$% & B Tetsuto-Hagané Vol. 89 (2003) No. 4

ARSI B LOEHTREKRERINDVENT S
N EEOETE EREHEMRICRITTRR

I R e L 11

Effect of Simultaneous Enrichment of Dephosphorization Steelmaking Slag and Treated Municipal Sewage
on Growth of Coastal Phytoplankton Assemblage

Koichi HARAGUCHI and Akira TANIGUCHI

Synopsis : Human activities have increased an input of nitrogen to coastal waters. Hyper nitrogenous and phosphorous limiting condition induces red

tides of harmful algae which can vitally grown on a wide variety of phosphorous compounds. Environmental quality there is then reduced by

altered phytoplankton composition. We hypothesize that such hyper nitrogenous condition can be turned into healthy eutrophic condition,

where desirable phytoplankton assemblage can grow, by use of a steelmaking slag as a source of phosphate and silicate. We examined the ef-

fect of enrichment of the dephosphorization slag on a natural phytoplankton assemblage in the hyper nitrogenous water with treated munici-

pal sewage. The enrichment enhanced phytoplankton growth particularly of diatoms, such as Skeletonema costatum, while excess enrichment

(200 mg//) suppressed phytoplankton growth probably due to pH increase and/or ammonia toxicity (un-ionized NH, form) appeared under

increasing pH. These results indicate that slag enrichment would be effective at lower doseé to avoid pH increase. Although 20 mg// slag and

20% sewage was confirmed to be the best dose at 10°C, the dose should be reduced during summer since the percent NH, increases with

temperature.
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Fig. 1. Nutrient concentrations in filtered sea- 0 2 4

water added with dephosphorization
steelmaking slag (de-P slag) at differ-
ent concentrations with sewage. The
leaching time was 10 days for all sam-
ples. Error bars show the range (n=2).
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Fig. 2. Variations of relative fluorescence indicating amount of chlorophyll a in
cultures of natural phytoplankton assemblage with sewage and de-P slag at
different concentrations. Error bars are not shown to avoid over-complexi-
ty (n=3).
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Fig. 3. Effect of enrichments of sewage and de-P slag at
different concentrations on the maximum fluores-
cence of the natural phytoplankton assemblage.
Error bars show standard deviations (n=3).
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Fig. 4. Taxonomic group composition in abundance of the phytoplankton assemblage cultured with sewage and de-P slag at differ-

ent concentrations at days 0, 10 and 18.
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Fig. 5. Effect of sewage and de-P slag concentrations in
abundance (A) and in biomass (B) of the phyto-
plankton assemblage in cultures.
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25 P ERMUZEASIZE, X506 0ALHER
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Table 1. Nutrient concentrations, and N:P and Si:P ratios in natural seawater at Sendai port, sewage sampled at Minamigamo
Sewage Treatment Plant, and in culture media where the natural phytoplankton assemblage was cultured with de-P slag

and sewage at different concentrations

Treatment T-N NH,* NO, NO; PO Si N:P Si: P
(M) (uM) (uM) (M) (uM) (uM)
Natural seawater 8.5 4.3 0.3 3.9 0.65 57 13 87
Sewage 1399 1375 18.7 5.3 0.85 218 1640 260
Day 10
Control 0.3 0.1 0.1 0.1 0.06 41 5 720
Sewage 20% 270 262 4.1 3.5 0.10 54 2700 540
Sewage 30% 412 402 6.1 3.7 0.1 94 3700 850
Sewage 40% 549 537 8.1 4.0 0.09 128 5800 1360
Slag 20 mg/I <0.3 <01 <01 <0.1 o0.08 41 <4 520
Slag 200 mg/I 1.2 0.3 03 0.6 0.34 39 4 110
Sewage 20% + slag 20 mg/| 216 209 4.2 2.8 0.08 71 2840 930
Sewage 20% + slag 200 mg/I 283 277 4.2 2.6 0.29 102 990 360
Sewage 40% + slag 20 mg/| 512 500 7.7 41 0.1 110 4740 1020
Sewage 40% + slag 200 mg/| 545 534 8.4 3.0 0.52 191 1050 370
Day 18
Sewage 20% + slag 200 mg/! 155 148 4.3 2.3 0.13 65 1150 480
Sewage 40% + slag 200 mg/l 446 435 8.4 2.8 0.07 126 5980 1690

3.6 pH

FERIZMHE L 2Rk B L O RRKD pH 13, ZhE
N1TBEVT4TH o7, WEBAIZETEKERAE L
Ko pH i3 7.8-8.2 L&D, FEEWIRE S pH OZE(LIZAD
b h -7z (Fig 6)e BEDAZ T2 20mg/!l BRMX T 1
HHEIZIZ 8586 IZ EH LT, 20#%10HBIZDH
72T pH OELITZED b hkh o7, 200mg/l WMX T
&, THHIZIZ pH9.4-9.7 Th 724, BRAIIETFLT 10
HHIZIE, 8.9-9.0 124 - 7= (Fig. 6).
BEEERXO pH WEZ, W77 2 7 b Y BREOBER
EFEMRIC, 0HB L 1I8HEICIT A - 72, EEMBERD
pH ZFEHI L T, BIHERKX GEEWIX) O1H
HBERUTHAERETAILNTES, 27 7ERNB
KO 20mg/ MIX T, I0HE® pH 31 HH &IXIFH
CET® - 7= (Fig. 6). 200mg/l A 7 7 FMX Ti&, 10H
HO pH 1% 8.4-8.6 &4, ¥IHIED & O TEE MGHZE
Thole LML, ZThHDERKD S bEHEKE
20% Y ERBHCRML 22X T2 18 HE® pH idb$2i b
HLT87-88 Lk,
4, ER
4.1 RSTH5DNABEDRH
AEERIZHWEBD A Z 5 75 6 DEAND ) ABRIED
BHBREIRATY 02uM Tho7z, D AR T ZIZHK
AT TIHRTOARZBLEATEN, BRZAF 796D
WHYEA 330mg/l DIRMIFIZIE 17uM Th-7Z &kl
BysL ZOMHFICRKL TBEHEIRIERID L -7
Z&lithkd, D&, DA@m&$u177 IBEEhTn
B3EDABRTIELEL, DARELNEBEICIRTETSZ L
oD DAEZLEAETEATIIRYARE L THTL

BRETIEAVENAS, Lhl, BEERKCILERE

tbfﬂﬁ%*ﬁﬂﬁrﬁméhfwébé'dxﬁfﬁ
MEOBEMZISCTHEmT 5 v 2 b v ORMEERIZEEEIC
<ﬁot@g&$oiﬁn§%m*kkm77/7b
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Control

Sewage 20%

Sewage 30%

Sewage 40%

Sewage 0% + slag 20mg/|
Sewage 0% + slag 200mg/i
Sewage 20% + slag 20mg/|

Sewage 20% + slag 200mg/|

Sewage 40% + slag 20mg/!

bhedtdosde

Sewage 40% + slag 200mg/|

T T ¥ 1 ¥ T T T
0 2 4 6 8 10 12 14 16 18
Day

Fig. 6. Variations of pH of the filtered seawater (A) and
the natural seawater with a phytoplankton assem-
blage (B) after enrichment with sewage and de-P
slag at different concentrations.

W&o THB SN EERE»LHBEIhEZDAREL Y F
74 =L N:P=16:1)" 6 RMEE B L, 25
2%mM&@ﬁK%$%*M%%mMLt%%FT

me®%$($t7y%:7)#%Eéhfntmf
DAFHEBRIZ 25uM 12k 5, 2OZEH»bIBBEERXT
BAEMERE L T & - 72 EEBRX L, LD D ARG A 2
FOPBEH LTV PRENDS, 2T 7 RIMGDEK
DD ABIEIRERMITEAKD pH IZIKFL, 7AH V&
TREDET 23, KEERIZH T 200mg/l 277 %
WML 72356103, WHERE KN THEBEERIX T 10
HH® pH IZBEF KT LTz (Fig. 6)0 ZHiT, KR»
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50T FTIC K B HPRIERICIA TSN X & &
3 pHIKTOBERTH-72EZ 6N 5H, ZOEYNES)
12k %MK pH DIETAZAF 7600 ABHAIEL T
WHEREMEY & B,

4.2 BREICEMULRS T EPHEADTE
WBEFHENOBREBKIZZ 27 FZTERILTE 7o
74 a HAAEDBEMIZIIRRA 5205 72 (Fig. 3), Zh
IIAREERICH L ZERBARDO NP A 13:1 THD, 2R
BREETH > T &, o L ORBEHDMER 22 B &
Ko7 enRRTHEEELONS, ZhiZhAB K
VHEREELTOZA I 7#R/MLTE, SREHIIRF S
NEP-=FTTHS, LrL, T 5o b isEd
THEHEHR DY b - KD 1.5-1.7 fSI28mL Tun e
Z e (Fig. 5), BEEIZZ 5 7R & > THEAME
EEhsLHfltce s, —F/, BHRAKCEIREER
1400 uM FENTWB DI, ZRFETORMTE |, FEE

CHLHRBROSHEBRERETE 2, LrLENS,

HHEEAKIZIZ D ABRIEIL 09uM LA EEhTH 5T, Z
DB ITEREK 0.7uM IZRTEHLTRIIHEET
%% (Table 1)s L72h o CEHBEAZ T OWRMTIZD AR
WARED, 3V - ARICERTREARTEZOT T 4
JUVHEYEIE T 17 512 U885 L %5 2> > 72 (Fig. 3). #RfiBRAK
D N:P Hid 1640 LRI D ABSETH 0, HRHiEEAZ
T 40% WML 723581134 550 uM EH S ¢7i25K -
770

W7o v o b ORI IR RN S Z Lid
BLWIETRBEWD, 257 % 200mg/l %R 72328
XTid, BEEB D TREL, »2ZOMICKm T 7~
2 b VBRI L TW DT (Fig 2), IS » D
Fick->THIT S v 2 b v OEEGZUEENHEX R
22DLYE NG, EHICHERINBHEERIZ, 27
TERDOBAL AN T L2k 5 pH FRTH 52D, i
K TIRBTFEBRBZOKIB Y SHEEA A 25D, K
1% B ZBILRFEE L THAETSDATH S A, pHITI
0IIZETIRTF LT 5V o+ vOREKEHIRT 2 Z
Lz b, ZTORKE, pH 9 ML ETIHIE & A EDOFED R
HEMET T3, 20, 252 20mg/! ODFHMTIE pH
D EFRIEHTHTH 7724 (pH 8.3-8.6), 200mg/l DEHRMT
12X 512 ES L pH 92-9.7 I2% - 72 (Fig. 6)0 25 DK
WTHEMT 700 P VRO ELRT G > /R, 200
mg/l XD pH IE 10 H BIZIHE T L Tz, 20 pHAK
Tk, BB L7 kD IT KRR TEBILRBEOFEAIC K S HH
e, N2 F YT EIICDE LEEREWIZ X 5FkE &
C—KEXARIETIck 38D EHEREhsE, DFD,
FEEBRRA TR IS OEME MK T U 22 B [ 2 4 Tt 7 5 v
N UBIDTHEMERBLZE 2121k, pH BMETF L,
W77y 3R THE-meFELLENS,
BB T &0k, BEREREERCRM L 28R A D
BN BB THEII A>T WVWIEETH S
(Fig. 2), $&bb, Z77RBIMI&5 pH D EFOALS
T, BHBRAK T OHIZE, B TIIEFERIZ L 5 A
N, AFTERFTEI LItk - THHEABIZEZIT LS
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ISR BEANRHBHIEEREL TS, THANRT VEZT
THDHREMEIERDTEHG, A4 Ll ThEnWT v EZ
TRT VEZD LA X VIR T X DHTERIZA D 3 0n
DTHEHEEZRELRLTVWIE, BXUA A VL Tuian
7 VEZT ORI pH O LSS X 0BT 3 2 & A
ENTNE22, SREICEHTRAKERML 2 ERBRKX
(40%FMIX) TiX, 7Y E= Y AEBEEIR 550uM T
HH7=DTT VEZTIREIE 12uM (pH 8.2, TFHEE 2.2%)
ThobeBH I3, ZOWBEEIL EPA OKMAEY
NOFHEM 16uM DT Th 2, BHEKBAREED -7
BB 40% 122 5 2 200mg/l % [RIBFIZERINL 7235412
3, 7Y EZTIREIIEERBRICIE d0uM  (pH 94, 17
fE3 25%) LEBICHEREIIFEL TWAEZIEIZRD,
B #BAMA L7z 10 H BiZik pH DK Fi2& b 19uM (pH
8.4, TFTE® 3.5%) 2P LTI &izks, D%,
EREE (40%) DERHTBEARRMIXIZZ 7 7 & B ML 722 &1
K->TpH ERAPE 7V ETHEREDOFEVIRID, Z0
WR, W77 v o b v OREEEESRBLL 72 & HIR R
EThA9, HHEK 20% 12252 20mg/l % RIEHCERN

L2ZEEBEXTO7 Y E=T7REIE12uM (pH 8.5, fF7EE
43%) LK<, B, HUEHEE TOBMLFREITER X
Nhahr o7z (Fig 2). LA L, EERENI0°CTIEEL
200CTH 72551, AL TOAEVWT VY EZTO
FHEEKEE EBIZEAHTE20%, 200C DERHFTT
7 VEZTREEE 24uM  (TEEE 8.6%) 12 EH LIHE
BREBL TSR H S, 202 LIFEHEREIZIE
HHRAKDRALEERN 10% KT X308 ERH BT L
EREL TS,

W75 v o b vADOT7 Yy EZTEEOHEIZDEL Z
DL 2 HBE L 72 %IT 0Dy, HEME S costatum 12
HEEZ5 257 2w LBOREIT 400 uM LLE & D
EBWHxH B0, HBNE, S costatum 13T V=Y AKEE
& 880uM TEMWHE R HLTNIKTTE23TH5
A, Nitzschia pungens (3RS T E %< &5 L OHED
»H53, ZOLIIFEHTREL BMEDOE N, DHEER
X T S costatum PEBL-Z L EIFRLED, BHRKE
[BlEEIZZ 7 7" 200mg/l & RN L 7= FEBRIX T, Thalas-
siosira spp. WL BRI TH 5 &L 5N 5 (Fig. 4). &
52, BRHERAKEME40% T, 7D J & % 200mg/! [FIEF
ZEML 72534810003, xR BERHAR LD, 10HH
PRBIZE >R T 5 7 P Y BEMLB®» 2205
&, —BER A WERIPH L Thalassiosira spp., TDOHTE
Thalassiosira guillardii YIS OFETIIARTHE 213 E58H -
mlERRLTWBEELOENS, ZOFRFL, SHARM
TDAF — LIZH-> THRBEBELZ S & EICEER TR
LEVWEETH S,

4.3 NEMT 72U b OBEERE

EXRBROMHRAKERBIZZ T 7 E2RML 2BAC
i, BB IS T T v o b VIBREDREIIFEFE TH -
7= (Fig. 3, 5) %< L & WINE 200mg/! £ TIZ AT 7'
MEBZECTHEH TS V7 b v OEMBERAEZLS L3
A%, 200mg/l DA 5 7 HRMNZE % pH O LHIZE < OFED
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HEAHETIARESENI E Ebh o7 (Fig 2). &K
FEERTIZ 20mg/l & 200mg/l DREDRMES RITTHEL
ARTHEVDT, EOBREORMENZ ) F 4 ANLTH
ZHhEMIZEHETELE Y, LAL, 20mgl ODRMT
boTH, RFICETEAKE 20% HRML ZHAICX, 2
a7 4 VERETT Y ba—LXD 315, EHRAKZT
AWMU ZZBAICHART 2 FORERENREFEL N
(Fig. 3) @A T L Lz~vfvayr A XTI 2 v
BEOEKBTASL L, TV ba—LXD 9, #iiFEK
P ERMUZBAD 5 ETHo7- (Fig 5). 2D, Z
I OWMMBKE T 5 v 2 bV OBEREIZ & > T 6 3R
BhHHLHMTES, £/, 2T 7RBME~A sty s
Ty N UHEORTE & ICHEFORM A EE X &,
EEROENE ST ZEBMHENIZE S, 2D E
TAMEMEEE AT X BB I L ABRL T B, Mg
HEIEMEHDO LEANEZLLT W E VDA THED
T ZOEHMBLLAEZLVWEDTH S LHIFTE
3,
FABPLMRFRIEEEOESVEKTH 54, 22 TO
WERIIW T T v 2 b IZ K BEBEERED 24-35% (24
LU, WERFEORIUIRAICELDDH 529, —,
B b Cid AOBIMICE 8 & ) ARG 2 ISR
FRRLAEMLODO5D, ZORIZELONNZ Ty 7izk
ZEMEERICIGHT 5 LHEINTHBENY, 205 bk
Ml U TINEX D DI 45-75% T, RO IIHEE B H,
5V &R TIREBENREL TSR EELLR
39, BAVBRETIWMFBEDAFI ST ) 9y F X b
&, BHEEMOEEEMEST S LT, EKOV AL 70
2EY, AbETREROMGEMATIWREEAAEL T
%, WEFIZE T 3 REEOHMIERMICE L TOER
RERI DB DI IE D % A1), SFBL LBEEED
HFEIZEMTELS,

4.4 IR

UEnZ e, 25 78EODABIRIZLD, H5<
ELRME 200mg/! £ TIZZ T 7 EMBIZISC TS 5
YoM VIEBMT BA, 200mg/d DA T IEHMIZK B pH
DEFIBEIHHBEKPO T v 2y 2R RTFT 5
A, BLOMOAEREHET S Z L b o7z, &<
ICEHERIIZZA A VL L TOAEWT VBT OHEER
BEELIDOTHBINETH 5., WENL D ABEOET
EWVWIHER»L Y, ZORMEILEE X pH ERSEE L
WHIF2EYIZ L WA B, X512, DARROEVEDA
237 oD ABEHEMER oK1, 255D A
B UTHWABRICIEZ DR 2T ORETIEIAR+H5T
bb, KEBRTIT AL, AT LIZKBHKD
pH ERAZZBEIZANS, X5 7OBEIZIGC - BERM
BABRICHAOAIZTEILARETH B, BURFENT &
i, FEEMTITE S BUERLIRED TS v o b VHE
BERETEHILT, ZOEWEHIC XS pHIKTFAZ T2
PEDDABHAEREI B TCOWATEENENI & Th
2, ZOKIBRATTHEDD AEH & EWIBEHOIEDOTE
RIIFRN LA 7 7 EHCERBBEIC TS 2 & LTEL
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THAHI, -, K, 27 7B LEOHEDRAHM
2, w4 oukEmTr sy o b UBEOHRTY & ICHER
ORFE#EE X T LML 2, T LIZEYIHEH
WEEELE B I LERBKL 5, HEEHIIAYE
O LNANERELRTNENDRTHEDT, ZOZELIT
D LARBLEEIZIOENIYEILVEDTH S EHFTE
%,
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