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Availability of Elements Originated from Steelmaking Slag for Phytoplankton Enriched Simultaneously
with Treated Urban Sewage

Koichi ARiTA, Yasuyuki UMIGUCHI and Akira TANIGUCHI

Synopsis : Availability of the elements originated from decarburization steelmaking slag, such as iron, phosphorus and silicon, was confirmed in the pre-
vious part of this paper. However, the slag does not contain nitrogen. On the other hand, treated urban sewage is rich in ammonic nitrogen,

while relatively poor in phosphorus. In this part, combined effect of the slag and the sewage on growth of the marine planktonic diatom Tha-

lassiosira guillardii was tested. Media used in the growth experiments were modified ESAW media, in which the powdered slag and/or the

sewage were/was added. Growth response of the diatom was determined by changed in vivo chlorophyll a fluorescence. The results obtained

suggest that, although the combined effect is usually significant, the availability of the elements can sometime be reduced under a certain ex-

perimental condition.

Key words : marine planktonic diatom; decarburization steelmaking slag; treated urban sewage; enrichment.
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Table 1. Average of data on Table 2. Basal solutions (X10conc.) Table 3. Nutrient Enrichment Stocks (X1000conc.)

water quality obtained of artificail seawater to be for ESAW medium.
every second hour (n= used for ESAW medium.
12) of the treated urban Stock Conc. _ Final Conc.
sewage analyzed at Solution I Amount to Weight Enrichment Stocks (g/L) (uMm)
Minami-Gamo Sewage Anhydrous salts (g/L)  Stock N NH4CI * 294 549.1
Treatment Plant, where NaCl 207.6 Stock P NaHPO4:2H20 31 20
the sewage for this ex- ko 59 Smm Feonaro ¥ "5
1 R OCl € ell3- 2 R A
periment was taken. NaHCO3 1.7 Na2EDTA-2H20 sk 3.6 9.8
KBr 0.85 Stock Metal s+« MnSQ4.5H20 0.58 2.4
Item HaBOs 023 ZnS04:7TH20 0073 025
pH 73 NaF 0.027 C0S04:TH20 0.016 0.057
Transparency 489 om NazMoO4+2H20 013 052
s 45 me/L Solution It NazEDTA*2H20 xwe 19 5.1
CoD 1.7 me/L Hydrated salts Stock B H3BOs 38 615
BOD 17.3 me/L MgClz-6H20 940  Stock Se N22Se03 00017 0.001
?g‘é'BOD sg me/L CaClz+ 2H20 132 Vitamin Stock  Thiamine HCI 0.1 297x 107
NHe SrOlz- 6H20 021 Vitamin Br2 0.002 1.47x107
4-N 1399 pM o -3
NO2-N 217 uM Biotin 0.001 4.09x 10
23_‘:;":‘ 17582 ::m * Changed from NaNOa.
PO4~P 38 uM %k Stock Si should exceptionally be prepared as % 500 concentration.
- *kk Add before the trace metals.
Total P 11.6 uM Hiok Adjust to pH 6 using solid NaCO3 (about 2 g).
Ca 461 uM =
*n=6

DAELHIIR L 72, TORIRFEK A & KBIDE Y I L O
WO F)TRBRETELDIZ, B0 Tum DT I AT 7
A 73—=7 4 LA — (Whatman, GF/F), & 5I1ZfL#% 0.2 um ®

Table 4. Five treatments in Experiment 1 with final con-
centrations of iron and EDTA enriched.

Enrichment (Final Conc.)

o . . Treatment Fe (uM)  EDTA (uM)
RYH—FREX—b A YT VL YT 4 L& — (MILLIPORE, T s St
GTTP) THE L 72, WO# L -0BEEE KIS, HERICHT 3 1710 FeEDTA 066 61+

— . . ‘ 1/100 FeEDTA  66x10 52

T -80°C D7 4 =77 Y =% — (SANYO, MDF-493) A 1/1000 FeEDTA  6.6x10™ 5.1 e

Non Fe 0 5.1

ICHAERFEL 72,

HARSIZIZATR D & [FBk, ESAW Bifth® & @ HKZE L *514098
THIW 72, EHARWAK B L 72 ESAW K50 SR L AE 0

RRERTH 5D, ZHITH L TUHEBEKFOERDO KT
TUYEZTHRERTH S, TITEAMETIE, MEDEER
JPREE AR & 572912 ESAW 0 BRI\ LGN T v
EZTLIZRE Lz, 2D ESAW BHOFHEIBE L So-
lution I #5 & T Solution 11 D#HEK % Table 2 IZ, Nutrient En-
richment Stock DK % Table 3 IZZNFhmRd, hE, Z
N B K URHOFRBMOFERNC DO TR D 1250 E

L7,

AR 77 v 2+ vid, BIED LR U ESAW R
THERIGE L Tl W IR Thalassiosira guil-
lardii TH %, ZOREMBEEHEN ST v E= TSR
NERRERICIUZE U 72 ESAW BtCHEA kY, 7V E=T
REERICHNL X 72, Bk S BHOBZERIZ ESAW £
HMOMEESRBEAREL LD, 7TV E-THRERD
RASRE LW T v 2 b ORI EHET S TREND &
BKENIZ S5 ETHS, HIZAMEIZEBTEH
EXRNFILRE TS0, 7D LMRICHARER 1T -
7zo HAL - EHREE 200D L URELMRTHRY
ERICTH B, E£72, T guillardii DYEFEL RIMY & Rk,
24h Z L IZBEEE EF (TURNER DESIGNS, MODEL 10-
AU-005-CE) # VYT in vivo chlorophyll a 860l (LA T 4
K& 45) Tiogkl /2.

2.2 £BR1 . FeEDTA FmER
W7oy o bR T Yy ESTHREESEAFIT AR

43

TR TR RO X 2T L oy, IHERRESERA R L
NTHEKRKEPWDATELELLNDEY, 2T THEERIT
{&, Table 4 IZ/RL 72 EBREM T THRBEERZTV, 7TV
B TREERTFHAETICBT B T guillardii DEEBERE % H
N7z,

BRI, BV ERICH A8 Th % FeEDTA % B
M ERETHRML TSRS (BE) 28ET2%80T
b0, FHIIFHHD LRAKTH 5, L 2583, D
ABIUOHROBEN B IS Z LAY 5 -0IClTE
DYRE % ESAW DB E AL IR (20 UM P, 105.6 uM Si)
D 1S EE USRmAMD PSi 1.5 B TH B, TDORH
IZ FeEDTA VAT (Stock Fe, Table 3) % ESAW RO ER
LB (6.6 UM Fe, 9.8 uM EDTA) I3 L T4 1/10 {5,
1/100 f5 % £ T 1/1000 fEISHRABML 72, 20 BEHED
FeEDTA WMXIZ, wE B ARG 2MA T3 e0DLE
AZ5NB5DT Control K& L7=, ZDfthod FeEDTA MK
IXNEIZ 1/10 FeEDTA [X, 1/100 FeEDTA X ¥ & U 1/1000
FeEDTA X & L7z, 2512 2 I U L A A 1
AT 572 DIZSBRMD Non Fe KA F T 7=, YLEESK
DEBRXIZZNZFN 2R TE L, ZOFELERET
5, ¥, ZZTERELZ Control X3 & U Non Fe X1,
DR _TOEBRICHEA L THL -,



R 424

$% &8/ Tetsu-to-Hagané Vol 89 (2003) No. 4

Table 5. Ten treatments in Experiment 2 to test avail-
ability of iron, phosphorus and silicon origi-
nated from decarburization steelmaking slag.

Table 6. Thirteen treatments in Experiment 3 to test availability of nitrogen,
iron, phosphorus and silicon originated from treated urban sewage.

Preadded Concentration (uM) 40% Sewage Enrichment (uM)
Preadded Concentration (uM) Slag enriched ~ Medium __Treatment NHe-N P Si Fe EDTA  NH4-N NO3-N NO2-N PQOs—P Si02-Si. Fe
. - - PSi 15 Control 5401 30 1584 68 148 0 0 0 0 00
r;.‘"”'“ Treatment  NHeN_P__ Si__ Fe EDTA (mg/L) Non Fe « 5491 30 1584 0 5.1 I R 0 0
i15  Control+ 5491 30 1584 66 149 0
Non N-FeEDTA 0 30 1584 66 149 o 0 o0 o0 0 0
NonFe« 5491 30 1584 0 &1 0 Sewage-FeEDTA 0 30 1584 66 149 601 89 91 18 919 ND
Slag 20 5491 30 1584 0 51 20 Sewage-Non Fe 0 30 1584 0 51 601 89 91 18 919 ND
Slag 50 5491 30 1584 0 5.1 50 PO NHe-FeEDTA = 5401 0 1584 66 149 0 0 0 0 0 0
PO FeEDTA 5401 0 1584 66 149 0 NHa-Non Fe 5491 0 1584 0 51 0 0 o 0 0 0
Slag 20 5491 0 1584 0 51 20 Sewage-FeEDTA 0 0 1584 66 149 601 89 91 18 919 ND
Slag 50 5491 0 1584 0 51 50 Sewage~Non Fe 0 0 1584 0 51 60189 91 18 919 ND
S0 FeEDTA £491 30 0 66 149 0 S0 NHeFeEDTA » 5491 30 0 66 149 00 o0 o 0 0
Slag 20 549.1 30 0 0 5.1 20 l;HAI-NonFFeEDTA 549.(1] gg g 6 g 5.1 0 0 0 0 0 0
ewage~Fel . 149 601 8.9 9.1 18 919 ND
Slag 50 481 90 2 0 51 50 Sewage-Non Fe 0 30 0 _ 0 5.1 601 89 9.1 18 919 ND

* Common with Experiment 1.

* Common with Experiment 1.

%k Common with Experiment 2.

2.3 EB2 X5 TRMER
At Tid, MRESERTE TSV TR I 7RO,
thioﬁiwﬁﬁiﬁ%ﬁﬁa L7z, L L, ABigEke

AT 220123, ZOEFAEERORFELLHDLT VTS
T RES ?f?@T‘T BWTg, 27 7HRDEILED T

guillardii DYEFEIZHAHTH 5 Z L 2 HEPDH THS M‘%i)‘
%, %2 THEER2 T, Table 5 12/ L2 EBRE M T CHE
HER AT, TYEZTRERFMATICET S 27 7Hk
D3 IAROFRAMEE ZNENHEERL 7=,

e e Uik, B THER L 72 PSi 1.5 o1l

ZP ORI KO Si 0Kt A SRERRIMITIELL 72, PSi 15
y%i277m%ﬁ®ﬁm&%%ﬂ#ét “ﬁﬁtto
POGHIE 2 5 7k D AR AR T 572012, 1

iﬁ%mfﬁiﬁﬁtf%ﬁmﬁﬁﬁﬁa%bmwmm
15158 UCHRFRHARE L 255 Th 5, FIMKIZSIO
R HERBERMTO ARE 721 2 BUERARE 20uM
P) D 155 L ThD, 27 /dREROERAN%
T E-DICHEHLE, ZhE 3EEDOREIIY L Tk
MtL1277%wmbt237%MB%%h%hﬂH
2o ATV OBRBBMEBEIZARICKD 20mgl BEO
50mg/l & LT, ZHZHh Slag 20X ¥ KU Slag 501X & L 7=,
PSi L5EEHIIZBWTIL, 2hbo 27 7R & ER1O
Control [X35 &7 Non Fe [X & bl L, P 0¥3hhis KU Si 0
FEHIIZ B TIE, FeEDTA VAWK (Stock Fe) % ESAW Kiihod
FERACEE & 72 5 KD IZIRMIL 72 FeEDTA X & ZhEh
BWELTHERL =, YL 10EEBX DS 5, PSi 1555
DEERX & 2R Te LAEUIMITRTIRETEL, £
DB EBRET S, &k, AiHY LM, FeEDTA %
PPE L3 B EERX LIAHZIZ EDTA ZEMEML T,
ZHELIBOEBERLC TH S,
2.4 FEBR3 :NIEEKRMER

WK A SRFEL LTRMT 5546, RAKRCDAB X
CHZLRMEN3 I &2t 5, 72, RHFER (0.1
ppm=1.8uM Fe) LT Tid b5 & DD, g &H ST
3-EiboND, T2 THEER3TIL, Table 6 12778 L7z FEER
ST CREER AT, LHBEKICHR TS INS6 40T
KOHEHMAMAL =,

FeRgRE ) FER2 CHEFI L 7z PSi 1585, P OB E
KU Si 05 A kb KUERMAMTHEL 2, ZhoD

44

ﬁ% BT Y EZ Y L AR (Table 3) IRIML 727~

TEHMEX (NH, X) BLOERFEE UTOUBEBRKER
7][] Lf_%fi&ml\\bulx (Sewage X) # ZHh ZFhatl 7‘710
X 512 PSi LSS IZERERMD Non N X & &t 7=,
G, MEEKORINRIZ, &6 720 CHlRE L Z20EEFK
mO7 v EZTRESRIEE (1502uM) 725, ESAW o
ERBE 549.1uM) ERIFEEIZES XHI2 0% L L7,
77U, BERRARHIZIE T ' S T RESEE LIS ¢ R
EERBIVEMBRESEENThZTh 22.1uM & LU 228
UM (FAEL T 72D T, Sewage XIZH1T 5 2RO
REIL ESAW Kt kD 8 J< ko7, £72, Sewage XD
Y557, Solution I, II & Z8RIK AW TERE L /-,

9, UHRBEAKHREREROGAME2EZT L2012,
PSi 1.5851D Non N [X#5 K U Sewage [X{Z FeEDTA VA1
(Stock Fe) # ESAW R DHERASIRE & 74 5 & 5 IS
L 72 FeEDTA RIIX #8% 7=, T 6 #JEHIZ Non N-
kﬂnAEﬁiﬁSW%&RHHAE&LtQé%ﬁ%@
BEKARSEO A A2 MR 5 728012, [ERHO Sewage
X 2R EIRIN Non Fe [X (Sewage—Non Fe X) & &7,

n¥, Iho L id 5 NH, XD FeEDTA R & LU
Non Fe X123, FZEB& 1D Control X3 & UF Non Fe X %& F»
720

RANT, WHEKRKPIZEEFNTVWIDARKRED A (44
UM) F X OHEEERREFESR (229.9uM) O M 22T 5 7=
WHIZ, P ORI KU Si 015D NH, X #5 K O Sewage X
IZZF N Zh FeEDTA WRMIX (Sewage-FeEDTA [X., NH,-
FeEDTA [X) # X TF Non Fe [X (Sewage-Non Fe [X, NH,-
Non Fe [X) #§kiF7z, 7272L, Wi NH-FeEDTA X
BERE2LHEBLTHWEZ, 2o % %EE 1D Control X
AHUEL LT Z IR L 72,

Ll EEF 13 ERX D S5 5, Control X3 & U Non Fe X1
Non N-FeEDTA [X# & U NH,~Non Fe [X# & bt 7= 5 FEER
KAE2ARSTE LEDAMIT RTIRNLTEL, ZTOEY
fEERERET 5,

2.5 ER4 . X575 LUCNEREKORBERMNER

25 7B K OB E Zh Zhgkiiis KUSEREE L

TIHFFICAML 223581003, WEICHRT 58, DAk &
VHRPEET S, 2 TEER4TIE, FRRRMIEIZI 0D
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Table 7. Ten treatments in Experiment 4 to test the com-
bined effect of decarburization steelmaking slag
and treated urban sewage.

Preadded Concentration (uM) Enrichment

Medium___ Treatment NHe-N P Si Fe  EDTA _ Sewagew (%) Slag (mg/L)
PSi 1.5 Control * 5491 30 1584 66 149 0 0
Non Fe * 549.1 30 1584 0 5.1 0 0
Sewage-Slag 20 0 30 1584 0 5.1 40 20

. Sewage—Slag 50 0 30 1584 0 5.1 40 50
PO  NHs-FeEDTA = 5401 0 1584 66 149 0 0
Sewage-Slag 20 0 0 1584 0 5.1 40 20
Sewage-Slag 50 0 0 1584 0 5.1 40 50

Si0  NHs—FeEDTA = 5401 30 0 66 149 0 0
Sewage—Slag 20 0 30 0 0 5.1 40 20
Sewage—Slag 50 0 30 0 0 5.1 40 . 50

* Common with Experiment 1.
%k Common with Experiment 2.
*kk For 40% Sewage Enrichment (uM) seeTable 6.

TEZINTHNICHRT ZILROFHMREDS TRIES N
THWIfi>ZLith230h, § LR ZOHHAMIZEL
BHELZDH % Table 7 ISR L 2 EREMH T THEL2D 7,
72720, EBREGFOHEBRD -8, EEE1D Control X &
Non Fe X#5 K U"EER 2D NH,-FeEDTA X & & b Tt L
TH 5,

FERERGHIS, B3 LR Ukl K CEREARMO PSi 1.5
B, PO KU Si 0t TH B, ThEDRMIZE
IR U TUHEBEKERML, 5I1C8EE LTS5 %
TR L 7= Sewage-Slag 20X #5 & UF Sewage-Slag 50 [X % &%+
7z PSi LSEEHIIC I WTIE, [ARERMBRICET 5 2 5 2 H
Ktk K OLHEREAKHREROFRHMIZIOWT, EE2b
KOER3IZIH T MR MEFORER & e U CTHERL
72. P OKSHEEG KO Si 085Hbic W T [EIRRIC, [BIRARM
REIZB U AMEEHEDOD A S -BEZROFRAMIZOVT,
FER2 B KOER3ICH T 2 EBIRMEORER & i L T
WAL 7z, &k, BESICB T 3REBGRMNXIZT T3 A
VTeL, ZOFMEERERET S,

3. BREEE

LUP OFEEFERIZDWTIZ, Thalassiosira guillardii DX
ERMEH,» O EHEBICE S £ COMMERIZE SO TER
L, EEHLEOESIEE IO WS 57,

8.1 PUEZTRERFEETICSET S T. guillardii D%
BRE

FeEDTA DRI % BXPERIZ L & ¥ 7= PSi 1.5 8544 F
WTC, TYERSTRERTFETD T guillardii DFERE
BN FER ORR%E Fig. 1 1IR7,

Control [X, 1/10 FeEDTA X ¥ & 1" 1/100 FeEDTA XD
FfEZ, 2hEh 470 (7HH), 510 OHH) XUV 470
(13HH) £THML7~, L L, 1/100 FeEDTA KiZi
TN BEERABRBOREERAAS WA THO 2K & 1T
Blikot, 7, il OWBEBERGFELETD 1100
FeEDTA X & 45 &, ZOWMAERIE LD X 46— XIC
RAHMEIZEL Tz, EHICHIID L3Rk ) i53%E
%P IS B O L 72 1/1000 FeEDTA X D#ERIZ, —H L
THAD L7z Non Fe ROBEREBERL Ty, ZhdHod

45

1000
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5 100 - —O—Non Fe

8 ~3— Control

5 0 |8 —A— 1/10FeEDTA
é —8—1/100FeEDTA
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Time (d)
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Fig. 1. Expt. 1: Variations of in vivo chlorophyll a fluores-
cence of Thalassiosira guillardii under different
amounts of FeEDTA in PSi 1.5 media (modified
ESAW media with 30 uM of phosphorus, 158.4
UM of silicon and 549.1 uM of ammonium).

Ze&kD, EREMLTARICMBRETTHEOH XA EL
BT VETEERFE BT, KEEO#4 X
DRIRISHHLTHMETILDLEBEIN S,

7272 L, T guillardii O REFE I B 2 $RIBE O BE 28
ESAW K3 DFRE %k IRE O 1/1000 25 1/100 125 7= 5
6.6nM 25 66nM DREIZTEET 5 Z &%, BERKEHRE

BD 1/10 125725 0.66 uM LI LOBREBDEFEIZED ,

T. guillardii 13 EBASRE (6.6 uM) DEESTFET BB A
CRBRIZHIETE B L Vo - HRIZFTEMY LFLTH -
726
3:2 PUrETRERFETICETIBZSXAZTHERTED
FRAH

EER2IZH VT PSi 1555, P oSl LU Si 085 A

HOT, 7y E=TEERFENCBT 52 7 7HRO#,

DAL XUCHROGHM# Zh ZhiER L &R % Fig. 2
07 a0 D8

PSi 1.5E5H! (Fig. 2(a)) ISk E LT R T 72 HRML 72
Slag 20X ¥ & 1" Slag 50X DAL, 2R FH 500 (9
HH) &t'570 (10BH) £THML, FeEDTA % RN
L 7= Control XDH KM (470, 7THH) % kBl57-, 20
EREEBRIDER» S, A LRk, ESAW 8o
ERBRGBRED 1/10 1265725 0.66uM L EDEEMN 2 5 &
PHoMIGENTOZLIZHLEATH S, X512, ZOR
MEELLBIZHTLENS SRARBIEMEABEML T Con-
trol X& kRl bbb TCELRL, TVEZTHE
BREFAETICBNTZAFVEBFEE LTIV ERTH 5T
BMARENZ, ZOZENS, ZFTHEDD AL LD
HROARMEICDWTIE, ELRERMOREH (P okt
B LU Si0f5H) 12815 X 7 VMK & FeEDTA X (
7 7 ERMIX) OWHEHIR & I35 Z L THERRT 5 2 &
WTES,

P 054l (Fig. 2(b)) 12351} % FeEDTA XD B GEA 4 HH
I CHEREE T THML =013, FiMD L FEk, Ak
ERFICHBENICERE IR T DAL DL ELbN
72o —77, Slag 20X & KU Slag 50X DB HAEIZ L 31T 6
BEIZ 140 35 X0 220 £ THEML 7=, PSi 1.5REHIDMER

425 I
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'5 ’ —0—Slag 20
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S
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1000
100
10 |
1F )
10 20 30
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Fig. 2. Expt. 2: Variations of in vivo chlorophyll a fluores-
cence of Thalassiosira guillardii in modified ESAW
media containing three different concentrations of
phosphorus and silicon with addition of two differ-
ent amounts of decarburization steelmaking slag or
FeEDTA. (a) PSi 1.5 medium with 30 uM of phos-
phorus, 158.4 uM of silicon and 549.1 uM of am-
monium; (b) P 0 medium with no phosphorus,
158.4 uM of silicon and 549.1 uM of ammonium;
(c) Si 0 medium with no silicon, 30 uM of phos-
phorus and 549.1 uM of ammonium. '

(Fig. 2(a)) 76, ZOHHICEWTEFIEZA T 72 56+0

IR TVELEILNHDT, 27T LD #k

BRRE L BICDAKIRE BRI h - LB TE 5, ZL T
FDAF 76D AMERE, BMEITHEVREKLZ
ZeNbhb, L, AT ZRMXIZE T S80I
Control KiZid B ki ah o722 &n6, 2770 688
XD ABEEIZ 30uM (Control XD 0 AURE) KiliT

b, HODAVRRLZEELLONS., DLEOHKRL S,

FUEZTHEEZEFETICEWTE A I 7V 28KFE LTH
U, BIRRCD ARG I B Z LR SN, 72
2L, B L2225 7WMETIE, $HFEEIIMREIND L
DD ARIRE 25 Z EHRE NI,

Si 085 (Fig. 2(c)) I2¥1F 5 FeEDTA XD HGAEA 4 H

46

HIZATT 170 $THML=Z 556, BiRD LRk, %=
BOBETHHE LA R TS AHEE»6DHFEDT Y &
ARSI LR TE LD 572, HRIZOWTEEN Z5HE
ETAHOICERRNBETIED B0, T guillardii DYEHE
AWMEEIZLOBHEICEZ 2 ) V7T 57201049 28O
FaNy PAEFHTAZERBETIONE N, LERST,
SRR T A8 E AR Y h— R F — PEUC
THLREDRENBETHD LEL N, LALIDK
IBAVAIDEELEZ I LN S, Slag 20X B LV
Slag SO OBEYEAEIZ & B 125 HHIZ 230 8L U300 £ THE
LT FeEDTA X% LD | 2 5 RIS S FERAE
MRAREINz, 72770, WA T 7HRMXICE T 585
Control KiZixB ki -7=T 6, 257706 H4E
EN-HEREEIL 158.4uM (Control RDEEZRYRE) K
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Fig. 3. Expt. 3: Variations of in vivo chlorophyll « fluores-
cence of Thalassiosira guillardii in modified ESAW
media containing treated urban sewage at amount
of 40% (v/v). (a) Modified PSi 1.5 medium with no
ammonium; (b) modified P 0 medium with no am-
monium; (c) modified Si 0 medium with no ammo-
nium,
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Fig. 4. Expt. 4: Variations of in vivo chlorophyll a fluores-
cence of Thalassiosira guillardii in modified ESAW
media containing treated urban sewage at amount
of 40% (v/v) with addition of two different amounts
of decarburization steelmaking slag. (a) Modified
PSi 1.5 medium with no ammonium; (b) modified
P 0 medium with no ammonium; (c) modified Si 0
medium with no ammonium.
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