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microalgal diversity and water quality factors in 3 freshwater areas of Saga City, Saga Prefecture, Japan
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As a part of basic research promoted by Saga City and Saga University on the utilization of microalgal
biomass, we investigated the microalgal fauna in freshwater areas on the Saga Plain and analyzed the
correlations between the numbers of microalgal cells and the environmental conditions. Three sites
were selected as targets: Kannonji-tsutsumi, a pond subject to little human impact; Hirao-yon-chome-
ike, a pond subject to high levels of human and waterfowl impact; and Kose Park Creek, a large-scale
irrigation channel or creek. Surveys were conducted periodically over 1 year. Water parameters at the
three sites differed, with the dominant taxa being green algae at Kannonji-tsutsumi, cyanobacteria at
Hirao-yon-chome-ike, and diatoms at Kose Park Creek. We focused on the green alga Desmodesmus,
which was commonly found at the three sites because of its high biomass productivity. We also analyzed
its controlling environmental factors. Primary aquatic environmental conditions that were found to be
correlated with Desmodesmus growth included Mg*" levels (positively correlated) and water temperature
(negatively correlated). These parameters are likely to be useful as references for setting the medium
composition and incubation temperature for mass culture of Desmodesmus.
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Fig. 1. The investigation sites in Saga City, Saga Prefecture, Japan

SEEEPY T HM (Fig. 2 A0 &, JEPAR 500 m, K& 1 m F2E
GRS NS T, LA 2 B EHI O Z i T
ZTNNDFRAND % FIFFHBIEIREDTDITEHE N,
OHERTAYFREDKFELZ AL TS, HEIOH
HIFICE 2 < OIS ZTRERKENCH S T LM TE R,

EENFEZV—7 (Fig.2 ) &, 1E10 m BETAREDHE
Pz LI D, FAEROKEZ 1 mEETHS, HH
TRFENEHRTER, TOZY—Z7ZEH)h5MoHE
DEXITHINTz—EBTH %o TSRO RTINS 134
2 km, AT 5134 3 km BEN TV, FlEmEEIC
BOTHEDEICHIE LR D T, RO K ORI
EAERNWEEZ BN,

RERRTA S

1) IRt TOIEE

SEREM T HMOREZ, 2020FE5 A5 2021 F 12 5 F
ToOMD 13\, BIEFREERARNRE Y —7ICDWVTIE,
2020 12 A5 2021 12 HE TOD 7 [alfT o 72 TN
BT 1LEED S 3RS HVDRITH o7z, BT, ki
DENSH 1 L OXE/KEN T ITHEIRL, 70—V Rl
WF TV HIVKEE (LAQUA WQ-30, URIGBIERT) 1 TH
JEkiE (°C, DAUF Tkid) &£, pH, E|EXU&EE (EC,
Electrical Conductivity, uS/cm), 7A7FEEZE = (DO, Dissolved
Oxygen, mg/L) 7%, 7H007 1)Lt H— (KRK CHL-:30N,
BEHE{ET3) i Truad o )UiFEER (Chl, pg/L) ZHE
LTz 728, A CHHLZZaa 7 )bt ¥ —TI3,
BTNz 7007 2 )VOFEBIIRE TERWZYD, KRS
ICET % ChlEIZ, MHEERFTEROMBEE L THf->T.
F7, 100 LNANTVIKEWUKETS VI %y b (Cat
NO. 5513, F a2 P25 HEW 25 um, BES) 138,
100 mL IC#E#E L7z CEREPY T Hitio 2020 45 10 H, 2021 4

|- Kannonji-tsutsumi
(Pond)

i |__Hirao-yon-chome-ike
(Pond)

- Kose Park Creek




Ve TN KR D AT R 3

Kannoniji-tsutsumi (Pond)

G R
Hirano-yon-chome-ike

Fig. 2. Photographs of the survey sites.
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4 A5 12 HIZDWTIE 5 Lo 7T b3y hORSEY
VI E L LR MUV UTEREKIE T —F—Ry 7 X
ANTWHRBICRDBIRD, MWl OBISE & MIBGEH, 7K
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fiolce 7527 N VEHIRNO~ AH (0.5 mm E/57E 400
X R) WA T FETREAME T NTH Y > b Uz, FA
DFEER, FICHEOMBAEMIIREZES (2005) & HH
(2010) IZfEV, FEREEHEICH D EfTo7, METCHRIETE R
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T, BHADTZ0 O MR (20 BEARLL E ORI 7Z T80
ICHEDE, BEED 50 um LN O BRI 15 #ifd, 50 ~ 100
pum OFEHAIE 50 #AE, 100 pm DL EOREAIZ 150 fifae LT
M7z JH U7,
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BHRETHAZ DR EEIN TS (EED 2019, Sun
& Liu 2003), EiED (2019) AHEMH U2 SMEEEREO 1
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THHEZHEH L, BED (2019) ICEE#H D> Tz FH
B (Arthrospira, Centritractus, Eudorina, Gonium, Kirchneriella,
Selenastrum, Staurastrum, Tetraspora) 1Z DWW TIE, Sun & Liu
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IANRTOHHDAMEGEITH %,

3) KB & AERREMT

Frb o 1o R E/K 2 15 AT « )V 2 — (GF/C, Whatman,
GE Healthcare Life Sciences) Ti## L, EkZ/KE DI
Utz (b HIRBRERE (COD, Chemical Oxygen Demand,

mg/L), RZEHEE (TN, Total Nitrogen, mg/L), 2V V&
(TP, Total Phosphorus, mg/L), 77 >/ &= 7 REEE IR (NH, N,
mg/L), fHEEREZEAIEIE (NO,-N, mg/L), HiflEAESS 5K iE
J& (NO,-N,mg/L), &)U~V VEEREY ViR (PO, -P,mg/L)
IZDWTIE, WTW photoLab 7100 VIS (WTW) D3k
k&7 hUSHENTIIE UTzs IKHD Mg? R, Ca? IS,
Fe?' JBpg & Fed IR DAFHT DWW TIE, HANNA /K& E
M R—% T )VIEFE e HI 96752 & HI 96746 (HANNA)
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3MEfT o7,
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T —2 OB, HEMBOHEOMHBEMKRICDOVT,

Table 1. Taxa identified in Kannonji-tsutsumi pond. +, < 1 cell/mL or
colony/mL; ++, 1 to 100 cells/mL or colonies/mL. Underlined taxa and
species are those for which correlation analyses were performed.

2020 2021
Dec Feb Apr Jun Aug Oct Dec

Chlorophyta
Ankistrodesmus sp. ++

Botryococcus braunit + + + + +
Closterium sp. + +

Coenochloris sp. — + o+
Crucigenia sp. + ++
Desmidium sp. ++ + T
Desmodesmus spp. ++ + + + + + +
Kirchneriella sp.  ++ T
Pediastrum spp. + +
Spondylosium sp. Tt
Staurastrum spp. ++ 4+ + +
Heterokonta
Dinobryon sp. ++ + ++ +
Mallomonas sp. + +

Nitzschia spp.  ++

Centrales diatoms ~ ++ ++ + ++ + + +
Synura sp. + +
Euglenophyta
Euglena spp. +
Phacus longicauda +
Phacus gigas +
Trachelomonas sp. + + +
Dinophyta
Ceratium sp. + + T
Peridinium sp. +
Cyanobacteria
Oscillatoria sp. +
Zooplankton
Codonella sp.  ++ + +
Daphnia sp. + T
Rotifers + + + + +
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IBM SPSS Statistics 26 (HARIBM) ZHWT, #%/7z0T
AT =V ONEN B RE (Spearman’s rank coefficient of
correlation, p) ZHH U7z, /KE & ORBAfEMTIC W20
FEE, BIRENTHHEDNZWIEHTARVWEHEZR S L
MTERVIY, BIEFREBEFARETI, 7 HOHFHEDS B,
5L ECBIEE N ke, PRI T H T, 13 [F0
HDS B, 10 BILLETHEE N8R ZER Lz (Table
1-3 O TRROHRE) o

BREER

OFCD (1982) DEXRE(LDIFEICH AR, BIEFREE
BNEIE, TSRER (Mesotrophic) TH O, FREM T Hll
EHRFEM (Butrophic) Thoiz. HARZEDWAET — X7
BUTHM LIRS (1995) OF—X LTS, AW
D3 EE, LIS TP DELNDED EHWTILV—TICA->
Tz EEFEN TN ABINEED DR Ebh
TEEFRICBOWTE, HROIADEEGN 5T 2L, N4

Table 2. Taxa identified in Hirao-yon-chome-ike pond. +, < 1 cell/mL or colony/mL; ++, 1 to 100 cells/mL or colonies/mL; +++, > 100 cells/mL or

colonies/mL. Underlined taxa and species are those for which correlation analyses were performed.

2020 2021
May Jun Jul Aug Sep Oct Dec Feb Apr Jun Aug Oct Dec
Chlorophyta
Ankistrodesmus sp. + + + + o + ++ ot . Tt +
Desmodesmus spp. ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Dictyosphaerium sp. + + i
Eudorina sp. + +
Gonium sp. +
Kirchneriella sp. + +
Micractinium sp. + ++ +4 + 4t
Monoraphidium sp. ++ + ++ + ++ + ++ ++ ++ ++ T+
Pediastrum spp. ++ ++ ++ + + + ++ + + ++ ++
Scenedesmus spp. + ++ + ++ + ++ + + Tt T+ T+ T4
Selenastrum sp. ++ + + 4
Staurastrum spp. ++ + + + + + + ++ ++ ++ + + ++
Tetraedron sp. + + + + + + + + + + + +
Tetraspora sp. + + +
Heterokonta
Asterionella sp. T+
Centritractus sp. +
Aulacoseira spp. ++ ++ +++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Nitzschia spp. ++ +++ ++ ++ ++ ++ et ++ ++ ++ ++ ++ ++
Surirella sp. +
Euglenophyta
Euglena acus + +
Euglena oxyuris +
Euglena spp. + + + 4
Phacus gigas 4
Trachelomonas sp. Tt
Cryptophyta
Crypotomonas sp. + + ++ + + + ++ ++ ++ + + ++ ++
Cyanobacteria
Anabaena spp. + + ++ ++ +
Arthrospira sp. + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++
Merismopedia sp. + + 4 + + +
Microcystis spp. +++ +++ +++ +++ +4+ +++ +++ +++ +4+ +++ +++ +++ +++
Oscillatoria spp. + + + +
Zooplankton
Rotifers + + + ++ + ++ ++ ++ + ++ ++ +
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Table 3. Taxa identified in Kose Park Creek. +, < 1 cell/mL or
colony/mL; ++, 1 to 100 cells/mL or colonies/mL; +++, > 100 cells/
mL or colonies/mL. Underlined taxa and species are those for which
correlation analyses were performed.

2020 2021
Dec Feb Apr Jun Aug Oct Dec

Chlorophyta
Coelastrum sp. +
Desmodesmus spp.  ++ + + + + + +
Eudorina sp. + +
Micractinium sp. + +
Monoraphidium sp. +
Pediastrum spp. + + + + T
Scenedesmus spp. + + +
Selenastrum sp. +
Pandrina sp. + 4
Heterokonta
Asterionella sp.  ++ + +
Aulacoseira spp.  +++  ++ ++ ++ ++ ++ ++
Nitzschia spp. + ++ ++ ++ ++ ++ ++
Surirella sp. ++

Synedra sp. +

Euglenophyta
Euglena spp. + + + + + +
Trachelomonas sp. +
Cryptophyta
Crypotomonas sp. ~ + + +
Dinophyta
Peridinium sp. +
Zooplankton
Rotifers + + + + + + +

BIBEIR SO Z DAt fa] 5 DERIC K o TREBENL {EET S
WRETHB T ENHBHL 72,

IV T, 23 0O MAESENBIER & 1, Desmodesmus
spp. X HUO HEENEMZE U TR T X 7z (Table 1), &
H3 208, HZ Wb L T, i En
7238 U TBIRRTD 80% i < ZHEFF L Tz, BEFIE T,
COD, EC, DO, Chl hf1 2 iRk 0 &KL 75> 7z (Fig.
3o REHOBHTEBENEEL Eh >z, Chl MRV &k
IKFOMAIERE OB L DIRNT EBRL, TOTHIERKIC
Ko THRETHHENDVEL, DOBMWEEZ RLZE R
bhd, MMEHEORAEETHRL TH, BlEFROMM
WO TN TOMEMEOREFHAREZX, FHMOFREM T
i cld#y 1/300, BEBREI Y —27 DK 1/2 Th -7z,

BEFRETHRREOEIGOED) o i, NH, N EHE
RIEOHBEERLIzC &5 (Table 4), BIEFIEOREMHEI,
FEEADIZHNTEH NH,-N EENRIRER & 7G> TWaA]
HEMEDVRE Nz, BRI, TP L OAEREOHBEZRL,
W —7 L3I TP E HRAIEDHEZ/R LU (Table

4, DF D, WMEHIKTOVY VIEEICIERNOKIGERT T
EDALMTIE ST, TOXITIRMIIMD 2 i TE, Sk
TIRIC BV TERBO DN o Tz, Wilfld, BIEIFRICB
WTRIR R O X S Riis 2 L TW A REEE 5 5,

FRMTHM T, BRESN i EEN 3 ik
PTREZ L, 30 0 HRMRO 5N (Table 2), 72721
2021 4 6 HE TD 10 7 ARNIESEFAD Microcystis spp. D&
PRIED 95% LU 72 s, ZRRMEREE 0 IRV ED Tz
(0.0065-0.062, Fig. 3)o Microcystis spp. i&BI5% & N7z 8
DHIT 99% DL ETH o7z, Microcystis spp. hS 174 | IKEE
TELETZBKE, TEOKHHADE 7k TEHE
ICBREN TV (EES 2019, Liu e al. 201175 8), F)E
T EMIC B B EE (= Microcystis spp.) &, pH & D

BRIEDOMHBZ/RUTz (Table 4), & pH & Microcystis spp.
DT W—LFREICEFRENH S C Lid, PEIKMD Microcystis
TI—LZEFHELMS (2013) dHELTHL, HUMER
ZlTz,

Liu et al. (2011) &, HEZGND Microcystis 7 )— D
T 10 EDL b Tz 2 kFRE 21T, BREZEIT & Microcystis
TI—LOFREICDOTHF LTS, TOREE, TN/TP It
MEWGEEIC T IV—LDRELTNWB T L 22T LDz, A
e T, CFRM T HMO TN/TP (3.70) &, ##E<F, B3
NEED &KL, Liueral (2011) DFERZEFHETZEDT
Holeo T2IZL, HATIE TN/TP LLOHINE & &ICEEIAD
BHENEEZL VIR H BT (HAS 1995, K L5
1999), TN/TP Lt & Microcystis spp. DBIRE T 5 28I
¥, X0ELDOTF—ROER-NIRVETH S,

Liu ez al. (2011) (3/KPOIEFHEMOFERELE N5 COD
fifi & Microcystis 7 7V — LDIEDOMHBIEHE LTV A D, At
FUCB W TIEOMHBIZFED SNAh o7z (Table 4), FREMT
Eithik, COD OfEM 3 HlimR & AN THEI 10 fHE @7z
(Fig. 3)o Liu et al. (2011) 23 BfRkH7R COD DOEUHIZ R E
NTVEWA, IS (201D AHEHIO 2007 40D COD
iz 49 mg/L EHRELTWVBR L Z2BEICT S L, MMF
32 mg/L TH 2 FRPUT B, Microcystis DHEFEIC B
W 5.2 BB EOBRREMMNERHFEE L TV izied,
Microcystis DFIFIEL DB & COD i D B9 D BE 714 HY i
I ZEh > TR : 5 %,

Liu et al. (2011), 5 (2013), AL (1995) HILET
L TWw B0, K& Microcystis 7 )V— LOIEDFARET
HB, UL, R CldEEAMEBEE R 57z (Table
4), FEMNTHMICHBW T, Eiclbz pH 2k T, 7K
IRUNDERDKE B2 52 TOBHAEEH 5,

EEREZ V=2 Tld, 18 R OMMSEENSEIR I N
(Table 3), HEEED Aulacoseira spp. *° Nitzschia spp. W%
BUTESELTW, BARICED2HGTEEEREME-
BT 70% LU LR HD Tz, EETHNOZ ) —ZI2DW0
T, AR5 (1995) HFEEFNOD 9 H SO Z &
LTHEL, WINOMSTEfREEE 11— 7 LHgEnE s
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Fig. 3. Environmental conditions and diversity indexes at the three sites. Numbers in the boxes indicate average values for the
survey period at each location. Ka, Kannonji-tsutsumi; H, Hirao-yon-chome-ike; Ko, Kose Park Creek
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Table 4. Significant Spearman’s rank coefficient of correlation (p) between environmental
parameters and the abundance of microalgal groups for each waterbody. * P < 0.05; ** P

<0.01.

Positive

Negative

Kannonji-tsutsumi (Pond)

Chlorophyta

Diatom

Euglena

Hirano yon-chome ike (Pond)

Chlorophyta

Diatom

Euglena

Cryptophyta

Cyanobacteria

Kose park creek

Chlorophyta

Diatom

Euglena

NH, (0.841%)
Zooplankton (0.811%)

NO, (0.880%)
TP (0.880%)
PO, (0.880%)

Mg (0.895%)
Cryptophyta (0.666%)
Cryptophyta (0.605%)

NO, (0.809*)

TN (0.589%)
Chlorophyta (0.666*)
Mg (0.661%)
Diatom (0.605*)

pH (0.580*)

pH (0.821%)
Chl (0.821%)

TP (~1.000%*)
Euglena (-0.852*)
Diatom (-0.852*)

Temp. (-0.626*)

Temp. (-0.731%)
pH (-0.649%)
pH (-0.659%)
DO (-0.570%)
Temp. (-0.619%)

NO; (-0.802%)
Temp (~1.000%*)

Table 5. Spearman’s rank coefficient of correlation (p) between Desmodesmus spp. cell volume and
environmental parameters for each waterbody. * P < 0.05; ** P < 0.01. Correlation coefficients with

absolute values less than 0.25 have been omitted.

Kannonji-tsutsumi

Hirao yon-chome ike

Kose park creek

NH,-N 0.928** Mg* 0.853** Chl 0.782*
Mg*  0.900* Crypotomonas sp. 0.707** Euglena spp. 0.623
Rotifers  0.756* Scenedesmus spp.  0.691** TN/TP 0.618
NO,-N 0.778 Nitzschia spp.  0.677* COD 0.5
Botryococcus braunii - 0.716 NO,-N 0.45 pH 0.473
COD 0.6 EC 0.429 Aulacoseira spp.  0.382
Centralies diatoms  0.571 Pediastrum spp.  0.411 Ca> 0.291
Chl 0.536 Staurastrum spp.  0.393 EC 0.273
NO,-N 0.314 Ankistrodesmus sp.  0.383 TN 0.266
Ca> 0.3 Ca* 0.273 NH,-N -0.255
TN/TP  0.286 Fe-3 0.261 POS-N -0.327
pH 0.25 TN/TP -0.343 Fe?-3  -0.382
™~ -0.371 DO -0.434 Rotifers -0.606
TP -0.543 pH -0.503 Pediastrum spp.  -0.759*
Temp. -0.643 Temp. -0.643* Temp. -0.818*

TP -0.873*
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THENIT—REZMEL TS, HED (1995) DOt
RUFANCE L, AU EOA 513 3 km B 7z ARER
IHIES %o FIENHEED 7V — 7 TR K D2 L
REVWEHESNS T2, FHEOMHEDRRICE > /AT hHE
£H%,

BENET Y — 7 OHERIIKE B RERADHEZRL
7z (Table 4), H@EME LKA L OHBEBEIRICDOWVTIE, FE
WTHMTEEREGAOHBZRU, BEHDO T IL— LD
SURDENIICHET B LI LHEI KD EfRE N TVEH
(Sommer er al. 1986, Kong et al. 2021, Liu et al. 202275 5),
AR T EHHEEREB ORI B 2l DB NG 2 hz
YRS AR E T T,

Desmodesmus spp. & IRtEE M

Desmodesmus spp. &, 3 HigI< BV CHRAERIT X T THER

ENTME—DNERETH > 720 Desmodesmus spp. 1&, Z DI
SR, IBESEROEEND, EEEENA A~ A EEDE
TeAEHEE L THEHS N TOWSMMEETH 2 (Ferreira et
al. 2021, Mehariya et al. 2022), Desmodesmus spp. D& H S %
TREICX, o3EBTHS oV /L (Sijil et al. 2019),
RaYAFH TV (Demura er al 2021) TENFENTH
BTEBHHLTVS, Fiz, B UTERBZGATLS
MEEEEREOK G ELFIHTRETH D, EEL NV TOWMIEHIE
H4Z TW% (Abinandan ef al. 2019, Luo et al. 2019, Chen et al.
2020, Yuan et al. 2021 7 &),

AL T LT BRESAE D R & &S 3 g ol
FRICBWTE, HEREOMBDHEFTE TV L,
KB DL PR IENEZRT E D E WA B, Desmodesmus
spp. ZH LW KEEEMMEHEE LT, SBAATsIL%E
BEZ, EEHUTHTZ1To 72

Desmodesmus spp. DI DWNT, 3HLOMRIET — & L]
BT — 2 L OB OMBIRE 2N T 5 &, Mg IS,

SRR T Hill THERIEOMHBIZ /R L7z (Table
5 iz, 3HIRICHBVWT, FHEHICBIT S Mg» BE &
Desmodesmus spp. #AE Uz 70y M9 2 &, AREAEOHME
ZRUTBRESFIRE RN THM TR, A1 LA ORI
L7 o7z (Fig. 4)o Desmodesmus DREFEIT BT Mg BJE
DB DV TIHNTZWITE TIE, Desmodesmus & % 03T
T % Scenedesmus 7z AV T X5 ER T, Mg> I2/% 0.073
mg/L &S IEFICRIBE DRI TH > TEINA A~ R
B2 RKELIMETZTEDNEMENTNS (Ren e al. 2014,
Esakkimuthu ef al. 2016, Liu ef al. 2021), LA L, Mg B
150 mg/L Z 82 2 RN CIXIEBENE B 5 L b WME TN
TW% (Esakkimuthu er al. 2016), BlEFEFREM T Hith
ICBIF 5 Mg> IBEIE I TR 2 mg/L THD, Desmodesmus
spp. DIEFEICHFSAHIC IR > TP REMED YD . B RIFIEDMHEN
Honkah o ERARNE T, Mg BEER FETH 6 mg/L
THO, f2HLRK0 3IFHRERL, T797% Mg> BREND -
Tz1z®IZ, Desmodesmus spp. DRIREIC 2% 5 2 % HillRE
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Fig. 4. Relationship between Mg? concentration and colony number
of Desmodesmus spp. at survey sites. Approximate straight lines
in Kannonji-tsutsumi and Hirao-yon-chome-ike was calculated by
Microsoft Excel.
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R Mg IRIE LN DB I o T AlREME N E 2 b Tz,
SR T Hith & ERNETHEGADHEBEN R S NkiR
TdH BN (Table 5), Desmodesmus < Scenedesmus D 517 W
FTIE, RIS K 0 & SR T OEhER EAMEE I N TV
EDMEZL (Sdnchez er al. 2008, Li et al. 2011, Demirel et al.
2018, Sijil er al. 2019), & OWFEHIEIEEREDN LA T 2 LN
AFRALEFEER LELTWS, 2L, 1Y FOERELD
HEATZIIAIC BT 2 M & BB S& T2 32 U 72 Halder
et al. (2019) TiX, 2RDOLZEMEMEL X2 EFICKIRE
Scenedesmus ORFIEICEDOHBENH 5 C & ZHiE LT\ 5,
HIRFLTlE, ORI D DEELEZ NS,
EERRDRE R L 1338 > T D /S 2 — 2 72 R [ REED D 5 6
51%, IS SESERMRETIL, BEICT I AR EL
ST AREMDH B _EFSFc DN, BEAREITOMREEL,
KEHEEDBRORNEIRZEMREZHLNCT 20EHH 5,

E )

TN DBIKIE 3 Hh s O R & BRI DV T
R OME L, WHEOHBEEN 21T o7, TORIR, 31l
RIS OE N KLU, BEFRsEsE LT
Eid e, AN Y — 7 HEEEIELET S0
Kb - 7z,

F7z, 3 Hipic @ U TR E iz Desmodesmus spp. ICDW)
TR BRIRSE & OB 21T > 72 & 25, Desmodesmus
spp. DFEIC B R 5.2 ZIREESM ORI & LT, Mg IR,
KRR EMHIBA U 72 S EIIIE T & 78h > e D BREESRATR,
DAY & DA - FINBFRAE, BRATEIEMSHER
BIFIET 5728, SHBIODFMEMTELETHED, T
NHSDEHHIE, BOEDRHEL U TRKEGERICHMID S #
REDFRTEDSEICTE B HEENE,

R HRATOBERICIE, EDEEPEREMIHEL > 2 —D
FIH, &R EMPORITICBAL, REGMEEZK > TV
etz WESEHIRL EUE T,
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