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WIEAHLREEFRRLTHI L, ODEBEICE
DTHLAFE L, ERHCO D OBMEICHEERT
Z 7 bR FIFMED 2V ERO R ER L E L
WY DI LI b D, HHT AL O RSB
iR 2EF - B (N-P) dAEOERENLER
L, WhOIRHMORESXTFIRTLIEEZONET:
b, WMEB S 7 b yORBEICRIZTHEECODNT
B OWFEPHRE SN TS (Miller and
Maloney, 1971 ; Doig and Martin, 1974 ; [LHH»,
1982 ; [, 1983). L L, @B & 5 TSR
HABLVERHEDO N-POFIRcOWTIZHED
e S L Tadzis,

AR TIE, BENRBEOAHFE /) Porphyra
yezoensis &, Z DEMELFNCHELBEET 574/
) Enteromorpha sp. 8 X U7 +7 A4 Ulva pertusa
O 3IFOEE, KOO BEPOLFICLEXRE
fbASR BRI T 2RSS 7 P A7V B A
< Skeletonema costatum FHF L, TAMERRS
KB X UERBEXO N - P OF M HERSL 72,

ARFEFEITT2EHD, BRI ODOTERERT
Bor R BV UNAFREFHEERBEEE, 250
T ARSI A D EREUC R TH W - BT T AGE
RAKEAERATE & U BRI N AR OB E D J7 2 128
CE#T 5,

]

£ B L &
1. &%
BEEBOTERATHEL LAY E /Y, 74/

DBLU 77442 ERFICELMD, B IEHR
DHE 1x1em Il L 72k, Table l iZ/x 3 HHetE

Table 1. Composition of standard medium.

Na(Cl 24 g
MgS0O,-7H.0 8 g
KC1 0.7 g
NaHCO, 0.42 g
NaNQ, 0.1 g
Ca(l,-2H,0 0.37 g
Na,HPO,.12H,0 0.025 g
Na,5i0;-9H,0 0.05 g
Vitamin B,, 0.02 1g
P1 soln.* 1 ml
H,O 1 {
*P1 soln.

EDTA-2Na 6 g
MnCl,-4H,0 0.432 g
ZnCl, 0.0313 g
CoCl;+6H,0 0.0121 g
CuS0,+5H,0 0.00471 ¢
Na,Mo0O,-2H,0 0.126 g
FeCl;+6H.,0 0.387 g
H,BGO, 3.429 g
H.O 1 {
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HWTHEEL, FAERCHL, EEEMIhE T
% (1962) O7H 7 VBN S FYRT I A
YELIUYAF 2 E, NaSiOp9H0 % 0.05g/!
DEETMZ 6 DTHD, £ATL b3 ORER
O TE, HHh U 10C THEEL, BE 600
nm, 1lcm OEEEAH0.1(3x10° f#ifd/ml) icE L
oREER AWML .

2, TRMIBBHGRK

KB ERTIC AR TR T ARUES» SERIEA
IO K EBREICRKRLREY, FLIE045 m o3 Y
KT 7408 —THBELBICHERL .

3. BRERLER

AR (VPR S, 1985) & EBRD LT, —25'C I iifE
LRSS ERREEMEL, 70 1kg it ATHEK

(Table 1 1275 L 7- L2025 & NaNQ,, Na,HPO,-
12H.0, V.B. & £ U PLIEWR 2R\ 72) % 560 m! O F|
GTMA, BRET2CI12ESL, ek L
S 2 HEE L 7z, EEFHBERICELL, £OLE
Wx0.45,:m 3V KR7 7408 —T2BL2ECH
AL 7

4, EHORRSLUEERMG

LREO TSR KB £ UBEREHE (T
zhznmiA (B) 8L UVERRHE (S L8
DE 100, 250 BLUS00m! 1 IBFEZ X322
o, ACERRECAL LI, ATHEKELZ2H
BEOATEANImM! - BEOMAEMZ T &
L, Fi##F L E-100, E-250, E-500; S-100, S-250,
S-500 & Uz, Blic ATHERD A% 11 Ad, W&
KO el ZHRICHEABRE2ELIF05g,
HBHEVIFATL b A THEER L0 720k 100l & B
ML, BRI L D TEBRBREBFL 20 s 10C Ik
5, FIEEEAT £ B 6,000 1x T 9 BERAEE - 15 BERARS
DT T 3~4 HEREEL /.

5. EERBIUEEEPON, POER

NH,-N, NO,N, 1 ¥—1-N L FPO-Pid
Strickland and Parson (1972) o Fkic kb, 7
NO .- N it American Public Health Association
(APHA, 1975) o frikic k> CE&E L, 2-P0E

B3R - B ARETIKIEL 22 PO,-POER
WHED 7z,

BRI ATEATHREL, AHTARERGEROLE
2, ¥, A7V AT FOBEERS 2,000 rpm, 10
SREGL, WEYE A LEAT 1 BERE L TR
MExEs0m/ L2k, TAZTLhOEER 7L
i -NBIUE-POESEICHL 7,

Porphyra
yerocensis

Enteromorpha sp. Ulva
pertuse

POg4-P (mg/l)

{mg/l)

Inorg. N

Fig. 1 Changes in N and P concentrations
of media during culture of lavers.
(—— Standard medium
®—@® Control medium
T——1 E-100

O—) E-250

$e——& E-500

P—p S-100
o —w S5-250
— S$-500

Table 2. The N and P concentrations (mg //) in the effluent of sewage disposal plant and the exudate

of bay-sediment.

NH,-N NO;-N NO,-N Org.-N PO,-P Org.-P
Sewage effluent (E) 19.5 7.4 tr, 2.38 3.83 0.97
Sediment exudate (5) 6.31 tr. — 1.61 0.90 0.61
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Table 3. The gains in weight, N and P of lavers after 3-day culture. Values are expressed as mg gained
by 200 mg of the respective initial fronds.

) N P Porphyra Enteromorpha Ulva
Media !
(mg/{) Wt N P Wt N P | wt N P
Standard 16.39 2.15 148 2.43 0.10 264 1.64 0.20 99 1.24 0.04
Control 0.03 0.06 132 0.16 0.00 278 0.15 0.05 79 0.01 —0.04
E-100 2.65 0.48 189 2.47  0.20 290 2.01 0.27 102 1.91 0.07
E-250 6.81 1.10 112 3.73  0.21 250 2.72 0.25 99 2.12 0.02
E-500 13.46 2.11 139 3.85 0.22 291 3.34 0.23 110 2.50 0.04
S-100 0.72 0.16 136 0.68 0.06 323 0.43 0.09 87 0.64 0.02
5-250 1.69 0.28 152 1.54 0.14 303 1.30 0.20 101 1.45 0.08
S5-500 3.22 0.45 125 2.70 0.17 295 2.01 0.23 97 1.85 0.06
Initial frond 200 2.19  0.22 200 1.69 0.15 200 1.86 0.18

Standard : Standard medium (Table 1.).

Control : NaCl, 24 g; MgS0,-7aq. 8g; KCl, 0.7g; NaHCO;, 042 g; CaCl,-2aq. 0.37 g,

Na,5i0,-9aq. 0.05 g/l

E-100, 250, 500 : 100, 250 and 500 m/ of sewage effluent per liter of media.
$-100, 250, 500 : 100, 250 and 500 m/ of sediment exudate per liter of media.

Condition : 6,000 1x. 9 h/day, 10 °C.

1. BHICE 3 TARLESHRKPS LU
EEERHESD NP OfH

AFEICHH L AP O NH-N, NO;-N, £
#EE-N, PO, P 5 & UG#E-P OIREL Table2 12
RT LS THOR, LoD T, Ne\PBEE»SEL L
E-100 & S-500 5L T8 0, HERH & (2 E-500
HIEWV NP LA THDT.
gizFEHTO N, POBHE(LIR Fig LRt &
Thol, AVESUBIUTA /U OEERDD
NP7+ 744DFNSICHARTHESR DY L
7o, F o EHEREHE O N A TR (E [X)
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AHE ) TIREBIXROMEESRETH O
»%, NPHUARAK X {, BH¥EEHK LD L BIiFhE
BErrLI-ZEil, BRIV 7BEEREROR D

Table 4. The gains in weight, N and P of
Porphyra vezoensis in the medium with or
without Skeletonema costatum. Values are ex-
pressed as mg gained by 200 mg of initial
frond.

Wt N P
With S. costatum 336 3.9 0.33
Without S. costatum 330 4.3 0.33

FAERET S, N-PERMOGERE LN RZ &
Bbi s S-100 X &B < oRBEX I, sy
SOV DEHEE T LT, T4 2 VI E R THEEEMK L
FLr~Lo@aBe i L7265 SKTIREeREMERNL, &
W S-500 X T —ERBERORENED S, 0l
IR A UL o TEELYESEREEEICE
42 ZLERBT2, 77 AYOARFATHRKE
BrE g e bEBKTHD,

2, AHE/YBLURTLFRTILED

TRLBIBHFAKFDO N - P OFA

MR T A Y AHE AL P AT A
BELTHHMEEL-ERIL Tabled (2mt L5
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AL b ATl BEINT, RACKBRENTFE
THIE, MEECHESIES L I P
7.



10 4 B f

B 5

2T, Filc AL A (NH-N, 27.5;
NO;-N, 0.21; NO.,-N, 0.24 ; 5H##-N, 6.42;
PO.-P, 3.87; E#RE-P, 0.09mg/) £\ 7z LA
RIGCERIURET, MBEBLEFNFREMICEEL -,

AHE S VBIFAS L b ATD 4 BREEGECES
AREKPOEBE-N-P A%, %6 FEmED
MESHE LU N-PREGARIZZ L #Fh Fig. 2 & Table
SICRT LI TH DI, AYE S ) OHFES 500 mg

(BB /I THODOEMLUTAY L 2731/
3D 170mg/! G i/ THoTn L,

{mg/L}

Inorg. N

Days Days

Fig. 2 Changes of N and P in the effluent-
media during cultures of Porphyra yezoensis
(solid lines) and Skeletonema costatum (bro-
ken lines).

(—— Standard medium

@ —©@ Control medium

(D—— E-100 E——® E-500
=—> E-250

MEODEEAKDPN, POl sET 5L, Fig.2 12
TT L3, NO-N@EAr v hia=icky, £7-, i
HATORES 2525 NH-NiZAH e/ Jickb
HRMIRDAENT, POFP RV TAORBX T
AHE S VIZHRT A v P 2R L D@D IcED
AEn, EFI0XKELUE20RTIEFnFN208
FU3HBRICIBEEL T, A7 L b AT OFHEE
BABOETE L LCELIETT e HESATY
% {HE#8, 1976; Sakshaug, 1977) #%, Tabled I/
TE912, 10C DEREBOLDTHATZ L M2 AY
E/VEHARTELOHESEBS LU N -PIGAE SRR
L, ETOMEEE*Z T ES0RIIBWTY, #
OWEEBIUVPERARBRATE/ VDEAL 2 E
BLCwi,

AHE ) OOETEESEME E200 X5 L UE
500 X & OFIcERBES S NG LD, E-IN0RT
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=250 [X Tk EESIH I TV IREBIC B D 7203, E-100 X
TN ER L 7. E-500 R THEBE L2 ) BRE
ik 2 Y OBEEZ I L6, ATV ME
< NH: @t L A 27 DIz T #5370
TLEEZILHND,

ZF2T, MEO NH: T 2ME2HET 2720
i, HHERO N R - LT NaNO; 5 £ U NH.Cl %
HuTtsh®2h1~32mg-N/I O SEBEOBELH
B, BRROBIARINER L R UEAHTHEEL ..

6 AMOEEBTICE T 2 A7 v b A~ OMia%
rrono” 4l a =R T Figs.d B X U4
WRT LI THD, i, EBRTRCED 2215

Table 5. The gains in weight, N and P of Porphyra and Skeletonema after 4- day culture.
Values are expressed as mg gained per gram of initial.

] N P Porphyra Skeletonema
Media ]
(mg//) Wt N P Wt N P
Standard 16.08 2.02 664 9.36 0.98 9,770 52.1 12.1
Control 0.00 0.10 510 —0.46 0.20 2,540 —6.76 0.47
E-100 2.75 0.49 866 5.20 0.96 7,580 10.2 2.84
E-250 6.98 1.07 856 13.4 1.66 8,940 34.2 4.44
E-500 13.87 2.04 628 20.0 1.68 3,660 15.0 3.49
Initial 500 5.43 0.45 170 2.27 0.25

Effluent : NH,-N, 27.5; NO,-N, 0.21;: NO,-N, 0.24 ; PO,-P, 3.78 mg/!.
E-100, 250, 500 : 100, 250 and 500 m/ of sewage effluent per liter of media.

Condition : 6,000 1x, 9 h/day ; 10 °C.
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OfE: N+ PEGARE Table6 2RT L3 THDT,

Fig.3 WwWRT L£HW, Ay Vv b vofiim
NaNO; s (NO, K) T 1mg-N/I KT 6 HE
WEA LD iR E, S CREERMB L & L ICER
BB L 7248, A5 NHLCl bkt (NH, [X)
T NEBES12meg/l 2882 5% L b icfiBEE S
BeEL L, BeREEBED 2meg-N/IRTIZ2H
g ix BB L D A ECEERL, 6 BRI
IR L .

Is B 4,12 P
NCz media

Number of cells per mil

ZOEEI: Figd orzua7 4L a 2ORBNE
bt —HLTwa, NO-N 2mg/l RizBwT,
EEE IR eI LT e DR LT, £D 7
nu7 4N a @04 ARURFRCEML 2 D0,
Zo¥Eitho N BAHELASAED, filRKRE
LTaBEseEL, BERoBY LiBlsHEL:
72 TH L,

Table 6 [ZRT £ D2, EEE TRFIIBIL ATV
FATOWEEBSLUN -PEGAEIR NO; KT 4

NH4 media g8 &

Days

Days

Fig. 3 Increase of cell number of Skeletonema costatum during culture in NO;- and NH,-media.
The values in the figures express the nitrogen concentrations of media in NOs; or NH. form,

24
300} NO3z media 8"%
N
o
2
200
(o]
=
£
[«
e 100
Q
=
O

Days

Days

Fig. 4 Change in chlorophyll 2 content of Skeletonema costatum during culture in NO,- and NH,-

media.

The values in the figures express the nitrogen concentrations of media in NO; or NH, form.
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mg-N/ILLETIZE—E LRy, 200RIREFTH
of=h3, NH, K TiZ 12mg-N/! DL BBy TRWE
ELZ, WES, s007 4 LaBBIUNPIY
AEZNBEOMAL L ELIEIL, BURS
BED3R2mgN/IXTiE, HilEkE o740 a
BAVERBGARL DEWEE LD,

fith, HBEIOBICBI LAV E ) YOHMEES &
U N+PHEGARE Table7 =3 &3 ThHYH, NOLK
TiZ 4mg N/ U ETEF-EDEERL I, NH,
KT NBEOHEME & bic NBGAESE L < 880
Lizs00, #OMESII 8mg-N/I DL THER
L, POEBGABLHMET L7z, Lo L, BEOGHRI
NO; ¥ NH: OWiEX » 4 4 mg-N// A FTCRIFT
HY, BB DZEEIRED SNE DR,

& £

Uno et al. (1983) i3, 7+ 74 4UOBICEITS
NEROBEELEEELERL TH5 EHEL TH 54,
ZONEEIX5.6mg/g-BEE 3Tmg/g-&EH) T
HOl ARRTHAL - EEBOTF 7 HONSF
&z, Table3 ioR"T L£35129.3mg/g- BEETHY,
WOBDOZNOR 1.7 EOEERLIZH, 7FHT7AH
DOEBIEEES LU N -PEABR AT/ UB LW
TASVDENSKIENTERSL, Fiz PEGARIZE L
CAEWETH 27, L, NPLaoEnroiS
-100 X5 £ O S5-250 X 2 bR &, SUEEE L L TAL
ISR B & VERR RN TH R L D
LIANTRIFFEN-PERYAAERLIZ EWE, Pk

Table 6. The utilization of NO;-N and NH,-N by Skeletonema.
Values are expressed as the increase of cells number, chlorophyll 2, N and P of Skeletonema after 6- day

culture.
Media NO;-media NH,-media
N P Cells Chlor. N P Cells Chlor. N P
(mg /) (x 10%) (ug) (mg) (mg) (x10°) (1g) (mg) (mg)
1 0.125 309 53 1.18 0.18 303 86 1.14 0.16
2 0.25 965 113 1.83 0.41 865 163 1.89 0.28
4 0.50 1,440 286 4.29 0.57 1,340 293 3.95 0.57
8 1.0 1,090 295 4.39 1.00 1,380 261 4.38 0.95
12 1.5 1,440 294 4.18 0.98 765 195 3.51 0.78
16 2.0 1,020 265 3.74 0.98 365 125 2.25 0.65
24 3.0 1,060 208 4.19 1.09 138 31 1.74 0.28
32 4.0 1,140 249 3.57 1.15 —21 —8.4 1.27 0.24
Initial 35 20 0.135 0.039 35 20 0.135 0.039

Condition : 6,000 Ix, 9 h/day ; 10 °C.

Table 7. The utilization of NO;-N and NH.,-N by Porphyra.
Values are expressed as the gains (mg) in weight, N and P of 500 mg of initial frond after 3- day culture.

Media NO,;-media NH,-media
N P
mg / 1) Wt N P Wt N P

1 0.125 287 1.08 0.16 338 1.08 0.16
2 0.25 315 2.00 0.31 302 2.07 0.31
4 (.50 360 3.72 0.52 329 3.85 0.52
8 1.0 286 3.04 0.41 177 5.83 0.54
12 1.5 290 3.59 0.44 175 5.73 0.49
16 2.0 303 3.56 0.47 : 181 5.94 0.49
24 3.0 307 3.69 0.49 184 6.17 (.48
32 4.0 281 3.41 0.46 167 6.07 0.39
Initial 500 5.45 0.52 500 5.45 0.52
Condition : 6,000 Ix, 9 h/day ; 10 °C.
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¢+ H NH.-N 5 10mg/i ® v~ TidgdicitL
THRYEESXE 2§, L 2EERMTO NO,-N L
DLREBAKBIZSENEINZICHHETZEVLIHE
ExBont, ZheOFERE, BEIKRKCTENT
NH,-N 53 NH.Cl & 0 EMBFH KL £ OB TH
L, HofEsnB w2k, RHFiACE NP L
N BEEOBMICER R ESY I v EOMEBRERY
HETAIE, BREBRBELTWE,

Eils (1968) i3 NP, MEd&EBEs LYy 3 8
RE&ERVALEKC, REESE (1966) D@ TH
BT A AL ER 4 R dE ok (FEBEEE-N, 65~7bmg// !
PO,-P, 1.7~2.6mg/) 2#MATTH 24/ ) & 1E3%
L, WHAOEMEL 10~20%0BEFDERIZEL
CRIFTHO, 0% THRAOEREL L URRSEDL &
<, 10~30%mMovuFhoFE& b TE (1962)
OESEEME VAR - OB BFTHE O EHEL T
w5, Lobl, Milbs (1985) 13T AKALBE R
KBAHE ) DAFEHEELL L Tw5,

Iwasaki (1965) izt % 2> B, ERFH L F 8
TS ARTH sy UOarak) ADERY
@+ 2 #5212 LTHD, %7, Dunstan and
Menzel (1971) iz FARMIERFAICIZ O D DEFI
B N-PLACF 73>, EXF>, EF 22 By
BIUEMEERLE R ENELZENRTVWE L
ELTWE, RFRICEWT, WHEARMKIZLTR
LHEEMICCH T 2 2 EOERETRL, B
SOHEL L —HLE ZoZkid, EETHOBE
AROPEFEHEARE EEE L TWw AL T, LLSH
BuiliikizzodERRLY, ODDEFTICHE
RYEESATORLOEEbN S,

AHE Y EATY N AIINT 2 NH-N ofZ#
AHET S X, AVE V) OEHAEINEZ 8mg/! L
ETEWA L, 2mg/l X TH 6 HEOBETH
30% D% e 72 (Table 7).

—%, A7 bAavOMfafii 4B LU0 8mg/l X
T 6 B SHO 39 it 7243, 12mg/l LA ET
A L, 32mg/l K T3 ERBIERO EHIU
Fr#aoi (Table6), mED N« PEGAE & RIERD
R xR L,

Thbb, AFEVEATLPRAREVTNRY
NH,-N #BE» 10mg// #8822 t£FLHEEANS
7, BBESTEATV M ATOABEELZTHV
ZEBPES BT,

<
g il

WO N, Piddc FAMBERG KRS BIERS
SiHE s NS, KR T, £FIB L FTEREN
SEHETHLAVE Y EHLEL, ZORGEET
BATH VT FTAHROVEERT 77>
ATV b ARICL ARFIAB L UBBEREKEON P
DFIEE I DV THRE L. |

1. R¥ELY, 7ALYUBIVTTFTAHIE, ©
Fu NO-N LD HIAS L UVBEERHKD
NH.-N # L <HIB U BAEEREE 74 2 UKD
B, ANE S UDH2EOEERLIY, HED N-
PEGABODERFAE RN Df, THTAHDE
neR=FohrtuFhiRETH DL,

2, WCOREBCBVWTHAEHOBEECLSL A
rubravO¥ER, NBLUPORRARR, A4E
JVEHARTERER LG, 6EBLUVLR2EORE
iR LT,

3. AHES/ ), EhoORBENITES THNE,
AL R ATHIEGFELEEBEL Y, FOEREEES
otz

4, AFEUOERIZATEMO NH-N BES
8mg/l LI ET, 27 A7 L A< ORERIE 12mg/]
METHESN2, NH-NEBESZSIZEI L
BE, ATV R AT OMENARICHEA L, 32mg/l T
IR L 720w LT, AV Ui 32mg/l THIE
EHEMOK 1/2 DEES T LT,

5. A B/ Vicxtd s NH-N o#FHIE, Bk
FRhobEsh Tk NHLClGInsE o e T D g5 D,
14mg/l 7% NO, % N - 3 2 H#eEth - 1 2I1FF
BEOERENZED R,

X Hik
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Summary

The main sources of nitrogen and phosphor& in Hakata Bay are the effluent from the
sewage disposal plants and the bay sediments. The present paper deals with the utilization
of nitrogen and phosphorus which are contained in the effluent from Fukuoka Eastern Sewage
Disposal Plant and released from the sediment in Hakata Bay by an important laver in
fishery, Porphyra yezoensis and its competitors such as green lavers Enteromorpha sp. and
Ulva pertusa and also a diatom Skeletonema costatum.

1. All lavers used in the experiment utilized NH,-N from the effluent and bay sediment
rather than NO3-N in the standard medium. The weight increment of Enteromorpha sp. was
the highest among the tested lavers corresponding to about twice that of F!' yezoensis, but no
difference was observed in absorption of N and P between both lavers. Those of U. pertusa
were the lowest among the lavers used.

2. Although the growth of S. costatum decreases with lowering temperature, its weight
gain and the absorbed amounts of N and P were much larger as compared with those of P.
yezoensis even a 10°C, corresponding to 15, 6 and 12 times, respectively.

3. The growth of P. yezoensis was not affected by S. costatum coexisting in the same
media, when the amounts of nutrients in the media were sufficient.

4. The growth of P. yezoensis and S. costatum was inhibited with the increase of NH,~N
level in media more than 8 mg// and 12 mg//, respectively. However, S. costatum was more
affected by the high level of NH,-N than P. yezoensis, resulting in the rapid decrease of cell
number and the death of amost al cells at 32 mg// after 4 days culture, whereas in the same
medium P. yezoensis showed the growth ca haf that in the standard medium (NOs;-N) after
3 days.

5. The toxicity of NH,-N to P. yezoensis in the effluent media was lower than that in
the artificial media which contain NH.Cl as N-source, resulting in the almost same growth
even a 14 mg// of NH,~N with that in the standard media containing NaNO; as N-source.



