R IR A YOG BE TN P> Mk B B0 AR DT
VEY), 75 40 CFEEZSET | A2 EE XM SRR 8 GO-Pb #5 H.Na,S 55 1 rGO £ 85043 2
PETFRE ST, W AR TR IR GO.

1.4 AAbA B0 R
B 0.02 ¢ 19 GO MR/ LT 100 mL 47K, i 7 (KQ—-500DE ) 60 min, £ 73 3 5] J5 8 AR A
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(100% N,) , B 2R R TS & AR TR A T -8R Z A 0.01 g Na,S-9H,0 (32.5 mg-L~
Na,S) , IRA 55 3 I SR TEARE 1, Bt DRAEAR AT IR AR IR #5 H1 (25 °C,100 r-min™")
6.0 h.fF V52425 15000 remin~" B0 30 min, WAETTHEY) ,40 C FESHET 1| H H 2 HE.
1.5 A I oA S 56

AR AL KR 7 T VE B 0088 GO-Ph R 5 & 6 W, B EIF I A& P IR E A TTIE WML T
B 0.02 g iR GO-Pb 44 HLT 100 mL H 47K 8 7 (KQ-500DE ) 10 min, 43 #3451 J5 B AR S48
(100% N, ) , BB 2 3 HUA R iR & 48 AE IR 0 S50 B T B AR S R 4 B 0.01 g Na,S+-9H, 0, 1R &
5] I RS DR SRS ARE 8 DR , A TR IR K8R35 25 T (25 °C,100 remin™") )2 6.0 h.ff
N SE4AE G 15000 remin~ B0 30 min, BUEIER, FH 0.22 wm 94T S8 281 U8, I8 A AR R 1L I R FH
JE TS YR T GE P> W B AR TTIEY) , 7F 40 °C RSt 1 B E EREF P A S K ZRE s
7~ K r(GO-Pb).
1.6 JGiEaHr

KH X B4t H FRE %I (XPS, X-ray photoelectron spectra, K-Alpha, ThermoFisher Scientific, 3¢
] ) 000 5 A I ) 6 TR R el P ol L A R 21 AR G342 ( FTIR-ATR , Nicolet 1850, ThermoFisher Scientific,
2 ) XPRR IR T M AT, RRIRE S 7R 40 CROAME R UL — 8 7R K 400—4000 em™ S5 FIN 4
i 32 IRSE AN 2 . X GFERAT X (XRD, Ultiman 1V, Rigaku Corporatio, H A ) Il 54 i 19 )2 8] .20 40
SETL TR R 8°—60° 2RI HE T iy A5 bk 7 R B AS H . 2dsind = nA o 4 RHIZIAEE, 0 9 ASTETER S5
R SRR A S AGTAT L K, n S OSSR 8. SR R g R pr B (SERS, Surface-enhanced Raman
scattering, Thermo Fisher Scientific, 1S50, 3¢ [ ) XF#¢ S 25 M50 — 04T, R Ag/GLAE AR TR, &
PR30 mW 780 nm YOG 50 Uk, BRI AE SRR 10 s.

2 5 519518 ( Results and discussion)

2.1 R Eh Iy 250

MR B ) o3 27 SRR WO A 0] O A g F) — A i 22 ol
PRIZR, 2 S e W A R0 5 VR A 3 k) %o 8% L
S 1) 5 1) S W R R 0 R DR I R R IR T 150 |
25 mg-L™'f Pb* 55 20 mg- L' GO S 7 B W Fhf 50
JreE i 4 NI 1 R LUE H R R IT 4R 1 R

g/(mg-g™")

10 minW B2 BERESE K, 10 min 25 % M2 BERE K 5
21,30 min i B35 WM 65, GO X P F 8 i 7] N
UE’TEEE/‘JH#IEJW%}J% 0 10 20 30 t/:ll]()m 50 60 70

2.2 W AR AR

GO Xt Pb™ By W B SR W E 2 (a) BT, A
Bl 2(a) HRTLAE H GO X Ph™ [l W B 25 12 B 5 w0 4
Ph>* ¥ B () 34 =5 I 38, MW AV B R T 125 mg- L7
CPAFHE 111.92 mg- L") Jo W B 25 0 2808 | Y400 i vk B 184 28 200 mg - L™ (P77 183,93 mg- L")
i W 25 e T A B S B, W o SR ks TP AR 43 SR ) Langmuir 22 Freundlich B BRFASE 780 X6 S5 56 54 4
TR, Langmuir WA ECUNT .

B 1 GO MR Pb™ i3l Jy27 2k
Fig.1 Adsorption kinetic curve of Pb** by GO

1 1 1
= (1)
q(‘? qmax quax CE

K, g WS TIZ RIS (mg-g™") 56 AW HE(L-mg™).
Freundlich W {45 1R 20T . Ing, = Ink + ilnCC (2)

Kk M 1/n RRE VAR TR /0 TRk WAALH ¢, F C, 0 SR E .
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Langmuir M Freundlich W B &5 HEAR 7 70 B 25 38 DL 3% 130G 25 R 381, 5 R Freundlich #5781 L 55,
Langmuir 5 A G BT, 2B GO X Ph> IR I LAfE AT B R 32, GO X Ph> M A B GO &
T 5531 2SR FH Langmuir AEIHESR 19 e KB 25 50 937.65 mg-¢ ™', S3CHR[ 16 | 85 58258 5 — 7
1], 7E Freundlich W AERHUE A RS E n (H(2.13) K F 1.0, 3R] GO 19 Pb* i RS Tk T

1000 —
800 |-
Tep 600 |
20 20
2 400 Langmuir W ft A7 = 40 C, Langmuir W 25 5 4 70
/7 Langmuir adsorption isotherm Fd Langmuir adsorption isotherm
P’ Freundlich U Ht SR B o Y Freundlich I Mt 455
200 4 Freundlich adsorption isotherm 20 Freundlich adsorption isotherm
™ 10
0 IR [N TN [N TR SN TN NN TN AN TR S T N — 0 L PN N SN NN TN NN SN NN SR NN SR NN T S S |
0 50 100 150 200 250 300 350 400 0 20 40 60 8 100 120 140 160
Co/(mg-L7h Co/(mg-L™h

2 GO(a) M rGO(b)XF Pb™ i Langmuir Bt IR Je Freundlich W Ff 45 E AR A
Fig.2 Langmuir and Freundlich adsorption isotherm of Ph* by GO (a) and rGO (b)

rGO X Ph™ i W B S 26 AN & 2 (b) iR, Bl P14G P> W38 &1, rGO 1A W B 2% 1 186 . AR i
Langmuir MW B 2536 2304wl MR R FfF 254 92.99 mg-g ™', I8/N T GO BB 25, IRk GO i B s
Pb** (I ERE 71 T B I 2.

=1 Langmuir J% Freundlich W% B} 25 R A A S H0H

Table 1 Parameters for Langmuir and Freundlich models

. Langmuir 15371 Freundlich 5%
i G/ (mgeg™) b R? k 1/n R?
GO 937.65 0.011 0.974 63.55 0.46872 0.942
rGO 92.99 0.081 0.962 22.57 0.28416 0.943

2.3 A BRI )8 5 i B S 5

TERE AT 233 GO .GO-Ph A ZH A Na,S, /K R AUEI {0t GO IR 191K 8 (0,75 4k b B 0,
W R BB F R Sk — 2

FEAMB YRS ) Pb-50  Pb-75 . Pb-100 . Pb-150 7EPR SRS FMA Na,S, N 6 h J5 250045 8 i
PH> MR FE4390 R 1.20 .3.41.3.64 .5.36 mg- L™, BIAH S T4 19.9%—35.3% [H W B Ph> B 3k, ik B
WA T P> W R S AR W R P T P PO X FE R AN 3 7R M KB R SR D A G i
i ) LR P R BR ALY R A A E— D T S R GO R, 5 — e #E T GO Kkt pb*>
BT ROREI, IR T PhY B T R TS e KU
2.4 JEEESHr

GO .rGO .GO-Pb il r( GO-Ph) FE i Y XPS 3% WLIE 4.GO By Cls ik EIH#E/R GO MIZSH A KEE
e, EEALHE REE(C—C/C =C,284.5 eV) , }£5(C—OH,286.8 eV) , I (C =0,287.2 eV) FIFR Ik
(0—C=0,289.0 V) ,C/0 A 1.082, 5CHRIRIEWI A . 5 GO HEIEEIMI L, WM P> & i) GO-Pb
AR T45 G BEM 532.1 eV A81L 523.1 eV, KB GO RIEH & A FBER S5 Pb M2,

R BRAL A R rGO FESY Cls JEik E T LA H U 19 % B B s, €/ 0 Lol 3.78.rGO 3R
T Y RE G s IR L 5 GO BITEHLER, rGO T H L0 B 35 8 /), ;X —$FAE 5 Chen 45
IF g —2 .

GO-Pb L AL JE IS (A57R5°8 r(GO-Pb) ) 5 rGO A MBI ZEH4. I 4 (b4) AT LIE
r( GO-Pb) HI& A B REMT 5 GO-Pb A At /b, C/0 Hly 3.36,r( GO-Ph) FE 1Hi Y B RE A -804 . ket |
PRI,



SRR A B JRUARE T SR AT S X 1 ) WAL R S R R 1939

=
S

Y
<

—_
<@
f=}

GO R i P4 J5 i o P2t Y2
concentration of Pb2™ on GO after adsorption
BER GO-Pb iRk MR ik PO> ik

concentration of Pb2* on GO-Pb after adsorption

80

60

40

Concentration of Pb*"/(mg-L™1)

20

Pb-50  Pb-75  Pb-100  Pb-150
Samples

B3 GO WK R7 T P> ¥E S GO-Ph W il A B Ph™ MR XS L

Fig.3 Comparison of Ph** the concentration after adsorption with desorption on GO

— @ — Ols
GO _Cls
1
T T T T T T L}
— Ols
GO-Pb _Cls
~ Pb
E] /
= A |
E L} L} ;O]S T T c]I L
5 1GO 1S

T T T T T T T
S

800 700 600 500 400 300 200 100 0
Binding energy/eV

D Cls (2) Cls
a Sum a a Sum

GO bC—C rGO bC—C
¢ C—OH ¢ C—OH
dO0—C=0 dO0—C=0

e C=0

Intensity(a.u.)
Intensity(a.u.)

292 290 288 286 284 282 280 292 290 288 286 284 282 280
Binding energy/eV Binding energy/eV

(b3) —  (b4)

_a Cls .

! a Sum

bC—C 1(GO-Pb) a Sum
¢ C—OH

dO0—C=0

e C=0

Cls

GO-Pb

Intensity(a.u.)

Intensity(a.u.)

1 1 1 1 1 | 1 |
292 290 288 286 284 282 280 292 290 288 286 284 282 280

Binding energy/eV Binding energy/eV

4 (a)GO.rGO .GO-Pb l r( GO-Pb) 4 ICE XPS 1K1,
GO(b1) .rGO(b2) .GO-Ph(b3) Fl r( GO-Ph) (b4) K Cls Kl
Fig.4 The XPS spectra of GO,rGO,GO-Pb and r(GO-Pb) (a);
Cls core levels of GO (b1),rGO (b2),GO-Pb (b3) and r(GO-Pb) (b4)
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(LA 35 4%

XPS 3 E T2 B, GO M & A KE M & & B RE A, X5 GO HATRRI I EE ) , mi7E R A 5%
PR IA Na,S J5# GO i 1) & AU B RE AR E D, GO #EA IRk rGO. W Pb> J5 () GO-Pb FE IR %A 7%
T #E Na,S iR, X —id B b GO-Pb RIS EUE RB A R il BRI KK PEREE Ph> I I FH.

- S Sk R 0 B 21 Ak B B R GO A
: 1058.75 .1419.86 ,1618.01 .1733.72 em ™' AbF 4
TR, o Bt R BE BRI (—O0—) L R A
(C—OH) Bik# (C =C) Ik (C =0) K1 4 3l
51, 7F 3200—3600 cm™ Y E N H B IEE S H GO
JZRAFAER H,0 W i 384k oh 5 1. W B Ph™ J5
B GO-Pb FAYER I (C—0, 1344.65 cm™") I Fif B
KU BARFS G (C =C,1612.23 em™") W& (B 7
RN, 3O R TS Ph 5
HAEHL G, &R & 75 R TRk 2
HCOPO)  ALBI C =0 MRS, TR AR
, L AP P b ] LU #, 9 Na, S 8 J5US fY
ol GO B AR I W D IS A B (C =,
4000 3500 3000 V585\/(13(31umigggﬂfl1500 1000 500 1569.80 Cm_l ) %ﬂﬂ:ﬁ%(—o—, 1104.55 Cm_l )Wj/l\
F . GO-Pb 7E R S5 F T A Na, S J5 4= LY
r( GO-Pb) BYZLAMAITE 5 rGO AYKITG AR , 32 Bl (
{UE RS (C=C,1572.21 em™") FIFFR4E 5 (—O0—,
1097.80 cm™) I EBEHT, FRIARAFLMF T Na,S 1)
W T GO GO-Pb R & EIBE A 1980, o rft GO-Pb i85 r( GO-Pb) i i BB ) Ph>* it
B, AR P B S B AT 8D X 5 XPS i T RV A

SERS J&— R ISP S | I EAT 355 1) R, T DABR AL BT PR A0 A RF Sl 2540 15 2., B3 W 9l
FHRRIBFFE S 6 I ARTERES Y SERS K31, GO (1) SERS FE7E 1350 em™ 1 1590 em™ b4
A~ S R REAIE D, 43518 D PR G .G s e H B R T sp” 5 H 8 B, B — Bt i GO 43
T-EE B ZE R B e TR R 2% T30 D Al i i B R D A S G AFIRIEZ e (r=1, /1) KAF
FIRE SRR S P 0 SX AL BE B Y /1 R GO 2 S TL s R AR R R Z1 .60 WY 1, /1 h
0.82, W FFHEL R 9 GO-Pb 14 1, /1,484 1.08 , W Pb> 5 GO BYS IR , 3% 5 Ca® Mg™ %5 FH B 151
i GO BER MBI 45 R —5>.

LALYIR )RS 1 rGO r( GO-Pb) BEREIE 530k dixt rGO AYERIEIE R 15 —5.rGO .r( GO-Pb)
PIRESL Y 1,/1 A8 918 1.074 F11.077, 5 GO-Pb 41T ,{H5 GO 2253 8.3 | R Ik Ph™ iYW Fil Al 7E IR S8 2R
B Na,S R JFId FEEIRES IS GO FE/KIE R P A7 AETE S B2

K7 AASTRIEE S A XRD S, GO /) XRD 3% HAE 10.8°45 — A~ 20 | MR 48 AR hiAk 7 F2 ol LA
H GO HARKMIZREEN 8.18 A, X 5 )2 ] (17K 43 F R K & 1) & U H BE T 56, IX AR5 i3 GO AL
SR PE T B AR SR W B BE 11 . GO-Pb 1 10.68°Ab A —> F2 s | E A FEFRE K5 GO —3, B1E
23.76°4b H IR R AEAE R ADZ EHE , KT L Ca® Mg® MR E 7251 GO fEKIRm i B4,
[ RE A RRAE 25 U BAE Ph-GO IR R FE 1K 7 v, 2 AL W18 SRR Y rGO Y £ AE 24.08° (v B AL,
PR I7 TR R M BE N 3.69 A, R JFUS B rGO 5 GO HH L JZ a) BE W 8/, 5 SOk — 2k
r(GO-Pb) i) XRD &3 i £ 7 24.64°07 B AL R MR 3.61 A, X5 rGO Y XRD B 45 AL,
{HY5 GO . GO-Pb 7£ 10.8° T W 2= 5 B &, BRI E mT LUK 22 rGO . ( GO-Ph) J2 [ 1 ik /)N 114 = 2 i (] 2
Na,S X} GO i & A D RE A i 5.

P 8 4 r(GO-Pb) 1) XRD YA R K3, & 8 rhn] LA H 340 Bl i W BFHRR s H Y P> 15 i o Ak 2R
RG2S G AR KPS UITE. L GO-Pb 7E38 JF 454 LB Ak M3k s e, A W BFE AR i o 1Y) Ph> LA
FIOEAELE ,—Fh LA P* TR AE T, —Fh L) PbS DIETE AR 7E.

173720 ¥ L\
161801
| 1419.86 1058.75

1 . L1 . T

{ GO-Pb

Transmitane/%

| 1GO

1569.80

[ R RN RN §3|5119‘5?61$'74

B 5 GO.rGO .GO-Pb Hil r( GO-Pb) BYLLAMAIE:
Fig.5 FTIR-ATR spectra of GO,GO-Pb,
rGO and r( GO-Ph)
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(1]

a r(GO-Pb)
b GO

¢ GO

d GO-Pb

Raman intensity

GO
1 1 1 ll 1 1 1
i GO-Pb

Intensity/(a.u.)

ey 0

I:q'l | ] [ 1 1 1

1500 2000 2500 3000
Wavenumber/cm™!

1000

6 GO .rGO .GO-pb 1 r( GO-Ph) f$i 2 R 313
Fig.6 Raman spectra of GO, rGO GO-pb and r( GO-Pb)

PbS2

250 | PbS

200 PbS2

Intensity

1(GO-Pb)

3500 4000

PbS2

PbS

Pb$2  PbS2Pb$2

PbS2

10 20

=8

200(°)

r(GO-Pb) 1) XRD Yy AH# 2% &3

! A :
i
WM\/JW
Ly T e ey
10 20 30 50

PbS2 PbS2

3 40 60
20/(°)

PbS2

Fig.8 Phase identification of r( GO-Pb) by XRD spectra

2512 ( Conclusion)

7 GO .rGO .GO-Pb il r( GO-Pb) ¥ XRD [l
Fig.7 XRD spectra of GO,rGO,GO-Ph and r( GO-Pb)

AR A2 DL RO 24T B, I [FFASE R R RAEXT GO () Ph™* W B Na, S 38 GO | LA K IR 4R

ZMET Na,S b JER Ph @0 S R T AIESE, 458U F

(1) GO XF Pb*" B BF bR HL =280, W B i B2 A5 5 Langmuir #5221 | 5 R0 78 42 937.65 mg-g™,

GO 234 Na,S 5 ) rGO Xt Ph* i KK B 2554 92.99 mg-g™", GO i 55 Ph> Al It 25 s/

(2) Mo R AL JF G GO Rk I 14 i & /D, Na,S i8JF rGO [#) C/0 4 3.78,5 GO # L& R

T HEFRAR.SERS EiEH 1,71, 0.82 284k K 1.077,GO i85y rGO LG IR EENER I % Pb 19 GO
TERAFRM T 44t Na,S 875 C/0=3.36, £ Mk IETH I, 2 M5 18 R FTAH Eb 520

(3) W B Pb* J5 (9 GO-Pb 7E IR A S F 8 Na,S 5 X —id FErEBES P> A MMz bt , Hirh19.9%—

S22k (References)
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