5
23-92 4-T
(transition elements)
(Cd) (Cu) (Zn) (Hg) (Cr) ()
(representative elements) (Pb) (As)
(Se)
2.1
2
L
2.
2.2

Goldberg  (1954)
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L (lithogeneous components)

(transport)

21 2.2

2. (Hydrogeneous formation)

(precipitation) (adsorption)

2.1 (Heavy metal precipitation)

(anion)
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% Earth's crust

Olivine
Pyroxene
Amphibole
Biotite
Muscovite

42 Plagiocase
22 Alkali feldspar
18 Quartz

N A O B

2.2

(Turekian and Wedepohl, 1961)

Manganese
Barium
Strontium
Vanadium
Boron
Zinc
Chromium
Copper
Lead
Cadmium
Mercury
Silver

Cu (ppm)

range  mean
6-960 115
4-1,000 120
1-300 78
1-480 86
5-152 36
8-700 62
1-20 4
2

Granitic rock

540
420
440
88
9
60
22
30
15
0.13
0.08
0.15

Zn (ppm)
range  mean
50-82 63
16-200 97
34-690 196
34-4000 527
24-200 59
1-50 17
10-24 15
4-11 7
Shales Sandstone
850 390
580 190
300 20
130 20
100 35
95 16
90 35
45 15
20 7
0.3 0.02
0.4 0.03
0.27 0.12

(Wedepohl, 1974)

Pb (ppm)
range  mean
0.2-7.2 2
0.3-20 6
1-70 il
7-95 21
6-70 20
1-70 20
2-700 53
01-3 1

(ppm)

Carbonates
1100
10
610
20
20
20
1
4
9
0.035
0.04
0.19



(Solubility)

(solubility product constant, K
MX2() <-> MXa, + 2X )

K MX2 = [MA[X 2
Kp  PbCR2 = [Ph][CIA2 = 17X105
[Ph2] [ 92> L7 105 (PbCI2)

(anionic species)

(Oxidation-Reduction)

» (Redox potential, Eh)
1 Eh
Eh
pH Eh pH (Eh-pH diagrams)
Eh-pH
(Hem, 1972) 2.1 Zn+S+C04HD
(pH 7.0-8.3) (zinc carbonate)

pH 8.3 (zinc hydroxide)



2.1 Eh-pH Zn+5+C02tHD (Hem,1972)



(complexing
agent)
(ligand)
(solid phase) (aqueous phase)
2.2 (Cation exchange and
adsorption)
(complexing agent)
(buffer)

(Scheffer and
Schachtschabel, 1966)
(Valence and hydration effects)

Me+ < MeA < Me3+ ..

(hydration)

(alkaline)
(alkaline earth)
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Ba < Sr < Ca < Mg <Cs <Rb< Nac<l

(Concentration of solution)

(Cation exchange
on organic and inorganic substance)
(divalent)
(monovalent)

Pb>Cu>N>Co>Zn>Mn>Ba >Ca> Mg >NHe> K > Na

Reynolds ~ (1935)
(Sodium silicate  Zeolites)

Cu >Pb >N > Ag >2Zn > Cd

: (Reaction involving
hydrolyzed cation)

(hydrolysis)m

CuOH+ FeOH2+
(free cation) Cu2t, Fe3

(specific reaction between exchangers and cation)



(Exogenous formation)

(Atmogenous formation)

Forstner and Wittman (1981) (mobilization)
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(complexing agent)

2.3

redox
potential (Tessier et. al., 1979)

L
(Total Digestion)
(oxidizing agent) HNO3, HCI, HCI04
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HF (Loon, 1985)
(Sequential extraction) (extractant)
labile form
residual phase
(Martin, 1987)
Chester and Voutsinou (1981)
1 Residual heavy metals crystal lattice

llicate matrix| ' ,
2. Non-residual heavy metals

non - residual
residual non -
residual
non-residual

(extractant)

Tessier et al. (1979)

1 (Exchangeable)

BaCl2 MgCI2, NH40Ac



14

sediment:-M + Mgz <> sediment-Mg + M+

2. (Bound to carbonate)
HOAc/
NaOAc 50 complexing agent H+
(Pickering, 1981)

CaC03 + H+ <= Cax + Hco;

3. (Bound to Fe oxide and
Bound to Mn oxide) reducing agent hydroxylamine hydrochloride (NH20H'
HCI), dithionite (S20 4), oxalate (C202) Fe (IIl') Fe (Il) Mn(lll Mn(|
V) Mn(ll)

4, : (Bound to organic metter)

degradation oxidizing agent  hypochlorite (OCQ H-Cy
PINGs
organic (C/HIO) + HN2 — C02 + HA2

5. residual

(primary and secondary minerals)
HF PICI04

Tsai et al. (1998)
Tessier (1979)
0.1 MNH20H HCI 01 H 03
0.1 MNH2H HCl  25% acetic
2.3



2.3

Fraction

Exchangeable

Carbonate

Easily reducible
- Fe oxides

- Mn oxides
- Fe and Mn oxides

Moderately reducible

Organic matter and

sulphides

Residual

Tessier et al.,(1979)
IM MgCl, pH7

1M CHiCOONa, pH 5

0.04M NH,0OH HCI in 25% acetic
acid, 96°c

HN. 3+ 30%H202,85°c + 3.2M
CH,COONH. in 20% HNO;

HF, HCIO,

(Sequential extraction)

Reactions and conditions
Forstner et al.,(1981)
IM CKjCOONH;j pH7
IM CH,COONa, pH 5

0.IM NH20H HCI, pH2

0.2M (NHJ).CO,H.,
0.2M H.C.0,

H.0. pH2+CH.COONH.

HNO;

Tsai et al.,(1998)
IM CH:COONH, pH7

IM CH;COONa, pH 5

0.1IM NH20H HCl in 0.1M HNO
0.1IM NH2OH HCI in 25% acetic acid

o.. MHNO:+ 30%H20.. 85°C +
3.2M CH;COONH. in 20% HNO:
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2.4
(Walsh et
al., 1979) (Lacerda et al., 1986) (Banus, 1977)
' (interstitial water) exchange sites
(uptake)
]
(Avicennia SPP.) (salt-excretion)

Larcerda étal. (1986)
(significant correlations)

Walsh et al. (1979) sulphide

lon-exclusion

24.1

Hague and Subramanian (1982)

L) pH
chelate
(bioaccumulation) Lindsay (1972)
100



2.5

(6)
(uptake)

251

(uptake)

(relative accumulation”; 1
(exposure period)
(Takijima and Katsumi, 1973)
(competition and synergism)

Brar and Sekhon (1976)
Miller et al. (1977)

(2542)

46, 105.1, 488.6

17

/
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(2526)
4
Tessier et ai. (1979)
025 )
18.26-24.12 / 18.76-27.79 /
76.07-69.08 /
(2532)
exchangeable
carbonatey oxyhydroxides
: \ oxyhydroxide
exchangeable carbonate
(2534)
3.40-12.00 1.15-
6.32 / exchangeable (73.86%)
residual residual  organic matter
9.49 -49.53 / residual  organic matter
carbonate
(2539)

40

48.5-58.0  19.4-22.6



38.3-48.5 14.6-18.2 /

18.4-21.3 /

extraction

Fiszman et al. (1984)
(Geochemical distribution) ~ ( Z
Sepetiba Bay
oxyhydroxide
lattice 2.4
68.9% 59 %
oxyhydroxide ~ Fe  Mn
%

Rauret et al. (1988)
Tenes
residual

Fernandes (1997)
Jacarepagua lagoonal system

Jacarepagua lagoon, Camorim lagoon Tijuca lagoon

6

Tsai et al. (1998)
Ell-Ren

19

20.3-25.3
Sequential
Fe Mn
Cu Z
56 % 48
3 lagoon
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Tessier et al. (1979) Non-residual 5

5.2.2

Lacerda and Rezende (1994)

Avicennia schaueriana epetiba
3.0 / 18
/ 245 / Avicennia schaueriana

114 / 0.6 /

50.7 /

Zheng et al. (1997) : Cu, Pb, Zn, Cd, Cr, Ni

Mn Rhizophora stylosa

Yingluo Bay Cu, Pb, Zn, Cd, Cr, Ni Mn
0.98,0.86,4.91,0.11,0.50, 1.06  14.60 /

Pb, Cd, Cr Mn
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