¢ Que es un metal traza (o metal pesado)?

1.

4.

Quimicamente corresponden a los elementos de
transicion, pero también se incluyen elementos no
metalicos i.e., Al (lll); Pb(IV); As(V), Se(VI)

Tienen con una densidad > 5 g/cm3
Su concentracion en sedimentos es muy baja (< 0,1%)

Son escenciales y toxicos



Periodic Table

Periodic Table of the Elements

Atomic number

Light Metals =
; 17 | Symbol of element Bl rrertGas
1A A H~]
1
]I1'UEEE"'“"~A|omic weight m Gas
Name of element Eg | [
i o A I IV A
5 6
B c
X 10.81 12.011
Lithium | Berylium Transitionfa\l Elements Boron Carbon
11 12 [ | 13 14 16
3| e Mg Heavy Metals Al si P s
22.9%0 24.31 ; : i i i i ) 26.98 28.09 30.974 32.064
Sodium  |Magnesium e WB , VB , VB , VB vii e i 1B, B Aluminum | Silicon | Phosphorus| Sulphur
19 20 21 22 23 24 25 26 27 28 29 30 i R
4 K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn
39.102 40.08 44.96 47.90 50.94 52.00 54.94 55.85 58.93 58.71 63.54 65.37
Potassium | Calcium |Seandium | Titanium |Vanadium |Chromium |Manganese| Iron Cobalt Nickel Copper Zinc
7 38 39 40 41 42 43 44 45 46 47 48
5 Rb Sr ¥ Zr Nb Mo Te Ru Rh Pd Ag cd
85.47 87.62 88.91 91.22 92.91 95.94 (99) 101.1 102.90 106.4 107.870 | 112.40 114.82 118.69 121.75 127.60
Rubidium | Strontium | Yttrium | Zirconium | Niobium ly Technetium |Ruthenium| Rhodium | Palladium | Silver | Cadmium | |ndium Tin Antimony | Tellurium
il 57 72 73 74 75 76 77 78 79 | | 8 82 83 84
6 TO Hi Ta w Re Os Ir Pt Au Tl Pb Bi Po
7 178.49 | 180.95 | 18385 | 186.2 190.2 192.2 195.09 197.0 204.37 | 207.19 | 208.88 | (210)
Hafnium | Tantalum | Tungsten | Rhenium | Osmium | Iridium | Platinum Gold Thallium Lead Bismuth | Polonium
as
TO
7 103
57 58 59 80 61 62 63 64 65 66 67 68 69 70 7
= LA Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Lanthanide series | 1391 | 14012 | 14091 | 14424 | (147) | 15035 | 157.25 | 15892 | 158.92 | 16250 | 16483 | 167.26 | 16893 | 17304 | 17497
Lanthanum| Cerium yrrium| Neodymium | F sm| Samarium | Europium |Gadolinium| Terbium |Dysprosium| Holmium | Erbium | Thullium | Ytterbium | Lutetium
) 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinide series Ac Th Pa u Np Pu Am cm Bk ct Es Fm Md No Lw
(227) | 23204 | (231) | 23803 (237) (242) (243) (247) (249) (251) (254) (253) (256) (256) (257)
Actinium | Thorium |Protactinium| Uranium |Neptunium| Plutonium |[Americium| Curium | Berkelium [Californium|Einsteinium| Fermium ium| Nobelium |Lawrencium
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Table 9.1 Analysis of trace meials in seawater: The state of the art in

1970
Concentrations Present estimates of

Metal (ug kg™) the “true” values
Cadmium

Lab A® 0.03

LabB ] 05 - 07 0.0001-0.12
Cesium

LabA 0.29 0.29 0.28

LabB 0332 0305 0.310

Lab C 0.18 0.2 0.17 0.29
Cobalt

LabA © 0014 0014 0.013

LabB 0.037  0.036 0.037

Lab C 0.510  0.448 0.427

LabD 0.037  0.040 0.038 0.0006-0.006
Copper '

Lab A 1.35 135 1.42

LabB 7.5 6.3 6.3

Lab C 27.4 2.21 2.81

LabD 0.9 0.8 1.0 :

LabE 15.0 15.0 14.4 0.06-0.4

@The laboratory coding is different for each element. Most analysts would
not participate unless the identifications of results with analysts were kept
confidential. g '

An extract of some data from the results of a trace element intercalibration
study, reported by Brewer and Spencer 1970.
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The Problem of Metals &=/

« Metals are potentially dangerous because they can
affect enzymatic functions and the nervous system

« Anthropogenic activities contribute to their
accumulation in the environment

* Metals are not biodegradable

=> \What Is the toxic species and how much?

=> \What is the residence time?



| insiu_]

— few techniques available

— speciation is operationally defined

— artifacts due to sampling and handling



In Situ Voltammetric
Measurements
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* Reliable, automatic measurements
*  Simple, compact, low-cost

e Minimization of artifacts

e Multi-element analysis

»  High sensitivity (1 pM to 100 nM)
*  Speciation capabilities

e Microsensors

Design of in situ sensors
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T-14 Fig. 1-14 Formation of Earth’s oceans

Essentials of Oceanography, 7th Edition ¥ © 2002 by Prentice-Hall, Inc.
by Harold V. Thurman / Alan P. Trujillo A Pearson Education Company
Upper Saddle River, New Jersey 07458



Area: 361,100,000 square kilometers (139,400,000 square miles)

Volume: 1,370,000,000 cubic kilometers (329,000,000 cubic miles)
Average depth: 3,796 meters (12,451 feet)

Average temperature: 3.9°C (39.0°F)

Average salinity: 34,482 grams per kilogram (0.56 ounce per pound), 3.4%
Average land elevation: 840 meters (2,772 feet)

Most abundant elements (by mass): Oxygen (86%)
Hydrogen (11%)
Chlorine (1.9%)
Sodium (1.1%)
Magnesium (0.1%)

Age: About 4 billion years

Future: Uncertain

Characteristics of the ocean world
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T-69 T7-1 Composition of seawater
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T104  Fig.5-14

Major dissolved materials in seawater

Major Constituents

Magnasium
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Essentials of Tth Edition
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T-103 Fig.5-13 Constituents of ocean salinity

Total salt
34.69 g

Essentials of Oceanography, 7th Edition & 2002 by Prentice-Hall, Inc.
by Harokd V. Thurman / Akan P Trujdlo A Paarson Education Company
Upper Saddie River, New Jerssy 07458
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T-284 Fig.13-16 Biogeochemical cycling of matter
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Vertical profiles of dissolved zinc (43) and iron (44) concentrations in the

Depth (m)

north Pacific Ocean
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Trace Metals and Other Minor Elements

t Concentrations of the minor constituents in seawater, exceplt the gases and some radioactive
, but including wranium

Element Concentration (units per kg)
Symbol Narme Approx. Mean Range Tyvpe of Distribution
Li — - Lithium F 25  pmol —— == - Conservative
Be Beryllium 20 pmol 4-30 Nutrient: scavenged
N Nitrogen (NO;) 30 pmol <0.1-45 Nutrient
Al Aluminum 10 nmol 0.1-40 Mid-depth minima
Si Silicon 100 wmol <1-200 Nutrient
P Phosphorus 2.3 pmol <0.1-3.5 Nutrient
Sc Scandium 15 pmol 8-20 Surface depletion
Ti Titanium 200  pmol 4-300 Surface depletion
v Vanadium 30 nmol 20-35 Sl surface depletion
Cr Chromium 4  nmol 2-5 Nutrient
Mn Manganese 0.5 nmol 0.2-3 Depletion at depth
Fe Iron 1 nmol 0.1-25 Depl. at surf. & depth
Co Cobalt 20 pmol 10-100 Depl. at surf. & depth
Ni Nickel & nmol 2-12 Nutrient
Cu Copper 4  nmol 0.5-6 Mutrient; scavenged
Zn Zinc 6 nmol 0.05-9 Nutrient
Ga Gallium 20  pmol 2-50 Complex, scavenged
Ge Germanium 70  pmol <7-115 Nutrient
As Arsenic 23 nmol 15-25 MNutrient
Se Selenium 1.7 nmol 05-2.3 Nutrient
Rb Rubidium 1.4 pmol —_ Conservative
Y Yttrium 250  pmol 80-300 ?
Zr Zirconium 200 pmol 12-300 Nutrient; scavenged
Nb Niobium (<50 pmol) * ?
Mo Molybdenum 100  nmol 92-105 Conservative
Ru Ruthenium (20 [mol) ? ?
Rh Rhodium 0.8 pmol 0.3-1.0 Scavenged, nutrient ?
Pd Palladium 0.6 pmol 0.2-0.6 Surface depletion
 Ag Silver 25  pmol 0.5-45 Mutrient, complex
Cd Cadmium 0.7 nmol 0.001-1.1 Nutrient
3 1 Indium (0.1 pmol) 0.05-0.15 Scavenged ?
'Sa Tin (4 pmol) (1-12) Depl. at depth ?
'S  Antimony (1.2 nmol) 2 ?
i Tellurium 0.6 pmol 0.4-1.7 Scavenged
X lodine 0.4 pmol 0.2-0.5 Nutrient
Cs Cesium 2.2 nmol - Conservative
Barium 100  nmol 32-150 Nutrient
Lanthanum 30 pmol 8-5 Surface depletion |
Cerium 20 pmol 16-26 Surface depletion
Praeseodymium 5 pmol i-8 Surface depletion
Neodymium 25 pmol 5-40 Surface depletion
Samarium 4  pmaol 1-6 Surface depletion
Europium 1 pmol 0.3-1.7 Surface depletion
Gadolinium 6 pmol 2-9 Surface depletion
Terbium 1 pmol) 0.2-1.5 Surface depletion A
Dysprosium 8 pmol 2-12 Surface depletion g



Table 9.2 Continued

Element Concentration (units per kg)

Num. Symbol Name Approx. Mean Range Type of Distribution
67 Ho Holmium 2.5 pmol 0.5-3 Surface depletion
68 Er Erbium 8 pmol 2-10 Surface depletion
69 Tm  Thulium 1 pmol 0.3-1.5 Surface depletion
70 Yb Ytterbium 7 pmol 1.5-11 Surface depletion
71 Lu Lutetiam 1 pmcl) 0.2-1.8 Surface depletion
72 Hf -Hafnium (20 pmol) ? Surface depletion
73 Ta Tantalum (<14 pmol) ? ?
74 w Tungsten 56 pmol 45-67 Conservative
75 " Re Rhenium ' 40 pmol — Conservative
76 Os Osmium (9 fmol) ? ?
17 Ir Iridium (0.7 fmol) 0.5-0.9 ?
78 Pt Platinum 1 pmol 0.54-1.64 Surface depletion
79 Au Gold 50 fmol 20-200 variable
80 Hg Mercury 2  pmol 0.5-12 Complex, scavenged
81 Tl Thallium 60 pmol — Conservative
82 Pb Lead 10 pmol 5-175 High in surface water
83 Bi Bismuth (0.1 pmol) (<0.015-0.24) Depletion at depth
92 U Uranium 13.6 nmol +~1-2% Conservative

Name Abbrev. Fraction Number of chemical units
mole = mol = = 1 mol = 6 X 10* atoms or molecules®
millimole = mmol = 10~* mol = 6 X 10% atoms or molecules -
micromole = umol = 107% mol = 6 X 10" atoms or molecules
nannomole = nmol = 1079 mol = 6 X 10" atoms or molecules
picomole =  pmol = 107 mol = 6 X 10" atoms or molecules

femtomole = fmol = 10~ mol = 6 X 10® atoms or molecules.




TABLE 11.1
Oceanic Inputs of Some Trace Metals in 10° g/y

Industrial
Continental  Industrial and Fossil
and and F‘,'d_
Volcanic Fossil Emmissions
Dust Fuel Atmospheric Stream Atmospheric

Element Mining Flux Emissions Rainowut Load Rainour
Cd 170 3 55 s10 1.200 0.1

As 460 28 T80 2.900 3,000 0.3

Heg 89 0.4 110 410 . 50 0.3

Se 12 7 120 200 180 0.6

Co 260 70 44 62 3.500 0.7

Ni 6.600 280 980 1.200 13.000 08

Zn 58.000 360 B.400 10,000 25,000 08

Cu 71.000 190 2.600 2.600 11.000 . Lo

Sb 690 10 380 340 1,000 i.1

\' 190 650 2,100 1.900 24.000 1.1

Mn 92.000 6,100 3,200 3,000 160,000 1.1

Ex 23,000 SBO 940 720 17.000 1.3

Mo 830 1 510 310 700 1.7

Ti 10.000 35,000 5,200 2,700 B40.000 1.9

Fe 600.000 280000 110.000 49,000 9.900.000 2.2

Al 120.000 490,000 72,000 33,000 17.000,000 21

Pb 35,000 59 " 20,000 5,700 4.700 35

Sm , 41 12 3 900 40

Ag 92 0.6 ' i} 10 130 5.0

Sn 2,400 52 430 2.9500

Source: From F. T. Mackenzie. R. ). Lahizy, and V. Paterson, reprinted with permission from Mathemarical
Sedimeniology. vol. 11, p. 101, copyright © 1979 by Plenum Press, New York.



TABLE 11.4

Enrichment Factors for Metals in
the Tissues of Phytoplankton and
Brown Algae

e
Element Plankton Brown Algae
Al 25.000 1550
Cd 910 890
Co 4600 650
Cr 17.000 6500
Cu 17.000 920
Fe 87,000 17.000
1 1200 6200
Mg 0.59 0.96
Mn 9400 6500
Mo 25 11
N 19.000 7500
Na 0.14 0.78
Ni 1700 140
P 15.000 10,000
Pb 41,000 70.000
S 1.7 34
Si 17.000 120
Sn 2900 2
v 620 250
Zn 65.000 3400

Sonrce: From The Handbook of Enviren-
mental Chemistry, P. J. Craig (ed.: 0. Hut-
zinger). copyright © 1980 by Springer-Verlag,
Heidelberg, p. 210. After Trace Elemenss in
Biochemistry, H. ). M. Bowen, copyright ©
1966 by Academic Press. Orlando, FL. pp. 87-
88. Reprinied by permission.




Fig. 2. (A) Examples of release of complexing
agents and metal ligand complexes from marine
plankton: CdX, phytochelatin-Cd complex
released by diatoms (25); CuY, peptide
complexes of Cu released by coccolithophorids
(26); CuZ, unidentified Cu ligand complex
released by Synechococcus (27, 28); sid,
siderophore released by heterotrophic bacteria
and cyanobacteria (17); L, unidentified Co
complexing agent released by Prochlorococcus
(29); C, Cys; E, Glu; G, Gly; Q, GIn; and R, Arg

A Cd CdX

X = (yEC),G
Y=QC&RC

Z = unknown

sid = alterobactin A
L = unknown

CuY

Fe(l11)

Fe(ll)

,/ Mn(ll)
0, | hv MHO;J
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<
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Fig. 3. (A) A diagram of the nitrogen cycle, illustrating the
metal cofactors in each enzymatically catalyzed step
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T-279 Fig. 13-11 Productivity in tropical oceans
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T-155 Fig. 7-11 Coastal upwelling and downwelling

West Coast West Coast
Southern Hemisphere Southern Hemisphere
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T-168 Fig. 7-27 Conveyer-belt circulation

of O graphy, 7th Edition
by Harold V. Thurman / Alan P. Trujillo
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Atmosphere
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Gypsum 3C2, 5 Limestone
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F-::_S 2 WZSE'SO—:F Ocean sulfur = 4 MgCO ,
Pyrite i 4 and carbon mass
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Fe,O, MgSiO ,
78i0, 15CH,0
CH,O
i 2
0, Organic matter
Figure 1.1

A model of major sedimentary reservoirs and the transfers between them that

are associated with an increase in the mass of the biosphere by 15 moles. From Garrels and
Lerman (1981).
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Figura 3. Esquema de los principales procesos que determinan la abundancia de un metal
particula-reactivo marino costero.

Figure 3. Diagram of main processes that determine abundance of a metal particle-coastal
marine reactive.
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Uptake of Dissolved Metals
Uptake rate  Membrane permeable M complex
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LA FASE “TRANSPORTADORA”

Fases organicas : acidos humicos y fulvicos

Material organico sélido
Fases carbonatadas

Fases Fe y Mn

Fases detriticas/no detriticas
Fases autigénicas/litogénica

Adsorcidon e intercambio iénico
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Profundidad (cm)

Distribucion y acumulacién de plomo en sedimentos de los fiordos de la X/ regién
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Distribucion vertical de Pb en los sedimentos de las localidades estudiadas.

Vertical distribution of Pb in the sediments of studied locations.
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Fig. 2: a) Perfiles de cobre disuelto, particulado, total, b) Perfiles de STS y cobre particulado en la columna de agua.
Fig. 2: a) Vertical profile of total, dissolved and particulate copper , b) Vertical profile of TSS and particulate copper
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Inventario Inventario
(mg Cucm?®  (mg Pbcm?)

Entradas
Adveccion™ 0,004 0,02
Transporte atmosférico® 0,210 0,05
Aporte Antropogénico® 0,410 0,09
0,624 0,16
Salidas
Acumulacion en sedimentos 0,624 0,16

(1): Asume 100% de remocion de Cu y Pb desde columna de agua
(2): Estimado a partir del nivel pre-industrial
(3). Estimado por diferencia (ver texto)



