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Abstract

In this study, a new analytical method for the simultaneous determination of total N, P
and S using hydrogen peroxide oxidation has been developed for the analysis of water
and sediment samples. The products of the oxidation reaction (nitrate, phosphate and
sulphate) were determined by ion chromatography. A method for the simultaneous
chemical speciation of arsenic, selenium and chromium was developed using ion
chromatography coupled with ICP-MS. Reversed phase chromatography and ICP-MS
was used for the simultaneous determination of mercury and selenium species. For the
speciation of vanadium a new method using HPLC with reversed phase and ICP-MS
detection was developed. The species arsenite, arsenate, selenite, selenate, chromate,
methylmercury, inorganic mercury, selenocystine, selenomethionine, vanadium (IV)
and vanadium (V) in samples of water, sediment, fish muscle tissue and mussel, were
determined using the developed methods. Simultaneous determination of nutrients and
metal species were applied to the study of pollution in Lake Maracaibo, Venezuela. The
distribution of As, Se, Pb, Hg, Sn and V in sediment was studied using a sequential
extraction scheme and related to the physicochemical parameters and nutrient content.
The major concentrations of arsenic and lead found inside the lake were associated with
the fraction associated with the Fe/Mn hydroxides phase, however, mercury and
selenium were distributed at the main zone of the lake in the organic-sulphide fraction.
In the strait and the gulf, metals were distributed mainly in the residual phase with the
exception of tin. Conditions which favour mercury methylation in the lake are
discussed. In the centre of the lake, with anaerobic conditions, methylmercury was the
predominant species for mercury. The results found for vanadium and arsenic
speciation showed that the predominant species in all the samples of Lake Maracaibo
was vanadium (IV) and arsenite, respectively. Results were compared with those from
lakes with similar pollution problems.
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Chapter I: Introduction

1.-INTRODUCTION

The large lakes in the world have been for many years prime resources. Industrial societies
are very heavily water-dependent, and thus population densities and industralization are
increasing rapidly on the shores of all large lakes of different latitudes. Effort at removipg
man-made pollution from this natural environment has not kept pace with the increasing
amount of waste materials generated. As a result, man-made pollution has disrupted the
natural biological balance in lakes. Two groups of substances in particular have lasting
effects on the natural balance in aquatic systems: nutrients, which promote unrestricted
biological growth and, in turn, lead to oxygen depletion, and synthetic chemicals and
metals that are not eliminated from aquatic ecosystems by natural processes and in the most

cases are concentrated through the food chain.
1.1.- Lakes and estuaries

Lakes are masses of waters situated in a depression of the ground without direct
communication with the sea (1), these reservoirs are distinguished by water currents
typically driven by the wind rather than by gravity. These water currents provide advective
transport , generally turbulent, and chemical transport by turbulent diffusion. The pattern of
water movement in a lake is also affected by the shape of the lake basin, by variations in
water density, by inflow streams and by the Coriolis effect(2). Stratification divides lakes
into different layers by inhibiting vertical mixing between the layers. Stratification occurs
when the water at the bottom of a lake is denser than the surface water, and water currents
are not strong enough to penetrate the boundary between the water layers. Such a density

difference is usually due to temperature differences between upper and lower water masses;



Chapter I: Introduction

the lake is then called thermally stratified. The upper layer, which is typically well mixed,
is named epilimnion and the lower layer hypolimnion; the region which separates them is
the thermocline. The thermal stratification is common in lakes located in climates with
seasonal variations (temperate lakes).

Estuaries are mixing zones between freshwaters and seawaters (3). Water flow in estuaries
is more complicated than in rivers and lakes; it is influenced by the inflow of fresh waters
from rivers and streams, by tides of the sea, and by the large salinity, and hence density,
difference between fresh and seawaters. The density difference tends to create a strong
stratification, while the back and forth movement of water driven by tides enhances
dispersion and mixing. Stratification in estuaries in some aspects is similar to stratification
in lakes; the density difference in estuaries is due to the difference in salinity between fresh
water and seawaters rather than temperature differences (2).

In the pastb decade, there has been a resurgence in the study of pollution in lakes, estuaries
and wetlands which cover millions of km? of continental area. Lakes are now seen as major
regulators in the carbon, nitrogen and phosphorus global geochemical cycles through
various processes: sedimentation of detrital organic matter, production of autochtnonous
organic matter, precipitation of carbonates, and precipitation of evaporates (4). From 1968
until now, the study of the Great Lakes (USA) has shown how pollution can affect large
water bodies, and the steps to eventual restoration (5-8). Fresh water lakes such as Lake
Alexandria (9), in the South of Australia, have provided historical information on changes
in the N and C cycles. Other studies in the Szczecin Lagoon in the Southern Baltics (10)
and Oder Estuary in Poland (11) have yielded valuable information about eutrophication.

Eutrophication and subsequent lake-quality deterioration is already visible in many

3
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countries, Lake Zurich in Switzerland which has been under scientific observation for over
half a century, is the best example (12); eutrophication can damage many aspects of life
including wafer supply, fisheries, bird life and public health.

The abundance of studies of temperate lakes throughout different seasons including
summer, has produced results that have been compared to tropical lakes., however tropical
lakes are very different during all parts of the year. Information about nutrients in temperate
lakes can not be associated or extrapolated to tropical lakes, because of the fundamental
differences in the physical and the biological dynamics of the two types of systems.

These fundamental differences between tropical and temperate Great Lakes have been
reviewed recently by Hecky (13) with the following conclusions : tropical lakes have
continuously high temperatures throughout the water column and high rates of annual
photosynthesis under continuously high solar irradiance. These aspects not only lead to
permanent stratification and hypolimnetic anoxia in the deepest tropical lakes, but also they
have consequences for oxygen concentrations throughout the water column and can
dramatically affect the biogeochemical cycles of carbon, nitrogen and phosphorus.
Denitrification and enhanced regeneration of phosphorus from metal oxides cause low
nitrogen:phosphorus ratios in the deep waters and create a nitrogen deficit when deep
waters mix with surface waters, which is met through N-fixation. In Lake Malawi ( a large
African tropical lake ), nitrogen has a residence time of 2 years while in dimictic Lake
Superior, the nitrogen residence time is over 50 years. This disparity in the residence time
indicates that nitrogen is poorly recycled to the mixed layer of Lake Malawi. The chronic
anoxia of tropical lakes promotes the release of phosphorus bound to metal oxides and

allows soil erosion to increase eutrophication .

4



Chapter I: Introduction

1.2.-Lake Maracaibo

Lake Maracaibo, Venezuela is a tropical lake (mean temperature 30 °C); it is the largest
lake in South America (8" in the World), and covers an area of 13,010 Km? . Lake
Maracaibo has been classified as of miscellaneous tectonic origin (>36 Ma) with a very
ancient structure (14 -15); in this lake the sedimentation rate, of the order of 0.1-1 mm/year,
is compensated by subsidence rate; otherwise it would have filled up over 0.1-1 Ma (4, 16).
The Lake Maracaibo basin involves six states of the Republic of Venezuela with an area of
82,035 Km? (without taking into account the lake itself) and the Republic of Colombia with
an area of 16,130 km?. These basin waters flow into the Gulf of Venezuela. (17) Figure 1.3
shows the location of Lake Maracaibo in South America (Latitude 9°0’-11°0° North,
Longitude 71°0°-72.0° West). Lake Maracaibo System which is loaded for 135 rivers with
fresh water of 1,900,000 L.sec™ is formed by: the Venezuelan Gulf, the Tablazo Bay, the
Strait and the Lake itself. The total extension of the system is 121,422 Km® of which
104,900 Km? belongs to Venezuela and 16,432 Km? belongs to Colombia because it is the
born from Catatumbo River, the main water source of the lake (18). The area of the water
mirror is 12,780 Km® with a volume of 280 Km’. The lake is 152 Km long and 70 Km
wide The mean slope is 0.8 %(19). The Strait covers an area of 479 Km* with 40 Km long
and 14 Km wide; this Strait ( and The Tablazo Bay) is an estuarine zone where there is a
mix of fresh water from the lake and seawater from the Caribbean Sea through the

Venezuelan Gulf.
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Chapter I: Introduction

70% of the Gross National Product of Venezuela comes from the petroleum extracted from
zones lying under Lake Maracaibo, the Misoa Formation sands, which produce basically
light crude oils (24-40 ® API)(20), thereby creating a heavy traffic in tankers in and out of
the lake. In spite of this, an annual maintenance dredging in Lake Maracaibo has been
carried out by the INC (National Institute of Channels) since 1938. This institute was
formed to manage a dredging program to maintain a navigable channel in Lake Maracaibq
of an average depth of 11m. The maximum normal depth is 32 m and the mean depth is 20
m. Over the last 40 years, the salinity of the water has increased by about 300 % as a result
of dredging, which has altered the nature of interaction between the lake and the Caribbean
Sea. The lake is surrounded by about 2,000 industries sites and 10,000 oil drilling platforms
are situated near to its centre. A growing open coal industry near to the Guasare River (an
inflow) and the transport through the lake (non-point contamination source) could also

affect the concentrations of As, Hg, V and Pb . In addition Lake Maracaibo receives loads

of nutrients from tributaries, sewgge d1§¢hﬁ(g¢s and agricultural sources. Phosphorus

l:r‘f

mlnggg Tq 1}%yes‘rgpu:ntq}m ?{qwﬂ ﬂ}? M‘? ?QH ﬂputes to the tributary phosphorus loading to
ﬂw la,ke TW ¢ W of M@m&xmpg, with populaﬁ g)n of 3 million qﬁm)le discharges raw sewage
directly into the Strait of Maracaibo located on the northiern part of the lake. Moreover, the
constant dredging of the lake maintain the sediments in a ¢pastant re-suspension and open

to different reactions with the nutrients that can increase-eutrophication and the availability

of heavy metals which can increase the concentrations of the most dangerous toxic species.
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Chapter I: Introduction

1.3.- Eutrophication

The term eutrophication describes the condition of lakes or reservoirs involving excess
algal growth caused by high nutrient content. The main cause of eutrophication in a water
body is the presence of nutrient excess from watershed runoff or sewage. As a result, the
dead biomass is accumulated at the bottom of the water body, recycling nutrient carbon
dioxide, phosphorus, nitrogen, and potassium. The growth of plants is accelerated, leading
to solid material (21). Where river loads of nitrogen (N) and phosphorus (P) have increased
(22), eutrophication poses a threat to the quality of reservoir water used for potable supply,
especially during the summer months (23)

A number of lakes and lagoons world-wide have been studied, for example the Szczecin
Lagoon (Poland), Bodensee (Germany), Zurich (Switzerland) , Laurentian Great Lakes in
North America (24) and Lake Biwa in Japan (25). Sediment investigations in Szczecin
Lagoon have revealed that 100,000 tonsof nitrogen and about 30,000 tons of phosphorus
have been retained in the lagoon during the last 100 years (26), The Saginaw Bay in Lake
Huron (Michigan ), now being remediated , has a loading of phosphorus of 1,544 metric
tons per year (27).

Table 1.1 (28) shows the chemical elements needed for plant growth. The eutrophication or
enrichment process has been described as a natural process of ageing of a lake (21); the
activity of man in the catchment area of lake waters gives rise to domestic, agricultural and
industrial wastes and as a consequence the relatively slow process of natural eutrophication
is greatly accelerated; thus what might have occurred in a period of thousand years can

happen in a few decades.
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Chapter I: Introduction

1.3.- Heavy metals

It is well known that the major ions such as sodium, potassium, magnesium and calcium are
essential for biological life. For several decades, it has been known that trace quantities of
certain elements exert a positive influence on plant, animal and human life. There are at
least six transition (Co, Mo, Cu, Zn, Fe, Mn, V) metals that are essential to the growth,
development and reproduction of humans. The other elements that do not have a
identifiable beneficial biological function are referred to as non essential.

The biogeochemical cycle of a metal is used to understand the possible short and long term
problems associated with the release of heavy metals in to the environment . In particular
the following problems need to be understood : (a) the physico-chemical forms in which
heavy metals can exist in the environment , (b) the processes responsible for transporting
the metals through the system, (c) the processes by which the metals are transformed from
one compound to another , and (d) the most important pathways by which the trace metals
interact with the biota. A conceptual model for an aquatic system has been developed by
Hart (34), consisting of a number of compartments or reservoirs coupled by transfer
pathways. A heavy metal tends to accumulate in the bottom and surface sediments from
which it is released by various physical processes, Figure 1.3. shows a biogeochemical
cycle for a lake (34). The system consists of four compartments: (a) the dissolved
compartment containing free metal ions, complexed and colloidally- bound metal species;
(b) the (abiotic) particulate compartment consisting of both inorganic and organic
particulates; (c) the (biotic) particulate compartment consisting mainly of phytoplankton

(and bacteria) in lakes and the deep ocean, littoral areas in

11
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Chapter I: Introduction

species also varies with the organism monitored. For example, trimethyltin is more toxic
for insects, triethyltin for mammals, and tributyltin for fish, fungi and bivalves (41).

The rate of absorption of a metal from solution, or indeed from food, is governed by its
chemical form.; Studies of toxicity (24h., LCsy), made by O’Hara (42) in crabs,
demonstrated that the toxicity of Cd is least at low temperature coupled with high salinity,
and greatest at high temperature coupled with low salinity .

D. Boening (43) reported that in aquatic matrices the toxicity of mercury in marine
invertebrates, fish and marine mammals is affected by temperature, salinity, dissolved
oxygen and water hardness.

1.3.1.Temperature

Most sorption processes of inorganic elements possess negative enthalpy (e.g. are
endothermic) (44). Temperature control should always be exercised and reported and may
be systematically varied to assess certain thermodynamic properties of sorption reactions.
The observation that heavy metal toxicity increases with higher water temperatures (44) can
be explained by elevated respiratory activity. Moreover , the metal solution itself causes
increased respiratory activity. The absorption and the release of metals can also depend on
temperature. This has been established for mercury, methylmercury, and phenylmercury
acetate using rainbow trout (45-46).

Temperature differences influence the mixing of water masses in estuaries. Resistance to
mixing in an even partially stratified estuary is proportional to density differences between
the water masses; under isothermal conditions, these differences are usually produced by
salinity differences, the lower mass being denser and more saline. Differential warming of

the upper layer or chilling of the lower can lead to increased stratification and mixing

14
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resistance (3). Although, estuarine dissolved oxygen levels are normally near to saturation,
the occasional occurrence of a high summer temperature can result in low oxygen levels
producing anaerobic conditions. The reduction of bicarbonate to inethane and sulphate to
sulphite mark the limit of pe (the hypothetical electron activity) attainable by microbial
redox processes. It can be sufficiently low to reduce As(V) to As(III) or Hg(I) to Hg(0), for
example, which are species which have differences in toxicity.
1.3.2.- Dissolved Oxygen
The most important oxidizing agent in natural waters is dissolved molecular oxygen, Oz,
Upon reaction, each of its oxygen atoms is reduced from the zero oxidation state to the —2
state in H,O or OH". The half reaction that occurs in acidic solution is:

O; +4H +4¢ ——P» 2H,0
in basic aqueous solution it is

0, +2H,0+4e —»40H
Because the solubilities of gases increase with decreasing temperature, the amount of O,
that dissolves at 0°C (14.7 mg/L) is greater than the amount that dissolves at 35 °C (7.0
mg/L)(47). The mean concentration of oxygen in unpolluted waters is about 10 mg/L. The
most common substance oxidized by dissolved oxygen in water is organic matter.
Similarly, dissolved oxygen in water is consumed by oxidation of dissolved ammonia and
ammonium ion. Water that is aerated is constantly replenished with oxygen; however,
stagnant water or that near the bottom of a deep lake is usually almost completely depleted
of oxygen because of its reaction with organic matter. Since anaerobic conditions are

reducing in the chemical sense, insoluble Fe** compounds that are present in sediments at

15
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the bottom of lakes are converted into soluble Fe** compounds which then dissolve into

lake water:

Fe® + ¢ pFe’"

It is not uncommon to find aerobic and anaerobic conditions in different parts of the same
lake at the same time, particularly in the summertime, when a stable stratification of distinct
layers often occurs. Water at the top of the lake is warmed by absorption of sunshine by
biological materials, while below the level of penetration of sunliéht remains cold. Thus
conditions in the top layer are aerobic, and consequently elements exist in their most
oxidized forms: carbon as CO, or H,CO; or HCO5', sulphur as SO4, nitrogen as NOs’, and
iron as insoluble Fe(OH);. In the bottom, under anaerobic conditions elements exist in their
most reduced forms: carbon as CH,, sulphur as H,S, nitrogen as NHz and NH,4", and iron
as soluble Fe?".

As a result of physiological changes in the organism, these two parameters can, due to
chemical processes in water and sediment (e.g., oxidizing-reducing environment) decisively
influence heavy metal availability. Thus, the concentration of heavy metals in interstitial
waters with anaerobic sediments can be up to 10 times higher than in supernatant water
(48).

1.3.3.- pH

pH values play an important role in the interactions between heavy metals and species suc;h
as organic compounds. For surface coordination reactions of metallic cations and
oxyanions on hydroxylated mineral surfaces, pH is the master variable. The strong pH
dependency of adsorption reflects solution hydrolysis or protonation of adsorbing ions,

and more importantly, the surface properties of the adsorbent (49).
16
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Metal pollution introduces excessive quantities of certaiﬁ Lewis acidic metal ions to
ecosystems. The biological consequences of metal pollution strongly depend on the
resulting chemical species, which is a function of the kind and amounts of Lewis bases, the
redox potential and the acidity-alkalinity (pH) characteristics of particular environments. In
the biota, the Lewis bases include ligands (in solution as well as on particle surfaces)
containing oxygen donors (e.g., -OH; RCOOH); sulphur donors (e.g., -SH), or nitrogen
donors (e.g., -NH; -NH;) which can be coordinated to trace metals (e.g., Mg, Mn, Fe, Co,
Zn) (50). It is very important to recognize and make use of the general pattern of chemical
affinities between Lewis acids and bases, i.e., the position of equilibria for all reactions

involving metal coordination.

M + L T My

The redox state of the electron acceptors, M;, and of the donors, L;, strongly affects the
affinities (e.g., Fe* vs Fe'? and SO4* vs $*)(4). The proportion of free metal ions increases
with lower pH, because H+ ions compete with metal ions for the available ligands:

COs” +H' =HCOy

RCOO" +H" =RCOOH

MeO™ +H' =MeOH

MeOPb* + H" === MeOH + Pb**

The heavy metal concentrations in acidic lakes, even those with significant smaller
pollutional metal input, are much larger than those measured in eutrophic lakes, because
metal binding by sorption to particle surfaces decreases with decreasing pH (51).

Also, the toxicity of some heavy metals can increase at basic pH values, for example lead

was found to be more toxic at a pH value of 8.5 than at pH 6.5 (52). With respect to organic
17
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substances, changes in the pH values in the water can strongly influence the adsorption or
desorption of cations. For example, amino acids, in both water and sediments , can adsorb
or desorb cations due to the pH-dependent amphoteric character of the acids.

1.3.4.- Salinity

Salinity is a conservative variable. It offers a convenient index of strength of the buffer
systems (carbonate and borate) in seawater. Also, salinity is an indication of the osmotic
environment for living organims. In general, salinity in the marine environment is relatively
constant and has little influence on heavy metal concentrations. In estuaries, where fresh-
and salt-water mix, salinity, however, plays a dominant role in influencing metal
concentrations in water.

The salinity gradient in an estuary has several effects on chemical fate and transport. As
salinity increases in the region where fresh and salt waters meet, particles brought in by
fresh waters tend to stick together (coagulate) and thus settle to the bottom more rapidly.
Rising salinity also affects the activity of dissolved ionic chemical species due to increasing
ionic strength, thereby changing the position of chemical equillibria in the water.
Oxidation/ reduction reactions are affected because oxygen is less soluble in saline waters
OF

In sea water, the concentrations of dissolved heavy metals are generally much lower than in
fresh water. Moreover, the high salt content alters the pH- and consequently the metal
solubility (fresh water environment pH 7-7.5, marine environment approx. 8.0)(53).
1.4.-Chemical speciation

Chemical speciation as defined by Caroli (54) is “the process yielding evidence of the

atomic or molecular form of an analyte”. This statement can accommodate both organic

18
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and inorganic substances. The International Union of Pure and Applied Chemistry
(TUPAC)(55) defined speciation analysis as “the analytical activity of identifying and
measuring species”. It is also part of this term to indicate the distribution of species in a
particular sample or matrix. The chemical speciation determines the environmental
mobility of an element, especially with respect to partitioning between the water and
sediment reservoir.

Historically, a general scheme of metal speciation-mainly based on the particle size
fractions was introduced by Stumm and Bilinski (1972) (56). A method involving the
separation of particulate from soluble metals using filtration through a 0.45 pm pore size
membrane filter was developed by Guy and Chakrabarti, (1975)(57).

Following his observations on particulate substances from the Amazon and Yukon Rivers,
Gibbs (1973)(58) suggested four categories of heavy metal retention in aquatic solid
substances. They can be characterized by the following processes: adsorptive bonding (2),
coprecipitation by hydrous iron and manganese oxides, (3) complexation by organic
molecules, and (4) incorporation in crystalline minerals.

The concentration of an element in the aqueous phase associated with a sediment is
controlled by the formation of well-defined, poorly soluble compounds of the element but
this is dependant on the interaction of the dissolved species with the solid/water soluble
sediment and particulate phases by adsorption or coprecipitation (59). Metals can be
adsorbed at particulate surfaces, occluded in amorphous material, or be present in the
lattices of minerals, with each form exhibiting different chemical properties (60).

‘Based on these mechanisms, operationally defined speciation that involve the use of

single or sequential extractants to separate species associated with particular sediment
19
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Chapter I: Introduction

Fortsner et al (61) were one of the first groups to propose a 5 -step procedure to isolate the
individual fractions. The five fractions were identified as cation exchange, the easily
reducible, the moderately easily reducible, the organic fraction and the detrital fraction
respectively. Tessier (62) developed a procedure in which the first fraction is represented
by the exchangeable metals, and those nominally associated with carbonate, Fe-Mn oxides,
organic material and silicate residues were extracted with magnesium chloride, sodium
acetate-acetic acid, hydroxylammonium chloride, hydrogen peroxide, and hydrofluoric —
perchloric acid, respectively. A number of sequential extraction procedures based on the
Tessier method (63-68) have since been developed . Table 1.4 (59) show the methods
commonly used for the study of sediments.

It is generally recognised that most extraction schemes are less than perfect, i.e. few
extractants can be relied on to release elements solely from a particular phase. In addition,
redistribution between phases can occur during the sequential procedure (69). Despite these
limitations, these methods provide useful diagnostic information on which environmental
impact decisions can be based. Furthermore, they provide a reference method which
laboratories world-wide can use for comparisons.

As part of a recent attempt to harmonize mgthodology for leaching/extraction tests
throughout the European Community, the BCR has developed a three-step extraction
protocol (73) in which metals are divided into acid soluble/exchangeable, reducible and
oxidisable fractions. The method is reproducible and gives good recoveries with respect to
acid dissolution (70). However, it lacks specificity and in this respect it is similar to other

older schemes. The uncertainty of this method has been  studied by Sahuquillo et al (74)
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Chapter I: Introduction

required) and sensitivity (to determine the species at the detection range of the sample).
Advanced hyphenated techniques have recently been subject of a book and several reviews
(55, 75-81) with emphasis on the interface and the detection (42, 82-83). The element-
selective detectors are normally atomic absorption (84-86), atomic emission (87-89),
atomic fluorescence (90), mass spectrometry (91-93), inductively coupled plasma (ICP)
(94-100), microwave plasma (101), glow discharge (GD) (102). Neutron Activation
Analysis (103) or coupled techniques such as ICP-MS (104-112), hydride generation(HG)
with fluorescence (113), HG and ICP-MS (114), GC-ICP-MS (115), etc. have also been
used. ICP-MS has proved to be a convenient technique for this task and has qualities such
as capacity for simultaneous, rapid and precise determination with wide analytical range
and low detection limits which allow it to compete successfully with other techniques (116-
118). Chromatograpic techniques are used to separate the species according to the hature of
the mobile phase in gas, supercritical fluid and conventional liquid chromatography (119-
122). The separation mechanism (adsorption, reversed phase, partition, ion-exchange, size
exclusion)(123-128), the column used (open, tubular or packed), operational mode (elution,
displacement, counter-current) and filling (free, flow or gel) have been studied and used,

depending on species to be determined.
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1.5.- Aims

New analytical methods that can be used to determine simultaneously various elements are
preferred because of reduced cost and analysis time. Most of the techniques used for
determination of nutrients such as nitrogen, phosphorus and sulphur are time-consuming
and use a lot of reagents, sometimes the use of quite toxic chemicals is also necessary. In
this study, a new analytical technique for the simultaneous determination of total nitrogen,
phosphorus and sulphur using hydrogen peroxide and ion chromatography has been
developed to analyse environmental samples of water and sediment. The products of the
oxidation reaction with hydrogen peroxide (nitrate, phosphate and sulphate) have been
determined by ion chromatography. However, these products of oxidation can be
determined by other detection techniques such as capillary electrophoresis, and traditional
wet determination methods available in many laboratories.

In addition, methods for simultaneous determination of metal species have been developed:
1) A method for the simultaneous chemical speciation of arsenic, selenium and chromium
has been developed using ion chromatography coupled with ICP-MS. The species arsenite,
arsenate, selenite, selenate and chromate can be determined with the developed method in
samples of water, sediment, fish muscle tissue and mussels.

2)A method for the simultaneous determination of mercury and selenium species has
developed using reversed phase chromatography and ICP-MS. Methylmercury, inorganic
mercury, selenocystine and selenomethionine can be determined by this method in samples

of sediment, fish muscle tissue and mussel.
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3) A new method for the speciation of vanadium has been developed with using HPLC with
a reversed phase and ICP-MS detection. Vanadium (IV) and Vanadium (V) can be
determined in samples of sediment, fish muscle tissue and mussel using this method.

Only a few papers have been published about nutrients in Lake Maracaibo, these being
mainly the work of Parra-Pardi in 1983 (32) and a more recent paper published in 1998
(33). Other publications have been concerned with the geological origin of Lake Maracaibo
(14-16, 20). Two papers by Colina and Romero (129-130) about the total mercury
concentration in sediments and fish muscle tissue and organs of biological indicators from
Lake Maracaibo. Information on the nature of anions in waters and air also has been
published (131-132). In this thesis, two sampling campaings were done in Lake Maracaibo
and physicochemical parameters measured in sifu during these samplings. Background
concentrations of metals were determined using X-ray fluorescense spectrometry and the
total content of the major cations and trace elements by standard methods; all the
methodologies presented for simultaneous determination of different nutrient and metal
species were applied to the study of this lake. The results have been discussed in order to
determine the effects of the excess of nutrients, the aging state of the lake and the metal
pollution The distribution of arsenic, selenium, lead, mercury, tin and vanadium in
sediment was studied by a sequential extraction scheme and related to the physicochemical
parameters and nutrients. Conditions which favour mercury methylation in the lake are
discussed. All the results were compared with other lakes that have similar problems of

pollution.
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Chapter II: Sample collection and pre-treatment.

2.1.- INTRODUCTION

2.1.1. Sampling strategy:

Sampling is defined as the total lactivity which end with the acquisition of the test
portion (actual subject of analysis)(1). Sampling starts by taking an increment (an
individual portion of material collected by a single operation of a sampling device). The
collection of one or more increments or units initially taken for a population represents
a primary sample which on division and reduction gives rise to a reduced sample of a
mass approximating that of the final laboratory sample. The final step of sampling
consists of the selection, removal and preparation of analytical portions from the
laboratory sample.

An important requisite for a test sample is to be homogeneous. The homogeneity
denotes the degree to which a constituent is uniformly distributed throughout a quantity
of material. The degree of heterogeneity is the determining factor of sampling error. In
addition, the test sample should be representative, i.e., adequately represents the
population of material from which it was taken. The sampling strategy should include a
predetermined procedure for the selection, withdrawal, preservation, transportation and
preparation of the portions to be removed from a population as samples. This strategy is
usually done using a statistical sampling plan to minimize the difference between the
properties from the original sampling site and the actual properties of a sample portion.
During sampling, precautions to avbid the change of the characteristics of the sample
(contamination, moisture loss or gain) should be considered, particularly during
collection and storage.

In this study, two sampling campaigns were made during November 1998 to March

1999 on the sampling points that have been previously established and used for the
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Chapter II: Sample collection and pre-treatment.

ICLAM (The Institute for the Conservation of Lake Maracaibo) during 10 years. These
sampling sites have been chosen using a statistical plan following the COVENIN

norms ( Government of Venezuela accreditation scheme for analytical procedures).

2.2.- SAMPLING

The study area is located between Latitude 9°32” and 11°0° North and Longitude
71°01° — 72°01° West (Figure 2.1.). The area was represented by 17 sampling points
where the samples were taken during November 1998 and March 1999. Three samples
of 1 L of water (at one meter depth) were taken at 15 sites and 1 Kg of sediment sample
was taken at 13 sampling sites.

All the in situ parameters were measured on the R/V Bergantin , the research vessel of
ICLAM. Physicochemical parameters including temperature, pH, conductivity, salinity,
dissolved oxygen and redox potential were measured with a Hydrolab Surveyor II at
different depths of the lake. Only the parameters at 1.0 m depth and those near to the
sediment surface were to considered in this study (Tables 2.1 and 2.2.).

Before sampling all the plastic bottles were carefully acid washed and then rinsed with
déionized water. The samples of water were taken using a diaphragm pump (JABSCO,
PAR-MAX4, model 30620-00-12), the plastic bottles were rinsed with this water
Before the sample was taken. The samples were homogenized and kept at —4 °C after
sampling and during transportation to England.

The samples of sediment were taken using an Eckman dredge,. The sediments were
homogenized and kept in plastic bags at -4°C during sampling, after these were
translated to a 50 mL plastic bottle and frozen to ~20°C. The sediments were covered
and mantained in the dark until analysis. Before lyophilization sediments were

mantained frozen to avoid losses during defrosting.
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Chapter 1I: Sample collection and pre-treatment.

The samples of lyophilized mussels (Polymesoda solida) and fish muscle tissue of

Curvina (Cysnocion acoupa Maracaiboensis) were supplied by ICLAM.

] 1 ] 1 ]
11.00 — Coal mi San Carlos Gulf of Venezuela —
[~
oal mine o5 7
Coal mine port :
10.80 — -—
N
A
Maracaibo City I
10.60 —]
Coal mineport  / ®04_ Maracatbo strast B
@D-5A
1040 — / |
. . 0-13 . .
Oil extraction Oil extraction
1020 — —
®D-119 a0-20
eC-1
10,00 —| Bamnaita . —
Lake Maracaibo
*D-114 Qil extraction :
9.80 — . . —
B-74 Oil extraction
ec-9
9.60 — —
LaCeiba
- eS-6
9.40 —] A2 oD-33 -
Catatumbo River
9.20 — -
T T 1 T T
-72.00 -71.80 -71.60 -71.40 ~71.20

Figure 2.1: Lake Maracaibo and the sampling points
The samples of sediment were lyophilised in a Hereaus Lyophilizer at —44 °C for 12 h.

After lyophilization, the sediments were homogenized with a mortar.
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Chapter II: Sample collection and pre-treatment.

Lake Maracaibo is a stratified lake in which salinity changes with depth. The coned-
shaped hypolimnion is defined by higher salinity and lower temperature than the
overlying epilimnetic water that circulates at the hypolimnetic layer in a

counterclockwise direction (2).
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CHAPTER III: Determination of nitrogen, phosphorus and sulphur.

3.1. INTRODUCTION

3.1.1. Nitrogen

Nitrogen occurs in numerous chemical compounds and in various environmental
compartments (1). N and N of relative natural abundance 99.63 % and 0.37 %
respectively, are the two stable isotopes . The breakdown of the stable N2 molecule is the
limiting step in the incorporation of nitrogen into its inorganic and organic chemical forms
(2). Elemental nitrogen is also incorporated into chemically bound forms, or fixed by
biochemical processes mediated by microorganisms (see Figure 3.1). Biological nitrogen
fixation is a key biochemical process in the environment and is essential for plant growth in

absence of synthetic fertilizers (3).

Nitrification, the conversion of N(-III) to N(V), is a very common and extremely important
process in water and soil. Aquatic nitrogen in thermodynamic equilibrium with air is in the
+5 oxidation state as nitrate, whereas in most biological compounds, nitrogen is present as

N(-II), such as -NH, in amino acids.
20;+ NH; > NOy+2H'+ H,0

Nitrate reduction is a microbial process by which nitrogen in chemical compounds is
reduced to lower oxidation states. In the absence of free oxygen, nitrate may be used by
some bacteria as an alternative electron receptor.

Generally, when nitrate ion functions as an electron receptor, the product is NO;™:
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CHAPTER III: Determination of nitrogen, phosphorus and sulphur.

Nitrogen is present as free nitrogen (N2) and as salts (NH;", NOs", NO) in soil and water
(2). As an essential element for plant growth, it is a constituent of proteins, amino acids,
vitamins, chlorophyll, enzymes, etc. Consequently, nitrogen availability may often be the

limiting factor in plant growth and yield of agricultural crops.

3.1.2. Phosphorus

Phosphorus is a highly reactive element and forms compounds with various elements by
direct bonding with or through oxygen. Phosphorus exhibits nine formal oxidation states
from +5 to -3. Typical oxoacids such as orthophosphate (+5), hypophosphate( or di-
phosphate) (+4); and hypophosphite, (+1) and their derivatives are well known. Sodium
diphosphate is familiar as the phosphorylation agent for biological substances. Phosphorus
oxo acids, phosphate and its pdlymers are important in nature and in industry
orthophosphoric acid is used as raw material in the manufacture of fertilizers, detergents,
surfactants and flame retardants (4).

Although cyclopolymers such as trimetaphosphate exist in nature, linear polymers of
phosphate such as di-(pyro), tri- (tripoly) and polyphosphate are the most abundant.

The phosphorus cycle is shown in Figure 3.2.. There are no common stable gaseous forms
of phosphorus. In the geosphere, phosphorus is held largely in poorly soluble minerals,
such as hydroxyapatite, a calcium salt, deposits of which constitute the major reservoir of
environmental phosphate. Soluble phosphorus from phosphate minerals and others sources,

such as fertilizer, is taken up by plants and incorporated into nucleic acids, which make up
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