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EUTROPHICATION IN HAKATA BAY(PART 1 )— SEASONAL VARIATIONS OF WATER
AND SEDIMENT QUALITY —

MHEE— - TEEK - PUBHEE" - R - HEEH
Kenichi FUJITA *, In-cheol LEE *, Masataka NAKASHIMA *,
Masaaki KUMAMOTO *, and Tetsuya KUSUDA **

ABSTRACT, Water and sediment qualities relevant to modeling of water quality, such as various kinds of carbon,
nitrogen, phosphorus and sulfur and chlorophyl were surveyed from April, 1996 through March, 1997 in Hakata Bay
and their seasonal variations were discussed. Major results obtained in this study are as follows:

(1) Dissolved organic matter on March and June and particulate organic matter on September were high in
concentration;

(2) The dominant species of phytoplankton changed remarkably from Dinophyte in summer to Diatom in winter.
Copepoda, zooplankton, was dominant through the year;

(3) The ratios of C/N and C/P in the oxidized sediment layers were low in summer and high in winter throughout
the bay. Nutrient concentrations in pore water were relatively high at the inner area of the bay ; and

(4) Releasing rates of NH«-N and PO«-P from sediments at the inner area of the bay under anaerobic condition were
high, which were 73 and 14 mg/m’/day, respectively.

KEY WORDS : eutrophication, water quality management, plankton, sediment quality, Hakata Bay
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BRFEMT 27201003, 1EH 7 Fig.1. Observation and measurcment stations of water and sediment quality
TP L ANEEEGLEL in Hakata Bay.
, TEORILBRES L VREH,S

0)*%31@551& EXEUCHAEBOEREMICHET AN THRGMIIBEL, 20KEB LUV EWERREOCE
BETVAEBELFIDREEMIRGTT 2080 5.

KT, BEBOERELHFES, KE biviﬁ%«m%l FETELETNVERETHIDD
BURIBBB L UBR AR 2B 27 00# 005 LT, KEBIUVEREIDWTEERNELTV, £0
BRERLBOTHSEIIB T AKE - E&ﬁﬂééﬁl@)fﬂ‘i IDVTRET 5.

2. AEBHEOBE

2. 1 MRBHROER

BEZBEIHEPLE) BOBRIMOHTEAOEFTH L THLNTEY, kMl rEodiE, HHY 5L
BTN, HE 20 km, BIIZH 10 km, BEESH 134 k' OMEVIEIRORBTH L. BEOKIFEL,
BEIAS m BT, BPREAS ~ 10m, BIIEHI10~20mTH2H, Boh ) LLmflicEity
HABCLIIIREBVHERET LD, T15> Fy 54 (ALB) MO TEONE T HERENL COD i
A 35me/t ¥ iBR, FUBEESILOBNOEELH I 2EREBHE Lo TWwAEY . /4, BRI
DTA T2 Vo7 ABROEEN (FHARERS om) BHETFHLE LS UEEAEYCHRTLEOLERBEE 2
TEDY, 2B ML BETLADIIEOFBALLEII4%HNTWE (Figl) . BEBEODPERE
L ERHOGREIETRRESR (Figl OKH) PUEL TS, ZThodb0Hkd, BIZATsE
BRFICED2EEE, CODP 12, T-PAH23 THY, TRLZFEHEMEE 2o Twd .,

2. 2 EBHRATOEE

1996 & 4 A5 1997 4£ 3 BIZAF T, Figl (IAR$ 3EL (StW-3, StC-1, StE-2) {IBWVT, KEEB
SUHM T 7 PSS D RERERLEEP LD T T v 7 AR EIZOWTRE L.

KEFETIE, AL, 8%, VI HS0KEE 7507 o2 1 R0HEETHAN, 20FHEHYH
SN LT WWTT 0 7 Py ORERIZoWT, FAAREL, —REEAERLEFTHERELME L.
$7z, KX @ﬂﬁfd FEHVOOEETE 4T, BG»rOERBHIRRL, KE - MBEKEOSH, #HiL
SRR, BMEEEREABE LT o/, BEAEEEBLIURENEY L0 T Table 1 1IET
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3. BB L UAZE Table 1. Measured and observed items of water and sediment quality at the

3 1 KBOEETEH observation stations.
(1) KB Q),EELF/D\E Term Sampling ftem Analytical
— — depth(m) Site-observed Measurement or analysis method
Tablel 127K L 72 KEREDFIEE Water | upper(0.5) |  pH., Salinity, DO, NH,-N. NO,-N. NO, N, PO, P
u}— ) t B p) - % 2 ﬂe‘tﬁ’ C) N quality middle(2.5) light quantum DON.DOP. POP. Chl-a. §8. 8i0; Jis
) lower(B+1m)|DOC, POC. PON. Phaeo.. |Phvtoplankton. Zooplankion

K= BB B ToWERE % Primary 0.5 Primary production rates of Qusi-in suu
- ™ e - production 172Tr. plankton
?ﬁ\HZ L7 1z, %5&_—'@ iz i‘# 5 J’Fﬁ h ]J\*ﬁ: and Tr. (Sampling of sea water) |Oxygen consumption rates of Qusi-in situ

i 2Tr. ki

L7 i 7= , fﬁi@,f‘iz’(g‘% = - consumption B;l']rm plankion
AL, StW-3, St.C-1 i3 1m [ Fluxfrom | uff layer ORP.Total Sulfide(TS).Total Fe..

_ _ . sediment | Oxidized and |(Sampling of sediment core)|Fe’*. Fe'*, ON. OP. Temp., Chl-a. Js
FI’-‘J s StE-2 (% 0.5m FEEJ ';l’?i T 7.k m , Reduced Phaeo., Thickness of Oxidized

N =) gl e = layers and Reduced laver
= = . ﬂ[ - =i2] 3] o
DO, tEFfErWELZ. HER NH.N_ NOwN. NOLN, POLP
iR 1E (£ 12.E) TH5. (Pore water) $i0,. 50,7, 5. DOC.DON. DOP|  JiS
oo o . - DO, Temp. pH
( 2 ) 777 ¢ /@ﬁﬁg * Tr.: Degree of Transparency

W75 OBRGEEHED
FIBE, LToEBYTHA. SEFHEICLEBEOSmM), PB25m), TRB+Im)D 3 BIZoi), fkrs s
PN U IHRKBETEBARRERLT, 275610 R ) s (RGEE 5%) TRELEBRE~ELE -
. FLT, REBEGETCHRELEEL, Miakoits, iy A XsMELL. 4, B TSI b
DRBBNTIE, BHTIL 7% EBOS ~ 1.5m), ¥E(1.5m ~(1.5m & B+lm O fHEE), TR
(15m & B+lm OF A~ B+im) O 3BIISTTRHEREES v PEHCTHER & THRILL 2%, WY
TI v b EERICAE - S LA
3.2 TS0 CORER
W75 7 PO REERES I U FHIBFEHERECHEY 3 2EMREEICTIE L.
ABAKIE, Figl @ 3ESIIBWT, KB (05m) , 172 BBEEE, EHEE, 2 5EWER, BEL im o
SEBALIFALEZLOTH L. RBAKELEBHIIDO YL 3 KIZHHL, T03b 2 K BEEMA &GS
S 24 MHRBRER L 20 CHIBMMN) THEELAZ. BY | KIHEESITAE L. FROXENT Gk
BT8) BEEFAZEL y AV, BEGTREBYFERED 100%, 32%, 10%, 1% 5L HIHTHEHLT
BHoORSHFIHONOBELHR LA, F7o, BEMFR, B —LETRyENL THHALL. oK,
WEMME PO BT E A £ %~ (LI-192A/B, LI-193SA/B) % H WV TifllsE L 72,

3. 3 EEOEMETEH

KE7Z v 7 AOREBIZBVTIE, Fgl WRTHEIIBVTITH L 75— (I 71% 100mm) THREL
R, KBS, MBUKESW, G- REREWNER, BREMEAERBRONE L Lo, Eeig,
I7HBOELIAFEREDNZHEA L2V EICHEPIIT AR ICTHYBRVT, BREAOFRRE (fuff
fB) , BitE 2B, BB 2BOSBIIRS L0 THY, KERAEE (NS)C tESOTHILE. £
DI EE Tablel ISRT EBYTH B, 2B, KREOBEILEITTEN (ORP) {2 ORP EHIZL Y, MK
DO B YSIHEAMHABEZEET =Y - 5300 Y VT, a7H_B LV EFMNEL:.

BHEEARIIBV T, NH-N A RAOBHETHCAOIIT > EZT FT v 7 ChyBE) B vy 7
TEBICT, R -MEREMHTTO0OH, 18, 30, s BEOELKPON, PREYHENIZHELH
EhoBED LA, T/, REAER, 779 - R TRAERECI2EREBNIIREBELAI7TRE»0H
LMY 2NAAEZTCDHAZOT TS5 T7~EAL, 0B, 1H, 3HECAZELHERI Y KDT:

4. RESIUTHERPER
4. 1 KXEOEHRE
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N A .
(1) XEDRESH : . Table 2. Results of water quality measurement and analysis.
BEAOXRERE#ERE, FHE

ftems Unit StW-3 St.C-1 SLE-2
gU, }E}F( q‘j/j L% Table 2 (= upper | middle | lower | upper | middle | iower | upper | middic ] lower
4 _ pH — 83 | 83 | 82 | 84 | 83 | 82 | &3 | 83 | &3
e LR T 75 BLEL T Salinity - 27 {329 | 330 | 38 | M9 | 23 n2 | 36 | 324
RY . ERICEH (StE-2) T )
7 i DO mef | BO2 | 766 | 734 | 863 | 828 | 617 | 907 | 879 | 642
I vz A % light quantum | pE/m¥S| 6877 | 3827 | 234 | 8551 | 3350 | 188 | 7739 | 2223 | 1132
Chia B L UHEBEHRNERESR DOC mel! B3 ] 13 ) 12 | o1a | i3] w3 ) ors 1S | o1
3 - POC mgdl {02 | 02 | of | 03 | 04 | 03 | 07 | o8 | oS
<, BOH (Stw-3) L~|ﬁ]”ff& < ToC me/ e | ora o3 |17 | 17 | ve |2 |20 | o1s
] . NOyN mgd | 0011 | 0012 | 0014 | 0.040 | 0.039 | 0.020 | 0089 | 0086 | 0.086
ZoTwhd, Fig2 LWEFELAFEOD NOw-N mg/l | 0.005 [ 0.004 | 0004 | 0.010 | 0010 | 0008 | 0019 | 0018 | 0.022
NH,-N med | 0025 | 0022 | 0023 | 0.077 | 0070 | 0.066 | 0.126 | 0125 | 0.155
KB DEED = b= IN mell | 0041 | 0038 | 0041 | 0127 | 0219 | 0103 | 0234 | 0220 | 0.263
it DO O fi £ 5Y . Kim DON mg/l | 0105 | 0116 | 0104 | 0110 | 0.120 | 0084 | 0131 | 0138 | 0116
o PON me/l | 0.029 | 0030 | 0022 | 0.076 | 0.083 | 0054 | 0133 | 0.120 | 0.078
DHITEFIIEBILLTVWE I L PO, P meg/l* | 0.003 | 0,003 | 0003 | 6007 | 0.007 { 0,009 | 0012 | 0012 | 0016
_ . L ; ., DOP me/l | 0008 | 0.007 | 0007 | 0010 | 0009 | 0017 | 0012 | 0012 | 0011
RLTWAA, ZZF 0L Stw-3 T POP ma/l | 0005 | 0.004 | 0005 | 0.015 | 0016 | 0.000 | 0025 | 0021 | 0.020
Chi-a pgl | 28 | 24 | 28 | 69 | 68 | 34 | 115 | 100 | 64
EIE A =7 44 . N Phaeo ugi 1o | 12 va | 39 | oar | 28 | 73] 73 | 69
HREVHR, PEIL (SLC1) 25 ss me// | 40 | 30 ] 30 {50 | S0 | 50 | 60 | 60 | 80
BRI AT TR, HIBTEESE Si0, me/t | 032 | 033 | 039 | 062 | 060 | 067 | 093 | 000 | 112
/

* The values denote annually averaged water guality by the 12 times measurement

HoTwad, DO, £k éE

FEOKBLERIESTERTLTEY, SLE-2 % St.C-] SLE-2 SLW-3

OFEO DO #EER 35mgl LTIl oTwad, &F S:
O DO BI85 ~ 103 me/l OFPFITER IR T 3E
SEOBREENTEA RN LD o7 T

iDL, EHOKEEM AN A0, KE T |
W5 4 R 5 R mmmﬁﬁ%% (PoM = Fof :
POC+PON+POP, ) LiEHREABYE (DOM = Temp () | {
DOC+DON+DOP, £) , %6 U, () TRD M 1s5f © Aug.6,1996
WMTI s FyHROrOUT 4 a (Chla) & F0 """ Fenadte07 :

SR THET A T 4 F 2 (Phaco)D BEIBIZIED 1oF
% Phaeo DEE (8 p) % Fig3 ITRT.

0
1
N Phaeo o ;23 ;
p=—TT""""— 4 p T
P Chl-a + Phaeo 5
7
E
SORRIZESE, 3AL 6 AIIRDOM EH <, T
[}

9 HIZIZ POM DB % oTwd,. § p bHEEHOE
BRI WERT 2EEFALGR S, Thik, fE
AT OWLED Chla & POC DHBEIZDVWTOH
HFE—HLTWwEL, BABcABE, StE2 T, 19t
POM, DOM DI 6 p OEEFE L v 6 Al _ ,
DOM 2585 ¢, BT 6 p oy 104 0 TVB, = 0 e T st sy
Wik, WM TS 2 b ENEREEY R & ?f‘riﬁH
SNTRBEAEMT 2 640, #7957+~ @ Chl-a ?F Phaco (2R ERN L DEEZ LN, L
AL, StW-3 TIZEBTYALT, HotaEFHIZ DOM 2750l b6 F, POM F RS % L,
ZIUEI S pOEEOH T h ALz,

Figd [ZHEW 7T > 7 b OBIIKRE L0, FEETHLLEFRESSZE (TIN = NH-N +
NO=-N + NO:-N} , PO-P & Chla & A%, &M ZBIC/R L7, Chi-a DiRfEIE SLE2 & StC-1 THEL, &F
POEFIIPTTEHINL, WSEPLLE, £F0 10 BICBUMNT 205 /KL T3, StW-3 1L4F

DO(mg/)
. Aug.6,1996

= = = «: Feb.4,1997
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Fig.3. Seasonal varations of POM. DOM and § p at each layer in the observation stations.

Bir#d L THENERECTSHZD, 9 A
IZIZERICERT 5 StC-1 oREEno
TEAFITTW5. F72, TIN, PO-P ¥
EoE{E 3 #E s $12 Chl-a iBEICIZIZ
FHEEZoTBY, 10 A~ 12 iz
TTHELS o T A, JFI2, 12 HEIZ
N/P LA 20 i FTHL BoTWw b
A, ThiE, KIBAELS BB T LD
L WEEHORTICL Y, BE»S
DEFORABTEIEML -0 LE
Abib.

(2) >0 b DIRES

TIY P OBRFEOMERERICL
BE,HWTI Uy P IAEEEE R
EEHEF S, BHIZE 40 ~ 5000
cellsyml OFFAIH -7, T2, B~
77 b YW (Copepoda) AL

(month)

LA He @b A vh He F .
LTBY, FAEBDOHER (Net-zoo Fig.4. Monthly changes of Chl-a . total inorganic nitrogen (TIN) and POs-P at

plankton) ¥ &% T, 0002 ~ 2 Ind/ml @

the upper layer in Hakata Bay.
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(A) Phytoplankton (B) Zooplankton
. - TP
Fig5 K77 27 bv D - SLE-2 8L.C-1 Stw-3 - SLE-2 ste-1 Stw-
éEDTﬂE Bhb, ERE 1:_" ) e -0 1F? e 0 .0
A B LEAED  of c
RALBIBRELAFO 2 g o [ E e - .
M7 0 OELETE - s 0 b—___® O
- =7k [~
cHRBEBLIUBYT T v % Aug.6,1996 .o 7 Aug6I1996 N\ . o
7 roOBBBOBESR 1 o e
_ Legend Legend
PRLTWES, Fig.5( AL Diatom (unit : cefls/ml) Copepoda (unit : Ind/ml})
15-@: 2000 @:1,000 @ : 500 « : 100 15-@: 2 @:1 ®:05 o0l
A= ~ Dinophyte (unit : celiymi) Net- lankron (unit : fnd fml)
CR LA A : zooP(S:xot; 0:50 e:10 ° O o.émé"; o1 o :ms 1001
EHEATEFICIRAEERE 2© 2
AT, AFIRBEEENS o SiE2 StC-t StwW-3 StE2 ste-t SLw-3
<, BELOEHEHNFAL L ¢ @ . - @ eo B
hro. WlRmEERIC AL CF o o e | F *0 ..
L, LRBEPBTEC, B ~9 . — @0
2, BEEO StC-1 TIZBH £ Febaoor - o. T Feba,1997 oo
g e . 210 10}
FEHEIFH 200 cells/ml R L S0
Legend Legend
— 4 = Diatom {(unit : ml : Copepoda (unit : Ind./ml}
Twb. —F, 875> 15_.:1000.‘:‘1'0;;"".':)500_:m 5@z @1 ®.05 o or
inophyte (unit : cells/m| Net-zoo plankion (unit : Ind./ml)
7P 0RE LR TR 5B O: goopho’:(loo( cl)lsysg °: 10 N O: 0»510‘1: o1 o :305 £ 1001
20 20

&, MFEE L b Copepoda

HE ELTEH, B Fig.5. Venical distribution of plankton’s biomass in summer and winter scasons at each station.

(SLE-2)TEWHEIIZH o 7.

4, 2 TSLUPRCORXER Table 3. Measured rates of oxygen consumption and primary production in Hakata

Bay.

BRERIOERELERL, £ &

nFERD—Kk4 El_fg B L UEY B St. Date | Depthl Tr. | Primary prod. | Oxy. consumption | Phytopl. { Zoopl.
(m) | (m) | (g-O/m'Mday) | (2-Ovm'/day) | (cells/ml)| (Ind./mb
- Gt
FHE R L ROTAERE Table 3 “5ws| asume | 220 105 436 4.59 m 122
- SR O EBEE L SLW- 3Sept. | 200 | 2.5 8.25 10.00 19,258 7.24
RY. ERaBIOBREE StW-3 20Nov. | 199 | 90 4.40 0.93 215 1.57
T 25 ~ 105m, StC-1 T 16 ~ 4Feb. | 1921 52 8.10 553 3,386 370
SLC-1| dlune | 105 | 3.4 3.71 418 L116|  19.64
34m, StE2 T1 ~2 mEETS 3Scpt | 11| 1.6 578 7.50 a8215] 1246
,h‘a‘%—j 5 %7 [N 75’5"1‘ 9 H [ 20 Nov. | 10.2 2.1 1.53 0.24 202 6.01
T : i 4Feb. | 99 | 24 9.17 496 8.059 18.64
nEi LR o7 BB, —REERE  siE2| 4dne | 55| 21 454 287 1,056 10.46
o e . . 3Sept. | 59 | 14 11.55 6.59 63.709 11.06
p #

i, BAtEm 7T v b oMiaR 20Nov.| 5 | Li 0.76 0.27 446 6.81
(Fig 5) rEHBOBERICHE. F 4Fch [ 46 | 1.8 5.50 205 9,017 12.20

* Tr.: Degree of Transparency

7o, AR O—KREEEEIL, KE
DRV SLW-3 THEBEMAZ L > TwaEY, RKIIKEDENSLE2 OE (9H) T, 12 g04m’ /
day BEZRLA. —H, 7727 P ORI IBREEEE, 7700 P r2IlAT 2 ERSAL R
THEH, SHEELHIZ9 ANEC, ChlagEdEy 11 BB 2 2Em» A LN,

4. 3 EHEOFHEH

(1) BEETOEEDPEROKR

Table 4 IZEMTE L THENTRRECSZEE (15em 8) &% I TOMBAKKEDOSFEHTIMNEE R
¥RT. 4B, StW3 TiE 6 BE 11 BIZAIEZ4T o Tvieve, StW-3 43, CON, CP A& <, Chla,
Phaeo JEFE MR VAT ASH Y, b 2 AL EBL - HEEEL T3, StC-1 WBIEBOSEE OBE
PEMPAETIEEAE-ETH DA, BBKDBO NH-N, PO-P, DOC it 6, 9 HIZBVEE» H 5.
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StE-2 &, T-P BT FEI R Table 4. Quality of sediments and pore water in oxidized layer (1.5cm depth)
BAALLNL, PTH 6 HOMIKE

) st Fmphng Oxidized layer T Pore water

7kit, NH:-N, PO.P, DOC HEdD Date T Ton [CIP Cika | Praco | NHNTpo.P [ 507 FOC
FHIHATH, SOTFECE T e T T T e
STVE, SOILE, WEASR  Serne T o T E T e T T e T T e
FERIEFL TV EERL e | e | s | m | 3| Ve oen | G | 2
Twah. CRAEHAELT, §F o T o T b T T oo T
BB B LRAMRE ol B A R B BT F A NN
(TS) @%t'ﬁ.ﬁa 2: % ﬂf]fiﬁ,ﬂ ff_(;ﬁ 31 Jan 243 25 &5 28 4 0.85 ¢.054 2400 18
B, B FoORSIIBIT LB
BIUEMY* Fig6 1T, #HEFIIABE, TS 1.0
WL SIE2 T, 04~ 09 mglg DRETRS o3| e C @ June
BLA, StC-l, StW-3 TIRIBEOZILIEASL o6l oRox.

N, BAMEFHAT BREOEMFELoT BT 05 e

WA, SLE2 T, TSREORKEFHHETE & ozl |7 Stc VSR o v,
FE226AD3ImA59, 11 O L5em i % Lo ESews sept. v June
TEIL, TOREACEET AEEERLT G e »
VB ERG, SLE2 BT RRBOBILER . Jn® PR,
B 15em OEBETHEEL TV L2 LR g W00 E v St.C-1

. —7 ORP i, stw-3 ThBmmLa, & £ - D SLW3
NEEVFEZIIHBRETHL-OTHY), VIV % E Nov. @ gmﬁ/_——:LDFeb.
PRHTES TS CETN TS SICT & oF i IS £ S
StE-2 THE L, BVBRILKENALNS. 200
SLE-2 12812 ORP I, 6 ANS 1 BT T 0 1 2 Depi(m) 4 5 6
TS BEOFRKMEH»RL T B MEIE & i LT _ o 4

¥ BEE AR LTS, 1 T 500mV & Fig.6 ?:ass:‘;z:]ep;rggresswe diagram of Total Sulfide(TS) and ORP,

3BV ORP HALN2DE, AF0&E LT
KLEBbOLEZOND. T72, WTFNOWET 15 s Rates of DO uptake. releasing of NH«-N and POs-P, and

LEEIZORP KT LTEY, [ SR 7 OAE S denitrification by sediments.

IBPHRB. St |Sampling] DO Releasing rate Tl%:ﬁﬁx
( 2 ) EI}E‘:T%**) 5&”‘6 . mﬁgg Date uptake ANH_‘-N 5 n PO,-PU rate
Table5 12, H 5, FBEHHNOEIRBIZL 5BEHE SUW-3] 6Sepl. | 440 | 110 | 484 | 09 | 81 =

BRI, BIUBMEARE, KRS LORBEOE  wo e ae T o T

HAEART. EROBENB AL, BRO 2ven | a0 | s | na | or |

SUE2 TUFROBES BV BAE R NHN T o oos T o o T T

L PO-P O HEAE G, AL TTH T, iF bl IR IR IS o dl I

HAEMFTTH 181 Th Y, BRAD SLE-2 THH o LT | 821 Nl 39 | 52 1 a0

* A Aerobic conditien, U : Anaerobic condition

B REL, EHEEL StW-3 TRAES (% oT

WL, BEREGT TOBRREELFHNIIAS

&, 98 (EF) I, NH-N 27484 ~ 115.3, PO.P »'8 ~ 23mg/m’/day TH V), 3 M OFH T 1 A4
W 2N &N 73, ldmgimiday ThHotz. T/, EFH+BLTCOEMIATOREEE X, 110 ~ 220
me-N/m'/day \2% 0, Bl DEZS T VAL D07z,
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4. 4 BROEE

BEZEOKERME LTHEEM A LE, EFELABIIHBY 7507 P OMEFERLZIETHY, o
OEMZ, BEEREERLEUHBECI 24 EAEREL R CHEHOEM L RL TV 5. BEE5HEIZ
ERIRWERS SAFEERETHY, AYERREYFMTE S RKEFHETNVORRIISH /25T
i, BLerPRERFo2BRAOWMY T 7 P RFEARITRIE RS eI EARBRENIC.

—F, BEOHEIIOWTAL L, BHEEHO L LT, BEWHEOEBISL TKE V., BEMNLE
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