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Evaluation of Lead, Copper, Cadmium, and Mercury Species in the Leachate of Steel
Making Slag by Seawater

Han-Kook Lee! - Dong-Hoon Lee*

The planning and strategy department, Korea Environment Merchandise Testing Institute
*Faculty of Environmental Engineering, The University of Seoul

ABSTRACT : The aim of this study is to evaluate the leaching characteristics of lead, copper, cadmium, and mercury from steel making
slag by seawater. To demonstrate the leaching characteristics of heavy metals from steel making slag by seawater, it was carried to
various leaching tests such as regular leaching tests, liquid/sold(LS) leaching test and pH static test. From the leachability of Pb”, Cu®,
and Cd” from steel making slag in pH static test, it is distinguished between distilled water and seawater. With distilled water, it is very
low between pH 7-8 and pH 11-12. On the other hands, with the seawater, its leaching is higher than that of distilled water. In parti-
cular, concentration of Hg” leached from slag by seawater is lower than that of distilled water. Meanwhile, we found that the heavy
metals from steel making slag would be dissolved and precipitated using geochemcial equilibrium program such as visual minteq. Lead
and copper leached from steel making slag with seawater were dissolved nearly in the range of pH 11-12, but in the range of pH 7-10
those were precipitated about 90%. And cadmium leached from steel making slag with seawater were dissolved completely. On pH static
test with distilled water, lead leached from steel making slag seemed to be similar to pH static test with seawater. However, copper and
cadmium leached from steel making slag were dissolved. In general, the species of lead leached from steel making slag were formed
mainly of PbCI', PbSO., the species of copper were formed mainly of CuSOs, CuCOs, the species of cadmium were formed mainly of
CdCI', CdSOs due to being sorbed with the anions(CI, COs?, SO.%) of the seawater. Both pH static test with seawater and distilled
water, it is not in the case of the mercury. Most of mercury leached from steel making slag was precipitated(SI = 0). Because the decrea-
sing of Hg™ concentrations depends ferociously on the variation of chloride (CI) existed in the seawater. Hg™ leached from steel making
slag could be sorbed strongly with chloride (CI) compared of carbonate(COs?) and sulfate(SO:+?) in the seawater. On the basis of that
result, we found that the species of mercury was formed of calomel(Hg;Cly) as one of finite solid. Due to forming a calomel(Hg,Ch) in
the seawater, the stability of mercury species by steel making slag should be higher than those of lead, copper, and cadmium species.
Regarding the results stated above, we postulated that the steel making slag could be recycled to sea aggregates due to being distin-
guishing leachability of heavy metals (Pb+2, Cu”, Cd?, and Hgﬂ) between leaching tests by distilled water and seawater.

Key Words : Steel Making Slag, Sea Aggregates, Leaching Heavy Metal Species, pH, Lead Copper, Codmium, Mercury, Alkalinity, Visual Minteq
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Table 1. Recycling of steelmaking slag in POSCO in Korea

(unit : 10° ton) 1995 1997 1998 1999 2000
Amount of generation 3,502 4,089 4,613 4,267 4,589
Sintering 859 1,077 1,037 1,108 1377
. Cement 566 450 572 609 413
Recycling -
Public works and ) 51 557 1600 1717 2,799
Reclamation
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Fig. 1. Particle size distribution of steel making slag.

Table 2. XRF data of raw steelmaking slag

Basicity

inor C t
Minor Componen Index

Major Component

F€203 Ca0O SiOz MgOAle3 MnO PzOs TiOz KzO Na;O LOICaO/! SiOz
38.86/33.21|7.57|7.43| 6.45 | 1.5 {1.36{0.44(0.02} 0.11 2.82} 3.10
note) Unit : dry base(Wt%) LOI : loss on ignition
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Table 3. Properties of seawater used in this study
(unit : mg/L, except that of the As and Hg is pg/L)
Basic aquatic

L. Carbon Anion
characteristics

pH Cond. ORPT-alk. TC IC TOC CI SOs* POs° NOy
(mS/cm) (mV)

7.72 52.1 1580 100 23.5222.790.73 3,700 2,800 00 4

Cation (metal) Cation (heavy meatal)

Na Ca K Mg Si Fe po Cu?Cr®cd? As” Hg®

979 1,012 4588 49.8 0.6 04 - - - - 117 00
note) T-alk., : total alkalinity(mg/L, as CaCOs) -

: ND(not detection)
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pg/LZ W9 3A AEHA

23 8&AE

231. 8= THAE

Ad €dad &EAFAe HIE FFAEHA w2
LA F(korea leaching procedure, ©]3} KLPE ¥3)& F
gaden gl $R4A B el ASE IR
¢, T &&A19FY va @riE 7)e A8 vEe
23/8E HEAQT & ATl E w29 TCLP (toxi-
city characteristics leaching procedure, ©]3} TCLPZ %),
Yd @ =9 NEN 7341'(available test, ©) s} ATi rﬂrﬂ)?}
2 BEAAE 3 AT 91y FF
7HetRet 4 EEAIFE UM E 39 Z@%kJ ﬁ&%}
& AHgstgen, 8EAIR ¥ 8599 s A H(oxi-
dation reduction potential, ©]5} ORPE W), AV|AEZ
(electrical conductivity, ©]3} Cond.Z2 HWH)E =gt
LA Fol2 JERE2 AR U1y tESe F
F AEF 2 F Q7] dE? g2 dBYEY &
2 % CrI, s0/°, HCOs 2 $Asgth °‘7‘al5 24 %
&R 045 ym9 PHHI AHZ o7 SR
IC-100(DIONEX, 100 USA)2. 2 SO.°% CI'e 2Aiskgoh
HCOs; &% 2 TOC analyzer(TOC meter 3000, Shimadzu)Z

o fo

7] gk4(inorganic carbon)E EA3 & HCO; &2 F4)3
Ao FW, A7) BA F gL e 3

ol w2 34 AAAE FPSRL, Pb7, Cu”, €Y
2Xe 42 Zg=vl @F7](inductively coupled plas-
ma atomic emission spectrometer, ICP-AES, Shimadzu 1000IV)
= 2AsgT He'wael glole 1P 4718 3%
9l HVG(hydride vapor generator)E HZA3lY EA33 T

-

2.32. 9 1H| HSIAIE
danl HSAF S B84 FHe dFe= pH 7, 200
rpmel A AI(LS)H] 5, 10, 20, 50, 1009 7oA &=z
5ot FRFE AHESAT WSAZEE 6212 ¢k At
A(stirer) ¥HE F &ERY Fol2, Fol2, TEE A
S

82 FANGAA A8 A Buel weba BHsh

2.3.3. pH DHAI

pH ZAANEL A4 @27t 30 &5 pH ¥
7} Aok e g dFstel 1 pH HSAHAM FE5
s ¥ & Utk °MH1(LS) 10:12 42
ZapAad AEE YT pHE 0.1 N9 ZHHNOs)E AME
st pH 7, 8, 9, 10, 11, 12 ZAAAM 6A17+E wwkat

(stirer) ¥H& & I g AA FFE 4L R
o ALES gl AFE &I R AFeRE F
F4E o183 AEE AU pH 2P AF F &2

=
do) gole, Fole, FFHS 8% FANFN AT}
Bol Wed 2Asa

24, BletEy T2 H

AL @A £58 &5 F2HAFH ARE E
g2 £59 Y9 559 oS (species) T8, BFE
= ¥ 3}x)<(saturation index, SI) ot 9o Y
zddg o] g}l Visual MINEQ(Ver 2.12)E o] &34 th
Visual MINTEQ: oA}, 314t 7]14+e] 3 Aolix 384 3
P S A4 & 9 MINTEQA2YY 43 ngd =
2agolry. 229 HEo 3ol AgH finite solid
& CaCOs, Al(OH);, SiOx(am), Mgs(OH}USLOs2A AZ &
1o &ASE pH ZAARY AVt Ao 839 £
Qe ARolth. B A AMRE AF A9 Iy
242 ulgo R CaCOs AlOH), SiOxam), Mgy(OH)SLOs
9 k& Z7k 3.32, 0.827, 0.126, 3.72 ME 3} h

oh)

31. 8899 &

S =
Table 4= KLP AgdA &z FF+% TS o &
Ee W 32949 72AA £F F3H 5H4E HEhh
Ak FHFE o8 AF &4 pHe 12409 T-alk

= 1,467 mg/L as CaCO:2A H2
= 57 mS/emz 4y FHF B

m&r

9
a2 d AR} Cond.
9

e AIAEEES A

THotet A kR x| 2778 137, 20053 1€



8 ol#E. o5

Y ORPE 189 mVth ¥Hd, 58 o] &3 £&d9
pHE 10209 T-alk.= 583 mg/L as CaCO;2 ZR4E ol
§§ Z$ED pHE 2 AT 9gton) Taki 1,000 mg/l
as CaCO; = YSith ORPE -87 mVE £23F oj2s5e
AAE 44 4 F de 94 AHAd. L0z &
9 HE&H} FHT J8AN €299 pH, T-alk,, Cond.,
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W SR vEte d5 ol gol EAss B gole
2 Fol2 59 ¥Rl 7195t ORP #48} Cond. Z7}7}
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T-alk. 9] o Eole) B33 24250 2544 1)

£ B 957 £49 98k HC05 ol
HCOs 9 Hog WasA 5uz pHe 9gas giAs
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Table 5& AZ <19 £3% F7k2 Pb2 Cu”?, cd?
Hg”e 0@ §& #FAAE 2A%E Ygugd. 24 3
SIS mgked pgkgoZ EUdte thokd 2249 Wy
o & FF& £&%5¢ vNEYsl g 2545 &9
E AES AVIE ZFANEHEY LA FKLP-DW)I A
P72 0.18 mgkgolgen, Cu? cd?e AZHA 0.06
mg/kg, 0.04 mgkg ©]32 el €id, 48 Lz
ARG KLP-SWolM e &, 78, 7t=8o] Z+2 0.02 mgy
kg, 0.42 mgke, 1.02 mgkgE ZFFFE Lulz 0] &3 2
+9 T Jt=F &&5E0 Ao TCLPY 93 £

Table 4. pH, Cond., ORP, and T-alk. in leachate from steel
making slag on korea leaching procedure(KLP) by
various solvents(distilled water and seawater)

pH T-alk. ORP Cond.
(mg/l. as CaCOs) (mV) (mS/cm)
DW | 1247001 1466765 189+ 138 57+0.04
SW 1021011  583+1041  -87.547.19 42.1+1.02

note) DW : distilled water, SW : seawater, Cond. : electrical conduc-
tivity, ORP : oxidation-reduction potential

Table 5. Heavy metals leached from steel making slag by
various regulation leaching tests

unit : mg/kg, except that Hg is ug/kg

Pb” Cu? cd? Hg"”

Content 61.0 34.6 43.8 390
KLP-DW 018 001 0.03 62.80

KLP-SW 002 042 1.02 1.00

""" TCLP 0.01 0.09 0.05 0.00
AT 003 400 0.4 168.00

note) KLP-DW : korea leaching procedure with distilled water
KLP-SW : korea leaching procedure with seawater
TCLP : toxicity characteristic leaching procedure
AT : availiable test(NEN 7341)

J. of KSEE [ Vol. 27, No. 1, January, 2005

AFAA BE 8% TEL2 ZEFA olalyen, ATY
A Pb, Cu, Cd& Z7} 0.03 mg/kg, 4.00 mgkg, 0.14 mgkg
°2 A& KLP-DW, KLP-SW, TCLPS] &2%0) H|md
i 7bg Rk o8 £EAQ00AM £E50] 2 AFPe=E
= ATS} 4S5 gwE ALgS KLP-SWHTh $4, Hg®
Hle FHAEH EE71E(50 ngke)s ZIsn
9, KLP-SW¢} TCLPOM = U 837182 £ vA
AT AEAA Y Hegd 168 pgkeo 2 713 A £23H
A% &# e Hgg TS Pb, Cu, Cdo) FAHQ
7 298 A2 #EHAT

lo

ot

oo rr £ 32 o o]

e
ot

3.3, HIH| M3 AlE

Fig. 2%} Fig. 32 <4 3w)(liquid/solid ratio, o]} LS= B
BE 5, 10, 20, 50, 100742 HSAZE o) AF &2l
A &28 &&99 F2F B4 534 &%
& Yelith Fig 19 (@)% LS 59 F<$9 LS 10091
25l pH 128414 pH 12.17hA] Z4 g 9 sjgore
pH 122¢1A4 pH 9.674A ZAFHQATh S7/4 dgolA LS
SolA LS 1002 2719 A$ LS 5949 ggazs
1,280 mg/L as CaCO;0|™ LS 1009 &Ze8EE 260 mgL
as CaCO;2 dA3H] Zvlo me dZe = Z2HYTh
g, #5 whSel A= LS 59 o ¢ZE e 530 mg/l as
CaCOsg.2m LS 1009 wle Lz =7t 40 mg/L as CaCOs
2 ZA&FA Fig. 29 (e Hg £2¢ Jehia 9=
d, 387} LS 5914 LS 100744 ARAFE 45 ol &
& B9 FHRTE 8% F¢ ZF Hg9 AJFY 3
7HE #9g F AUk AuHZE 2 LS 100904 fFE
o8& A9 Hg §&EEE 505 pg/lold FHFE o
€% 399 Hg &85+ 256 mgLE dolxe] Hg
&&°] FFTAAY Hg &5 Aok gty oz LS}

E

S8 $22 HgOH)St 22 $2 FIRE=z EA6H
At metx, oA daEst LS 100714 Z7+9
i AZ cfady 828 o2 AR HgPoz =7
3w, Z2F4 LAY LS 1009) AL He(OHRS 2
£ Yoz AFolNg we B ge &
o2 #9s At Fig 39 ()¢ (b)
g FFFA ALY Pb? u”, Cd”?
525 Uitk gz s R4 AHE9
BRA ¢, T2, FH=EY 8274 % 3.0 mgl,
0 mg/l, 03 mgL Rt} gkl dixlz, J3u] wsld
2 AZ PN £25HE PbO, u°, Cde ge

&&5E WaE Jvehia gitk

o &

& & fF ro ro
do

4
iy

W

l



Sl gAY A W P, ASE QS HPEY 8 B W

14 —— 1600
2) ) DW-Alkalinity|
I SW-Alkalinity |
13} - ~O- DW-pH ’ -
, ~&SW-pH 1200
&)
2| 121 g
) 800 §,
1 &
[
400
10 | - i
9 L 0

S 10 20 50 100
LS(Liquid/Solid) ratio
Fig. 2. Aquatic chemistry[pH, Alkalinity, a)] and mercury[b)] leached from steel making slag on liquid/solid(LS) leaching test

by secawater and distilled water.
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