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Abstract; Biochar has great potential for in-situ remediation of contaminated sediments. However, little is known
regarding the impacts of biochar on the ecotoxicity of organic pollutants in sediments. To evaluate the impacts of
biochar on the ecotoxicity of BDE-47 in sediments, BDE-47 bioaccumulation, DNA damage, and oxidative stress
related biomarkers in the hepatopancreas of Bellamya aeruginosa following a 28-d exposure to sediments spiked
with single or combined corn straw biochar (CSB) and BDE-47 were investigated. The results showed that, under
chronic exposure, CSB was nontoxic to B. aeruginosa. CSB could reduce BDE-47 bioaccumulation by significantly
reducing BDE-47 concentration in the sediment interstitial water. Within the experimental concentration range (1%
~7%), the higher the proportion of CSB in the sediment, the more significant the effectiveness of its reducing

BDE-47 bioaccumulation. CSB with different proportions in the sediment could significantly reduce the toxicity of
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BDE-47 to DNA of B. aeruginosa, and CSB with relatively high proportions (4% and 7% ) showed better effec-
tiveness. However, the oxidative stress toxicity of BDE-47 did not further decrease with the increase of CSB addi-

tion. Therefore, in terms of reducing the ecotoxicity of BDE-47, the appropriate CSB proportion in sediments is a-

bout 4% .

Keywords: BDE-47; Bellamya aeruginosa; ecotoxicity; corn straw; biochar; sediment

A R KA P 25 A5 e WU R P R O R ) 2 W
) ks G RN A2 B A AT HLTS e is G )
ORI K AR AR R N R R LA AR R i A= 28 ik
AR, R FHAIRRERE | i R O SR8 T4 /N 1&
HEAX G YRR T RN B 2 2R KRS R
SRR EE T B, M5 R UTRE Z ) &
B R R i KRR B R AT 5 e 0 B4 A A s A
AT, PFCIESE, Bk JURE AT L 2 b 1 B 55 0
FUEE A 1075 41, T R TS e P iy A= A 3t
W HE AR BN A SRR,

A=) ¢ S — T B AR AL b ), H TR
S — P EE B (0 PS5 R B R, AE IR BB 2 v R
EERVERY, B L, 629 s i 75 e Ui R Y
JEAEE BAR KBTI, KT EY XK+
IREE s Y BE A (A 5 OGS Y A A
PR (B T A 2 e X s Y OB 0B S 3K
FIBH AR 15 Gy A= 0 A v ) A AR A AT R AN 8
(1), A2 [ Bof 5 5 AR D ARONE HEA T2 B PP, TR Sy i
i A= A 3 M XU A 38 3o A RN A e A DL A
B, AT, T T Y A 25 35 M XU 52 i
FIPEM IS i 5D B " S5 3Rk 12 Bellamya
aeruginosa) & J& T J& 49 IR B IR K B AR 34,
FER BRI )2 5040, J&— R LR ) TR
R A S, 2 0 o X — Sl B A8 o 4 J R A
PEA HLIE G 2 B0 3 i UM | 2 R T UL )
FEPEMR A BEAR A= 1

Z IR ik (PBDESs ) 2 i A il 5 A PE A HILTS Gt
Y, PBDEs % HIAEFH AR, 75 AR 2 1) PBDEs [] 5
Y 227 44 -DUIREK i (BDE-47)% /5 PBDEs /&
WY 70% , SR EE MR, PBDEs BA AR
P ZEDURR Y T v B & T OKAH il TR =2k
VLUTE Y PBDEs VK EEy 12.7 ~7 361 ng-g™,
KA BE A 108 ~5 788 ng-L ™' 17

AMFFE LA KA FF ] 28 09 4 W) 5 (corn straw
biochar, CSB) W 53 % 4 , LA BDE-47 & H #5454
Y, LIRS A 18 o IR A 4, R 28 d DR A=
YI  J7 vs , BIFSE7E BDE-47 HAR TR th 78 m

ANFE ] CSB BYIE LT , BDE-47 £ 4 45 2 i iR 1A
PR A )RR 2R %o JH I e JUE 400 i DNA. 45 475 LA K% 3
PR PR B0 S B A P bR AR (0 PR U(ROS) | 4R
YIEALRE(SOD) A3 b H B % % i (GST) A —
5 (MDAt 8] (19 31 25484k, %%¢ CSB H B iy
1 CSB XL BDE-47 A 25 Ml ORSUR:

1 ##57 % (Materials and methods)
1.1 X5

FEALAS  HAS TP (GRUTF 80/11, E 5K
BUBE IR #5 FRA F) 5 B i S L AR e WA (36 [ 42
5 =i DR 2 TR B 3Flex , 3 [ 22 5e A AR 2
F)); P &G FL - 058 (Quanta 400 FEG, 32
E FEL 2~ w); S AH @355 1% 58 H AL (GC/MS-
QP2010 plus, H A Shimadzu {X#52 #l); 946 . i BE
(ECLIPSE 80i, H A Je JE /A ) ; 2 DI R A (DTX -
880, 3% [F Beckman Coulter 23 7)); 5 2 5 3 18 1R B
OHLUTGL-16M , KV F UL SR A FRA FD 5 KF
HLIKAU(DYY-12 B, b TN — 1AL #% ) ) Be 25 2 AL
(KE-2000E , |30 202 {3 i A1 BR 22 7)) s B FG 5 J A
B EEJZMTAE

FEIRHN 2,27 4,4 -PU BB K i (BDE-47), 43
T3 C,H,Br,0, CAS # 5436-43-1, 4} Ji¥ 98.5% ,
BDE-47 ¥rF£(50 wg-mL™")I4 H AccuStandard 2\ 7 ;
ER PR C,-PCB138(40 wg-mL ™) [ 2 [F 614
[ 28 L8025 IE T e\ SF-rbe il A LRI hr T A4k
BHE AR 0 GCS 9, 1# 8% | Tris . EDTA-2Na 2,4~
TAEFEOR P (DNPH) A ER R IR ] 7= 43 B 45 E ©
Jot G R I DR A Y Ay [ o 2 R R
1.2 bk
1.2.1 WA

SRHSEE0 2N T RG 3% 04 45 At I8 A ik A
Py BRI N — B R LA, e K R (18.10+
1.14) mm /K5 H(1.56+0.15) g, I TUIRY 2GRN,
1.2.2 P

S T FUCR IR 1 TR o 1 T A5 F AR AR
X, SRAE S A BT L Ma S A HiRGE
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1.2.3  FRFEFFAY A5 5 RAE

CSB R H m i i AR P s A ik A7 1 4%, o
B FORFEFF & TR DAL T R i 5 e e 4 U
SEGA T E T RAGET, x|
SR AR AR, R 3 WA, FEnl AR,
ENIES ST 15 MR RSESE AT E 32
il A A R A AL AR ORI 1
APRER A, AR 90 552 460 445 SR 18 8 e Ak IR N
500 °C, ACE A 8 h, K T il 45 4 25 4 a1 25
TR M2 KR P, R EF 85 CHLT =
fEH BUR B i 150 wm JE e, (RAE& ., &
IYHT TR W R S A AR KN £ BDE-47 . Xt
A= W A R P B 3 10 B LA 43 W (S0 s G L 3 1
ISP SA W B AL A A A MRS 2 T AR A R TS 4K TR R
FR I & S B B (SEM)IEA TR AIE
1.3 Ui AP

FRYEIR FE KRR Y BDE-47 1 R85 A1 5K
i E BDE-47 () S2 50 AR ¥k B2 500 ng- g7 T
E ) HAEY RBEE 3 NI IKE(Wiw): 1% (4%
7%, SEiedbi%k 8 AN (3% 1), Tk CSB
H S RYEEPE(LE 3 1| ~4)F1 CSB 5 BDE-47 B4 5255
PFEVE(R IR 5 ~8), B b PR 1 3 A,

*1 TWwigit

Table 1 Experimental set-up
20 51
Group CSB(w/w) BDE-47/(pg-g™")
1 _ _
2 1% -
3 4% -
4 7% -
5 - 500
6 1% 500
7 4% 500
8 7% 500

T : CSB 7 LA F KRR A4l 45 19 A2 W 3¢ 5 — R TR

Note: CSB stands for corn straw biochar; — means no addition.

Z:7% TSN B 7 T U AT bR b B
e N A FZH AR 2 100 g TR Y (Fide i
150 pm JEJe i), # b 5256 3 T A I 5T 5 Y
CSB #| M HA TR h |, SR 5 23 S B B
ML EZFE 0 1 b, 5 ASRD M DT
MEBTFK TR FL A 22 87K, T itk

FRAA], 3 A (DMSO) L il ¥ B2 5
mg-mL"" ) BDE-47 fifi & , 76 75 22 5 il BDE-47 1
AL FRL H A B & 9 BDE-47 %45, 4EF% 3 h
S NAREBEFE— IR, —RKFFEE 1 h,24 h 55808
PiFE . PRI =R T EE 14 d, A ]
HEFE 3 d FRFE AR PR U, I BR O A 1k 3 B AL
A KRR L R DT 43 E) 3 S E R
REL@E L), DTS EEK L4 RB A 25
BTK, BRE R I DT BT — K e i R K A
HORRE 3 d, ZRERITAARET K T B S MR R A4
AR IERET B DHET 15 1, AR ab g
AR 45 O RREIRE I 12 h(F):12 h
), KIRQ4£1) C, VK 78307 2 2% 5 28
d, XA L i 35 2 R M, Hr e B — A B S
cm MYIRIFL, A EMEE, Fefg HIRAER 5 mg &
AR PR 2R EE T, R4S DU U T S 3 R
AEIE FHRTE 90% L b, FF & DT 35 1 D b o
Bk, (ERREE 7.14 .21 A28 d WEEURE, 2 3 itk
T, SR b B TP BRSC B R 3 T U T,
FHE T Je w18 U AT RAE , 7. RI3E4T DNA #1453
WRE 5 SR 5 BB AL B U0 3 1 43
JHF PRI T R s R ORA T AR AR 5 e IR
ANAEFRL PSR IR 3 A 2 B K B i
BEESET A 24 h(LLTE BRI E S 77 83 1) BDE-47 X}
BDE-47 ALY B R SE ), SR 23 185 4 A i o
ST 20 CURFR S, T BDE-47 95081, FE%:
EE ST U R, X A2 7 R I SR A 7 [ 1 BURE Ab 2
FNGE , Mo TERREE 7,14 21 F128 d B, X4~
RELIEATUTRI RSO g), T2 500 re-min~' B0, it
UE T E TR IR B /K vh BDE-47 AOHREE
1.4 DNA #545&

K RS20 7% (comet assay ) K I T 1 J0E 41
Jitl DNA $45i BOFEE |, 4% 1R Ma ZEPUE ST (O BR1E 7 ik
HE4T DNA $i e , 2O i sk 415 2 Gk
£ R CASP 8447 UG 43 Hr , 4R EX Olive 2
#H(Olive tail moment, OTM),OTM A& 2L .05
A ELOEEE RS 5 DNA & IR, w444k
PRATR 3 EA, B FEASIER 1 5k 28% B 50
A RS Y B E R DNA F 500 5 18
1.5 AfeilE
1.5.1 ROS Bz

FIHDECHRET DCFH-DA X 5 JIT I ROS
A AT I . K B E 20 20F0 100 mmol - L™
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(B TR 22 M (PBS 4% S5t i () (A A (mL) L 1:20 Y L
BN AR BERE SR vk T I3 SR FEA
0.5 mL .04, T4 °C .1200 r-min™", Z5.0> 10 min,
JEH 190 wL b3 WO A SRR R PR AR S, A 10
wL 1 mmol-L™" ) DCFC-DA % JGAR4ER ; FRHL 190 pwL
AEWOMA SN — R R R AR T, A 10 pL PBS,
WATY5) )G, F 37 CHFE 30 min, £ 2 D REREHR X
0 RE B B (B & I K (500 £15) nm & SR K
(530+20) nm), 5 BB/ 4y b W5 WCR 2% 5
SEWEIATE 595 nm Tl E B 1 i, ROS % i DL
SR EH(FT)-mg ™ H A FER .

1.5.2 SOD .GST #il MDA Ayl &

i Bl 28 S P2 R ik A T A 4R it 1) o 4 A
FRIINAE , SR VR G IR A 41 20 F1 0.01 mol - L™
Tris-HCI 213 A Fi(pH 7 4)F Fi i (g) AR (mL) HE 1:9
P ELBI I A BB SRR vks R R ST AR5
05 mL B0, T4 °C 2500 r-min', .0 10
min, SEHCEIHR 20 pL(BP 10% 293¢ Fi5 W), A
WA TR RE ] 1% , FHF 0 SOD & 4 5 PR I8 W
220 wL, FHFI GST 364 ; o 4% i 21 K AE 10 000
r -min~ ZKLE B0 20 min, BRI, FREE] 1%, H
T 5E MDA &, SOD 3 1451 FH G A il 2 Y 220 ms
WENBT) G A VL 5 , 72 550 nm U W6
PL 50% $ il i ok 14> SOD 1Y I 1 #uf (U -
mg ' # ) ; GST i R A 1-50-2,4- i 3 48 (CD-
NB)EE , 7E 340 nm FIMOGEE  i& 18 DL U-
mg™ [ #n; MDA & & R B AR [0 Lk 2 W
(TBA) L (A3 1 5 | 78 532 nm F U 5E WOGAH, 36 1
A7 LL nmol - mg™ B E N SR Sl g
ETE 595 nm FIEH S &,

1.6 NEF Y BDE-47 B4 &

Fig B A 25 B3 14 T 3 X A R ARAT- 1 DA R AR
FTEI K BE AT AL B, L PCB-209 1 A [l i %
8RR P AR AE, LAV C,,-PCB138 1E b & it W bR, 7E
GC/MS IR AR 7 FHE W 7 2 A7, kA
FHEFLT UG IR 110 °C 444 1 min,8 °C -min™'
THEZ 180 CA£F5 1 min, LA 2 °C -min™ JHE & 240
CA#4% 5 min, PA 2 °C - min~' T} 3] 280 °C f£4F 6
min, FUSAME R EL B PR THLES | B IR TR
JE 230 °C,HLTRER 70 eV, AT Z 3 0.7 mV, &
FHEEA R SIM £, 2 R A 300 €, 4t
PR 25 1 BRSSO A B A~
FPRERERT R, A b PCB-209 1o [l i

RN T1% ~ 96% , 1E £ ) 1] i 3 F (60% ~
120%) N, fF & s AT 23K . {48 % BDE-47 £l
FRoM 1.08 ng-mL™, % FH P9 AR 2 AR OE I %
BDE-47 17 =5 Hrit 5.
1.7 BRI 553400

SEIKCH R ] SPSS20.0 #EAT 4 43T, X 52
BRI AT IR A A A 50, SR J5 R SRR Ry 25
S HT i (ANOVA) RIS T LA HS: 3 v (LSD) #EA 7 41 ]
a5 B E VRS, 25 57 WK R 0,05,

2 458 (Results)
2.1 YR FELE

X} CSB 47 T R H AL AL %, 45 R BoR,
CSB 1Y LR T AR R AR S35 K 81.66 Fl 115.17
m?-g ™ SRR FL AR K 3.874 nm, CSB Ry
B R HAMIE SR R 2R s AR FLBR R
BE(E 1),
2.2 UUARARIBRZK H BDE-47 B

Tk 5 S0 F RN AS (] BBURE R () o5 DR 4 ) i K v
BDE-47 ¥ & AR L I % 2 it EXT BR 41 Fn A= )
S U Ak B 2 v 34 R 4G 1) BDE-47, 7 BDE-47
B kb P A CSB 5 BDE-47 BEG AL FRAH | 5255 21
d J& , (BB /K o BDE-47 (¥ A BT F R, H2E %A
3 UUITE Z S R A A Sl U k2
FetERsEm ] L2 AN T, 5 BDE-47 Bl b B4
tHLE,CSB 5 BDE-47 Bk A5 Ab 340 [B] B 7K ) BDE-47

HV WD mag | HFW [ tilt det 50 ym
20.00 kV 10.6 mm 2 000 x| 149 um 0~ ETD

1 EXRBEFEWR(CSB)HHEEEERE

Fig. 1  Scanning electron micrograph of

corn straw biochar (CSB)
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WRE B TR, L 252 28 d R IB B vl LU
H,1% 4% 1 7% CSB 5 BDE-47 Bt & Ab#4
BDE-47 (¥ JE 43 ]l BDE-47 B kb BRA R & T
52% 71% 1 81% .
2.3 CSB XS H bR i 5k

Y 5 B b R 2 R T SR LN I AS [ L 451 CSB
MIUTRRY) 28 d J& , 25 R R, 5 X BAEAH LE , 45 b 3
B 5 B A MR R JIE DNA 5475 (OTM i) 7 1 4R
(ROS)/KF-.SOD {4 \GST IEM:AI MDA & ¥k
P 225 Uil CSB MM HA #dE
2.4 CSB Hil BDE-47 £ 2 8 T 4 5 P5 bk 2 T 1l
i rR BDE-47 A= 4 F 2 A5

FEUUR ) s AN 5] B 3 1Y) CSB. X 4 45 B b
YRS E A BDE-47 &2 an 1€ 2 i, Bl g
FE IS [E] A 2 K, AN [) b B 4H ) BDE-47 & i A L
TS BN [ F E) CSB AR B W R AR
BDE-47 W/EWFL SR, fER TG F128 d),4%
M17% CSB 5 BDE-47 Ht&-Ab P41 ) BDE-47 &
ANTH- it 2 52 ) [] () 4T T v . R ER 28 d S, 1%
4% F17% CSB 5 BDE-47 Bt A AbFHZH () BDE-47 &5
43 e BDE-47 B Ab FHZH (969.94 ng-g ') T &
T 50% 69% H179% .
2.5 (CSB Hll BDE-47 Wkf % 5 %) gk 2 il DNA
P05 )5

FEUUR ) S AN 8] 3 1Y) CSB. X 4 45 B b
IEATFBEE DNA 51475 (OTM {8) B9 2 i AN &l 3 Frs
FrBEFZEAW(7 d)Fh,CSB 5 BDE-47 B4 kb BHA 1)

xR2

OTM {H 1 B 3% T BDE-47 Huphab3isH , ARE % 2
AT A AE R AT CSB EL A9 3E i, CSB 5 BDE-47
KA FA Y OTM fH 1 F A%, 7R #5121
128 d),7% CSB 5 BDE-47 B4 AL 34 1Y OTM
{ELAS T o % 8 1) [0 1 388 o v 7 . R 6% 28 d A,
1% 4% #17% CSB 5 BDE-47 &4 AL 341 i) OTM
{43 % Lt BDE-47 B phAb H2H (20.67) F % T 44% |
67% 1 83% .,

12001

z 2 [_IBDE-47
g 7] CSB(1%)+BDE-47 .
e E 1000777 CSB(4%)+BDE-47 1
2e 7/ CSB(7%)+BDE-47 .
=2 o 800 ki
4 @ z
o=RA
T =7, 600 . i
= &
S22 0 d 77
S z Z]7ef ¢
HS oh £ . .
Sw 200f _ h,
3 a "
qf ND
m 0
0(Control) 7 14 o %

AR )/d
Exposure duration/d
2 CSB #1 BDE-47 5 —H E S MR RN RER
S IR IR A BE ] BDE-47 2 2R
T AR F RN A B (B A7 AE 8 P22 5%, P < 0.05; A,
Fig. 2 The change of BDE-47 burden in the visceral
mass of Bellamya aeruginosa following exposure to sediments
amended with BDE-47 and/or CSB
Note: Different letters show statistically significant differences

between treatment groups, P < 0.05, the same below.

Table 2

ILARY BBk F BDE-47 B3R & ( SF349{E+SD, n=3)
The concentration of BDE-47 in the porewaters of the sediments (mean+SD, n=3)

BDE-47 ¥ J¥/(ng-mL™")

JUBLIEE BDE-47 concentration/(ng-mL™")
Treatment group SEIRHIO d)

Before experiment (0 d) 7d 14d 21d #d

Xt R4 Control ND ND ND ND ND
BDE-47 32628+21.51° 329.55+2542° 311.54220.86° 312.49+26.74° 308.49+28.61°

1% CSB ND ND ND ND ND

4% CSB ND ND ND ND ND

7% CSB ND ND ND ND ND
1% CSB+BDE-47 159.34+18.54° 156.45+17.78° 157.16+16 98" 146.44+16.89° 148+1561°
4% CSB+BDE-47 9721+10.18° 98.19+9.79° 95.45+8.67° 89.58+8.45° 90.16+7.99°
7% CSB+BDE-47 63.34+7.54¢ 61.69+6.98¢ 60.49+6.94¢ 57.14+6.59¢ 57.87+7.84¢

T« [ — BB 5 33O INE T AN Rl SRR AN [ Ak R 2 (1] 22 53 1. 35 (P<0.05) s ND R7m AR A H

Note: Different lowercase letters in the same column of data represent significant differences between different treatment groups (P<0.05); ND is not de-

tected.
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552 1)
25¢
[ |BDE-47
/) CSB(1%)+BDE-47 a
20HZZACSB(4%)+BDE-47 {,

Y77\ CSB(7%)+BDE-47

: i

N

C

’

Olive i (OTM)
Olive tail moment (OTM)

10 d
% e
. |7
5_
gh g g
L. hi .
0 Inssn 257,777/ 0 W L A1 1)
0(Control) 7 14 21 28

FEFF )/
Exposure duration/d
B3 CSB %1 BDE-47 B—HEGMIZRRYRER
A ES IR IR AT R AE DNA {7
Fig. 3 The change of DNA damage in hepatopancreas of
Bellamya aeruginosa following exposure to sediments
amended with BDE-47 and/or CSB

2.6 CSB F1 BDE-47 1k & 2 £ % I eIk 2 il ROS
K- 52

FEVLR TP 3 IS [6] EL A5 1Y) CSB X 4 5 20 b
IR REE ROS /K RS2 &l 4 frs, B2 R
H1(7 d)Fh,CSB 5 BDE-47 B AL B i) ROS /K-
¥4 %X T BDE-47 HM A F4H , 4% F1 7% CSB
£ BDE-47 Bk A A B4 () ROS /K F W E KT 1%
CSB 5 BDE-47 BE&AbH4H , H 4% F1 7% CSB 5
BDE-47 BXAACBRZ Z (0] A 5 25 55, 7% 28 d
J&,1% 4% F1 7% CSB 5 BDE-47 B 5 A BRI
ROS 7KF435l lt BDE-47 B AbPEZH (70.71) FF% T
29% A40% F141% .
2.7 CSB #1 BDE-47 Bk 2 5% X JH I I 41 . SOD
g eiop-Al|

TETUR Y P A IS TR] Fe 9 9 CSB. %o 4 45 R b
IR BRAE SOD TR M i sZ i an &l 5 B . 76 2 854
(7 d),CSB HysZm AU ; &85 14 d J5,CSB 5
BDE-47 B & 4bFRZH 1) SOD 1% M & &Ik T* BDE-47
B b PR 7 B 55 )5 (21 F1 28 d), CSB 5 BDE-
47 WA AL FRAL ) SOD i 4 S AR I & 3 % T BDE-
47 AL fEREEAS R AR I, 4% Fil 7% CSB
5 BDE-47 B A AL Z (B AT i 5 22 5, 2RFE 28
dJ5,1% 4% 1 7% CSB 5 BDE-47 BA Ab FEZH 1Y
SOD % 14437 Lt BDE-47 P4 EEZH(13.08 U-mg™'
EIDTIHE T 9% 17% H121%

75k [__|BDE-47 a
U] CSB(1%)+BDE-47 Jf
7] CSB(4%)+BDE-47
601 7 CSB(7%)+BDE-47

ROS levels/((FI)-mg™! prot)

ROS 7K F/((FI)mg™ F 1)

0(Control)

~

SR/
Exposure duration/d
4 CSB 71 BDE-47 E—SE G MITMRNREE
B EATRRAEE 1 E (ROS) R BTN
T FL 2 PO
Fig.4 The change of reactive oxygen species (ROS) levels in

hepatopancreas of Bellamya aeruginosa following
exposure to sediments amended with BDE-47 and/or CSB

Note: FI stands for fluorescence intensity.

[ |BDE-47
40-77Z)CSB(1%)+BDE-47
V7JCSB(4%)+BDE-47 4
_ % |ZZCsB(1%)+BDE-47 11
%:‘5‘ 32r b
—g"g 24 cccc ¢$¢¢ %Cc
23 | Feem [
= .
0 |
0(Control) 7 14 1

ZEFE I/
Exposure duration/d

5 CSB #1 BDE-47 8—HESMFRRNREE
SRR 1% Y2 AT AR AR A8 E L W B (L B ( SOD ) iF R 1L
Fig. 5 The change of superoxide dismutase (SOD) activities in
hepatopancreas of Bellamya aeruginosa following

exposure to sediments amended with BDE-47 and/or CSB

2.8 CSB 7l BDE-47 B3 % 8 X JH I 44 s GST
bR ESiop Al
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