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Evaluation of Biodegradation Potential of Bisphenol A and Bisphenol F in Seawater

HEX. BFAEM. F M. BE Nt E2

- KRAFARFRELEFHEREE - T3V F—TEEE T565-0871 KERAFKET LHE2-1

DAISUKE INOUE, NAOKI NOMOTO, KAZUNARI SEI, SATOSHI SODA, and MICHIHIKO IKE

Division of Sustainable Energy and Environmental Engineering, Osaka University
/2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

Abstract

To evaluate the biodegradation potential of bisphenol A (BPA) and bisphenol F (BPF) in
the seawater environment, biodegradation tests of these compounds were performed using
seawater microbes obtained from various parts of Japan. BPA was biodegraded in 7 out of
11 seawater samples, and BPF was biodegraded in 4 out of 5 seawater samples, suggesting
that biodegradation potentials of BPA and BPF distribute widely in the seawater
environment. Multiple metabolites appeared during the biodegradation of BPA and BPF,
and some of them seemed to be different from those detected in the biodegradation by
previously reported BPA- and BPF-degrading bacteria. Thus, biodegradation pathways of
BPA and BPF by seawater microbes may include novel ones that are distinct from already-
known pathways. Although 30 bacterial strains were isolated from enrichment cultures
constructed from seawater samples with BPA biodegradation potential, none exhibited
BPA-degrading ability. Similarly, only 2 of 19 strains isolated from enrichment cultures
from seawater samples with BPF biodegradation potential showed BPF-degrading ability.
Thus, most of BPA- and BPF-degrading microbes in seawater may require certain nutrients
or symbiotic relationship with other microbes for their growth on BPA and BPF, respectively.
However, 2 BPF-degrading isolates included both gram-positive and gram-negative
bacteria, suggesting the presence of taxonomically-diverse BPF-degrading bacteria in the
seawater environment.
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BAKNBENFRER Fi6E F3E5

SR RLE LEYEN IO AIEFEL TR E 525
ZhOEDOW., MEWIC L 5 ESIZ. BPs OKRFEFIC
BIIARENCEAREELRIZTIOLEL NS, K
BREOAY DL % 5 MIREAKIZBVT 5 BPs DEGHIC
DWTIE, BPARHLE LT, SHOFHENSH DD, £
DEHIIHIBERALPICR2->TETVE, —F, BR
HaZFITIMTHY, HEL dWZ HMERICBIT 5 E£E58H
2DV T, BPAICDW TS HEFID DB, e,
Ying & Kookana®, Sakai 53 X U'Danzl &° DB T,
RSB T BN THEART OMED I X 5 BPAS DA
LB ZEIRBENTVAD, Kang & Kondo® i, #7Kk
HIZ B} %5 BPAG RS RAEYC L 2 EEN RSB TIIR
{ BEFICL VA CBEEBRREIC X 5LENFHET
HHTRELERLTBY . REI—B&L TV, BPA
DA DBPs 2oV Tid, RADPRKREDEAKE VT
BPA, BPFB L UY A7 x ) — VS DESHEM: % 5FE L
T2OFME—DORFETH DY, WERER BT 5 E5F
BEICHETAIHARNITFRLEBONTHRVOBEIRTSH 2,
IRHDOTENL, BERKICBT S BPs DAL HEEE)
KOWTELZZREPLETHL LWL D,
FEFETIZ, BPAB X UBPF 2N AP EICEE L. #
KAPIZBITEINSBPsDESHERT Vv Ve bR
IZTAHCLEBERNE LT, BHARZH X VRN L 22 8KR
B OMEY & AV 7z SRR % ERE L /2. BPF I,
BPA L EBUD(bLEHEEEE LTV B, ZOMEYH#E
AHZAXLNBPADGIRA N AL L IZEL BREBHIE
FHRLATVBIENLHY, HRWEE LTRE L,
EABPRRSNRRICE LTk, HHEEOER - &
BEERA, FOBMEIZOWTLRE L.

2. RBHMEBEIUFE
2.1 {t#E9R

BPA. 4-t FOXxy 772/ (4-HAP), k FO
¥/v (HQ), RvV*/Y (BQ) BLU4eFuFy
REEH (4-HBA) 35T Fb%, BPFB X U4,4-9
L FOFINY 72/ v (DHBP) IIRFLERTE. 4
~e FRdyRYX7VFe ¥ (4-HBAL) 3FILMET.
%X DHEA L7z BPA L BPFIRESERER. Z0Mofk
ZWEEEREE s O~ N5 7 4 — (HPLC) ATz &
B HREREIOREIC T, '

2. 2 fERER
HAKBEB P ORBREMEOFRIZIZ, ALK (7

— 96 —

77 A (VHERE) 36.5gL, TZ27<Y BN
93 S 8L) 25 mi/l, NH(Cl 15.06 mg/l, KHPO, 1.734
mg/l, pH7.2~7.5) #HWTHRBE L 21710 CGY % #1
(1/10 COY ¥k ) ¥ % BV 7z HEKER 2 B\ 72t4y
BEER, THREOCENE - SR, B X USHEEEORMEIC
i ATHKICE—RERL LTBPADH 5\ IEBPF iR
U784 (22N BPAME/KEE#, BPFEkE#H) %

Wz, FAREHICIE, BREL8% (W) E%B LD

IZIRIL 720
2. 3 mKEH

FRETH, Fig. 1IORT &5 KEMILL B (JORIE.
R, FZIR, SEIE. FUIAE. KB, B (2
rBD. BIR, TR, WHER) ORBHS (KRS0-
50 e BBHE) & 1 $REX L7 HiAkBURH & B L7zo BURHR
20084 7 F~ 9 AMAIICEM L7zo BBUBHL, ¥k
L7z 218K ) BSBHCIRI L 728, KA FCERE L OF
WL, EARRBRICHT 53 TACTRELE. S50
DY Table 1 CEHE LT3, KB, pHB X ER
FEEIZRESF = v 7 —U-10 GRBEMERR) . BHHA

Fig. 1 Location of seawater sampling stations. A,
Amagasaki City, Hyogo; B, Suminoe Ward,
Osaka; C, Minato Ward, Tokyo; D, Tokai Village,
Ibaraki; E, Miura City, Kanagawa; F, Kyotango
City, Kyoto; G, Iishigaki City, Okinawa; H,
Shintomi Town, Miyazaki; |, Himeji City, Hyogo;
J, Takamatsu City, Kagawa; K, Yokkaichi City,
Mie. ’



#KHF DBPA. BPFAESRAFT v ¥ ¥ W OFFE 139

Table 1 Characteristics of seawater samples used in this study

Temp pH Conductivity DOC

T-N Heterotrophic

Sample Sampling place - Sampling date ) (mS/em)  (mg/l) (mg-N/) (%a;{cﬁgalt)
A Amagasaki City, Hyogo July 4, 2008 24 78 27 38 20 3.9x10°
B Suminoe Ward, Osaka * July 4, 2008 24 78 38 1.0 1.7 1.2x10*
C  Minato Ward, Tokyo July 21, 2008 24 73 28 43 2.6 1.3%10°
D Tokai Vilage, Ibaraki July 22, 2008 20 76 37 37 29  13x10°
E  Miura City, Kanagawa July 23, 2008 2 79 40 5.0 1.3 39x10*
F  Kyotango City, Kyoto July 26, 2008 23 78 52 48 0.7 1.0x10°
G Ishigaki City, Okinawa July 27, 2008 32 17 33 6.0 1.7 2.4%x10°
H  Shintomi Town, Miyazaki  August 14, 2008 28 91 17 1.1 2.3 1.1x10
1 Himeji City, Hyogo August 25, 2008 28 179 38 7.0 1.2 3.6x 10"
J  Takamatsu City, Kagawa  August 26, 2008 27 81 58 49 09 5.2x10*
K  Yokkaichi City, Mie September 2, 2008 29 8.1 37 4.2 1.8 5.0x%10°

BERFE (DOC) Z&FMIEIRFEFHTE TOC-5000A (B BET B L= L

EREE) AV THELL. 8% (T-N) & F
KRBT 1 U TR L7zo MEKF ORER S
BOEHANCIE 1710 CoYHEARSEHZ AV, 28C, THH
DEEBIC IO —FEFHE L.

2. 4 FKENEAOEESMEMER

WK SV OB % iV 72 BPA 3 & UFBPF D 53R
HERiL, BROFEDIC—BBEZMA . DTOHE
WL DKLz, BKRABEZILEOumMD A TV 7
4 )% — (Millipore ) Tif@ L TREWZRE L.
500 mi% & HICTLE0.2umD A Y T LY T 4V E —
(Millipore ) TREBL CEBTOMEHE 7 4 V5 -1
CHR L. SOT74 05— %20 mglDBPAD 5 Vi
BPF % & ¥:50 mi ® BPA ¥k 5 #1d 5 Vi3 BPF ik 35 )
AN, BEELE (130 W, 104) 2L o TN
FREELR LRZIOMBAVORRECBL. B
Fry 28C. 120 rpm TRIERRE T 5 Z L2 & ) 5EEER
ZiTolze Fi. MEHEFEML 2V Po—ILED
Ve L., SMESRERIZHE L 720 Ying & Kookana DRFF T
X, HWKHICBIT 5 BPASTRICHHBICRERARO 7
FTRPED LTS, RFETIREABEY %1065
BRELTHVTWA D, BAREL ) L ER»ICHHE
PEATT B o DL FREND, 2T, ESRRRII
HETERTZZ LE L. ABRAMIE. BRICT
VI ¥ T RFPW. HPLCIZ X 3 BPAS 5 \WiZBPF D
BRI X CREWOSTICHE L, 208 BOREREIR
(AR 2 SR ARERE S N A SRR T Y v

2.5 ABEORR. SMBLTHEOV

AR SERIZ B\ T BPs DAESEHIFEE S 2R 4
b, FHREOERE - SHELRAN, BPAB X UBPFAYH
% LB O— % $7- 2 BPAHE/K S # (BPA ' 20 mg/
1) BXUBPF#IKEH (BPF: 20 mgl) I Zh PR L,
BPsASERT 5 T THEEETTo 1275, FMEBROB - 25
HITHEZ ENTZ, COMMRBEL 1 ~3EHRYEL, £
P ERTBE L2 T2, £RERAO—EIL. BPA
& %\ A BPF 250 mg/l DIREETIHM L7z 512 b iE X 4
Wi, BH N ERIEEN L BPABK TSRS D 5\ ik
BPF /K TPARIEH (BPs: 20 mg/l 3 5\ id50 mg/l) c&
#HL. BCTHEELZ, ERBCEFLzan=—0F
o, BRBIUCEBHORLZ 0= —%EB L, M1k
L7 '

FTHERROERY ZEBFEOFFMIZ. Cowan & Steel
OFEPIZE L T—REN L AV TER LIz, BN
MRUCEDSE, SHERERL N VTHE L,

¥/, SBEL - ZHERDOBPA. BPF o EEZHERR L 720
SR ZEBE (ODgo) #%0.07~0.4& %25 X512, 30
miZ/S A4 7 IVERIZATE L7215 ml O BPA ¥k % % V>
IXBPFHp/KSE M IAERE L, EBRREER L, 72, 4
— b} I L—TRE L EREEL T Y ha— R
L7, ERRABLIT a2 b a— ki, Fh€h2
HCHER L. EERES% (28T, 120 pm) KXV 5
BRBEER L. RBENTR. BEY Y 7Y VTR
1Tv>, HPLCIZ & 2t BPs OB ERIE I L 70

C-97 -
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BRKMBENFSE H6% B35S

2. 6 HPLC4#r

HPLC 47 1& Shimadzu LC-10Avp & A 7 & (B
) 2\ TiTo720 % AICid Shimpack VP-ODS %
S (250 mm X 4.6 mm¢ . RFES5 um; BRI
B, EBETIZIZ50% 7 £ P = MY VEBV, BEEOT
B0 my/ o Lz, RIBEBRICIZUV/VISKRINE 2
Hv, BRHESIZ280 nm& Lz

3. RBHRHIUEE
3.1 BPARSERT> vl

TR L -1 BEOBKSEEH OMEM L HEERE L
TBPAESBRREIT\ . WATOBPALMERT > &
FVEFE LS, I FE—VRIZBWTIZBPARED
HERZBRIIED NG hol2d (F— 7 FER) . &5
FRRBRI AR L 2211508 7 88 (64%) 123\ TBPAR
BORIHPEBEINT (Fig. 2)o Kang & Kondo™ i3 #EAk
HZ BV} 5 BPATRIEESIC L o TERT 5 EEERE
BICLALZEHRBICLBDDTHLLEBLTVEA
AHRTIERBERICHABZREL., BESOLBIAE SR
F A4 AOBBDREIBRELTBY, £, SERABREE
KA TEBL TS0, BEOFSIERTESC
b, 7TEBIIBIT B BPARIIIER RO BPAGHEE
ERIEF L7220 DTHIV 5, BEOZLdb, #
HREDICIHLIBELENICBPAEGHERT Y Vv v
DBEELTHAZ EFBELPICR o7,

EFF O BPAENHRBR DI R % Table 2ICEE LT
W5, BPADESBIHER SN 7RIk, BHEL2S
BIBESNEETIC2~13BH0 I VMBI, #
D% 2~ 6 HETBPAREIZRE THRME (0.40 mg/l) L
TETBRLI LIz, A-RAPSUT - 7FL—FREB
DRI L 729K 2 FV T BPADESMRIZDOWTRET L7
Ying & Kookana DRFF'OCid. BIMEZ5MERME T TI1235
B F7EHBPHELEL. WU LOSFREIS0E U EZEL
eEHEESNTWD, — . KRR TESRIER SN
TR BV T, SIS THREISELHICBPA
SHERASE U72ds, ARG TIR MR R b OB % 106
S L CAESRREBRICER Uiz, 9 7GR
LlrolbELbNIz, T2 AR THW 2 ALK

" {213 BPA R B O HE5E % BPA TR I LB R Az

BIN, FT7HBLUSREOERICFS L TEED
Bh, INLDOZ LEBEE 25 L, Ying & Kookana D
HHOD &2, EROWKB B 5 BPASRICIk A

~

ZYERMZETSILOLEEILNS,

ESRNHER S N2 TOREHI BT, BPAORS
WL, HHRBWICHRT A2EBOE— s PR SR
e —BlE LT, BBAICBIAHPLCZ O 5 A
DORBEELE Fig. 3ITRLTVWA, TEROA. BEA
BIURABITRHAL-FERBEWOE—7 SHKL
72 RO OSERTIEBRRTHICOES PO~
AFRAL L7z (Table 2)o FINIKRFOBEIZ & 5 BPAST
BBV TiL, BRLERILEIH/THY ., £L{0BAEIC
RBEDIPERT 5 2 LIFRE SR TR E Y, BRFT

100
. 80}
E!;
2 e0
£
£
& 40
20
0

Time (d)

Fig. 2 Time courses of BPA biodegradation by seawater
microbes in sample A (closed circle), B (open
triangle), C (closed diamond), D (open square),
G (open circle), | (closed triangle) and K (ope
diamond). .

Table 2 'Summary of BPA biodegradation tests using
various seawater samples

Degradation

Sample Biodegradability® Lag period (d) period® (d)
A ++ 2 2
B + : 13 4
C + : 9 4
D + . 10 4
E - - -
F - - -
G + 6 2
H — — —

1 ++ 6 6
J — — —
K + 10 4

* ++, BPA and their metabolites were disappeared within test period;
+, BPA were disappeared, but metabolites remained; —, BPA were
not degraded. .

® Period from initiation to completion of the primary degradation of
BPA.
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BPA

Metabolite |
I 0d

4d

6d

i

—
8d

) 25 5 75 10 12.5
Time (min) :

Fig. 3 Typical example of the change of HPLC
chromatograms during BPA biodegradation by
seawater microbes. Results of sample A
collected from Amagasaki City, Hyogo are
shown. :

b FHEIZ. BPADENERIC & o THIFEEORBHE
BL. ThoPREFBRET S WHBEOR W LAVRER
ENfzo E72. WKEOMAEY I X 2 BPASRRE Y
ET A0, AFETHRIBENIZE— & Spivack H?
L VLI I N/ BPARBEBICE TN T B HHE
REWOAN, AFTRLZYEOHPLCHITIC BT 3R
RHOLBEZRAA L, ZOMKR, RIFHH3.8~4.19D
¥—2 (Fig 3HORBWYE —2 1) #°4-HBALH B\ %
4-HAPTH 5 LETE SN 72, Fig. 3 OHATIIHRE
ENTRRWA, 2 2OFBHI OV TIHRRFRM3.0-3.1
FICA-HBALEEENHE—~7 bR &N, THhET
R S N SRR AR B I X B BPA /%A% Spivack
LPIZ X o THL DI SN BB TEITT A Z L2455
NTBH, BRI OMRTHS N -E—DBPASTHEET
@ % Sphingomonas sp. BP-7 b A— DR IETBPAZ S
BTaZLARESNTVEY, BESMIC LB ERH
WOMERRERAT o TORVDS, KR TR AR
BhomEyiz L 5 BPAGTHE S AROBRBTITbhiz L
ZE2 bR, KMORFDL LS RUEI A2 L2b
(Fig. 3). BERERITIIRM O BPAMERBEIEIEL
TWAHTiEELH 5,

3.2 BPFEé}ﬂT’T/ Syl

BUEA. B. G. I KO 5 BB & IR & L
TBPFESERBRE TV WAKFOBPFESERT V¥
YVEFMEL7e I PO — VR TIXBPFBEDAEE R
BRORED O 2h ol (F— 7 RiBR).
EWREEL2RBRRICBVCIR. REBEBR 4R
(80%) BV TBPFBENBIVEELINS (Fig. 4)o

100
—~ 80
e
2 60}
£
£
&) 40 |
20
0
0 5 10 15 20
Time (d)

Fig. 4 Time courses of BPF biodegradation by seawater
microbes in sample A (closed circle), G (open
circle), | (closed triangle) and K (open diamond).

Table 3 Summéry of BPF biodegradation fests using
various seawater samples

—75. WM

Sample Biodegradability* Lag period (d) I;Eﬁ’ggat(ﬁ)“
A ++ 4 4
B _ _ _
G ++ : 6 9
I ++ 8 2
K ++ 8 2

* ++, BPF and their metabolites were disappeared within test period;
- BPF were not degraded.
° Penod from initiation to completlon of the primary degradation of
BPA.

ZHZ b, BPFEFRERT V¥ v VIZBEREFRI
RAFELELTWA I PR EN, T2, W IIKEH
WBRERFR T . 2432258 (92%) 128V TBPF
MEVHERENTVWEZ L5, BPFESERT » ¥
T ViE, Bk - BKICEIRER . KBEERIC AR ) BB
BICEELTWAIDEEZbNE,
ENBPEREINZ4BBTR, 4~8HEDI 7#
DRIZHEDRE L. ZD% 2 ~ 9 A CBPREIFR
HTFRRME (0.28 mgl) UTETHA LY (Fig 4. Table
3)o REREDUEKMA & AR 4 OBARFE" L 1t

ByoL, 778, ﬁ%%ﬁ&%b-ﬂiﬁfﬁwﬁﬁﬁ#oto '

A SR B DB b BEBE R I LR TABIE O
KB TEP o2 E2b ., BEDBOBAYS 78, &
BEOESICHELZbDEEZ LN, 72, &HHF
BRETCIIBOPOFHRBEDOE — 2 SRE SR, »
THOBREICITRH SR o7 (Table 3)o 2O
ZEMD, ERROMERZ L 5BPFARTERT 5 F

S -99-—
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BAKMBENFREE H6% IS

MABDAREETI RO P ARSI, SeARIE

BT EHRBRENTZ, TR OMEYIC X 5 BPF 3%
WKBWTH, ESBIEE SN2 F 218 B
TEBAIIEENR TS Z L5, BPFIZ/AREH
TEBILENPTVYETHD LV B,

BPF O 5% TiZDHBP R HQ. BQ. 4-HBAZR &

PERT 2 EFBREFRICBTHLNIISATYSY,

_n6®W¥%Etﬁﬁnfﬁméntt 2 O HPLC
S BT B IRERIE O LB 5. HQH X U°BQ Lt
ENBE— 7 DEEFHELP R ol (F—5FER).
DT EHhD, AR THWZEASHTOMEDIC L
ABPF ALY L AOBRTHB IR DL E
Zbhiz, L2L. DHBPAHQ. BQ. 4-HBA L iZ&%
BE— LRI EDS (F— sy RER). BHY
LIRERBRMOESERBIFEL TV AT RMEL
bz,

- 3. 3 BPA, BPFLBEOEM. 4lts & VR
el

K OBPASHER B L UBPF 4 RE 2 ST 579,

ESBRRICBVWTHEIHEREN B BPA: TR
¥t BPF: 48H) 256, THEEOERME AL, £H
RRERE D& FE D —E % 20 mg/l D BPA % 5 i3 BPF
EUMUZH - 28I X, MEMR L TRER
7o 7248, EREERAO—EE50 mg/l OBPAD B\ iZ
BPF 2 &3 #ICHE X #6272, BPs 20 mg/l DETREEHR
Tk, ZLORECHVAIEERL AT 2ERERRIE
FINW, BPsOBEE0 mglilEDLH L, T 7HH
BEICES C L HBB I, BIRED BPs b E 10t
LTHENCH Z EWRBENZ, £ZC, BPsEE
20 mg/l B X 150 mg/l DETRHE R % BPA MR PARSE #y

S 100 —A A
< 80
£
g 40
® 20
0 e

100 - g

0 5 10 15 20 25 30

Time (d)

- HBHVIIBPF#pK PR HICEIR L, SRR OTEEZ R

Bizo ZDRER, BRBLUEHORR H49EOHEKR

- (BPASTERE 2R D 5 308k, BPFERREERD 5 198k) 2f

Bohi,

BPA BREIEE R D 5 8E L 723084k D BPA ST EE & R
RBLFER. WThoBEKRD 1I8BHHORRPHT ICEE
LZBPAGRERE R h ol (F— I RBR). @RI L
BPAZMER % 57BE L T\ 5 Sakai 571, ERUEERS,S
FEEENL A ERON IHEMPBPAGTEE TR <. 1
D¥. (Sphingomonas sp. BP-T) HBPASRETd o7z
EHEL TS, &bIZ, Sphingomonas sp. BP-7% .
B/ TIXBPA % 7T &3, BPASRICIZRT b
CEQORMBLETSH ), FEBPAFEE O 3 H
Sphingomonas sp. BP-7 IZ & 5 BPAFRICLEL 2 5%
%&ﬁ%m#brwfﬁﬁmﬁaaaﬁkufwam z
hooZ b, A THEEL/30EKDS ., (Vs H
DHRBERMEZE T 5 BPASHE. 5\ 3 (2)BPASTHE
BWERELTWAIEBPATHRRE TH o - TEBENE V&
EZbhi,

155, BPFEMEEER D 55 HE L /- 1968k D BPF 5%
BLBALLER. BREBARROEBERERI LS
B X 72 AF20-5 k& & UFAF20-6 Bk 2 BIkkIZ BV CTH
Bz BPF RN FER &, BPFMRETH AL LATHS
Dot (Fig. 5)o Y OLTEHIE. SRERIM+ICH
W BPFSME 2R S b oz b, LB LIBPAT
OBIL AIC. SRERMEET 5BPFMBR. 55\
I BPFAREE L HETHIEBPFHBEETH L LEZ LN
720 BPFTEREAREEE S 7z 2 MR D ETIE M B A
LI 5, AF20-5 thit, 4% ¥ — CEENEE. 45
—EEUVRETHD ., EENEZ OO/ T ABRKORE
THolze —KH. AF20-6 #ki. F F 3 ¥ — PiHtIE.

80
60
40
20

0

0 5 10 15 20 25 30
Time (d)

Fig. 5 Time courses of BPF biodegradation by strains AF20-5 (A) and AF20-6 (B)
isolated from the enrichment culture constructed .from seawater sample A.
Symbol: closed circle, strain AF20-5 closed diamond, strain AF20-6; open.

triangle, sterile control.

—-100- -
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B85 —BEESBET, EEEE 07T AREOR
BTHY. —KEF L)V TBacillus BDHHETH 5 &
BEENL, ChETICOBEN/BPFSEE IR
Sphingobium B & Novosphingobium BRI b N TH
DUy 5 ABMEIC & 2 BPF AR OBEH TS
b0 ¥/, TEEIN2BHRPET 7 LBERE S TLE
EETHo/zZ &h b, BHEREFIIIFTEENICSH
LBPFABENFEEL TR O LEZ BN,

4. &

FFETHRONLERDI L, BEFEFIZIE, BPASB
L UBPF DEGERT V3 v VAT BRI IR #2546 L
TWAIEHFHELPIT kot . HRMEDZLS
BPA. BPF D f#IZEIZBER & RROBEB TITbh b L
R INA, RAOORBYOLERSHERIN/Z20,
hETOBE L ZRLZ5BERVFET STEREDLZ
Zbhize TORD, KRTIIFTHTE 29 o72BPA
GHREEFHIICEIEL, AR TOM L/2BPF A ERE L
&3HiC, BPs BB NPHEBE . AFRBEIIONT
FEHRICRRET L. MEREFRICBIT 2 WBPs D Er 2 HEE
THOOMEPER LTV I LPEETH S, FIC,
BPA CRAHYIRIMBET 5 Z L FRR I A E
Mo, REVOEEIZI-oTELBIZRWI R 22 H
LICT B72DIC b HEKMEDIZ L 5 BPAGHROER
BHNEETH %,
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