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Metal Speciation in the Lagoon Sediment Interstitial Water from the
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ABSTRACT : Sediment and interstitial water samples from ten lagoons in the Northeastern coastal part of South Korea were analyzed to
obtain the concentrations of metals and inorganic ligand. These data, coupled with pH and ionic strength, were used to compute the
aqueous speciation of the metals in the interstitial water using the MINTEQA2 equilibrium program. The K and Na were almost entirely
present as the free aqua ions, but Co, Cd, Ni, Pb and Zn were existed as various metal-ligand complexes. Metals such as Al, As, and
Cr formed 3~4 metal-ligand complexes. In the interstitial water with high chloride concentrations, almost all of the metals were domi-
nated by free aqua ions. Metals of Cd, Co, Ni, Pb and Zn were bound as chloride-metal complexes of the type M + xCI, and Fe,
Mn and Mg were dominated by sulfate equilibria®M** + SO4”). Hg(I) was speciated as HgCla(aq), HgCls and HgCly. However, in the
interstitial water with low chloride concentrations, Hg(Il) and Cd(II) were existed as chloride-metal complexes, metals of Cu, Mg, Mn,
Ni, Pb and Zn were dominated by sulfate equilibria, and the speciation of Fe(II) was bound as Fe(OH),", Fe(OH):(aq). However, Al, As
and Cr were dominated by hydroxy-metal and oxide-metal species in nearly all of the lagoons.
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A4S, H25, BEs, B¥S, ANS, $43, LS
T 107 349 T AMAA A2 1) NEE AFH
Aot 2y SNEE, $A59} o] FAR TR

Je e 7 5a0 FYAHNA 2749 AEE AF
399tk E3E+= US EPA(United States Environmental
Protection Agency)2] “Sampling and Analysis Methods
2000yl F3stod Grab AHFH 7= AFHsIATE AFH Al H
HE FHEFY 2 Eolal AHFEHE 10~15 cm9
HAES AR BAd Hol g7]et HEFS Hasteto] W
F@4C) RS S FE52 HEE-E A X immi-
scible liquid displacement) ¥(Yang and Skogley, 1989)<
o] &3ttt FEWHES HEE 80 g& 250 mL polycar-
bonate YAEE]E7]0] Bar ko] v]EE-H(Freon: 1,1,2-
trichloro-1,2,2-trifluroethane; density = 1.57 g/cm3)?53: =
-5C ZgERell A 3057 5,000 rppm o2 FAEE S & mem-
brane filter(0.45 ym)Z o3t B8 Ag2 ok Y
FH3 Mz HFES dxv JEEA7]|(Mastersizer 2000,
Malven)=2 #2393t}

2.2. =9 38HA 54 4

HHE2RH FE9 1559 FoleMNa’, K, Ca” B
Mg )& AA-EB3 %A (Perkin Elmer 5100 PC)E 223}
ATk 7= F245(Al, As, Cd, Co, Cr, Cu, Fe, Mn, Ni,

Pb, Zn)& US EPA 6020A el we} ICP-MS(Varian
Ultramass 700)2 2433}tk Hg= Mercury Analyzer(Cetac
M-6000A)Z B354t 4 thgds 5 A=) 80
amu ©]8}) T4 poly-atomic effecto]] 2]3F M35 A A
&}7] $15}ed oxide interference, double charge interference
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Attt B Sl WY o sle dift A
S BAE7) Y8 HEEFEZ(45Sc, 89Y, 115In, 209Bi)
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W
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BRFE2L Inorganic VentureAld] TFE2S AE-3)

Atk 2= Er1Ezt=el CI, SO E Ion Chromato-
graph(Metrohm 761)2 #4319 9™, NH,', NOs, PO, &
FAAEEA7|(AA3, BRAN+LUBBE)2 #4J&}¢ch &
o Atgd EFYUNL Inorganic Venture/\]-B] xFEZ
TAeke] ALY HABERY F2E 1359 pH
9} ECE F=5+ =4] pH meter(FieldLab pH, Schott)2}
conductivity meter(HandyLab, Schott)E AF&-3te] =43}
Aot o] &AM 7](IS, moles/L) B F-E8EAJ(TDS)= 4 (1)}
4 @9t o] AEIFRY BT FHe Fo
PHE olg3tel ZRck

o 1% rl

Ionic Strength(M) = 0.013 x EC(dS/m) (1)
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Total Dissolved Solid(TDS; mg/L) = 640 x EC(dS/m) 2)
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Fig. 1. Particle size distribution of ten lagoon sediments collec-
ted from the Northeastern coast of the South Korea.

Table 1. Quality assurance and control data of metal and inorganic ligand analyses for the interstitial water extracted from the

Cheongcho-Ho sediment

Interstitial water from Cheongcho-Ho sediment

Elements Unit D ) 5 7
MDL Ist. result 2nd. result RPD“(%) MS”(%) MSD™(%) RPD(%)

Ca mg/L - 419 418 0.29 92.25 94.40 2.30
K mg/L - 476 488 2.57 91.74 89.54 243
Mg mg/L - 1,264 1,264 0.00 93.20 93.50 0.32
Na mg/L - 11,126 11,388 233 120.45 114.60 4.98
Al pg/L 0.047 104.60 106.87 2.14 93.71 97.87 434
As pg/L 0.026 54.84 56.48 2.96 86.43 83.33 3.65
Cd pg/L 0.014 1.32 1.17 11.74 87.18 87.41 0.26
Co pg/L 0.081 0.88 1.06 19.28 95.09 96.07 1.03
Cr ng/L 0.298 17.67 17.31 2.09 98.00 98.53 0.54
Cu pg/L 0.239 21.84 22.14 1.37 76.83 79.78 3.71
Fe ng/L 2.537 992 1,058 6.42 87.73 95.78 8.77
Hg pg/L 0.0066 0.0081 <0.0066 - 98.30 100.10 1.81
Mn ng/L 0.028 224.76 226.39 0.72 91.16 89.39 1.96
Ni pg/L 0.040 18.98 21.54 12.63 89.55 91.15 1.77
Pb pg/L 0.046 55.81 69.20 21.42 93.38 93.02 0.39
Zn pg/L 0.154 13.61 19.25 3436 96.82 98.05 1.27
Cr mg/L - 18,713 18,020 3.77 - - -
NH," mg/L 0.008 9.61 9.58 0.31 81.53 88.23 7.89
PO,” mg/L 0.020 <0.006 <0.006 - 108.40 109.60 1.10
S0,” mg/L - 3,136 3,148 0.38 - - -

YMDL : Method Detection Limit, ” RPD : Relative Percent Difference, ¥ MS : Matrix Spike Recovery, “'MSD : Matrix Spike Recovery Duplicate
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Table 2. Metal concentrations of ten lagoon sediments collected from the Northeastern coast of the South Korea
Unit 1 2) 3) 4 Lagocs))n : 6) 7 8) 9)
GP H M CC YR SJ-1 SI-1I HJ-1 HJ-II
Al mg/g 324 21.1 30.5 24.0 357 36.5 315 32.1 313
Fe mg/g 30.1 20.2 22.3 23.0 25.8 342 324 34.1 35.7
Mn ng/g 420.4 340.4 388.7 351.2 379.5 359.1 351.6 493.6 569.8
As pg/g 5.9 13.4 5.8 13.4 10 12.2 11.8 10.3 8.8
Cd ng/g ND 0.2 0.1 6.1 0.4 0.4 0.5 0.3 0.3
Cu ng/g 11.7 20.2 8.9 122.7 32 38.5 31.7 27.8 29.6
Cr ng/g 46.5 414 314 53.6 43 103.7 84.0 69.5 72.2
Hg uglg 0.1 0.1 0.1 0.2 0.4 0.3 0.1 0.2 0.1
Ni ng/g 17.4 18.3 14.7 224 222 54 46.5 259 26.7
Pb ng/g 17.6 21.7 229 37.8 33.7 31.1 342 26.4 21.4
Zn ng/g 120.7 95.9 126.6 320.6 193.6 133.9 147.9 126.9 139.5
Se ng/g 3.8 3.2 3.4 3.7 3.6 5.8 6.3 5.2 43
Co pg/g 16.6 8.7 9.5 9.1 11.3 31.6 20.8 19.5 17.8
" GP: Gyoungpo-Ho Y H: Hyang-Ho % MH: Mea-Ho 9 CC: Chunghcho-Ho > YR: Youngrang-Ho

'SJ 1: Songhji-Ho I 783 2: Songji-Ho II
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' HJ 1: Hwajinpo-Ho I

° HJ 2: Hwajinpo-Ho II

Table 3. Metal concentrations of the soil collected from the
representative lagoon areas

Cd Cu As Hg Pb
(rg/g)  (ng/s)  (pg/s)  (pgl)  (pglg)
Gangneung  0.065 0423 0.103  0.020  1.403
Sokcho 0.046  0.842  0.108  0.040  3.032
Goseong 0.071 1.088 0904  0.011 1.670

AEssd AFd 47142 =52 49 ¢, hyperkera-
. . . o
tosis, arsenicosis, melanosis &=

IStk

= A

Table 4= A3 F
HojFa vk A5 H
pHE 6.93~8.08°]t}. %ol Ca 3.97~419.30 mg/L,
K 5.98~482.20 mg/L, Mg 2.73 ~1,264.00 mg/L, Na 15.96~
11,257.00 mg/LZ ZALE At 3ol o= EAsk= Mg
FEE A3 T FAY G B M0 wet Az
3> RES>AHAXST >FAT > FFT>FT >vjE > 5
T35 >H05 £o7 A 7] HEE C 02~
17,1 g/L, SO4 0.06~2.80 g/L, HCO; 11.64~88.93 mg/L,
COs” 0.01~1.01 mg/L, NH," 0.34~36.50 mg/L, NO5™ 1.14~
6.26 mg/L, PO, N.D.~6.73 mg/L2 ZALE| AT
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=7F 7P wsten, 7] BRE F O % S0 BEE
71 =Tk oldl Wkl et ugho] A9 o] FojA|A|
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Table 4. Chemical composition of the interstitial water extracted from ten lagoon sediments

) Lagoons
ont Gp" H” MY cc”  yrR?  Ggwp”  BP ¢ s sk Hi" o Hpn?
pH 7.70 8.08 7.83 7.28 7.95 7.87 7.25 6.93 7.73 7.85 7.84 7.95
EC mS/cm 39.0 26.2 12.1 53.0 18.5 11.2 0.3 0.2 25.1 27.8 32.0 38.9
Is’ mmole/L  507.0 340.6 157.2 689.0 239.9 146.1 34 2.5 326.3 361.4 416.0 505.7
TDS mg/L  24960.0 16768.0 7737.6 33920.0 11808.0 7193.6  166.4 1238 16064.0 17792.0 20480.0 24896.0
Alkalinity mg/L 60.0 90.0 30.0 24.0 70.0 38.0 11.7 16.7 24.0 54.0 32.0 40.0
Cr mg/L  11905.0 7625.0 3342.0 17100.0 5376.0 2946.0  243.7 169.1  7560.0 8540.0 9675.0 12475.0
S0~ mg/L 1579.5  220.7 396.6  2796.0 3372 346.6 461.0 59.5 11440  810.6  1336.0 17615
HCO;  mg/L 59.69 88.93 29.78 23.95 69.37 37.70 11.64 16.65 23.85 53.61 31.76 39.62
CO5” mg/L 0.28 1.01 0.19 0.04 0.58 0.26 0.02 0.01 0.12 0.36 0.21 0.33
NH4" mg/L 9.69 36.50 6.97 9.60 33.58 0.38 433 0.34 7.73 19.52 7.91 7.63
NOy mg/L 1.32 1.86 2.59 2.12 1.59 1.16 3.53 6.26 1.21 1.40 1.14 1.42
PO,” mg/L 1.83 1.64 0.61 <0.02 5.74 0.94 <0.02 <0.02 0.37 6.73 1.30 <0.02
Ca mg/L  288.60 15470  68.82 41930 118.70  69.01 7.50 3.97 17120 176.20  226.40  271.20
K mg/L  299.10 184.80  85.10 48220 125.60  118.70 10.77 5.98 166.40 22470 26130  317.10
Mg mg/L  862.00 325.00 217.00 1264.00 390.00 207.00 4.17 2.73 551.00 578.00 710.00  873.00
Na mg/L  6888.00 2857.00 2542.00 11257.00 3041.00 2006.00  25.49 15.96  4508.00 4956.00 5971.00 7392.00
Al ng/L 95.926 105430 104.029 105.738 72991  96.574 74955 103.300 80.233 65206 64.454  72.906
Fe nug/L  614.677 478.643 243.861 1025389 402.626 424.131 118.407 124.415 567.304 460284 613.173 733.172
Mn pug/L  3123.879 62.111  127.091 225.579 483.668 1853.366 135920 1061.812 211.415 25791 788.572 39.130
Cd ng/L 2.566 1.265 4214 1.253 0.681 0.610 2.031 1.256 4.660 0.646 0.539 2.224
Cu ng/L 35813 30.591  34.146  21.996 17.024 17.938 24719 31.889  39.162 20.893  21.077  42.046
Cr ng/L 27.537  61.428  23.090 17.495 45047 22.647  4.846 6.440  20.480 27.183  18.793  22.632
Hg pug/l  <0.0066  0.615 <0.0066 <0.0066 <0.0066 <0.0066 0.502 0.047  <0.0066  0.015 0.069  <0.0066
Pb ng/L 23.689  21.232  67.051  62.509 13.875  15.009 14.670  13.245 176.442 5.719 11.259  25.524
As pg/L 36.350  23.624  13.160  55.664 20.716 18399  1.219 0.930  25.135 25.699 27228  35.657
Ni ng/L 15369  11.167 12475 20261  7.752 5.893 3.626 5760  13.487 12.237  17.001 15473
Zn pg/L 8.735 5.058 1.679 16435 <0.154 <0.154 14225 <0.154 4705  <0.154 <0.154  29.396
Co ng/L 0.910 0.712 0.766 0.975 0.699 0.565 0.211 1.346 0.643 0.804 0.682 0.891
! GP: Gyoungpo-Ho Y H: Hyang-Ho ' M: Mea-Ho 9 CC: Chunghcho-Ho % YR: Youngrang-Ho

7 BP: Bongpo-Ho
'Y HJ 2: Hwajinpo-Ho 1I

5 GWP: Gwangpo-Ho
"HJ 1: Hwajinpo-Ho I
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% CJ: Cheonjin-Ho
" Tonic Strength

' SJ 1: Songhji-Ho I 1% 5] 2: Songji-Ho II

A=l EAs= 2 T559 Cd, Cu, Cr, Pb, As®]
FEE A7 05~47, 17.0~42.0, 48~61.4, 57~1764,

o
0.9~557 pg/L HAE BEHATE Asv HE3Z7} 55.7 ng/L
2 7P =33, 4239 RTIE HlaH w2 ol

gou, Bxzel AXsE 242 1.2 ugl, 09 ugLZ 7}

99t He, Ni, Zn ¥ Co =& Y& F75Y 5%
B} @e Ho|gth 7o 34 EvE M3 uet
g5ton, Haite] AT AFS HolA B ANES

ANHE 2ol we} FEalo]S HYTHTable 4).

HAE Y FEEEE Al Feo] T2 F&0) nl3)] 1004
o) = (Table 2), oAM= olERT e ¥
ALY EFENa, Mg 5)°] o =4 AT Richard
So] A3E sHuth QuAppelle Riverd] EHE 754 2
A A7} vl gk A3, Alo] 12~90 pg/L, Mno] 73 ~2,200
pg/LZE A3 254 Boh 9o, Cd2 1~9 pg/l, Co
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3.4.1. Group L A5
Ca, Mg, Na, K ¥ Al 5&
= YrE, F ekdole, 44
o 2 Ul ek EEot wol gl Aol dH)
2 F2 ZA)5}YtKTable 5). Ca= Ca’' FE|7} 84.5~
953% ZAEQYL, MgE Mg FE|7} 89.0~98.5%, Nat
Na @E]7} 98.6~99.8%, K& K" FE)7} 982~99.8% &
Asks Aoz ALbE T Al IR AlOH), Fei7t
96.3~99.5% EAete Aoz AT AsE HAsO,”
FE7} 83.3~97.0% EA8HAL F= 571 FEjolAth Cd
£ CdCI'7}F 42.5~61.8%, CdClh(aq)7} 11.9~40.1%, Cd*
7} 3.0~23.0%Z AMEAG 18t QEEVF =2 Hx
3 CdCly o] 11.08%2 w3 =9t} Cox= Co' 7} 65.0~

Table 5. Predominant metal species in the interstitial water of lagoon sediments classified as Group I by Horne and Goldman

)

Element Primary Species’ Secondary Species”

Al Al(OH), Al(OH),", Al(OH)s(aq), AIOH*

As? HAsO.”, HyAsOy AsOs”

Ca’ Ca®", CaS04(aq) CaCly(aq), CaCl’, CaCOs(aq), CaHCO5
CaHPO,(aq), CaNH;*", CaPO,”

cd” Cd*, CdCI’, CdCly(aq) CdCly, CdCOs(aq), CdOH", CdOHCl(aq), CdSO4(aq), Cd(SO4),”

Co Co™", CoCl", CoS04(aq) Co(NH3)*", Co(OH)s(aq), CoCOx(aq), CoHCO5,
CoHPO4(aq), CoOOH™

Cr Cr042', NaCrO4 HCrO4, KCrO4

Cu” Cu”’, CuCOs(aq), CuOH" Cu(CO3).", Cu(OH)s(aq), Cuz(OH),"", CuCl’,
CuCly(aq), CuHCO;", CuNH5>", CuSO4(aq)

Fe¥ Fez+, FeSO4(aq) FeHCO;5", FeHPO4(aq), FeOH"

Hg HgCly(aq), HgCly', HgC142' Hg(NH3)22+, Hg(OH),, HgCIOH(aq)

K K’ KSO4

Mg” Mg™", MgS04(aq) MgCOs(aq), MgHCO;', MgHPO4(aq), MgOH"

Mn'” Mn”", MnSO4(aq), MnCI* MnCly(aq), MnCly, MnHCO;", MnOH"

Na Na' NaHCOs(aq), NaSOy4

Ni'V Ni*", NiCI", NiSO4(aq) Ni(NH;),”", NiOH", Ni(OH)x(aq), NiCO3(aq), NiHCO;", NiNH;"**

pp"? Pb>, PbCI’, PbCly(aq), PbCOs(aq), PbOH" Pb(COs),>, Pb(OH)x(aq), Pb(SO4),>, PbCly’, PbCL7,
PbHCO;", PbSO4(aq)

Zn" Zn*", ZnCl', Zn(OH)x(aq), Zn(SO4).”, ZnCla(aq), ZnCL™, ZnCOs(aq),

ZnS04(aq), ZnOHCl(aq)

ZnHCO;", ZnOH"

D Pore waters containing high concentrations of chloride(GP, H, M, CC, GWP, SJ-1, SJ-2, HJ-1, HJ-2).
? Each species accounts for > 5% of total molar concentration of metal. Together, the primary species account for > 90% of the total metal.
¥ Each species accounts for = 0.01% but = 5% of the total molar concentration of the metal.

Y H2As0, is a secondary species in the H, YR, HJ-1, HJ-2.
R CaSO04(aq) is a secondary species in the H-P, Y.
9CdCly isa primary species in the GP, CC, HJ-1, HJ-2.

7 CuNHs"" isa primary species in the H, YR, SJ-2; CuCl+ is a primary species in the CC.

B FeSO,(aq) is a secondary species in the H, CC, YR.

% MgS04(aq) is a secondary species in the H, CC, YR, GWP.

0 MnSO4(aq) is a secondary species in the H, M, CC, YR, GWP.
1 NiSO4(aq) is a secondary species in the H, CC, YR, GWP.

2 pbCI’, PbOH " is a secondary species in the CC; PbCl;” is a primary species in the CC.
= ZnOHCl(aq) is a secondary species in the M, CC; ZnCly(aq) is a primary species in the CC; ZnCO3(aq) is a primary species in the H.

CHsket A T3t S| x| 30H 73, 20084 7€
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Table 6. Predominant metal species in the interstitial water of lagoon sediments classified as Group II by Horne and Goldman

)

)

Element Primary Species’ Secondary Species’

ALY Al(OH), Al(OH),", Al(OH)s(aq), AIOH**

As HAsO,”, HyAsOy AsO4”

Ca Ca*, CaS04(aq) CaCl', CaCOs(aq), CaHCO;", CaNO;"

cd Cd™", CdCI", CdSO4(aq) CdCO0s(aq), CdHCO;", CANO;", CdOH", CdOHCl(aq),
CdCL(aq), Cd(SO4)"

Co Co*", CoS04(aq) Co(NH;3)**, Co(OH)x(aq), CoCl", CoCOs(aq),
CoHCO;", CoNO3, CoOH"

Cr Cr04*, HCrO," NaCrOy, KCrOy

Cu Cu*’, CuCOs(aq), CuSO4(aq), CuOH" Cu(CO3),", Cu(OH)x(aq), Cus(OH),>, CuCl’,
CuHCO;', CuNH;*', CuNO;"

Fe Fe(OH),", Fe(OH)3(aq) Fe(OH)4

Hg HgCly(aq), HgCIOH(aq) Hg(NH:),*", Hg(OH),, HgCly', HgCl"

K K" KSO4

Mg Mg"", MgS04(aq) MgCOs(aq), MgHCO;"

Mn Mn”", MnSO4(aq), MnCl", MnHCO;", MnNO;*, MnOH"

Na Na" NaHCOs(aq), NaSO4’

Ni® Ni**, NiSO4(aq) NiCI", NiCOs(aq), NiHCO;", NiNH;*", NiNO;", NiOH"

Pb® Pb*", PbCI’, PbCOs(aq), PbOH", PbSO4(aq) Pb(CO;5),”, Pb(OH)s(aq),
Pb(SO4).”, PbCly(aq), PbHCO; ', PLNO;"

Zn Zn*', ZnSO4(aq) Zn(OH)y(aq), Zn(S04),>, ZnCl', ZnCOsx(aq),

ZnHCO;', ZnOH', ZnOHCl(aq)

Y Pore waters containing low concentrations of chloride(BP, CJ).

% Each species accounts for = 5% of total molar concentration of metal. Together, the primary species account for > 90% of the total metal.
¥ Each species accounts for > 0.01% but > 5% of the total molar concentration of the metal.

“ Al(OH)s(aq) is a primary species in the CJ.
' NiHCO;" is a primary species in the CJ.
9 PbHCO;" is a primary species in the CJ.

84.3%, CoCI'7} 8.1~33.4%, CoSO,’7} 0.99~8.8%= A4+
H AT Cre CrOs 7} 54.2~76.7%2 AAE o] 2 Cr(Cl)
2 EAE S & & AT Cue FE5-FAEEAE
(CuCOs"°] 36.3~68.5%, F&-52H71ZFHE(CuOH")°] 10.4~
20.6%, Aol (Cu’HEET}T 7.0~31.0%2 ZA8F Tk
Fet 2 AfolL (F)IHZE 84.7~97.7%= AAE
Aok 1 2ol UF- FeSO,” HEje] FES FA47|= STk
Mn& Mn*7} 77.8~91.7%, MnCI' 7} 3.2~ 14.7%, MnSO,°
7} 1.9~93%% AAFEATE Nit NiZ @87} 69.2~84.2%,
NiClI'7} 6.0~18.0%2 AXIE AT Pbe a5z B2
zpo]E BPom, F= PbCl’, PbCl’, PbCO;:’, Pb>", PbOH"
SoZ AxEA. 4B H59 7FFN AEE Zne
Zn” FE7F 563~79.1%2 AXFET, ZnCl', ZnOHCL,
ZnSO,’ 59 EAFERE AMNHAeH, I FEI} B
HAZ2ZE ZnCL7F 7.98%=E ¥laA A AAE AT

3.4.2. Group [ & FFgo| A 9] 54 3}eh5 B

Na$} K& Group 13} 29| free ion©] Z+Z} 98.1~99.7%,
97.5~99.7%= A At} Cas Ca® 7} 61.0~91.3%, CaSO,’
7} 8.1~38.9%= AXMEATE Mg%: Mg 7t 66.3~93.0%,
MgSOs” 7} 6.5~33.6% 2 A4TE Atk Al T3 Al(OH)
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FE 2 AXEA0H, AsE HAsO4 7} 52.4~70.2%, H,AsO4°
7} 26.8~47.6%% AAE AT Cde Cd 7} 45.0~68.1%
2 7P Bekon, CdCl'E 22.9~24.8%, CdSO,’7} 6.2~
22.9%2 AXFEATE CoE Co' 7} 2.8~88.6%, CoSO. 7}t
6.8~34.8%=2 AXFHATE Cre Group 13 BIZS=81A] Crog”
7} 75.4~86.6%% AAME AT Cus Cu’' 7} 33.4~42.7%
2 AR, 4584k o 545747 e
5T PASIATE Fer F4-54H7|(Fe(OH), )7} 84.5~
92.0%, Fe(OH);’7} 8.0~152%% 2tA|3t9th. Mn< Mn®
7} 66.4~93.0%, MnSO."7} 6.3~32.8%= A2F= Ik Ni
7 Pb= Group 1 HISIEHAl hFdt 2ES JAsAE
d], Nit Ni*'7} 62.5~87.0%, NiSO, 7} 6.7~34.7%= 7
AHE] o™, PbE Pb> > PbSO,’ > PbCO;’ > PbOH' > PbCl"
£og EAsle Aog AMNEJT Zne BEZ7} Zn”
o] 59.57%, ZnS0.’°] 36.26% % AAtE AT
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