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Environmental Safety Evaluation of Steelmaking Slag Applied to Coastal Environment
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Abstract

Steelmaking slag came to be used in a marine environment and safety issue of slag material is a
matter of concern. We are trying to provide the safety information of the slag material. First of all,
we evaluated the aquatic environmental toxicity of steelmaking slag material in acute toxicity tests
using three types of freshwater organisms. We then evaluated the toxicity of the leachate from
steelmaking slag material in acute toxicity tests using seven types of marine organisms and three types
of fisheries resource organisms. Moreover, experimental facility with mesocosm aquarium tank, which
integrated tidal flat area and shallow area, was constructed in order to evaluate the environmental
impact. Long-term operation over the five years from 2012 to 2017 was carried out to evaluate the
long-term safety of slag materials. We observed the acute and chronic toxicity of seawater in the
aquarium tanks by using three kinds of aquatic marine organisms such as bioluminescent bacteria,
micro algae and copepod. As the results, it was judged that there was extremely low effect of acute or
chronic toxicity on organisms caused by slag material as far as we examined.
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MK EW A B B S N B W REIED D 551218, £ b
TKEEPZH) A ENTHER T OEHREZ IR E L2
EAEREOIEECEIR EMBIE R E03H S,

—7, BBEOEWRBNIZ, FHilio HIZIG U CEZ
AP 2 8 E L CatEmE R B M 2 RV 5 ks
FOREIN TS, FIZIL, EEEEEIE TH 1L mD o)
BB LORRICHT A7 FHIS 27 4 (GHS : Globally
Harmonized System of Classification and Labelling of
Chemicals) Tl&, 47 —% ¥ — I (SDS : Safety Data
Sheet) |2 T REHEMEERE L CRBIN T 2 HF L
RIS T2 EEL2HELTBY, EENLREBR L
L CHREGE I BAFEH%HE (OECD : Organization for Economic
Co-operation and Development) D7 A M7 A FZ 4 > (LT,
TG LWET) HIRIREN T B fEEEICKTT 2 H EEA %
WHETH D ZEDKARTHSHZ LIETF ) T THRWVD,
BRERCHEHA SN EICTHER, 50T 5 20|
K72 JE R TERBEIS NS 5 A E B OV THEICEET
WD EEZ TG,

LIF, AEIZBWTE, BBRICHT 28 EROH AN
LERA T 7 EM O RFHE L TE 722N ETOHY
HLAZDNWTIRR D,

2. EMFHFEICL B RIBEREM

FARBREICN T 2 HEREL TN 5121%, F04HER
GRS A B E A JE L 7 KRR O AW k5 b s
ZEHl S A AN IERE STV A, EYEENIER 1 1R
FTEN AU LB —RAEFEZI ) “ EFER (Producers)”,
FNEETLHIETHMEEL “ & (Consumers) 7, &
b2, TNHDOHEE 7R L TLEOWENERY T2
% “ 43 (Decomposers)” D 3 X3 E 2 52 EDTE D,
IREBEICBWTIE, FIZIE, e e L QI ESCE
HAEW), AERL LCIEESCHY T 7 by, HEE
ELCidfsE B WRE BT oo b EngE

FHis,

2.1 AKEH (Freshwater organisms) # Fu) 7= S22
B i

211 HBAES LURER

BIEC L7 GHS I2B W, KBRS 54 EM %25
filid %720 Db FARN L L LClE, B, Hadd
(3T va), aFEr v -anEEBRIREsn w2

A, WS BEREY & L CRIKE P HET ST &7,
2L, W, B ORI OB M A EREIC LT

2Pk EHLMC R R L CE2FEN S LB b s,

WSR2 UE L7 e, UOKEM L) 8T L AdiEEd:
W 7B BRI Th 5 70%, AR 2 Hv 7z
REILTLLILL T L bIFTlde T, 3
KA BRIEA FERT M O RS T d 2 FiRL 3 B O PR AW
w7 atEmE e £ L 720

HRIF R A T 7 R 2 100m PUFI2HERE L, 100mg/L
ER B X OITHKICEIML CREEZ R L 720 b, A
7 7 HEHI LV R EQ KB O LT E Th S 7
O, EUEIRRIZ S8 L TR KRR & A EERIC
B L7 38, IRFT O R 7% 2 2 R OB A T 7 % 5 L 720
F70, WRHEBRI SR EITER L T IR E
BL, SRR amR GIRICH R ER R
B, mg/L) THEILL 72

(1) B A R R & R

OECD TG201? |20 %, #%#E 4 L X 71 % Pseudokirch-
neriella subcapitata % F\V>THEHE L 720 SABRIHIEL NI 1.8 12
THARF e L, BBt L7z, BB~ DB ER AR
72 RERIREE F T O AR R RIE AT
#¢ (ErL,, : Effective loading rate that causes 50% reduction in
algal growth rate) 5 L7270 #HERIIR1ITTRT IO, 2
PR E b IR IR SR T OERD50% A TH -
72728 ErLy (3 100mg/L & ) d K& W EFIHT L7z T72,

Biological Freshwater Marine organisms Fisheries resource
classification organisms organisms
Fish Japanese rice fish  Mussel Red seabream
Shellfish Abalone
Crustacean Prawn
Zooplankton Daphnia Marine rotifer
Copepod
others Sea urchin
Algae Seaweed
Phytoplankton Green algae Marine diatom Marine diatom
Red tide phytoplankton
Bacteria Luminescent bacterium
Benthos Polychaeta
1 HBREMETEDEZAFS S LU L EiE

Selection of toxicity test organisms based on ecological pyramid
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F1 EESUFMEO-OOKEEYEMEERBRER
Acute aguatic toxicity tests for evaluation of ecological safety

Test name Method

Test organism

Test period Endpoint  Result#1  Result #2

Algal growth inhibition test

OECD TG201(2009) Pseudokirchneriella subcapitata 72 hours

ErlL, >100mg/L >100 mg/L
NOELRr  56mg/lL  18mg/L

Daphnia sp. acute immobilisation test ~ OECD TG202(2004) Daphnia magna

48 hours EL >100 mg/L  >100 mg/L

Fish, acute toxicity test

OECD TG203(1992)  Oryzias latipes 96 hours LL,,

50
>100 mg/L. >100 mg/L

KRR & B L CHE R A RIAE DD H N 2o 723 ER
KOFEMHFE LT, —/lds6mg/L, /it 18mg/L Th->
el ehn, SRIOBBHER TIIEORE* R AEZEA
fir# (NOELRr ; No observed effect loading rate) & HIWF L 720
51, 2 RRREEREOMILOTEREZAL (JUE, ik, B
LEE) MR E R LIS S N b o T,

(2) A4 IV v a KB E R

OECD TG202¥» 128D %, 44+ 3T > I Daphnia magna
THOWTER L 720 1 &F4720 20 HOF 43IV a2l
BRIl R L C 48 e 2 I B 14 & 2k o 7ok o EI & T
FHE R 2T L 720 2 HFOFEHE IR KIREIZBWTY
WK EDBIE SN0z LA, FLITRT LI,
F Rk R E A (EL,, © Median effective loading rate)
13 100mg/L & 1) bR E W EHIWTL 720

(3) FHMERE R

OECD TG203% |22 X, & A% ¥ Oryzias latipes % I\
THEML2e 1524720 10 ROk X 57 % BRI R
LT 96 et DFE TR DG THIER 2 Kl L 720 2
R & D ITIRKIEFEICB W T O R EA BRI,
MoleZldh, RUIRYT LI, FHIBGLAME (LL,;
Median lethal loading rate) (£ 100mg/L & 0 & K&\ &7
L7z

2.1.2 REFERICE D K KESHDHTE

iRe 3 Fl O St B R D W T At K E S
ZHIWTS 2 2 L5085, SRIOBBKERIZ2EDORT 7
AEHIE L Tld I o e I s B A )
100mg/L 82 TWzZ &H 5, GHS AHE L T b 2k
RAEBFEWEICREY LW EHIBT T 5,

B, BEARRBCOMPZEEE KOV TR
P (RMMAEN) 25HMEcxsL 3 TBY, SHOR
R S GHS B3BL5E LT BB K AR B 34 L
e UL, BHKAREME A REIHIE T 5121E TS
Mz <, W (IY 2 a) Zaabas L O HEORIIE
T R PE S BR O SBRAS SR  B oo TRAA BT 2 4%
B DD

22 BEEWERV-REE

2.2.1 BEEY (Marine organisms) # /-4 RESE M
D=

W BRI~ O 2 5 L7230, L0 BRIz I3
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N T BB T RE L EZ, LHORT L% 7
TEDAEY % 85 L CHRE 21T o720 ENZNOEYTEIZD
WTEE LT REBBRTEPRESINTVDLY, A770
REAI BT RED &9 2y, 7o, REDBI S NG A
ZOFERPLHHP MM IER L7205, &5k
FTEOFKINCE DO xBTS HLEEE R, &
Bohthom#iba &0, MBAICIDMHAZZ, BET21To72
SlFEREE, OLTYX AT A Mytilus galloprovincialis
D 96 FEHIERIEE, QUERE" L3 Brachionus plicatilis @ 24
FERIEEE, @345~ T2 3 Tigriopus japonicus @
48 W5 [ % vk B &= %, @ & F % ¥ 7 = Heliocidaris
crassispina DYIZHREIHENE, OUFEESE Phaeodactylum
tricornutum @ 72 Wg AR R E %, O &3 OGA R
Vivrio fischeri D5 EN:, @I H A Hediste sp. D 96 IFf
HIEIEE A FIWT L7z BYEEE FoRE L LTk, O~@
DHEE, OPEEE, © - OPDHEDOIETH S,

B, AT 7 EOALE R HERTT - 5 1ED  E
=BT (JIS K 0058-1:2005) ™ (ZHEHL L C, ORI
R A T 72 FHLEOFEFE N LK EZBERE L CHEVE T
1010 T L7l L, Zhafiilims Lo R
HCRIHEROFMIIEET 525, KRG L 72380 2 5
TOEWIE pH EAPOREL /NS, SnEtiize
AERBDON Dol —H, RL—T VT OHEHA T 7
DOBEWTIEpH S R BEFCTLEA L, AERENBILES
N7zA%, pH 2 FFIL TH —EBORER THEZEDIRAT L
7728, MEBERZRE LokEE, B pH LA RE
D UEIK D A R FE O Wb 7 g AL (Ca i EE 15
Mg i EART) OB HEEY S, AT 7 OFEML T
i3 2 1B OB EIZ OV T S TS 5 0%
Wsd b Z &b o7z,

2.2.2 KEEIR (Fisheries resource organisms) ND
FEFEOES

A G 7 ORI HFEAIRTH bYa, KEEFIZ S
HEM OEEWETEET 572012, JEROETREFH L 1352
BN, ThbbKERRE L CERRAENMEICHT S
SRR A T 2 LEDSD Do £ 2T, (—H) EEIKE
BT HOWFITED TR IR L7z 6 DK
MY, $bb, O 0~7 U Pagrus major, 27 1
7 7 ¥ Haliotis discus, & 7 )V~ L ¥ Marsupenaeus
japonicus, WA Y /) Porphyra yezoensis, (GO
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Skeletonema costatum, ©IRFT 77 N Heterosigma
akashiwo (2O TaEaR R BRSE % FE0E L 720 BARIICIE,
HTER - TGS E LTRIZELEN) — 2 2 —
A, BLU, GRS ERAE LCHRE LIV Y T
HMIZOWTEHZ AT, WINOAEMRIZN L THHEE
LR ENBIRE I NG o722 s, AR DR FIH
Feffr e L CRRE SN IZE 5729,

3. AVIOAXLKEEZBHWRIERZEFMED

AT 7R BIROMERERE CRIIE @3 272912
2, BRI MR W A BRI OV T
T EWDFETH I ENEETH D, Fald, 2011 FFiC
TEEG—RRID 2 3 2 LKA R 2 BR% L 720 FHSE
Botkiz, hve T LgES (DT, Ve E
T Evd) 2 HCWTKRENICTREERGEZERL, TEIC
BT ERAL, BT ERBIL 2, 2Ok
% 2012 4ED 5 2017 FEF TD 5 EMI D72 o TR S
&, KIENOKESLEMOZEALZ BT 2 & L b2, Kl
MDA DN THEEAE DAY & 7@t B L OVE
YD BRI % F T 5 2 & CREMZ &M Big
L726

3.1 KIEXEER®

FERIZH W TR &Y — R0 XY 3 2 LKEIETE
= L = DB LFEOKIETH Y, P LW
E L7z F 70, EBUKIEIZIBEO LR VENICREL TBY,
HAE FEBICREE L 2 N TR TR EZHIL, 2612,
B oiEKiR LA F T 5700, HEKEGHIZEE R L
TWb, FEBkflEZ 2 AHEL, —HIBELOARE L
MELTHLLAMNBX (UTFTAKX) &L, flhizrry
TYE AR & LT L 22FEEBRIX (LFBIX) &L
T2o B — U OREBMIIZT < ERMAEL, TH Y-
WIETH) R A L7z REBOKIEZ i%iE LT3R E
T OWFZERE DO HIEH SR L 72 B 0K % #AK L,
201249 H225 2017 -8 HE TO 5 b7z TR
M E S 72,

3.2 KELEMHER

2013 4F 11 H, 2014 4E 7 H, B XU 2015 4 1 A IZKAH
HNOMEKEB L2 DREOTE MK EZ R, 3EOEWR
ZERBRI L 72,

(1) PSS B A

WSS G Vibrio fisheri % V7235 C, Mo
PERBR DA & OIS E <, FIREH TRER DS
NL7OIZgHEA 7 ) —= 2 7 LTHFRFTHCS
NCTwb, 22T, liF v M CKE Strategic Diagnostics
Inc. ft#~ A4 70 by 7 2AHE AR S X7 4, g
Microtox5000) & Hvy, #BRIIMFIED~ =27 IVIZfE> T

1To720 B, EBAEITRAT 5 RKHEK GEEWEK)
7T v odEkE L CHBIZH 2,

3 OFEA O R, FIZFEEOWET AT HNI2720,
2014 FOREAE R WG & L CR 2D 1R L7z2e 7T~
7K, AIX, BEOWTNOGENZDWTHIEEOBEN
& EDIIEGEDTEIN T ZEHADFRD H Tz, TIUTEAER
W2 FOGMEEAS 2% 384 ) 7 A TH H DI
RLUT, RRMKIIH IV T LA T VG ATWLZ &
5, HERIERKOBINIIGE U THIV Y T A A F ikl E T
D, BEEFEES-DOEEZLNLY —T, Wi
BEERHEAUZ DWW T B BRI 22 3R O M EINIXRED
bW ERs, SRIOFEEHIIEZEOUHITE O % BH
ESLWTEE TN TRV EHB SN S,

(2) AR ERR

L Chaetoceros gracilis % F\ Tl A & (H AR
DASTEFS I ZHEPL L CHEME L 720 72 BERHIES 2 4E K
ErBEmL, 7o rdkoFnt L CERRENRE
BEZ g L7z

3 MO RE AR 3 ISR L7z W ORERIZB W
TOHMBIEIED RO SN, 7T ¥ 7 #KIZOWTOEREHR
JEIL 2013 4F, 2014 4F, 2015 FCEMNZ11.79 £0.02, 1.54
*£0.02, 1.60 £0.05” HTH o7 2013 FEDRERE L O

150%
X 140% -

3
c 130%
3
2 120%
£
£ 110%

elu

> 100%

Relati

90%

80% T

100
Concentration (v/v%)

X2 BEFEERECEEORELEEHERER?
Example of results of luminescent bacteria test”
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a:p<0.05
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Results of algal growth inhibition test?”
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2015 SEDREFICOVTIE T T v ZilEK, A X (FHRIX), B
X (EERX) O3 KM CENENHEBEN o720 —H
2014 SEDRERICBWT, 7T v 7k e AKX (FHEIX),
77 v 7k E BIX (FEERIX) O THBEKES%DOFE
EPBRIN, T ok EREEE LG EOARIE
FIZTAIKXT43%, BXT64%TH-o720 L2L, AXE
BXDMTHEEBEAENRDOONR -T2 NG, ATTE
PSRN L7 R HE TR S w S L 72,

(3) A T A I R R

AT 4 (BEAHE, copepoda) 1X, A HHMERE, &Y
HIIZBWTIEESE @700 ) LT, &EE
(8 LBy (RS OFRIICALE LAERRFIC
HELREZHSTWE, ZITIEET, KETTHRETS
N7/ 4 ¥~V 2T 23 Tigriopus japonicus (LLF, F771)
T T R) 7 A R (ML 7 A i L
WIS, KETTHARTA O DF- 7)) + 7 AOEFHHE
BROTENCHEIL L T, BRI A L 7

F ) F T AT ML, =Ty ALk
IHEN B FIMILNE L 2 Y, R OBLR 20 R L7-0b,
IRRT A FEMHEN DN EERES Lo KET DA
FI 429 Cld, 24 B 2o v LI 48 B o RERIART 12 B
VB BEGEE AR R IR L T\ 58, e, 21 HRE
b7 T AR EhG L CHEM B AL 2. T3
AERBIIGIIAD 8 HH T TOEIEM L ) — 7)o A%
BANKT A PAOERELIRIE S L CHISMREE 2 IR L
72o EHII, ZOHO2QHAET, HEHAELT, /—
T) I AGNEPS TNRRT 4 FAOERICE L7205,
TEARASTRERBA MG 2 S FI M OFIIN B L Il E CE L2 H
¥, 1V EROMEASRERI B BT L2 - 172D

DFEFIER - BREETDERIED T, BEHEEL
il 720

T3, EEEERBORSRETER 27 IR L7, 2013 4F
D BIX, 2014 FFEDT T 2 7K, 2015 F DT T > 7 ifEK
BIUARIZBWTHBRICHE L 72 24 ko 1 ~ 3k
DEIPBIEE SN2 —H, WTNORBXIZTOWTH 8
HHF CTERAL COERIE T TR ARNEE L 72,
RAT, BUEEABROGERYE 47 1R L7z ED
DIAANOZEREICE L 72 P HE (K4 (a) TlE, 2013 4F
L2015 EDBIXIZBNTT T ¥ 7RIS L THERIZ
ML (F BKMETZNEN 1% KM, 5% A 25580 5,
HERGOHFLE, HHVIE, AHETORKMEREL T
B, PIZEREH HE AR R 920 L 72 At od K AR K
LED oD, BMe B THD W L7z &f)
DFIINE TIZE L 72 P HE (B4 (b)) TIiE, 2013 FD A
XTTF 7RI L CHERIEIE (F ZKHE 5% Ai0)
WRRDHNT=A, BRTABENAON L0572 WD
FEFECICE LR (K4 (o) 22w Tidwiho
FERIZOVWTH AKX, BIXIZBIAAEELEBIENEHE SN
irolze ME1EMEKD 1720 OFIEEFH (K4 (d)
12OV, 20144ED AXTT I ¥ 7RI L THE
7 (CHEIKIME 5% K0) 25380 5N 7275, B THESED

R2 DT UEEERERBRERY
Results of sub-chronic toxicity test with marine copepods?”
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*:p<0.05, **:p<0.01
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offspring(counts)
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N
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o
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2015 2013

O:Blank,

2014

2014

8 days mortality (%) 8 days metamorphosis (%)
Year Blank A B Blank A B
2013 0 0 2.9 100 100 100
2014 29 0 0 100 100 100
2015 2.9 8.6 0 100 100 100
25
2
5 20
£
‘E - 15 - OBlank
s HB
g >
a
0 !
5 *
. (f) :p<0.05
£ 4 - *
S
€ _
S2 3 OBlank
S 5
] BaA
e L2
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g 1-
0 .

:Dredged soil, l:CaO-improved soil

4 HA T FESETERERERGERD
Results of chronic toxicity test with marine copepods”
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ROLNL otz M 1RO RFEEF T (K4 ()
122V, 2014 FFOARXRBIUBR, F72, 201540
AXTENZENT T 7 ik & O ERE (FEKESBHK
i) WERD SNz, WINDERED AXE BIXEDIH
THEZIRO SN2 o7 M 1 EEROFE AR (X
4 () I22WTIE, 20154EDBXTT I v 7 iliKEDHE
7 (B EKHE 5% A0) HSRRD HIZA, WINOERE
ARXE BREDHTHEREAIFED LNRD o7,

D LRSS, 77 7iKkeE BROWKEDHTH
EEPBBENL LD H o705, AXEBIXEDMTEH
BEDHRBEINLZ e D o/z2 800, AT 7 EMIC
R L7271 A 7 VISR AR B X ORI R
BOLN W EHIEBL 72,

4. #&

Bl A 7 7 Blan e REMEM & L ClpEREEh TR
BB, B 2GR M A T 78
DA NS 2 M) ML A 2 ke L T & 720 GHS
DBUE L T 2K AEBEAENE 2 5Hili§ 2 720 Ok A
- aH R T TH012, RWT, BEEREAO
i 2 R L 7 rE Ay o A K EEA W % T 72 2t
AERZAT, S OIIFHHEERF R R L 72 A 3 A LKA
TAT 7 $ah %l L CRIIMBRE S8, KA O#KIC
DWTHEELEY & v 7zig stk e fro72 SNET
ZHAZCEHIC B W T AT ZEMITEN L 724035

il

SMEEB L OEEREEIBE SN TBLT, AT TEN
ZHEISEREE CH WA ORISR 3D TRV D
D EHWFL T2,
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