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ABSTRACT

Dairy products are an important source of many nutrients and micronutrients in the
diets of children and adults both. Considerably large amount of milk-based
sweetmeats, produced in Rajshahi metropolitan city (area about 100 km?) in
Bangladesh, are being consumed regularly by the city dwellers. An attempt was made
to investigate the physical quality, as well as the level of Ca and several trace
elements e.g. Zn, Cu, Pb, Cd, Cr, Co, Mn, and As, for some common and popular
indigenous local sweetmeats. Most of the analyses are done by Atomic absorption
spectrophotometer, in which detection limits were obtained from fractional ppb (0.51
ppb for Arsenic) to as high as 71 ppb (for Lead). To justify the quality of products, the
levels of the measured elements and other physical parameters were compared with
the data from fresh milks and referred values for similar materials. Usually, levels of
each mineral are expressed in terms of fresh weight of two selected milk-based sweet

items considered here as a standard serving in a meal.

The levels of Ca and Cu were found more or less justifiable in relation with its level
in liquid milk equivalent. However, amounts of Zn and Co, two important
micronutrients, were found significantly lower in all sweetmeats compared to the
certified reference values. On the contrary, Cr, Pb, Cd and As contents were found
considerably higher, and interestingly the levels of As and Pb were well above of any
other standard permissible limits.

A tentative conclusion was made that milk-based consumables are possibly
adulterated with some inferior ingredients which would be the sources of those higher
levels of toxic metals, and its consequences in public health are addressed in relation
with scanty amount of per capita health expenditure of the country. Eventually, it is
also assumed that chemists could put an important role in this direction by analyzing
regularly more and more liquid milk and milk-based food items in their routine
analysis by setting a well-equipped analytical laboratory, so that they can assure the

standards of any consumables for the people of the country.
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Chapter One
Introduction and Hypothesis

Part | General background

1.1 Short history about milk

Milk is as ancient as mankind itself, as it is the substance created to feed the
mammalian infant. All species of mammals, from man to whales, produce milk for
this purpose. Many centuries ago, perhaps as early as 6000-8000 BC, ancient man
learned to domesticate species of animals for the provision of milk to be consumed by
them [1]. These included cows, buffaloes, sheep, goats, and camels, all of which are
still used in various parts of the world for the production of milk for human
consumption [1]. As a child we need it for growth and as a grown up we need it for

replenishing our daily nutrition.

Technological advances have only come about very recently in the history of milk
consumption, and our generations will be the ones credited for having turned milk
processing from an art to a science [1]. The availability and distribution of milk and
milk products today in the modern world is a blend of the centuries old knowledge of
traditional milk products with the application of modern science and technology [1].
However, technologies (e.g., processing) have been developed to transform milk into
its various consumer products, including beverages, fermented products, concentrated
and dried products, butter and ice cream. Fermented products such as cheeses were
discovered by accident, but their history has also been documented for many

centuries, as has the production of concentrated milks, butter, and even ice cream [1].



1.2 Essentiality of milk as food

Milk was our very first food and played a major contribution to the human diet
irrespective of any nationalities, creeds, or clans across the world. If we were
fortunate it was our mother's milk, a loving link. If not mother's milk it was cow's
milk or “formula”. But the bulk materials of “formula” are obtaining from cattle’s

milk, that recent melamine-related-horror is sufficient to understand that link [2].

Milk and dairy products have become a major part of the human diet in many
countries. Milk has a wide range of positive nutritional benefits and supplies a variety
of nutrients including protein for body building, vitamins, minerals, fat and
carbohydrate for energy. The contribution of milk makes to individual diets will vary
from country to country [3-4]. Variability also found between humans in their ability

to absorb minerals present in milk.

There is also a great variety of complexity of foods which can affect the absorption of
each nutrient called bioavailability. Tannins, for example, which are found in tea, and
phytates from cereals can interfere with iron and other trace metals absorption. It is
believed that casein from milk may inhibit the iron-chelating properties of tannins and
phytates. Therefore the use of milk in tea and on cereals can improve bioavailability

of trace metals not only originating in milk but also from other foodstuffs [5].

1.3 World milk production

Over the 280 million dairy cows in the world produce over 400 million tones of milk
worth an estimated US$ 110 million y™* [3]. Cow’s milk represents about 90.8% of the
world milk production with buffalo, sheep and goats producing 6%, 1.7% and 1.5%
respectively (see Table 1.1). Consumption statistics show that about 94% of the world

milk supply is utilized as processed milk or milk products [6].



Table 1.1: World production of milk

Species Million Tones % of World Total
Cow’s milk 427.9 91.06193
Buffalo’s milk 27.2 5.788466

Sheep’s milk 7.6 1.617365

Goat’s milk 7.2 1.532241

Total 469.9 100

The following table (Table 1.2) shows the quantity of raw Cow’s milk produced (in
2006) in leading countries of this kind around the world [2]. The production in the
United States is tremendously high compared to any other countries in that list.
Interestingly, being developing countries, production in India and China is

considerably high among the rest.

Table 1.2: Cow’s milk production (in million tones) in selected countries (2006)

Country Milk Production (Million Tones)
United States 82.462
India 39.759
China 31.934
Germany 27.955
France 24.195
New Zealand 15.000
United Kingdom 14.359
Italy 11.186
Netherlands 10.995
Australia 9.550
Canada 7.854
275.249

Total (11 countries
( ) (64.32% of total world production)

Source: International Dairy Federation, Bulletin (2007)



To show the severity of the problem that would have been occurred through poor milk
consumption, it is noteworthy to explain how milk is important for one’s health
throughout in his/her life. Therefore, detailing of milk composition is felt necessary

and is putting in the following sections.

1.4 World milk consumption

The role of milk in the traditional diet has varied greatly in different regions of the
world. The tropical countries have not been traditional milk consumers; therefore,
they are not appeared in the Table. Whereas the more northern regions of the world,
Europe (especially Scandinavia) and North America (e.g., United States of America,
USA), have traditionally consumed far more milk and milk products in their diet. In
tropical countries where high temperatures and lack of refrigeration has led to the
inability to produce and store fresh milk, milk has traditionally been preserved
through means other than refrigeration, including immediate consumption of warm
milk after milking, by boiling milk, or by conversion into more stable products such

as fermented milks [7-9].

Therefore, the total milk consumption (as fluid milk and processed products) per
person varies widely from highs in Europe and North America to lows in Asia.
However, even within regions such as Europe, the custom of milk consumption has
varied greatly. Consider for example the high consumption of fluid milk in countries
like Finland and Sweden compared to France where cheeses have tended to dominate
milk consumption. Table 1.3 illustrates milk per capita consumption information from

various countries of the world [2].



Table 1.3: Per capita consumption of milk and milk products in various
countries (2005/2006) [2]

Liquid Milk LME Total
. Cheeses
Country Drinks (kq) Butter (kg) (Cheeses+ L-MFE
g
(L) Butter)
Finland 183.9 19.1 53 101.26 285.16
Sweden 145.5 18.5 1.0 80.925 226.425
Ireland 129.8 10.5 2.9 55.61 185.41
Netherlands 122.9 20.4 3.3 98.355 221.255
Switzerland 1125 22.2 5.6 115.37 227.87
United Kingdom 65.985 177.185
111.2 12.2 3.7
(2005)
Australia (2005) 106.3 11.7 3.7 63.91 170.21
Canada (2005) 94.7 12.2 3.3 64.325 159.025
Germany 92.3 224 6.4 119.52 211.82
France 92.2 23.9 7.3 129.48 221.68
New Zealand 55.61 145.61
90.0 7.1 6.3
(2005)
United States of 75.115 159.015
83.9 16.0 2.1

America

LME, Liquid Milk Equivalent



1.5 Milk composition

As because of our main focus is to highlight the mineral portions of the milk and its
beneficial role to our health in whole life time, therefore, a considerable amount of
information about milk i.e., the bulk portions and its nature, particular amount of each
ingredients, etc. are put here for the shake of conveniences of readers for their hassle-
free reading. Together with a sizeable amount of references are cited for the further
detail reading [10-28].

The composition of milk from different mammals varies enormously. In order to
provide high energy to their offspring, whales and porpoises produce milk with a fat
content in excess of 40% elephants produce milk of about 20% fat and reindeer, milk
of over 15% fat. Cows, like humans, produce milk of a lower fat content which is

close to 4%.

Milk composition varies depending on the species, breed, the animal's feed, stage of
lactation and the health status. Herd management practices and environmental
conditions also influence milk composition. Although there are minor variations in
milk composition, the milk from different cows is stored together in bulk tanks and
provides a relatively consistent composition of milk year round in the USA (see the
Table) [11].

Table 1.4: Gross composition of milk of various breeds, g/100g [11]

Body Wt. Milk Yield Fat Protein Lactose Ash Total

Breeds .
(k) (kg) (%) (%) (%) (%) Solids (%)

Holstein 640 7360 3.54 3.29 4.68 0.72 12.16
Brown

) 640 6100 3.99 3.64 494 0.74 13.08
Swiss
Ayrshire 520 5760 3.95 3.48 4.60 0.72 12.77
Guernsey 500 5270 4,72 3.75 4.71 0.76 14.04
Jersey 430 5060 5.13 3.98 483 0.77 14.42
Shorthorn 530 5370 4.00 3.32 4.89 0.73 12.9




Cows produce more milk than their offspring require and man has taken advantage of
this since the dawn of time. Breeding programs have successfully increased the
amount and quality of milk cows produce. In general, the gross composition of cow's
milk is 87.7% water, 4.9% lactose (one kind of carbohydrate), 3.4% fat, 3.3% protein,
and 0.7% minerals (referred to as ash) [11]. The average composition of cow’s milk is
shown in the flowing table (Table 1.5). Water is the main constituent of milk,
therefore, much milk processing is designed to remove water from milk or reduce the
moisture content of the product. However, it is also stated that cow’s milk contains
about 87.4% water and about 12.6% milk solids (total solids) the latter comprising
about 3.9% fat, 3.2% protein, 4.6% lactose (anhydrous) and 0.9% ‘other solids’ i.e.
minerals, vitamins, etc. Non-water constituents are present in different physical
forms; dissolved (lactose), colloidally dispersed (protein) and emulsified in water
(lipids or fats). These physical characteristics are used to facilitate the commercial and

analytical separation of the major constituents of milk.

Table 1.5: Composition of cow’s milk

Main constituent Range (%) Mean (%)
Water 855 - 89.5 87.0

Total solids 105 - 14.5 13.0

Fat 25-6.0 4.0
Proteins 29-50 3.4
Lactose 36-55 4.8
Minerals 06-0.9 0.8

Minerals are mainly chlorides, phosphates and citrates of sodium (Na), calcium (Ca)
and magnesium (Mg). Although it comprises less than 1% of the milk they influence
its rate of coagulation and other functional properties. Some minerals are present in

true solution. The physical state of other mineral is not fully understood. Calcium,



Mg, phosphorous (P) and citrate are distributed between the soluble and colloidal
phases (see Table 1.6). Their equilibria are altered by heating, cooling and by a
change in pH.

Table 1.6: Distribution of milk salts between the soluble and colloidal phases

Minerals Total Dissolved Colloidal

(mg/100 mL of Milk)

Calcium (Ca) 1320.1 51.8 80.3
Magnesium (Mg)  10.8 7.9 2.9

Phosphorus (P) 95.8 36.3 59.6
Citrate 156.6 141.6 15.0

15.1 Total solids in milk

The ‘total solids’ of milk are determined simply by evaporating the water and
weighing the residue. For the reference method the conditions for the measurement
are tightly controlled and rely on oven drying 5 g of milk at 102°C for 2 hours until
constant mass is achieved. However, total milk solids are always considered to be a
very crude measure of its quality. Total milk solids comprise fat (3.9%) and solids-

not-fat (8.7%), sometimes referred to as non-fat-milk solids (NFMS).

1.5.2 Milk fats

1.5.2.1 Milk fat chemistry and physics

Milk contains approximately 3.4% total fat. Milk fat has the most complex fatty acid
composition of the edible fats. Over 400 individual fatty acids have been identified in
milk fat. However, approximately 15 to 20 fatty acids make up 90% of the milk fat.
The major fatty acids in milk fat are straight chain fatty acids that are saturated,

monounsaturated, and polyunsaturated fatty acids. Milk fat contains approximately



65% saturated, 30% monounsaturated, and 5% polyunsaturated fatty acids. Saturated
fatty acids are associated with high blood cholesterol and heart disease. However,
short chain fatty acids (4 to 8 carbons) are metabolized differently than long chain
fatty acids (16 to 18 carbons) and are not considered to be a factor in heart disease.
Conjugated linoleic acid is a trans fatty acid in milk fat that is beneficial to humans in

many ways.

Milk fat melts over a wide temperature range, from approximately -40°F to 104°F
(40°C). This is best illustrated by the firmness of butter at refrigerator temperature
versus room temperature. At refrigerator temperature butter is approximately 50%
solid, but is only about 20% solid at room temperature, which is why it spreads more
easily as the temperature increases. The melting properties of milk are a result of the

melting points of the individual fatty acids.

The triglycerides of milk fat are in the form of globules. The globules are surrounded
by a protein and phospholipid membrane that stabilizes the globules in the water
phase (called serum) of milk (see Figure 1.1). The native globules range in size from
less than 1pum to over 10pm. The uneven size distribution allows the larger globules
to float in a process called creaming, thus resulting in a “cream line” at the top of the
container. Milk is homogenized to reduce the size of the large globules to less than 1
pm, create a uniform distribution of globules throughout the water phase, and

minimize creaming.

Under the microscope cream can be seen to consist of a large number of spheres of
varying sizes floating in the milk (Figure 1.1). Each sphere is surrounded by a thin
skin the fat globule membrane which acts as the emulsifying agent for the fat
suspended in milk (Figure 1.1).The membrane protects the fat from enzymes and
prevents the globules coalescing into butter grains. The fat is present as an oil-in-

water emulsion: this emulsion can be broken by mechanical action such as shaking.



1.5.2.2 Deterioration of milk fat

Milk fat can be degraded by enzyme action, exposure to light, and oxidation. Each of
these processes proceeds through different mechanisms. Enzymes that degrade fat are
called lipases, and the process is called lipolysis. Milk lipases come from several
sources: the native milk, airborne bacterial contamination, bacteria that are added
intentionally for fermentation, or somatic cells present in milk. Lipases remove fatty
acids from the glycerol backbone of the triglyceride. Usually the action of lipase

causes undesirable rancid flavors in milk.

Milk fat can also be degraded by a classical chemical oxidation mechanism, the attack
on double bonds in the fatty acids by oxygen. Oxidation of the unsaturated

phospholipids in milk produces off-flavors.

Fat globule

Figure 1.1: Fat globules in milk
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1.5.2.3 Influence of heat treatments on milk fat

Typical high temperature short time (HTST) pasteurization conditions do not affect
the functional and nutritional properties of milk fat. Higher heat treatments may
stimulate oxidation reactions and cause fat deterioration and off-flavors. High heat
treatments such as ultra high temperature (UHT) pasteurization can disrupt the milk
fat globule membrane proteins and destabilize the globules, resulting in their

coagulation.

1.5.3  Milk proteins

Proteins are the most valuable components of milk in terms of their importance in
human nutrition and their influence on the properties of dairy products containing
them. This, together with the availability of rapid instrumental methods of

measurement, has led to increased use of protein as a quality parameter.

Proteins are large molecular weight complex organic compounds which contain
carbon (C), hydrogen (H), oxygen (O) and nitrogen (N); sulphur (S) , P and other
elements may also be present. Protein molecules are made up of amino acids, this link
together via peptide bonds to form long chains. Milk protein and their fractions are

shown in Figure 1.2.

Milk contains 3.3% total protein. Milk proteins contain all nine essential amino acids
required by humans. Total milk protein content and amino acid composition varies

with cow breeds and individual animal genetics.
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Proteins (30—35 g/l)
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Figure 1.2: Milk protein with their variety of common fractions

Casein, the main fraction, is further made up of a number of fractions and is therefore
heterogeneous. The whey proteins are also made up of a number of distinct proteins

as shown in the Figure 1.2.

Milk provides easily digestible proteins of a high nutritional value and is a rich source
of essential amino acids. Proteins are the body’s building blocks’ affecting our growth
and immunity. Antibodies, enzymes and hormones all contain proteins. Thus the
proteins we eat provide the amino acids needed to replace both these and essential
ones. Body is able to synthesis some amino acids there are eight which it cannot make
and these are the essential amino acids. Histidine is also considered to be essential for
infants. The essential amino acids have to be supplied in our food proteins and all,
unlike many other foods are found in milk. The acids conditions in the stomach

untangle proteins laying them open to attack by enzymes called proteases. The broken
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fragments are then used to provide the body’s amino acid requirements. Proteins in
excess of the body are used for energy. Essential amino acids, their daily requirement
(9), source of milk proteins (in 100g milk protein), and total amount of liquid milk
equivalent (LME) for daily requirement of essential amino acids (g) are given in
Table 1.7.

Table 1.7: Essential amino acids present in milk proteins and their daily

requirements

Amino Acids Daily g/100g milk ~ Milk (LME) for Daily
Requirement (g)  Protein Requirement (g)

Phenylalanine 11 55 747.6323
Methionine 11 2.8 1466.667
Leucine 11 12.1 414.8377
Valine 0.8 7.1 417.094
Lysine 0.8 7.4 570.7602
Isoleucine 0.7 6.7 423.8213
Tereonine 0.5 4.6 349.5702
Tryptophan 0.3 14 400
Histidine 80 2.2 106666.67

“mg/kg

1.5.3.1. Deterioration of milk protein

Proteins can be degraded by enzyme action or by exposure to light. The predominant
cause of protein degradation is through enzymes called proteases. Milk proteases
come from several sources: the native milk, airborne bacterial contamination, bacteria
that are added intentionally for fermentation, or somatic cells present in milk. The
action of proteases can be desirable, as in the case of yogurt and cheese manufacture,
so, for these processes, bacteria with desirable properties are added to the milk.

Undesirable degradation results in milk with off-flavors and poor quality. The most

13



important protease in milk for cheese manufacturing is plasmin because it causes
proteolysis during ripening which leads to desirable flavors and texture in cheese.
Two amino acids in milk, methionine and cystine are sensitive to light and may be
degraded with exposure to light. This results in an off-flavor in the milk and loss of

nutritional quality for these two amino acids.

1.5.3.2 Influence of heat treatment on milk proteins

The caseins are stable to heat treatment. Typical high temperature short time (HTST)
pasteurization conditions will not affect the functional and nutritional properties of the
casein proteins. High temperature treatments can cause interactions between casein

and whey proteins that affect the functional but not the nutritional properties.

The whey proteins are more sensitive to heat than the caseins. HTST pasteurization
will not affect the nutritional and functional properties of the whey proteins. Higher
heat treatments may cause denaturation of 3-lactoglobulin, which is an advantage in
the production of some foods (yogurt) and ingredients because of the ability of the
proteins to bind more water. Denaturation causes a change in the physical structure of
proteins, but generally does not affect the amino acids composition and thus the
nutritional properties. Severe heat treatments such as ultra high pasteurization may
cause some damage to heat sensitive amino acids and slightly decrease the nutritional

content of the milk. The whey protein a-lactalbumin, however, is very heat stable.

1.5.3.3 Milk protein chemistry and physics

There are two major categories of milk protein that are broadly defined by their
chemical composition and physical properties (see the Figure 1.3). The casein family
contains phosphorus and will coagulate or precipitate at pH 4.6. The serum (whey)
proteins do not contain phosphorus, and these proteins remain in solution in milk at
pH 4.6. The principle of coagulation, or curd formation, at reduced pH is the basis for
cheese curd formation. In cow's milk, approximately 82% of milk protein is casein

and the remaining 18% is serum, or whey protein.
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The casein family of protein consists of several types of caseins and each has its own
amino acid composition, genetic variations, and functional properties. The caseins in
milk form complexes called micelles that are dispersed in the water phase of milk (see
Figure 1.3). Casein micelles are spherical and are 0.04 to 0.3um in diameter, much
smaller than fat globules which are approximately 1um in homogenized milk. The
casein micelles are porous structures that allow the water phase to move freely in and
out of the micelle. Casein micelles are stable but dynamic structures that do not settle
out of solution. They can be heated to boiling or cooled, and they can be dried and
reconstituted without adverse effects. R-casein, along with some calcium phosphate,
will migrate in and out of the micelle with changes in temperature, but this does not
affect the nutritional properties of the protein and minerals. The whey proteins exist as
individual units dissolved in the water phase of milk. The casein micelles consist of
subunits of the different caseins (e.g., as1, as; and ) held together by Ca phosphate
bridges on the inside, surrounded by a layer of six caseins which help to stabilize the
micelle in solution. The caseins have a relatively random, open structure due to the
amino acid composition. The high phosphate content of the casein family allows it to
associate with Ca and form Ca phosphate salts. The abundance of phosphate allows
milk to contain much more Ca than would be possible if all the Ca were dissolved in

solution, thus casein proteins provide a good source of Ca for milk consumers.

The serum (whey) protein family consists of approximately 50% [3-lactoglobulin,
20% o-lactaloumin, blood serum albumin, immunoglobulins, lactoferrin, transferrin,
and many minor proteins and enzymes. Like the other major milk components, each
whey protein has its own characteristic composition and variations. Whey proteins do
not contain phosphorus, by definition, but do contain a large amount of sulfur-
containing amino acids. These form disulfide bonds within the protein causing the
chain to form a compact spherical shape. The disulfide bonds can be broken, leading
to loss of compact structure, a process called denaturing. Denaturation is an advantage
in yogurt production because it increases the amount of water that the proteins can
bind, which improves the texture of yogurt. The functions of many whey proteins are
not clearly defined, and they may not have a specific function in milk but may be an
artifact of milk synthesis. The function of B-lactoglobulin is thought to be a carrier of

vitamin A. It is interesting to note that R-lactoglobulin is not present in human milk.
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a-lactalbumin plays a critical role in the synthesis of lactose in the mammary gland.
Immunoglobulins play a role in the animal's immune system, but it is unknown if
these functions are transferred to humans. Lactoferrin and transferrin play an
important role in iron absorption and there is interest in using bovine milk as a

commercial source of lactoferrin.

Figure 1.3: Pictorial view of Casein Micelle; ¢ Calcium Phosphate, O Sub-micelle

1.5.4 Milk carbohydrate chemistry

Milk contains approximately 4.9% carbohydrate that is predominately lactose with
trace amounts of monosaccharide and oligosaccharides. Lactose is a disaccharide of

glucose and galactose. The structure of lactose is depicted in Figure 1.4.

CH,OH CH,OH

HJ—DH

OH—O
KH O \K H
H H
o OH H oH O
H OH H OH

Lactoze

Figure 1.4: Structure of a lactose molecule present in almost all natural milk

16



1.5.4.1 Lactose

Lactose is at about 4.6% of the milk, the principal component of milk, yet it is the
least important of the solids both nutritionally and commercially. Lactose is milk
sugar that is the major carbohydrate in the milk of most mammals. Lactose consists of
two molecules, D-glucose and D-galactose (Figure 1.4) and is digested or broken

down into these constituent parts by the enzyme lactase.

Lactose plays a major role in the characteristics of condensed milk products. It also
supplies the carbohydrate sources for bacterial action causing milk to sour in the
presence of bacteria which grow at room temperatures (mesophilia bacteria) and is the
carbohydrate source for beneficial cultures used in yogurts and cheese making during

which process lactose is converted to lactic acid.

1.5.4.2 Lactose physical properties

Lactose is dissolved in the serum (whey) phase of fluid milk. Dissolved lactose in
solution is found in two forms, called the a-anomer and BR-anomer that can convert
back and forth between each other. The solubility of the two anomers is temperature
dependent and therefore the equilibrium concentration of the two forms will be
different at different temperatures. At room temperature (e.g., 20°C) the equilibrium
ratio is approximately 37% a and 63% B-lactose. At temperatures above 93.5°C the -
anomer is less soluble so there is a higher ratio of a- to B-lactose. The type of anomer

present does not affect the nutritional properties of lactose.

Lactose crystallization occurs when the concentration of lactose exceeds its solubility.
The physical properties of lactose crystals are dependent on the crystal type and can
greatly influence their use in foods. Temperature affects the equilibrium ratio of the a-
and R-lactose anomers, as described above. Lactose crystals formed at temperatures
below 20°C are mainly a-lactose crystals. The a-monohydrate lactose crystals are
very hard in form, for example, when ice cream goes through numerous warming and

freezing cycles. This results in an undesirable gritty, sandy texture in the ice cream.
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Gums are often used in ice cream to inhibit lactose crystallization. The crystal form of
R-lactose is sweeter and more soluble than the a-monohydrate lactose and may be
preferred in some bakery applications. When a lactose solution is rapidly dried it does

not have time to crystallize and forms a type of glass.

1.5.4.3 Influence of heat treatments on lactose
properties

The normal pasteurization conditions used for fluid milk have no significant effect on
lactose. The higher temperatures used for UHT pasteurization of extended shelf life
products can cause browning and isomerization reactions, which may affect product
quality and nutritional properties. The browning reaction, called the Maillard reaction,
occurs between the lactose and protein in milk and produces undesirable flavors and

color, and decreases the available content of the amino acid lysine in milk protein.

1.6 Overall importance of milk as food
across the global world

Milk is secreted by the mammary gland of mammals to feed their offspring. Cow’s
milk is commonly used as human food, but milk from sheep, goats, buffalo, yak,
horses and camels is also used. Milk contains large amount of essential nutrients and
has rightly been recognized as nature's single most complete food. For centuries man
has taken advantage of this by taking millions of metric tons milk per year (y™)
worldwide from cows, water buffaloes, goats and sheep and using it to make a

significant contribution to his diet.

As a food, milk serves the following broad purposes: (a) growth, (b) reproduction, (c)
supply of energy, (d) maintenance and repair and (e) appetite satisfaction. The
requirements of these categories vary with the individual, and in some instances not
all the stated functions of the food need to be served, e.g. adults no longer require
food for growth whereas infants do. The functions of a food are served specifically
through the various nutritionally important components, comprising proteins,

carbohydrates, lipids, minerals, vitamins and water.
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Nutritionally, milk has been defined as "the most nearly perfect food". It provides
more essential nutrients in significant amounts than any other single food. Milk is an
outstanding source of calcium and phosphorus for bones and teeth, and contains
riboflavin, vitamins Bs, A and B; in significant amounts. It also contains Bj», the anti-

pernicious anemia vitamin.

Milk fat or butterfat is the second largest component of milk and is of major
commercial value. It serves nutritionally as an energy source and supplies essential
fatty acids. Fat content is closely followed by milk proteins at about 3.4%. Milk
proteins in turn are subdivided into casein, comprising approximately 76 to 80% of
the total milk proteins, and the whey proteins, comprising roughly 20 to 24%. The
whey proteins are of higher nutritional value than casein. Milk proteins are

outstanding sources of essential amino acids.

Minerals have many roles in the body including enzyme functions, bone formation,
water balance maintenance, and oxygen transport. In milk, Ca, Mg, and phosphate are
the minerals bound within the casein micelle and the remainder are soluble in the
serum phase. The fact that Ca and phosphate are associated as minerals bound with
the protein does not affect the nutritional availability of either Ca or phosphate. Milk
contains small amounts of Cu, iron (Fe), manganese (Mn), Na and many more

elements, which are not considered major source of these minerals in the diet.

Magnesium in milk is essential for skeletal development, protein synthesis, muscle
contraction and nerve function. One glass (ca. 200mL) of semi skimmed milk will
provide a child of 6 years with 19% of their daily requirement for Mg and an adult (19
to 50 years) with 7.5%. The main sources of P in the diet come from milk and milk
products. It is the second most abundant mineral in the body and plays a vital role in
Ca and protein metabolism. Phosphorus is also essential for healthy bones and teeth as
well as cell membrane structure, tissue growth and regulation of pH levels in the
body. A glass of semi skimmed milk will provide a child of 6 years with 55% of their

daily requirement for P and an adult with 36%.

19



Bovine milk is a poor source of dietary Fe; infants can develop anemia if not breast-
fed with human milk (which contains a higher bioavailability of Fe compared to

bovine milk) or if other dietary sources are not found.

Milk is a rich source of iodine in the diet. lodine forms part of the hormones thyroxine
and triiodothyronine. These hormones are produced in the thyroid, a gland in the neck
and regulate the body's rate of metabolism (how quickly the body burns energy and
the rate of growth). One glass of semi-skimmed milk will provide a child of 6 years

with 96% of their daily requirement for iodine and an adult with 44%.

The nutritive value of milk products is based on the high nutritive value of milk as
modified by processing. Over-processing and, in particular, severe heat treatment
reduce the nutritional value of milk. Butter-making concentrates the fat-soluble
nutrients, while cheese-making concentrates the milk fat and the major protein

fractions.

It is not surprising, that the nutritional value of milk is high. Recently it has been
known that the role of milk is not only to nourish but to provide immunological
protection for the mammalian young [12]. All the essential amino acids and fatty

acids present in the milk have that immunological protection capacity.

1.7 World health problems in relation with

milk consumption

Dairy products are a good source of many minerals, particularly Ca where it furnishes
up to 75% of the dietary need in the western world. The bioavailability of Ca from

milk products is around 85%, compared to 20 to 75% from vegetable sources.

Calcium, P, Na and potassium (K) account of about 4% by weight of the fat-free
human body, Ca therefore is a dietary essential [29]. Calcium is essential for the

healthy growth and maintenance of teeth and bones and is a vital function in blood
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clotting and muscle contraction. A glass of semi-skimmed milk can provide a 6 year
old child with over half (55%) of his or her Ca requirement and can provide an adult
(19-64 years) with over a third (35%) of his or her daily Ca requirement. The dairy
council recommends the consumption of 3 portions of milk and dairy products per
day (day™) in order to meet the full daily recommended intake for Ca. A portion
includes 200mL milk, 30g or a matchbox sized piece of cheese and 1509 or a pot of

yogurt (appropriate portion sizes vary with age).

1.7.1 More about calcium

In many western countries milk and dairy products contribute between 50 to 60% of
average Ca intake, and in a form which is readily utilized [16]. Vitamin D is essential
in Ca absorption which is also enhanced in the presence of lactose [17]. Not all Ca
eaten is absorbed (typically about 30%) and the presence of phytates, for example,
from high-fiber diets further reduce Ca availability by locking it into a complex
thereby preventing absorption and subsequent utilization [30]. Not only is milk a
readily usable source of Ca, it is believed that it may also enhance the bioavailability

of Ca form other food source [30].

Osteoporosis is a disorder of the skeleton which occurs during ageing and increases
the risk of bone fractures. Osteoporosis is particularly prevalent amongst post-

menopausal women although it may also occur in older men [31].

Nutritionists now believe that there is value in having a regular intake of Ca
throughout one’s lifetime in order to develop and maintain optimum bone health and
that this creation of peak bone mass helps reduce the risk of osteoporosis occurring
later in life. Bone mass peak is the 20 to 30 year age group after which it declines.
Therefore it is of particular importance that teenagers do not forego milk and milk
products as part of their diets. Low-fat milks, equally rich in Ca but lower in calories,

are a valuable part of a healthy diet [30].
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The following description about Ca and its essentiality, one text book titled
‘Handbook of Dairy Foods and Nutrition’ [32] is found worthwhile to cite here and
considered the basis of the following discussions and most of the references were

cited therein.

Low Ca dietary intake is generally recognized to contribute to osteoporosis and to
predispose people to hypertension when consuming large amounts of salt. Bone
mineralization requires a ratio of Ca to P of between 1.3 and 1.5 to 1, such as found in

dairy products, while other nondairy sources of Ca have a much lower ratio.

The major mineral component in milk (and most dairy products) is Ca phosphate, an
inorganic salt of low solubility in water. A high intake of Ca in the diet is believed to
promote strong bone development, hence the recommendation of Ca in the diet of
young children. The low solubility of Ca phosphate in water (and also in milk) would
result in calcification in the mammary gland if it were not for the unique properties of

the casein micelle in solubilizing this mineral.

Each of the four main casein molecules (o casein, os, casein, 3 casein, and k casein)
contain at least one phosphate group that is capable of binding to the Ca phosphate
mineral complex in milk. Some twenty-five thousand of these casein molecules, with
bound Ca phosphate, aggregate to form the heavily hydrated casein micelle of
molecular weight 108 to 109 Daltons (Da). Thus Ca phosphate is rendered soluble in
milk and can be considered to be the binding agent that holds the micelle together.
There is some controversy over the nature of the substructure of the casein micelle.

The two main competing models are described elsewhere [14, 19, 27].

A small but absolutely essential amount of Ca is found in the blood and soft tissue. As
a result of homeostasis, the body will take Ca from the bones if there is not enough
circulating in the blood and extra-cellular fluid. The skeleton is constantly being
absorbed and remodeled. Bone is made from Ca and phosphate combined into one

crystal called hydroxyapatite. Osteoporosis results from many factors some of which
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are inadequate Ca intake or absorption along with accompanying adequate vitamin D
levels, hereditary factors, lack of bone stressors (e.g., exercise) throughout one's life,

and hormone function.

Vitamin D is required for maximum Ca absorption. Calcium helps vitamin K function
in blood clotting, functions in blood pressure regulation, and may be useful in
lowering moderate hypertension, functions in many enzyme reactions inside and
outside cells and is a cofactor for enzymes and proteins, functions in nerve impulse
conduction, in neurotransmitter release, in hormone secretion, and in heart, smooth
and skeletal muscle cell contraction. Calcium interacts with Zn, Mg, vitamin D and
vitamin K. Calcium limits the absorption of lead (Pb) and exposure to Pb stored in the

skeleton which can be mobilized by demineralization.

Calcium is available in many foods. Most people think of dairy when they think of
Ca. Though cheese is a good source of Ca it is high in saturated fat. Eat a varied diet
to get the best Ca absorption. It is estimated that only 30% of dietary Ca is absorbed.
Factors which inhibit Ca absorption and may contribute to Ca loss are: aluminum, Al
(foods cooked in Al cookware including the use of acidic foods with the cookware),
Al foil, antacids containing Al and high levels of Mg. Zinc oxylates (a chemical that
is found in sweet potatoes, dried beans, rhubarb and spinach), concentrated forms of
phytic acid (such as found in wheat bran and dried beans) and dietary fiber inhibit Ca
absorption. Alcohol, phosphates (in soft drinks and meats), sugar, and protein increase
Ca excretion. High levels of Na may also be linked to Ca excretion. There is not
enough research to state definitely how much effect caffeine has on Ca excretion but
it may be very little. Athletes should focus on ingesting milk and other Ca healthy

drinks rather than ingesting soft drinks and caffeinated beverages.

Increased levels of protein may also increase Ca excretion. An increase of 1.75mg of
Ca per day may be needed to offset Ca loss set forth by increased protein intake of 1 g
each over the RDA of 46g of protein per day for adult women and 569 of protein per
day for adult men. Most people in the western society eat far more protein than the
RDA.
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During the peak bone development years, 9 to 17, it is reported that this age group
drinks more soft drinks than milk, thereby limiting Ca intake and contributing to Ca
excretion during their formative years. Pre-pubescent and adolescence are critical
years in the formation of a strong skeleton. A strong skeleton can be developed
through engaging in physical activity and a healthy diet which may prevent the
development of or decrease the degree of osteoporosis in later years. Peak bone mass

is achieved around the age of 30.

Following is the Examples of Adequate Intake (Al) of Ca and the dairy source:

Al (Adequate Intake)

Male and female adolescents 14 to 18 years of age = 1,300 mg day™

Male and female adults 19 to 50 years of age = 1,000 mg day™

UL (Upper Limit)

Everyone (except infants) = 2,500 mg day™

Source

Milk, 1 cup/8 oz. (tentatively 225mL milk) = 300 mg Ca

1.7.2 Low calcium intake and risk of chronic
disease

Low Ca intake has been implicated in the etiology of several chronic diseases, such as
osteoporosis (mentioned above) hypertension [30, 31] and colon cancer [32]. For the
treatment of High Blood Pressure (BP) now recommends adequate intake of Ca, with
K, Mg for the prevention of hypertension [32]. People from most of the African
countries typically have a high incidence of hypertension, lactose maldigestion, and a
low Ca intake. It has been suggested that low intake of Ca and K may be an important
reason for increased incidence of hypertension among the African population

compared to white western people [30-32]. Since many people with lactose
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intolerance consume less milk and other dairy foods and thereby less Ca, appropriate
management strategies must be taught to help insure adequacy of Ca and other

nutrients in the diet.

1.7.3 Dairy foods and colon cancer

Colon cancer is the third leading cause of cancer morbidity and mortality is the USA.
In 1993, an estimated 152,000 Americans developed this disease (109,000 colon
cancer; 43,000 rectum cancer) and 57,000 died from it (50,000 colon cancer; 7,000
rectum cancer). An equal number of men and women are affected by colorectal

cancer.

Both genetic and environmental factors contribute to cancer [33]. Among
environmental factors, diet is estimated to be responsible for 30 to 60% of all cancers.
Colorectal cancer is thought to be caused by an interaction between dietary factors
and genetic predisposition. Although some dietary factors are suspected of
contributing to specific cancers, others may be protective [33-37]. Recently it has
begun to be appreciated that several components in dairy foods specifically Ca and
vitamin D, bacterial cultures, and a class of fatty acids known as conjugated dienoic

derivatives of linoleic acid may protect against colon cancer.

Based on the evidence to date, increasing intake of Ca and vitamin D, especially from
dairy foods which provide the majority of these nutrients in our diets, appears to be a
prudent measure to reduce risk of colon cancer [36-37] With respect to the amount of
Ca necessary to reduce risk of colon cancer, Ca intakes of at least 1.5g day™ for
women and 1.8g day™ for men and vitamin D intakes of 5ug day* are recommended
by some researchers. Some findings presented on the relationship between Ca and
various diseases are to recommend that individuals consume 1.5 to 2.0g dietary Ca to

prevent colon cancer.
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Amounts greater than the RDA (800mg day™) for most adults are recommended to
protect against colon cancer, especially in individuals at risk of this disease.
According to the 1989 NRC (national research council) report on “Diet and Health”,
recommend Ca intakes up to 2.5g day™ are safe for healthy adults [35]. Although the
report cautions against Ca intakes greater than 1.5g day™ for individuals susceptible to
kidney stones, a recent study reports that a high intake of dietary Ca reduces the risk

of kidney stones.

There is suggestive evidence that intake of culture-containing dairy foods such as
yogurt may protect against colon cancer, although more research is needed to confirm
this finding. Dairy foods are an important source of Ca, vitamin D, and bacterial
cultures, all of which have been suggested to protect against colon cancer. For this
reason, all individuals, and especially those at risk of colon cancer, should consume
the recommended number of servings from the milk and other food groups each day.
Four servings a day of foods from the milk group can provide about 1.2g Ca.
Additional Ca can be obtained by consuming other Ca containing foods.

1.7.4  Dairy foods and osteoporosis

Osteoporosis is defined as a systemic skeletal disease characterized by low bone mass
with a consequent increase in bone fragility and susceptibility to fracture. Often called
a “silent” disease, osteoporosis develops gradually over many years before the
occurrence of clinical symptoms such as loss of height, curvature of the spine, and
fractures, especially of the spine, hip, and wrist. For many individuals, a skeletal
fracture is the first indication of osteoporosis. Osteoporosis is a major public health
problem affecting more than 25 million people, mostly women. The causes of
osteoporosis, similar to other chronic diseases, are multi factorial, involving,
involving both genetic and environmental factors [31, 38-40]. Lifestyle factors have
received considerable attention in recent years, especially since they can be
manipulated, because more than 99% of the total Ca content of the body is found in
the skeleton, it is not surprising that considerable interest lies in the role of Ca and

vitamin D (which enhances Ca absorption in bone health).
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Accumulating scientific evidence indicates that a sufficient intake of Ca throughout
life protects against osteoporosis by achieving genetically program men peak bone
mass reached at about 30 to 35 years of age or earlier and reducing postmenopausal

and aging-associated bone losses.

Following is the RDA values suggested by Food and Nutrition Board, USA [30, 39]:
Recommended Dietary Allowances

(RDA) for Calcium

Infants
Birth-6 months 400 mg
6 months-1year 600 mg

Children and young adults

1-10 years 800 mg
11-24 years 1200 mg
Adults 800 mg
Pregnant and lactating women 1200 mg

If dairy products are excluded, the usual USA diet provides only about 300mg Ca a
day, an amount far less than the current RDA of 800mg day™ [31] for most adults, and
the estimated amount of Ca (i.e., up to 1500mg day') for individuals at risk of
osteoporosis. A sequence of skeletal Ca retention during aging is given in the
following chart 30, [39]:
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Skeletal Ca retention during early life

Aqge(years) Skeletal Ca (q) Retention (mag/day)
0 25 440
10 400 200
13 800-1100 400
17 800-1100 80
35 900-1300 15

Bone mass increases during childhood and adolescence until linear growth has ended.
It generally is accepted that following attainment of linear growth, consolidation of
bone density continues until age 30 to 35 years (i.e. peak bone females indicate that
peak bone mass at several skeletal sites may be ached much earlier (i.e., by late
adolescence) [39, 40]. Calcium accretion in bone from about 25g at birth to 900 to
1300g at maturity parallels this change in bone density [31, 40]. After peak bone mass
is reached, bone mass remains stable until menopause in most women. For aging in
men, bone loss amounts to 3 to 5% a decade. However, in women, bone loss
accelerates (i.e., average of 2 percent a year) at menopause and remains elevated for
about five to ten years before slowing down to a rate similar to that of aging men.
Women’s relatively lower peak bone mass and high bone loss following menopause
are a part of the reason why osteoporosis is more common in women than in men
[40].

Age-related bone loss in both sexes results from the gradual thinning of both cortex
and trabeculae. The accelerated loss of bone postmenopausally is thought to be
mediated mainly by osteoclasts [31]. A gradual loss of cortical bone occurs with age
and increases in women after menopause. The magnitude of peak bone mass and the
rate and duration of postmenopausal and age-associated bone loss determine the
likelihood of developing osteoporosis. When bone mass is low, less trauma in

necessary to cause a fracture.
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1.8 Milk as a good source of essential
micronutrients

Milk and milk products play an important part in man’s diet and contribute greatly to
the diet of the young, therefore concern about the global pollution of the environment

has led to many studies of the pathways of heavy metals into milk.

Several trace elements of nutritional importance found in milk, which is required for
many enzyme and hormone metabolism [41-47], Zn for the function of some enzymes
in the human body. Zinc is a vital mineral in milk and is a constituent of many
enzymes in the body; its role is to fight infections, growth development, for sexual
development, wound healing and for our sense of taste. One glass of semi skimmed
milk will provide a child of 6 years with 12.3% of their daily requirement for Zn and
an adult with 11%.

1.8.1 Trace elements in milk

The importance of trace elements in human nutrition is becoming more clearly
understood and recent developments in trace analysis have meant that very low levels,
from 1 part per billion (ppb) to a few parts per million (ppm), can now be measured

with greater accuracy [44].

Trace elements tend to be classified as ‘essential’, ‘non-essential’ and ‘toxic’ [46].
There are 26 naturally occurring elements essential to animal life of which fifteen are
accepted as being trace elements and many of these occur in milk. Certain elements
such as arsenic (As) are essential at low levels but become toxic if consumed at high
levels. Therefore, in many countries a minimum requirement for essential elements
and a ‘safe’ dietary maximum level for the potentially dangerous toxic elements have

been set and are discussed elsewhere [29, 41-47].

Trace elements in cow’s milk largely originate from the feed. Milk, a naturally

designed food for the young calf, is a good source of a broad-based cocktail of trace
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elements in forms, unlike some mineral tablet supplements that can be readily

assimilated by the body. This is why milk is referred to as an almost completed food.

Cow’s milk contains traces of Al, As, barium (Ba), boron (B), bromine (Br), cadmium
(Cd), chromium (Cr), cobalt (Co), copper (Cu), fluorine (F), iodine (1), Fe, Pb, Mn,
molybdenum (Mo), nickel (Ni), Na, selenium (Se), silicon (Si), silver (Ag), tin (Sn),
vanadium (V) and Zn [4-6, 13-17, 46].

Here, only a common number of trace elements (should be used as synonymous of
micro nutrients) will be discussed elaborately in relation with their importance to be

related in testing the hypothesis of this research.

1.8.1.1 Znin milk

Milk is a relatively important source of Zn, contributing for average milk drinkers
about a quarter of the RDA of 10mg for children and 15mg for adults. Not only milk a
good source of dietary Zn it is present in a highly bioavailable form [48-50]. Milk
may also promote the absorption of Zn from other source such as cereals or
vegetables which are rich in phytic acid, a Zn binding substance. The Zn
concentration of human milk is appreciably lower than that of cow’s milk, although
individual variability is high. The possible significance of the fact that human milk
contains less Zn and more Cu than cow’s milk and therefore a much lower Zn:Cu
ratio. The effect of subnormal and high dietary Zn intakes on the Zn level of human
milk does not appear to have been specifically studied, but there is no doubt from
work with other species that the level of Zn in milk reflects both low [51-54] and
high [55-57] dietary Zn intakes.

Followings are examples of Zn present in dairy diets:

Milk, 8 0z. or 1 cup = 1.0mg;

Fruit yogurt, 1 cup = 1.8mg
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1.8.1.2 Cuinmilk

Subnormal Cu levels in the milk is the result of cows grazing Cu deficient pastures,
with values as low as 0.01-0.02ug mL™ (corresponding 10 to 20 ppb), have been
reported [58]. Adding Cu to diets already adequate of this element has little effect on
the Cu content of the milk of cows, goats, and human [59], However, substantial
elevation of milk Cu were found for at least 4 weeks following subcutaneous
injections of the cows with 300mg Cu as Cu glycinate. This was achieved without
any increase in the incidence of spontaneous oxidized flavor in the milk, probably
because of the small amount of Cu associated with the milk fat in early lactation.
After 2 to 4 weeks of lactation only about 15% of the Cu in cow’s milk is associated
with the fat, whereas after 15 weeks the proportion so associated rises to some 35%
[60].

1.8.1.3 Mninmilk

Investigations in several countries have shown normal cow’s milk to contain 20 to 40
pg Mn L™, with concentrations of 130 to 160ug L™ in colostrum [61]. The level in the
milk responds rapidly to changes in dietary Mn intakes. The provision of high Mn
feeds or feeding supplements providing only 3g Mn day™ produced smaller increases
[62]. The Mn level in human milk does not appear to be so well established, but there
seems little doubt that this level is significantly lower than it is in the milk of cows,
sheep, or goats [63]. A mean level of 15ug Mn L™ (range 12 to 20pg) in breast milk,
compared with 40 (32 to 52 pg) ug Mn L™ in pasteurized cow’s milk in New Zealand
was reported [64].

1.8.1.4 Pbin milk

The levels of Pb in normal cow’s milk is reported to be 20 to 40ug kg™ (ca. 20 to 40
ppb) and that of ewe’s milk in early lactation was found 110 to 150pg kg™ [65]. Lead
readily passes the mammary barrier so that dosing of the animals with Pb salts
produces a marked increase in the level in the milk. The Pb content of market milk in

USA cities ranged from 20 to 80pg kg™, with no significant differences between cities
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and with a national weighted average close to 50pug kg™ or about 50ug L™ [(66]. A
survey of bulk milk revealed a mean level of 40pg L™ for 270 samples, with no
samples greater than 200ug L™ was found [67]. Human milk does not appear to have

been so extensively studied.

1.9 Essential micronutrients and their
role in good health

1.9.1 The nature of trace elements

Many mineral elements occur in living tissue in such small amounts that the early
workers were unable to measure their precise concentrations with the analytical
methods then were available. They were therefore frequently described as occurring
in “traces” and the term trace elements arose to describe them [68-70]. This
designation has remained in popular usage despite the fact that virtually all the trace
elements can now be estimated in biological materials with great accuracy and
precision. 15 elements generally accepted as trace elements. These Fe, Zn, Cu, Mn,
Ni, Co, Mo, Se, Cr, iodine (I), F, Sn, Si, V, and As. A detailed classification of all
essential elements is given in Table 1.8. The treatment of anemia with Fe and the
association of | deficiency with goiter marked these as the only two trace element
recognized as essential for animals well into the twentieth century. A more active
‘modern’ period 1957 to 2000; was based on the experimental induction of trace
element deficiencies [68, 69]. These efforts have resulted in evidence supporting the

essentiality of Cr, F, Ni, Si, V and most recent Li.

A gross classification of variety of trace elements is presented in table (Table 1.8).
Essential elements are classified into the six bulk or structural elements, five macro
minerals, three trace elements and sixteen ultra trace elements. The three prominent
biologically active metals are Fe, Zn and Cu. All the remaining essential trace
elements are considered ultra-trace since they are present less than 10mg in the adult

human.
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Table 1.8: Classification of the essential trace elements

Class Class Name Elements

a Bulk Structural Elements H,C,N,O,P,S

b Macrominerals Na, K, Mg, Ca, C,

C Trace Elements Fe Cu, Zn

d Ultra trace Elements Nonmetals: F, I, Se, Si, As, B

Metals: Mn, Mo, Co, Cr, V, Ni, Cd, Sn, Pb

The importance of essential trace elements is manifold. In early period, the discovery
of essential elements was hampered by relatively insensitive analytical methods.
Fortunately, the recent developments of analytical techniques capable of determining
ppb have opened new vistas for the discovery of new essential trace elements. Atomic
absorption, atomic fluorescence, activation analysis and X-ray fluorescence (XRF),
etc. have been employed for the determination of essential elements in biological
systems. The past several decades have witnessed and explosive increase in our
knowledge of the many elements that are essential for life and maintenance of plants
and animals. This kind of research also encompasses the subject area which is

frequently identified as bioinorganic chemistry.

1.9.2 Mode of action of trace elements

The only property that the essential trace elements have in common is that they
normally occur and function in living tissues in low concentrations. These normal
tissue concentrations vary greatly in magnitude and are characteristic for each
element, they are usually expressed ppm or pg g, and with some elements, such as I,
Cr, Ni, and V, as ppb or ug Kg™. It should be noted that certain of the nonessential
elements, such as Br occur in animal tissues in concentrations well above those of

most of the essential trace elements.
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1.9.3 Needs and tolerances

The minimum requirements of animals and man for the essential trace elements are
commonly expressed in proportions or concentrations of the total dry diet consumed
daily. The maximum intake of these and other elements that can be safely tolerated
are usually expressed similarly. Since the availability of mineral elements is affected
by the chemical form in which it is ingested, it is obvious that gross dietary intakes do
not necessary reflect minimum requirements or maximum tolerances of wide or

universal applicability.

Trace elements requirements and tolerances expressed as concentration such as ppb of
the dry diet also carry the assumption that the whole diet is otherwise adequate and
well balanced for the purpose of which it is fed, and that it is effectively free from
other toxic factors capable of adversely affect the consumer health, appetite, or
utilization of the element concerned. The question of appetite is especially important
since the capacity of a particular dietary concentration of an element to supply the
needs will clearly depend on the amount of the diet consumed daily or over a given
period. Equally important is the level of other minerals or other nutrients which
influence the availability or utilization of the element in question. A “true” or basic
minimum requirement can thus be conceived as one in which all the dietary
conditions affecting the element in this way are at an optimum. A series of minimum
requirements therefore exist depending on the extent to which such interacting

factors are present or absent from the whole diet.

Similarly, a series “ of safe” dietary levels of potentially toxic trace elements exist,
depending on the extent to which other elements which affect their absorption and
retention are present. These considerations apply to all the trace elements to varying
degrees, but with some elements such as Cu they are so important that a particular
level of intake of this element can lead to signs either of Cu deficiency or of Cu
toxicity in the animal, depending on the relative intakes of Mo, S, or of Zn and Fe.
The many mineral interactions of this type which exist are discussed in the following

text sections.

34



Estimates of adequacy or safety also vary with the criteria employed. As the amount
of essential trace elements available to the animal becomes insufficient for all the
metabolic processes in which it participates, as a result of inadequate intake and
depletion of body reserves, certain of these processes fail in the competition for the
inadequate supply. The sensitivity of particular metabolic processes to lack of an
essential elements and the priority of demand exerted by them vary in different
species and, within species, with the age and sex of the animal and the rapidity with

which the deficiency develops.

Ample evidence is available that the Mn requirements for growth are substantially
lower than they are or satisfactory reproductive performance, recent evidence relating
Zn intakes to rate of wound healing also raises important questions on the criteria for

adequacy to be employed in assessing the Zn requirements for human.

1.9.4 The concept of essentiality

Biological trace elements arose from success in devising experimental methods to
induce specific trace element deficiencies in laboratory animals. This involves the
maintenance of animals on special formulated synthetic diets in controlled
environmental chambers. The simplest definition of an essential element is that it is an
element absolutely required for the maintenance of life; its absence results in severe
malfunction of the organism or death. Experimentally, this rigorous condition cannot
always be satisfied and this led to a broader definition of essentiality. The essential
ultratrace elements are universally required for growth and survival of organisms.
There is an impressive number of trace elements that have been shown to serve as
required growth factors at extremely low concentrations (usually less than 1pM and

as low as 10° M; e.g. 50pg day™).

1.9.5 Essential ultra trace metals

Amount essential ultlratrace metals (listed in Table 1.9), only Mn, Mo, Co, Ni have
been clearly identified as forming metalloenzymes [66, 69, 70]. Mn is present in

several important enzymes. Mn also appears to be rather directly involved in the
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enzymic machinery of carbohydrate metabolism with possible links to lipid
metabolism. In nitrogenase, the Mo acts as cofactor, a metal complex with a novel
organic molecule called molybdopterin. Ni is known to function in several
e.g.,
dehydrogenase. A detailed description about the selective functions of cited ultra trace

melattoenzymes urease, several hydrogenases and carbon monoxide

elements are given in Table 1.9.

Table 1.9: Properties of the essential ultratrace metals

Ultra Trace  Deficiency Signs Specific Functions

Metals

Mn Growth depression Carbohydrate metabolism Superoxide

bone deformities dismutase
membrane abnormalities ; pyruvate carboxylase, etc.
connective tissue defects
Mo Growth depression Oxidases: aldehyde, sulfite, xanthine
molybdopterin
Co Anemia ; growth retardation  Constituent of vitamin By,
Cr Insulin resistance Penetration of insulin action on
carbohydrates and lipids; active as a
bioorganic chromium complex
\% Growth depression Control of sodium pump ; inhibition of
a Tpase, P-transferases
Ni Growth depression Constituent of urease ; Reduced
Reduced N utilization hemopoiesis
Reduced Fe metabolism

Cd Growth depression Stimulates  elongation  factors in
Reduced reproduction ribosomes

Sn Growth depression (Interactions with riboflavin)

Pb Growth depression ; anemia  (Many enzyme effects)

36



1.9.6 Antagonism and synergism among

essential trace elements

Synergistic effects have already been observed. For example, Zn absorption is
impaired by Fe (I1) [57]. High Zn intake induces a relative Cu deficiency, probably by
interfering with Cu absorption. Mo and S also antagonize Cu by a temporary
interaction involving the formation of Cu thiomolybdate, which also causes a reduced
Cu uptake [71]. In general, toxic and heavy metal ions attack the active sites of
enzymes, inhibiting essential enzyme function. Heavy metal ions in particular, Cd
(1), Pb(11) or As(l1l) exert toxic action by attacking —SH groups of an enzyme, there

by inhibiting enzyme action.

1.9.7 Detailed inspection of trace elements
related to their presence in milk and

milk products

1.9.7.1 Zn

Zinc is an essential constituent of over 40 of the body’s enzymes and plays an
important role in maintaining the appetite and in the promotion of wound healing
dietary Zn deficiency can therefore lead to extensive skin lesions, a decline in the
resistance to infection, depression, lethargy and a decline in appetite Zn deficiency
has been associated with anorexia nervosa [53, 54]. Adequate dietary Zn is
particularly important during periods of rapid growth and development and especially

during recovery from infection or physical injury.

Zinc functions in cell/energy metabolism for growth and development, in cell
signaling systems, in the immune system, in neurological development, and in
reproduction. It is found in all body tissues and is particularly important in over 200
enzymes and hormone functions, and in vision, taste, smell, and in wound-healing

processes. Its highest concentration is in muscles (65%), in red and white blood cells,
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bone, skin, liver, kidneys, pancreas, eye retina, in the male prostate gland and sperm;
it helps make cell membranes strong. Zinc absorption is decreased by drinking tea or
coffee or eating vegetables or whole grains with phytic acid (found in fiber) with
meals. With phytic acid Zn forms Zn-phytate which is not absorbed. High intakes of
Ca, Fe and Cu may also limit Zn absorption. Some amino acids e.g., Cysteine and

methionine improve Zn absorption in body.

1.9.7.1.1 Requirements

Minimum Zn requirement vary with the age and functional activities of the animal
and with the composition of the diet, particularly the amounts and proportions of the
many factors, organic and inorganic, which effect Zn absorption and utilization. Zinc
requirements are also influenced by ambient Zn in the sweat, and by parasitic
infestation with its attendant blood, and hence Zn, losses. The criteria of adequacy
employed can also be important. For example, the requirements following trauma and
disease are higher than “normal.” RDA and UL are given in the following table
(Table 1.10).

Table 1.10: RDA and UL for Zn in various age groups

Groups Age range, years Requirements
Male adolescents 14 -18 11 mg day™
Female adolescents 14 - 18 8 mg day™
Male adults 19 years and older 11 mg day™
Female adults 19 years and older 8 mg day™

UL

Adolescents 14 - 18 34 mg day™
Adults 19 years and older 40 mg day'l
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The minimum Zn requirements of humans compatible with satisfactory growth,
health, and well-being vary with the type of diet consumed, climatic conditions, and
the existence of stress imposed by trauma, parasitic infestations, and infections.
However, the National Academy of Sciences, USA has recommended the following
daily dietary allowances for Zn [45, 59] needed in various age groups (see Table
1.11), which can be assumed different from the reading given in the earlier Table.

Table 1.11: RDA for Zn in various age groups

Group/Species Requirements/Limit, mg
infants (up to 1 year) 3-5
children (1 to 10 years) 10
Adult males (10 to 51+ years) 15
Pregnant women 20
Lactating women 25

These allowances apply to Western-style mixed diets and are not necessarily adequate
for diets consisting predominantly of unrefined cereals high in phytate. In fact such
diets consisting mainly of unleavened whole wheat or corn bread and beans, and
supplying approximately the same amount of Zn (15mg day') as a typical North
American diet, are clearly inadequate in Zn for growth and sexual development in

young meals in parts of Middle East countries [59].

Individuals at risk for Zn deficiency are strict vegetarians because Zn in plant food
sources may be bio unavailable or are poorly absorbed, bowel inflammation diseases,
long-term diarrhea, anorexic individuals, malabsorption syndromes, sickle cell
anemia, infants and children, older adults, intravenously fed individuals, pregnant
women and teens, lactating women and teens, HIV and AIDS infected individuals and
those with liver disease. Zinc deficient individuals are more susceptible to infection
and have an increased susceptibility to disease as the immune system is affected. Most

individuals should be able to obtain enough Zn naturally in their diets.
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1.9.7.1.2 Skeletal development

The long bones are shortened and thickened in proportion to the degree of Zn
deficiency [52-56]. Changes and disproportions occur in other bones, giving rise to a
disease histologically similar to that of Mn deficiency [61]. The mechanism of action
of Zn in bone formation is still not fully understood. Decreased osteoblastic activity in

the bony collar of the long bones occurs in Zn-deficient species.

1.9.7.1.3 Zinc and atherosclerosis

Indication has been obtained that Zn therapy can be beneficial in some cases of
atherosclerosis. For Zn sulfate administrated orally to 13 patients with advanced
vascular disease for 29 months, for twelve of these 13 showed marked clinical
improvement, nine retuned to normal activity, and seven had a return of previously
absent pulses [56, 57]. The mode of action of Zn in atherosclerosis is unknown. Hair
and plasma Zn levels are usually subnormal in atherosclerosis and myocardial
infarctions. Since atherosclerosis is thought to begin with some form of trauma it may

be that, in part, an expression of inadequate arterial repair [53, 54].

1.9.7.1.4 Brain development and behavior

Zinc deficiency during the critical period for brain growth permanently affects brain
function. When this deficiency is imposed throughout the latter third of pregnancy,
brain size is decreased, there is a reduced total brain cell number, and the cytoplasmic
nuclear ratio is increased, implying an impairment of cell division in this brain during

the critical period of macroneuronal proliferation.

1.9.7.1.5 Distribution in tissues and fluids

Typical normal levels of Zn in the principal soft tissues of human are given in the
following Table. Zinc occurs widely in relatively high concentrations through out the
body [48-52]. The whole body of adult man is estimated to contain 1.4 to 2.3g of Zn,
of which about 20% is present in the skin. The mean Zn concentrations of normal
human epidermis and dermis have been reported to be 70.5 and 12.6ug g™ dry weight,
respectively [48, 49].
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Table 1.12: Typical zinc concentrations of normal tissues® of human

Tissue Human
Adrenal 12
Brain 14
Heart 33
Kidney 55
Liver 55
Lung 15
Muscle 54
Pancreas 29
Prostate 102
Spleen 21
Testis 17
®ng/g fresh tissue

1.9.7.1.6 Innails and hair

The level of Zn in the nails of 18 normal human subjects was reported to range from
93 to 292 ppm and to an average of 151 ppm [48, 50, 51]. The head hair of 46
subjects ranged similarly from 92 to 255 ppm and averaged 173 ppm Zn [48, 50].
This is similar to the mean of 167+5 ppm for healthy males and 172+9 ppm for

females reported elsewhere [57].

1.9.7.1.7 Toxicity

The relatively low toxicity of Zn among the divalent cations, coupled with efficient
homeostatic control mechanisms, make chronic Zn toxicity from dietary sources and
unlikely hazard to man. Where Zn salts or compounds are given orally in large doses
over prolonged periods, as in the treatment of chronic ulcers or the prophylaxis of

cardiovascular disease, possibilities of toxic effects cannot be dismissed. Indeed dose
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of 150mg Zn day™, which are equivalent to about 200 to 300 ppm of the total daily
dry matter intake of an adult are ample and this is unlikely to be serious, but where
they are low or marginal the Cu and Fe status of the individual could decline and Zn-
induced manifestations of Cu and Fe deficiencies ultimately arise [56-58]. It is also
found that no “biochemical evidence” of toxicity during 4 months of oral
administration of Zn sulfate at the rate of 200mg three times a day to patients with
venous leg ulcers, but Fe and Cu were not specifically investigated and the period is
not long [56, 58]. On the other hand, Zn is also a metabolic antagonist of Cd, so that
high Zn intakes would be expected to afford some protection against the potentially

toxic effects of increasing Cd exposure from the environment [72].

Excessive long-term use of zinc (60mg day™ or above of this value) may cause Cu
deficiency. Therefore, drinking fluids or eating foods from galvanized metal
containers should be avoided. Zinc absorption may be decreased if combined with

certain medications such as antibiotics.

1.9.7.2 Cu

Copper absorption and retention is so strongly influenced by a number of other
mineral elements and dietary components that series of minimum Cu requirements
exist, depending on the extent to which these influencing factors are present or absent

from the diet, and on the criteria of sufficiency employed.

1.9.7.2.1 Deficiency

Copper deficiency has been implicated in the etiology of three distinct clinical
syndromes in the human infant. In the first of these, anemia, hypoproteinema and low
serum Fe and Cu levels are present and combined Fe and Cu therapy is necessary to
promote complete recovery [56, 58]. The hypocupremia results from and inability of
the infants to obtain sufficient Cu from their Cu-low milk diets to prevent Cu
depletion in the face of the increased loss of the plasma Cu protein into the bowel

[73]. Even normal breast-fed infants are often unable to obtain sufficient Cu from the
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milk to prevent some Cu depletion [74]. However, hypocupremia does not necessarily
arise in infants fed exclusively on milk diets. For example, It has been detected that
no differences in weight gains, hemoglobin values, serum protein, and plasma Cu
levels in two groups of premature infants, one of which received a milk diet supplying
only 14 pg Cu kg™ body weight day™ for 7 t010 weeks and other receiving up to six
times of that amount of Cu, was found [74, 75].

1.9.7.2.2 Distribution in the body

The healthy adult body has been estimated to contain 80mg of total Cu [75]. Newborn
and early young are normally richer in Cu per unit of body weight than adults of the
human species [74, 75]. The levels in newborn are largely maintained throughout the
suckling period, followed by a steady fall during growth to the time when adult values

are reached.

The Cu concentrations in the inner and outer layers of human dental enamel have
been reported as 11.3 and 9.5ug g™, respectively [73]. In a study of human dental
enamel, the value found exceedingly wide range of 0.07-208ug Cu g, with a median
value of 0.7 and a mean of 6.8 + 4.0ng g™ [58, 74].

The normal range of concentration of Cu in the blood of healthy human adults can be
given as 0.5-1.5ug mL™, with a high proportion of values lying between 0.8 and 1.2
ng mL™* [58,73-75]. Copper concentration in the blood of human is given in the table
(Table 1.13).

Table 1.13: Copper concentration in the blood of human

Age and condition Mean copper concentration® Ref.
Healthy adult male 1.10° 58,73-75
Healthy adult female 1.23° do
Female at late pregnancy 1.92° do
Pregnant female at delivery ~ 2.69° do

*measured as pg mL™; “in serum
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1.9.7.2.3 Effect on disease

Abnormally high liver Cu levels are characteristic of a number of diseases in man.
These include Mediterranean anemia, hemochromatosis, cirrhosis and yellow atrophy
of the liver, tuberculosis, carcinoma, sever chronic diseases accompanied by anemia,
and Wilson’s disease (hepatolenticular degeneration) [73]. Extremely high liver Cu
levels, as high as 4000ppm Cu (dry, fat-free basis), can occur in chronic Cu poisoning
[73].

1.9.7.2.4 Bone disorders

The skeletal changes are a specific effect of the Cu deficiency unrelated to the
concurrent anemia. The Histological changes in affected bones and in those of Cu-
deficient animals [58, 74] were thinned cortices, broadened epiphyseal cartilage, and a
low level of osteoblastic activity. The bones were normal in ash, Ca, P, and Mg

contents of this ash were similarly found to be normal [58].

1.9.7.25 Toxicity

Chronic Cu poisoning may occur in animals (a) under natural grazing conditions, (b)
as a consequence of excessive consumption of Cu-containing salt mixtures, common
in cattle food, (c) from the unwise use of Cu-containing drenches, (d) from
contamination of feeds with Cu compounds from agricultural or industrial sources,
and (e) through animals given Cu supplements as growth stimulants if the basal diet is

not suitably balanced with other minerals with which Cu interacts.

In all animals the continued ingestion of Cu in excess of requirements leads to some
accumulation in the tissues, especially in the liver. The capacity for hepatic Cu
storage varies greatly among species, and differences among species in tolerance to
high-Cu intakes are also great. The liver Cu levels attained were much lower than

those characteristic of chronic Cu poisoning occurred [58].
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Copper interacts metabolically with so many other elements, such as Zn, Fe, Cd, and
Mo, as considered elsewhere, that it is impossible to give maximum safe or minimum
tolerable dietary Cu levels based on Cu alone. A series of such levels exist depending
on the extent to which these interacting substances are present or absent from the diet
[58, 74, 75].

19.7.2.6 The Zn:Cu Dietary ratio as a risk factor in
coronary heart disease

An imbalance in Zn and Cu metabolism may contribute to the risk of coronary heart
disease (CHD) [71]. This hypothesis was initially based on the results of experiments
with rats consuming a cholesterol-free diet in which the intakes of Zn and Cu were
varied by varying the ratio of salts of these elements in the drinking water. Water with
a Zn:Cu ratio to other risk factors in CHD. For example, a relationship between the
amount of fat and the ratio of Zn to Cu of foods was demonstrated [66, 69]. In some
regular meals and diets in USA shown considerable variability to have Zn:Cu ratios in
excess of those which produce hypercholesteremia [59, 61], and the mortality rate for
CHD and the ratio of Zn:Cu in milk of 47 cities in the USA were found significant
[76]. Attention was also drawn to the higher Zn:Cu ratio in cow’s milk than in breast
milk. It was suggested that one of the benefits that might be gained from a return to
breast-feeding is a reduction in CHD. The above findings suggest that dietary Zn:Cu
ratios must be given further critical consideration in future epidemiological and
experimental studies of the etiology of CHD [58, 74, 76].

1.9.7.3 Mn

The body of a normal70 kg man is estimated to contain a total of 12 to 20mg Mn [63,
64]. This relatively small amount of Mn is distributed widely throughout the tissues
and fluids, without notable concentration in any particular location and with
comparatively little variation among organs or species, or with age [69]. However,
Mn tends to be higher in tissues rich in mitochondria and is more concentrated in the
mitochondria than in the cytoplasm or other organelles of the cell [69]. The pigmented
portions of the retina are richer in this metal than most body tissues. The pigmented
melanin-containing parts of the conjunctiva are higher in Mn than the non-pigmented
parts [69, 70].
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1.9.7.3.1 Requirements

The minimum dietary requirement of Mn vary with the species and genetic strain of
animal, the chemical from in which the element is ingested, the composition of the

rest of the diet, and the criteria of adequacy employed.

1.9.7.3.2 Sources and the amounts in human diets

The common foods in human dietaries are highly variable in Mn concentration. It is
found that several major food groups contain Mn on the fresh basis [61, 69]. The
concentrations ranged from 23ppm for the richest groups to as low as 0.2ppm for the

poor groups.

1.9.7.3.3 Deficiency and functions

Manganese deficiency has been observed in man is association with a vitamin K
deficiency [69, 77], The main manifestations of Mn deficiency, namely, impaired
growth, skeletal abnormalities, disturbed or depressed reproductive function, and
defects if lipid and carbohydrate metabolism are displayed in all species studied, but
their actual expression varies with the degree and duration of the deficiency and its

rate of development and with the age and stage of growth of the animal.

Hemoglobin levels do not appear to be significantly affected by lack of Mn [59, 66].
The growth inhibition of Mn deficiency results from both reduced food consumption
and impaired efficiency of food use, but severe impaired appetence is not a

conspicuous feature of Mn deficiency, as it is occurred in Zn and Co deficiencies [49].

1.9.7.3.4 Toxicity

Manganese toxicity in man arising from excessive intake in foods and beverages has
never been reported and is difficult to visualize ever arising, except where industrial
contamination occurs. Chronic Mn poisoning occurs among miners following

prolonged working with Mn ores. Excess Mn enters the body mainly as oxide dust via
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the lungs and also via the gastrointestinal tract from the contaminated environment
[46, 66, 70]. The lungs apparently act as a depot from which the Mn is continuously
absorbed. Manganese poisoning is characterized by a severe psychiatric disorder
resembling schizophrenia, followed by a permanently crippling neurological disorder
clinically similar to Parkinson’s disease. Comparative studies of a population of
“healthy” Mn miners and patients suffering from chronic Mn poisoning, revealed
faster losses of injected **Mn from the whole body and from an area representing the
liver and higher tissue Mn concentration in the former group than in those suffering
from chronic Mn poisoning [70]. The presence of elevated tissue Mn levels is thus not
necessary for the continuance of the neurological manifestations of the disease, and

metal chelation therapy is unlikely to secure their remission.

1.9.74 Co

Cobalt is an essential trace element, being present in vitamin Bj,. Although Co levels
in milk are low, milk actually supplies about one-quarter of the average dietary

contribution.

1.9.7.4.1 Requirements and relation with Vitamin By,

Under grazing conditions, lambs are the most sensitive to Co deficiency, followed by
mature sheep, calves, and mature cattle, in that order [78]. Field experience suggests
that species differences among ruminants in Co requirements are small. Early
evidence indicated that 0.07 or 0.08 ppm Co in the dry diet was just adequate for
sheep and cattle [79]. This level of dietary Co, therefore, became accepted as the
minimum requirement for these species. Later studies placed the minimum level of
“pasture associated” Co required by growing lambs appreciably higher, namely,
0.11ppm on the dry basis. In a study of a marginally Co-deficient area it has been
assessed that the mean values of 0.11ppm Co or more would probably exclude the
likelihood of Co deficiency [79]. Mean values approaching 0.08ppm would suggest
but not prove actual or potential existence of the disease.” More precise estimates of
minimum Co requirements applicable under all grazing conditions are difficult

because of the influence of many variables such as seasonal changes in Co
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concentrations, selective grazing habits, and soil contamination. It has been found that
intake of Co to ensure optimum growth and hemoglobin production is 0.08 mg day™
when supplementary Co is giver three times each week. Therefore, in growing lambs
the requirement was stated to be higher, because for the diets with lower level of Co

there is a significant reduction in vitamin By, production [80]. .

1.9.7.4.2 Diagnosis of Co-vitamin B;, deficiency

The milder forms of Co deficiency in ruminants are impossible to diagnose with
certainty on the basis of clinical and pathological observations alone. A secure
diagnosis of Co-vitamin By, deficiency can be achieved in these circumstances by
measuring the response in temperament, appetite, and live weight that follows Co
feeding or vitamin B, injections. However, if the ration of grazing consistently
contains less than 0.08ppm Co, cobalt-vitamin B, deficiency can be predicted with

confidence.

1.9.7.4.3 Requirements for human

Cobalt must be supplied in the diet of man entirely in its physiologically active form,
vitamin B1,. Human tissues are unable to synthesize the vitamin from dietary Co, and
their intestinal micro flora have an extremely limited capacity to effect this vital
transformation at a point in the digestive tract where the vitamin can be absorbed. In
these unique circumstances the Co status of human foods and dietaries is relatively

unimportant; it is their vitamin By, status that is crucial.

Reported data for the Co content of human foods and total diets are both meager and
highly variable. Some of the variation undoubtedly from analytical errors or
inadequacies, but some also reflects soil and climatic differences directly affecting the

Co content of foods of plant origin and indirectly those of animal origin.

Among individual types of foods, the green leafy vegetables are the richest and most
variable in Co content, while dairy products, refined cereals, and sugar are the

poorest. Typical values for the former group are 0.2 to 0.6 ppm, and for the latter 10

48



to 30 ppb Co [70]. Plant products have been estimated to contribute up to 88% of the
total Co of Japanese diets [70]. Normal cow’s milk is very low in Co, with most
values lying close to 0.05pg L™ (ca. 0.05ppb). The organ meats, liver and kidney,
commonly contain 0.15 to 0.025ppm, and the muscle meats about half of those levels.
These foods contain much more Co than can be accounted for as vitamin Bi,. Fruits,

vegetables, and cereals contain none of their cobalt as vitamin B,.

1.9.7.4.4 Distribution in tissues and fluids

The total Co content of the body of adult man has been reported to an average 1.1 mg,
with about 43% of this total stored in the muscles, 14% in the bones, and the
remainder distributed among other tissues [81]. Excessive accumulation does not
occur in any particular organ or tissue, but the liver, kidneys, and bones usually carry
the highest concentrations of this element. The Co concentrations reported for normal
human tissues are found similar or appreciably higher to those of other species [81].
Such differences probably reflect analytical variations, although regional differences
in Co intakes may also be a factor. On the basis of rather limited evidence it seems
that Co does not accumulate in human tissues with age [81]. Representative values for

Co levels in human and bovine tissues are given in the following Table 1.14.

Table 1.14: Co Concentration in human and bovine tissues?

Species Liver  Spleen  Kidney Heart Pancreas
Normal human 0.18 0.09 0.23 0.10 0.06
Healthy sheep 0.15 0.19 0.25 0.06 0.11
Co-deficient sheep 0.02 0.03 0.05 0.01 0.02

®ng/g fresh tissue

The concentrations of Co in the tissues are below normal in Co deficiency [79-81],
and can be increased above normal by Co injections or oral supplements. Levels in
the liver have attracted special attention because of their possible value in diagnosing

Co deficiency in ruminants in the field. It has been showed that Co, unlike Fe and Cu,
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does not normally accumulate in the fetal liver. However, the Co (and vitamin B;,)
content of the liver of the newborn lamb and calf is deduced below normal when the
mother has been on a Co-deficient diet and can be raised to normal levels by prenatal
Co administration [78, 81]. .

1.9.7.45 Toxicity

Cobalt has a low order to toxicity in all species studied, including man. Daily doses of
3mg Co kg™ body weight, which approximate 150ppm Co in the dry diet or some
1000 times normal levels, can be tolerated by sheep for many weeks without visible
toxic effects [78]. With a dose of 4 or 10mg Co kg™ body weight, appetite and body
weight are found severely depressed, the animals become anemic, and some deaths
occur at the higher level. The anemia probably arises from a depression in Fe
absorption by the very high intakes of Co. It has been estimated that a single dose of
300mg Co kg™ body weight a soluble salt would usually be lethal, and that single
doses as 40 to 60mg Co kg™ body weight would occasionally be fatal [80-82].

19.75 Cd

Cadmium minerals are scarce, but as a result of its chemical similarity to Zn, Cd
occurs by isomorphous replacement in almost all Zn ores. Growing plants require Zn
and they also take up and concentrate Cd with the same biochemical process. The out
break of Cd poisoning occurred in Japan in the form of “itai itai” disease. Many
people suffered from this disease in which their bones became fragile. At high levels,
Cd causes bone marrow disorders. Cadmium, like is a cumulative poison hence levels
in food should be kept to a minimum. A significant part of man’s intake results form
inhalation from air contaminated by Cd, and cigarette smokers increase their intake by
25-50%.

As with Pb, the only threat to milk comes from forage and fertilization of feedstuffs
with sewage sludge containing Cd. Again, as with Pb, the cow acts as an effective
biological filter and the proportion of ingested Cd finding access to milk is extremely
small. Milk and milk products therefore contribute a negligible amount to the weekly

acceptable intakes are recommended [69, 70, 83].
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1.9.75.1 Source

Cadmium enters the biosphere through its increasing use in electroplating, in plastics
as stabilizers, in paints as pigments, in Cd batteries, and as a contaminant in
phosphate fertilizers and sewage sludges. In the absence of Cd releasing factories, the
levels in the air approximate 0.001ug Cd m™ which would lead to a maximum inhaled
amount of 0.02ug per person day™. In large cities higher levels approaching 0.03ug
m™ may be found [59, 70]. The amount inhaled from the air in most circumstances is
insignificant compared with that ingested with the food, with the exception of heavy
smokers who could have an intake of Sug Cd day™ or more from this source alone
[70]. Moreover such inhaled Cd is much better absorbed than ingested Cd. Most
municipal waters contain less than 1-3ug Cd L™ [70], even at that upper level the
consumption of 2.5 pg Cd L™ would provide only 25ug Cd day™. Food is thus

normally the major source of Cd to animals and nonsmoking humans.

1.9.7.5.2 Distribution in animal tissues and fluids

Cadmium is virtually absent from the human body at birth and accumulates with age
up to about 50 years. At this age the average person not exposed to abnormal amounts
of Cd has a total body burden of 20 to 30mg Cd of which one-half to two-thirds
occurs in the liver and kidneys [83]. The concentration of Cd in the liver and kidneys,
particularly the kidney cortex, is apparent from many studies with several species.
Normal human blood is low and variable in Cd content. The mean Cd concentration
in human hair has been reported as 2.76 to 0.48ug g™ in males and 1.77 to 0.24pg g™
in females [83]. These levels are slightly higher than the 1 to 2ppm quoted for human

hair [83, 84].

1.9.7.5.3 Toxicity

Cadmium is toxic to virtually every system in the animal body, whether ingested,
injected, or inhaled. Histological changes have been observed in the kidneys, liver,
gastrointestinal tract, heart, testes, pancreas, bones, and blood vessels [83], and

hepatic protein-bound Cd has been associated with chronic pulmonary diseases in a
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group of patients without unusual contact with Cd [83]. Anemia is a common
manifestation of chronic Cd toxicity in all species, due at least in part to its metabolic
antagonism to Cu and Fe. Zn deficiency can also be induced by Cd, acting similarly
as a metabolic Zn antagonist. The most striking morphological change produced by
the long-term ingestion of toxic Cd levels was hepatic malfunction and interstitial

renal fibrosis.

1.9.76 Cr

A number of reports of the Cr content of human foods and dietaries have appeared
but many of these are of little value for nutritional purposes because (a) analytical
methodology and instrumentation in the past have been inadequate, and (b) little is
known of the forms of Cr present and their relative absorbability and biological

activity.

1.9.7.6.1 Requirements and sources

Dietary Cr intakes by man are clearly greatly influenced by the amounts and
proportions of refined carbohydrates consumed. An institutional diet provided about
80 pg Cr person™ day™ [85], while in other studies with diabetics and old people in
which some responses to Cr supplementation were obtained, the daily intake was
estimated to be as low as 50 pg [86]. Chromium intakes in USA have been stated to
“vary from 5 pg to over 100 pg day™” [86], higher levels than these were reported for
well-balanced J diets [85, 87].

The minimum human Cr requirements compatible with satisfactory growth and long-
term health and fertility cannot yet be given because of inadequate knowledge of the
forms and availability of Cr in foods. It has been calculated that a daily intake varying
from 20 to 500ug Cr, depending on the chemical nature of Cr in individual foods,

would be needed to compensate for a urinary loss of 5ug Cr day™ [85].
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1.9.7.6.2 Deficiency and functions

Chromium deficiency is characterized by impaired growth and longevity in
experimental animals and by disturbances in glucose, lipid, and protein metabolism.
Cr supplementation prevents the appearance of the lesion on body tissues but does not
cure the fully developed defect. The biochemical mechanism underlying this

pathological change has not been understood and determined.

1.9.7.6.3 Distribution in animal tissues and fluids

Chromium is widely distributed throughout the human body in low concentrations
without special concentration in any known tissue or organ, and that these levels
decline with age, except in the lungs, Human stillborn and infant tissues carry higher
Cr concentrations than those of adults, These levels decline rapidly in the first decade
of life in the heart, lung, aorta, and spleen, while in the liver and kidney the neonatal
concentrations are maintained until the second decade, when a decline occurs [85,
85]. Substantial variations in human liver and kidney Cr levels have been observed in
different geographical regions [85], presumably as a reflection of regional differences
in environmental Cr intakes. The reported levels of Cr in blood have declined
markedly in recent years, but a reliable normal range for human blood can still not be

given with complete confidence.

1.9.7.6.4 Toxicity

Hexavalent Cr is much more toxic than trivalent, In fact trivalent Cr has such a low
order of toxicity that a wide margin of safety exists between the amounts ordinarily
ingested and those likely to induce deleterious effects. Lifetime exposure to 5mg L™
of Cr (IlN) in the drinking water induced no toxic effects, and similar exposure to
mice, for three generations to Cr oxide at levels up to 20ppm of the diet had no
measurable effect on mortality, morbidity, growth, or fertility (33). Chronic exposure
to chromate dust has been correlated with increased incidence of lung cancer [85], and
oral administration of 50ppm of chromate has been associated with growth depression

and liver and kidney damage in experiments [86].
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Appendix C

Figure C-8: Calibration of As in AAS with its background noise level
(transported from operating software
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Table D-6: Correlations matrix for MVP (n = at leas

MVPTFW MVPLME MVPTMS MVPTS MVPCa MVPZn MVPMn MVPCu

|

MVPTFW

MVPLME

MVPTMS

MVPTS

MVPCa

MVPZn

MVPMn

MVPCu

MVPPb

MVPCr

MVPCd

MVPCo

MVPAs

1 .156 .156 -.002 181
1 1.000* -.987** .961*
1 -.987** .961*
1 -.939**
1

-.205

-.983**

-.983**

.968**

-.948**

1

.285

973**

973**

945

.939**

-.996**

.285

973*

973*

945

.939**

-.996**

1.000**

*Correlation is significant at the 0.05 level; **Correlation is significant al
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Table 11. IR spectral data for the Mo"! and U"?!

complexes® [band maxima (cm™)].

compound v{0-H) V(N-H) Y(C=N){v(p- _ 0 70
Y{v(P=0)|v(M=0) ¥,(0-0) "3Q’¢L 'ZQ" v(M-0) | Y(H-N)

[15] ane N4 3200-3300br

trans-[14]-Diene 3300br 1870vs

cyanex-272 3500-3600br 11708

1. 3050-3100brx 810ve 8740s 660m 5501 350
920va

Z. 3100br 1625va 86 0m 8608 650w 570m 3608
945m

3. 105558 9608 8608 855m 560w 3708

4. 3055-3150br 9008 8408 6408 520m 2658
890s

5, 3150br 1620s 900s 840s 645m 510w 260m
8858

6. 1060= 9S00= 845= 660sh 520m 395a

3Relative band intensities are denoted by vs, s, m, w, br and sh representing

very strong, strong, medium, weak, broad and shoulder respectively.



CHAPTER 8

8.1. Abstract : Several new peroxo complexes of Mo(VI), U(VI), Zr(IV) and
Th(IV) ions containing some bidentate amino acids have been synthesized
and characterized. The complexes have the general formula {M(0)(0,)L7, ],
[M"(0,)L7;); [M(0)(0,)L""H,0] and [M"(0,)L""H,0] [M = Mo(VI) and U(VI); M"
= zr(IV) and Th(IV); L™ = glycinate, leucinate; L’ = tyrosinate]. The
complexes were reactive towards trans-stilbene, PPh, and AsPh, giving
their oxides. The IR spectra of the complexes indicate that the frequency

of the v, mode of the M(0,) grouping which is essentielly an 0-O stretch

decreases with an increase in the atomic number of metals in a group.

8.2: EXPERIMENTAL

8.2.1: General method for the preparation of 1 and 3, [Mo(0)(0,)(L"),} and
4 [Mo(0)(0,)(L"7). H,0} [L = glycine or leucine; L~ = tyrosinel:
Preparation of 1 and 3 : -

The amino acid L (0.02 mol) was dissolved in ethanol (60 cm®) and
was treated with potassium hydroxide (0.02 mol). The solution was cooled
and to it was added, a solution of Mo0O, (0.01 mol) in 30% H0, (75 cm?). The
mixture was cooled in an ice-salt bath. The resulting precipitate was

separated washed with ether and dried in vacuo over P,0,, The complex

4 was prepared similarly using equimolar quantities of tyrosine and MoO,.
8.2.2: General method for the preparation of 2 and 8 [U(o)(oz)(L—)z]‘ [L
= glycine and leucinel.

The amino acid L (0.01 mol) was dissolved in a solution of potassium

hydroxide (0.01 mol) in 30% H,0, (80 cm?). The solution was cocled and to
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it was added a solution of U0, (NO;),.6H,0 (0.005 mol) in ethanol (60 cm®)

The mixture was cooled in an ice-salt bath. The crystals so obtained were

removed by filtration, washed with ether and dried in vacuo over P,0
1

10

8.2.3:  General method for the preparation of 5 and 7, [M(0,)L"".H,0] and
6. [Th(Oz)L—z] M= Zr(I1V) and Th(1V);

L = leucine; L. = tyrosinel].

The amino acid L or L7{0.01 mol) was added to a solution of
potassium hydroxide (0.01 mol) in 30% H,0, (80 cm®). The solution was
cooled and to it was added a solution of stoichiometric amount of M (NOB)..

4H,0 in ethanol (50 cma). The complexes obtained were removed by

filtration, washed with ether and dried in vacuo over PO,q

8.3: REACTIVITIES OF THE COMPLEXES
8.3.1. Reaction of 1 with trans-stilbene (Reaction A)

Trans-Stilbene (1.8 g, 0.01 mol) was added to a suspension of 1 (2.9
g, 0.01 mol) in CH.Cl, (160 cm?®). The mixture was stirred under reflux and
the progress of the reaction was monitored by TLC. After 36 h of reflux
TLC indicated a complete conversion of stilbene to its oxide. The solution
was filtered and the filtrate evaporated and the residue extracted with
ether and evaporation of the extract yielded 1.75 g of trans-stilbene oxide,
m.p. 63-65°C) (Found: C, 85.55; H, 6:00; O, 8.12. C,4H,;0 calcd.: C,86.71; H,

6,12; 0, 8.16%).

8.3.2: Reaction of 2 with trans—stilbene (Reaction B)
Trans-Stilbene( 1.4 g, 0.005 mol) was added to a suspension of 2

(2.17 g, 0.0056 mol) in CH,CL (100 cm’). The mixture was stirred under

reflux and the progress of the reaction was monitored by TLC which after
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24 h of reflux indicated a coinplete conversion of atilbene to its oxide. The
- golution was filtered and the filtrate evaporated and the residue extracted
with ether and the evaporation of the extract yielded 1.35 g of trans-
stilbene oxide. The product was characterized from its m.p. and ele;mental

analyses.
8.3.3: Reaction of 6 with triphenylphosphine (Reaction C)

A solution of triphenylphosphine (1.3 g, 0.005 mol) in THF (35 cm’)
was added to a suspension of 6 (2,62 g, 0.005 mol) in the same solvent (80
cma). The mixture was refluxed for 24h. The progress of the reaction was
monitored by TLC which indicated that the reaction was complete. The
solution was filtered and the residue collected. A yellowish white powder

was recovered from the filtrate which was identified as OPPh; [m.p.166-

157°C (lit. 157°C)].

8.3.4: Reaction of 8 with triphenylarsine (Reaction D}

A solutjon of triphenylarsine (1.5 g, 0.005 mol) in THF (60 cma) was
added to a suspension of 8 (2.73 g, 0.005 mol) in the same solvent (70 cm’).
The mixture was refluxed for 24 h. TLC indicated that arsine was converted
completely to its oxide. The solution was filtered and the residue collected.

Evaporation of the filtrate yielded the product [m.p.187-188°C (lit, 189°C)].

8.4: RESULTS AND DISCUSSION
Elemental analyses and conductivity data for the complexes are

presented in Table 12. The complexes are all non-electrolytes in solution

suggesting that the anions are covalently bonded in all the cases. These

data are consistent with seven—fold coordination of molybdenum(VI) and
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uranium(VI) complexes, while the zirconium(IV) and thorium(IV) analogues

are hexa—coordinated.

IR spectral data are presented in Table 13. In alkaline medium the

amino acids glycine and leucine behave as bidentate ligands coordinating
via the amino nitrogen and the carboxylate anions. Tyrosine is , however,

potentially tridentate, coordinating via the amino nitrogen, carboxylate

anion and the oxo anion generated during complexation. This is also
apparent from the non-electrolytic nature of the complexzes. In addition,
absence of band in the region 3400-3600 cm™}! in the speclra of the
complexes of tyrosine indicate that it undergoes deprotonation at the OH
end, thus pro;riding an oxo coordination. All of the complexes have
characteristic v(NH,) stretching modes in the region 3075-3185 cm™,
indicating coordination by the amino nitrogen. This is also evident from the
appearance of bands at 275-375 cm! {(Table 13) which are tentatively
attributed to the v(M-N) mode3:55:93-99. 112 (\p o g IV IV MoY! and UYY).
Complexes 1-8 display v(C=0) bands at 1640-1670 cm'l, characteristic of
carboxylate binding in the complexes”'ga'nz. This is also evident from the
appearancé of v(M-0") (0’= oxygen in organic ligands) modes at 390-430
cm™! in the far IR spectra of the complexes”'55'93'99'112. Complexes 1-4 and
8 show diagnostic bands at 910-925 cm’l, attributable to v (M=0) modestd 3"
98,112 mhe metal peroxo grouping (local C,y Symmetry) gives rise to three
IR and Raman-active vibrational modes. These are predominantly 0O-0
stretching (v,), the symmetric M-O stretch (v,) and the antisymmetric M-O

stretch (v,). The characteristic v,{0-0) modes of 1-8 appear at 815-870

cm™! (Table 13). In particular, the v, mode decreases upon passing from
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molybdenum complexes (1, 3 ang 1) (865, 870 and 860 cm™!) to th
e
corresponding uranium complexes (2 and 8) (840 andg 835 cm’l). Again, i
- y n

the case of peroxo complexes of the elements of group 4A, there is
? a

decrease in Vv, upon passing from the zirconium complex (5) (830 cm™) to
the thorium complexes (6 and 7) (815 and 820 cm™!). The present study
thus clearly revels that for the M(0,) grouping, the v,(0-0) modes

decrease with an increase in the atomic number of metals in a particular

group. The present peroxo complexes display v, and v, modes at 626-670

and 505-570 cm™, respectively (Table 13),

8.5: REACTIVITY

To explore the reactivity of the present peroxo complexes, 1 and 2
were allowed to react with trans-stilbene while 6 and 8 were used to
oxidize triphenylphosphine and triphenylarsine, respectively.

Reactions A and B produced trans-stilbene oxide as indicated by a
strong IR band near 1060 cm! assigned to the C-0-C stretching mode and
the 'H NMR spectra displayed methine absorption at 3.8 ppm as required
for trans-stilbene oxide. The mass spectra indicated molecular ion peak at
m/e' 196. Experimental details indicated that Reaction B was faster than
Reaction A, indicating that the uranium peroxo complex was kinetically more
labile than its molybdenum analogue. A possible reaction path is shown is

Scheme 11.

Reaction C produced triphenylphosphine oxide. The IR spectrum of

em™? 1% Reaction D, with

the product showed v(P=0) at 1190
triphenylarsine, produced triphenylarsine oxide, as was evident from the

111
IR band at 880 cm~! assigned to v(As=0)" . The IR spectra of the metal



residues of reactions C and D showed the disappearance of VI(O-O) bands.
A Possible reaction path is shown in Scheme 12. So that additional evidence
that the peroxo oxygen is transferred to PPh, or As Ph, could be gained,

blank experiment was performed in the absence of the complex under

jdentical conditions, which failed to give the product.

L L o
O= | + H>=<Ph N
- O= e ol
L/ M\ Ph H L/l\,d\
H : Ph
Ph: :‘H
L\ L 00
o w’ o
H Ph L
Ph: Ny :H v 0=M=0
0 v
M =Mo" and UY'; L = NH,CH,COO
SCHEME 11
L 0__
L 0 \ /
/ NO L/ S
L
L 050 L\
0= U'ﬂ (" s O=U =0 + OAsPh,
i/ >As\ 4
Ph | “Ph
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Table 12. Analytical and

molar conductance data for the complexes.

No. Complex

Found (Calcd.)% Molar
C H N conductance
ohm™! ¢m? mol™?
1. [Mo(0)(0;) (NH,CH,C007),] 16,41 2.71  9.48 0
(16.45) (2.76) (9.586)
2. [U(0)(0,}(NH,CH,CO0T) ) 11.00 1.85  6.41 2
(11.01) (1.86) (6.45)
3. [Mo(0)(0;){CM;CH(CH 3)CH(NH,)CO0™) ] 35.61 5.78 6.89 4
(35.65) (5.98) (6.93)
4. [uo(o)(oz)("oc6H4CHZCH(NH2)coo')Hio] 3aL.45 3.1 4.10 1
(31.89) (3.25) (4.11)
5, [zr(oz)('ocsn4cn2cn(nuz)coo‘).nio] 33.70 3.43 1.34 0
. (33.74) (3.46) (4.37)
6. [Th(0,)(CH ;CH(CH ;)CH(NE,)C007),] 27.45 1.52 5.22 0
(27.49) (4.81) (5.34)
1. [1h(oz)('oc6n4cnzcn(nnz)coo')ﬂio] 23.23 2.40 3.00 1
(23.44) (2.40) 3.04
- 2
B. [U{0)(0,)(C R CH(CH 3)CH(NH,)C00 ) ;] 26.21 4.24 5.11
22t 3 (26.38) 4.43 5.13
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Table 13. Infrared spectral data for the complexes

> [band maxima (cm™) [band
maxima {cm )J*

X und| v (0-H) Y (NH,) v(C=0 = - ~Q z0 .
No. Compo 2 ( ) ¥(H=0) v,(0-0) '3“{6 vz(r“: Y(M-0") | v(M-N)

1. 3195m 16508 920va 8658 6308 510m 405m 360gh
3105m

2. 3200w 16658 910vs 8403 625m 5058 400w 270=
3110m

3. 31180m 1655vg 925vs 870va 6363 525m 410eh 370m
3095w

4, 3090br 3185m 16608 920vs 860m 635m 520m 415w 375w
3075m

5. 3400br 3180m 1640vs 830s 670m 560m 430sh 325w
3075w

6. 3195m 16503 815vsa 660m 570s 395m 305w
3090m '

7. 3410br 3190m 1655vs 820=s 655sh 5403 390m 310w
3095m

8, 3210w 16708 915vs 8368 6365vs 315m 405m 275m
3115m

fRelative band intensities are denoted by vs, s, m, w br and sh representing
very strong, strong, medium, weak, broad and shoulder respectively.
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g.1: Abstract : New organoperoxo complexes of molybdenum(VI),

tungsten(VI), uranium(Vl), zirconium(IV) and thorium(IV) ions containing
tridentate schiff bases formed by the condensation of an amino acid
(glycine, leucine or phenyl alanine) and salicylaldehyde have been
synthesized and characterized. The complexes have the general formula
[M(0)(0,)L] M = Mo(VI), W(VI) or U(VI) and {M”(0,)L.H,0], [M = Zr(IV) or

Th(IV). and L = a dinegative schiff base]

CH= N —CHy CH=N—CHCHZHI(CH3),

() (‘)._(I::_—o,f) 0-C=0

/CH:N—ﬁH —CH2’©
‘3 ~0 0—C=0
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These peroxo complexes were found to be inert towards oxidatio
n.

The size of the metals influences the mode ‘of coordination of the perox
0

moiety. The frequency of the v, mode of the M(0,) grouping which is

essentially and O0-0 stretch, decreases with an incresse in the atomic

number of the metals in a particular group.

9.2: EXPERIMENTAL

9.2.1: Preparation of the schiff bases :

An amino acid (glycine, leucine or phenyl alanine) (0.01 mol] together
with 0.01 mole of potassium hydroxide in 60 cm® of water was stirred for
an hour at 50-60°C to get a clear solution. A solution of salicylaldehyde
(0.01 mol) in ethanol (20 cma) was added to it and the mixture was heated
for 2-3 hour at 50-60°C when a clear yellow solution was obtained. Several

attempts to solidify the schiff bases failed. Therefore the schiff bases were

i32-13%
used in situ " for the syntheses of the peroxc complexes.
9.2.2: General method for the preparation of complexes (1, 2, 6, 7, 11
and 12; [M(0){(0,)L] [M = Mo(VI) or W(VI)., L = a dinegative schiff
base.]

A suspension of MO; (0.01 mol) in 30% H,0, (60 cm’®) was stirred over
night at 45-50°C to get a clear solution. This was cooled and to the cold
solution was added a solution of the previously prepared schiff bases. The
precipitate appeared was filtered, washed successively with water and

ether and then dried in vacuo over P,0,,

9.2.3; General method for the preparation of the complexes (3, 8 and
13). [U(0)(0,) LI

3
To a cold solution of UO, (NO;l,. 6H,0 (0.01 mol) in ethanol (50 cm”)

was added successively the previously prepared cold solution of the schiff
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bases and 30% H,0;, (30 em3). The yellow precipitate formed was filtered
]

washed with water and ether and dried in vacuyo over P,0
™10

9.2.4: General method for the Preparation of complexes (4, 5, 9, 10, 14,
and 15) [M(OZ)L. H0] [M = Zr(IV) or Th(IV)].

M(NOy)y» 4H,0 (0.01 mol) in water (30 cm’) was added to a cold

solution of the previously pPrepared schiff base followed by the addition of

3 .
40 cm” of 30% H,0, The mixture was cooled in ice. The precipitate appeared

was filtered, washed with water and ether and then stored as before.
9.3: REACTIVITIES OF THE COMPLEXES :
9.3.1: Reaction of 1, 4 or 7 with allyl alcohol.

Refluxing of 1 or 4 with allyl alcohol in a 1:1 molar ratio in
tetrahydrofuran {(THF) medium for 48h. failed to produce any reaction; 1
and 4 were recovered unchanged.

Refluxing of T with allyl alcohol in the presence of a large excess of
30% H,0, in dioxane medium for 48h. at 90°'C also failed to produce any
reaction; 7 was recovered unchanged.

9.3.2: Reactions of 10 or 14 with triphenyl phosphine.

Refluxing of 10 and 14 with equimolar quantities of triphenyl
phosphine in THF for 48h. failed to produce any reaction. 10 and 14 were

recovered unchanged.

9.3.3: Reactions of 3, 5 or 8 with triphenyl arsine.
Refluxing 3, 5 or 8 with equimolar quantities of triphen_yl arsine in

THF for 48h. also failed to produce any reaction 3, 5 and 8 were recovered

unchanged.
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9.4: RESULTS AND DISCUSSION
Elemental analyses and conductivity data of the complexes (1-15) are
presented in Table 14. The molar conductance values show that all of the

complexes are non-electrolytes in DMSO indicating that the chelate anions

are covalently bonded in all the casges. These data are consistent with six

fold coordination of the metal complexes.

IR spectral data are presented in Table 15. All the schiff bases are

potentially tridentate, coordinating at the imino nitrogen and two oxygen

atoms®3. In the complexes the appearance ofy {C=N) band at (1550-1600) cm™’

indicates coordination through the imino nitrogen atoms'?’. This is also

evident from the v(M-N) mode at (270-360) cm™1 in the far IR spectra of

the complexes®3:55,71,94,122,123

The v(OH) bands of the free ligand in the region 3400-5500 cm™!
disappear in the complexes 1, 2, 3, 6, 7, 8, 11, 12 and 13 which indicate
deprotonaion at. the -OH end. thus providing oxo coordination. That the
ligands deprotonate at the -OH end is also evident from the appearance of

v (M-0’) modes, (O =oxygen in organic ligand) at (370-420) cm™! (Table 15.)

43,55,71,93,94,96

in the far IR spectra of the complexes . All the complexes

1

display v (C=0) modes at (1625-1650)cm™ characteristic of carboxylate

binding in the complexes. The complexes (1-3, 6-8, 11-13) show diagnostic

43,93,94,96
bands at (905-940) cm™! attributable to v(M=0) modes - The

1

complexes (4, 5, 9, 10, 14 and 15) show broad bands at (3400-3500)cm™ due

to coordinated water molecules. The metal peroxo grouping (local C.yv

symmetry) gives rise to three IR and Raman active vibrational modes. These

are predominately O-O stretch (v,), the symmetric M-0 stretch (v,) and
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antisymmetric M-0 stretch (v,). The characteristic v,(0-0) modes of th
of the

complexes (1-15) appeared at (815-890) cpy-1 (Table 15.). In particular th
D ar the

v, mode decreases upon passing from molybdenum complexes (1, 6 and 7)
»

to the corresponding tungsten complexes (2, 6 and 12) which theén further

decreases for uranium complexes (3, 8 and 13) (Table 15) Besides in the
case of the peroxo complexes of the elements of group 4A, there is
decrease in v; mode upon passing from Zirconium complex (4, 9 and 14) to
the corrgsponding thorium complexes (5, 10 and 15). The present study
thus clearly reveals that for the M(0,) grouping the v,(0-0) modes
dec;ease with an increase in the atomic number of the metals in a

particular group. The present peroxo complexes display v, and v, modes

at (615-690) cm™! and (520-570) e¢m™! respectively.

9.5: REACTIVITY :

The peroxo complexes of molybdenum, tungsten, uranium, zirconium
and thorium were not explosive. So that the possible reactivity of the
present peroxo complexes toward olefinic compounds could be explored. Thé
present peroxo complexes were all found to be inert towards oxidation of
olefin and other substrates, triphenyl phosphine or triphenyl arsine. These
negative results out line the enhanced stability of the metal-peroxc moiety
in the presence of tridentate dinegative chelating ligand, which precludes
oxygen transfer reactions. We also observed a similar stabilizing effect of

i . . 43,55,71,88,
the peroxo complexes containing various multidentate ligand
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rable 14. Analytical data and other physical properties of the complexes®

Colour X Metal

Calc. Found Cazlct:.ar:::xnnd cxal'::y‘lr: gen | X Nitrogen Molar
+ Found| calc. Pound conductance
2 lom?mor-1
1. [Mo(0)(0,)(CgH,N0g)] Yellow 29.9 29,8 33.6 33.3 2.2 2.2 4.4 4.3 0
2. [H(0)(0p)(CgH4NO5)] Ash 45.0 44.9 26.4 26.3 1.7 1.7 3.4 3.4 0
3. [8(0)(0,)(CgH,NO4)] Yellow 51.4 51.5 23.3 23.5 1.5 1.4 3.0 3.1 1.5
4. [Zr(0,)(CgH,NO4).H,0] ABh 28.6 28.4 34.0 34.1 2.8 2.9 4.4 4,3 1
5. [Th(0,)(CgH4NO4).H,0] Ash 50.5 50.2 23.5 23.3 z.0 2.1 3.1 3.z 0
6. [Mo(0)(0)(C 3l NO3)]  Yellow 25.5 25.7 41.4 41.2 4.0 4.1 3.7 3.7 1
7. [¥(0)(0,) (€ H,-N03}] Brown  39.6 39.5 33.6 33.5 3.2 3.3 3.0 3.0 0
8. (U(0)(03)(Cy3H,:N04)) Yellow 45.9 46.0 30.0 30.1 2.9 3.0 2.7 2.6 2
9. [Zr(0,)}(C 3, NO}.H,0) Black 26.2 26.0 45.0 45,3 4.9 5.0 4.0 4.1 1
10, [Th{(0,)(C,3H,:N04).H,0] Ash 64.6 64.3 43.5 43.3 4.7 4.5 3.9 3.7 2
11. [Ho(0}(0,)(C eH,NO5)]  Yellow 23.4 23.5 46.7 46.5 3.2 3.3 3.4 3.5 1
12. [W(0)(0)(C g N03)]  Ash 36.9 36.7 38.5 38.2 2.6 2.7 2.8 2.9 0
13. [U(0)(0,)(C gl 3N04)]  Yellow 43.0 42.8 34.7 34.5 2.4 2.5 2.5 2.5 2
14, [Zr(0,)(C, M, N035) . H,0] Ash 22.3 22.1 47.1 47.3 3,7 3.8 3.4 3.5 1
15. [Th(0,)(C gH 3N03) . H,0] Brown  42.3 42.1 35.0 35.2 2.7 2.8 2,6 2.5 2

®The organic moieties for the complexes are:

CH=N-CH, CH=N-CHCH2CH(CH3),

— - --—___ =0
0 0-C=0 00-C

1—5 6 — 10

CH=N—CH—CH?>

0 0—C=0
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rable 15. TR spectral data for the complexes® [band maxima (cr1)).

Ho. Compound;  V(0-H) vEE=O) | v(CH) | w(ne0) v1(0-0) '36\'1 "z("l% Y(1-0"){ v(M-H)
1. 16408 1600e 905 870x 670s 5358 3708 340s
2. 16508 15508  930ve 830ve  g40s 5258  380m  315a
3, 16458 1570s8 910vs 815va 620m 520w 4008 270m
4. 3400-3500br 1650w 1600w 860va 665a 570n 3708 3608
5, 3300-3500br 1650sh  1600s 820s 675m 570w 400w 3508
6. 16458 1595s 9408 8908 656m 5358 400w 3508
7. 1645s 15508 9258 880m 6358 5308 4108 340m
8. 1645s 15608 915m 860s 6258 5208 4008 295w
9. 3200-3500br 16403 1580w 8658 6603 580s 410w 3608
10. 3300-3500br 1630br 16008 830s 650w 570w 405m a25w
11. 1640s 16008 9108 §50s 6808 560m 4008 3508
12. 16458 15708 920m 8308 6508 540s 4008 3408
13, 16408 1580w 3058 8208 630m 5208 4158 320m
14. 3100-3500br 1660=s 15808 840s 680ve 5708 420w 3508
15. 3200-3500br 1640s 15858h 830m 6658 5308 420w 320w

®Relative band intensities are denoded by vs, s, m, w and br representing very

strong, strong, medium weak broad and shoulder respectively.



CHAPTER 10

10.1: Abstract : The reactivities of the peroxo complexes of Mo(VI), U(VI),
zr(1v) and Th(IV) ions towards PPh; and AsPh; were compared on the basis
of different sizes of the metals, multidentate nature of the co-ligands and
also on the donicity of the ancillary ligands used. It has been observed
that the reactivity increases with he increase in the atomic number of the
metal in a particular group. The reactivity also depends on the nature of
the co-ligands. Peroxo complexes containing mono-dentate ligands were
highly reactive than bidentate ligands; compounds containing tridentate or

quardridentate ligands were found to be inactive.

10.2: EXPERIMENTAL
10.2.1: Preparation of the complex 1, U(0ON0,), 20PPhy

U0, (NO,);. 6H,0 (0.005 mol) in water (30 cm’) was added a solution
triphenyl phosphine oxide (0.01 mol) in ethanol (30 cm’). To the mixture
was added H,0, (30%) (30 cm?). The yellow precipitate formed was filtered,
washed with ethanol and ether and then dried over PO;¢

10.2.2: Preparation of the complex 2, U(0){0,),- 20AsPh,.

The same procedure was applied to U0, (NO;),. 6Hzs (0.005 mol},

3 .
triphenyl arsine oxide (0.01 mol) and H,0, (30%) (30 cm”). The precipitate

was separated and stored as above.
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10.2.3:  General method for the Preparation of

[M{0,), L] and [U(0)(0 the complexes 3, 4 and 6

2)2L) [M = Zr(1v) or Th (IV), L = ¢4 NNH,].

M(NO) 44H,0 (0.005 mol) or Uoz(Noa)z- 6H,, (0.005 mol) in water (30

dded i )
cmy) was added a solution of the ligand (0.005 mol) in ethanol (30 cm®). To

o 4 o, 3
the mixture 30% H,0, (30 cm’) was added immediately with stirring., The

precipitate obtained was filtered, washed with ethanol and then dried in

vacuo over P,0,,.

10.2.4: Preparation of the complex 5 [Mo(0)(0,), CH HNH .

A suspension of MoO; (0.005 mol) in 30% H,0, (60 cm®) was stirred
over night at 60°C. This was filtered and to the clear filtrate was added
a solution of the ligand, C;H,NNH, (0.005 mol) in ethanol (50 cm’). The
mixture was stirred whilst cooling at the same time in an ice-salt bath. The
yellow precipitate formed was filtered, washed with ethanol and ether and

then stored as above.

10.2.5: Preparation of the complex 7 [U(0)(0,), det).

U0, (Noy),. 6Hyg (0.005 mol) in water (30 cm’) was added a solution of
the ligand (0.005 mol) in ethanol (30 cm’). To the mixture was added H,0,
(30%) (30 cm?’) with stirring. The yellow precipitate formed was filtered

washed with ethanol and ether and then dried over POyq.

10.3: RFEACTIVITIES OF THE COMPLEXES

10.3.1: Reactivity depending on the gize of the metal.

In order to accomplish this complexes 3, 4, 5 or 6 were allowed to

react with triphenyl phosphine or arsine. A solution of triphenyl phosphine

or arsine in THF (30 cm?®) was added to a suspension of 3 in the same
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3 .
golvent (60 cm }. Refluxing the mixture for 48h Produced phosphi id
ne oxide

or aI‘Si"e 0][1‘ dE ? l >ME ].E tiOIl Of t‘he Ieaction was monibored by TLC The
L3

were found to be completed in 8h, 48h, and 8h respectively

10.3.2:  Reactivity depending on the multidentate nature of the co-ligands

To examine the reactivity of the peroxo complexes containing mono,

bi, and tridentate organic ligands, the complexes 1, 6 or 7 were allowed to

react with triphenyl phosphine or arsine. Refluxing the mixture of
triphenyl phosphine or arsine and the complexes in THF gave triphenyl
phosphine oxide or arsine oxide in 6h with complex 1 and in 8h with
complex 6. No phosphine oxide or arsine oxide was formed with complex 7

even when refluxing was continued to 72h.

10.3.3: Reactivity depending on the donicity of the ancillary ligands.
In order to perform this the complexes 1 or 2 were refluxed with

tripfxenyl phosphine or arsine in THF. It has been observed that the

phosphine or arsine was completely converted to phosphine oxide or arsine

oxide in 6h with complex 1 and in 4h with complex 2 which was monitored

by TLC.

10.4: RESULTS AND DISCUSSION.

The analytical and conductivity data are given in (Table 16). The

complexes were all non electrolytes in DMSO suggesting that the complexes

were undissoclated in solution.

IR spectra data are presented in (Table 17). The characteristic v,

- -1 . I
(0-0) modes of the complexes appear at (800-850 cm™) (Table 17). In
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particulﬂr' the v, mode decreageg upon passi
sing from zirconium complexes

to thorium complexes. The v mode of the uranium peroxo compl
exes occur

at lower frequencies than that of molybdenum angd tungsten 1
complexes

(Table 17) reported carrierl?®

Thus v mode decreases with the increase of the atomic number of
o

: ; 93,94,96,1 .
metals in a particular group . More Importantly, the v,mode of the

peroxo complexes containing bidentate and tridentate ligands occur at lower
frequencies than those containing mono dentate co-ligands. This 1is
presumably due to the greater charge neutralization of the metal centres
by the multidentate §-donor ligands causing a weaker coulombic interaction
in the M™-0,? moiety (n=4 or 6).

Complexes 1-6 were found to oxidize phosphines and arsines to their
oxides. It is interesting however, that the thorium and uranium peroxo
complexes were more reactive than the lighter zirconium or molybdenum
analogues. This is perhaps expected that with the increase of size the
kinetic instability of metals increases thereby enhancing the nucleophilicity
of substrates for an attack.

The insertion of phosphine and arsines into the metal peraxide bond
forming a peroxo metallocycle is a concerted process.“"“ which is very
facile for heavier metals. The products OPPh; and OAsPh, were
characterized from the melting points and IR spectra. The uranium peroxo

complex 7 containing a tridentate Co-ligands was however, inert towards

tripheny] phosphines or arsines. This findings contradicts the information

that the total electronic effect of the multidentate ligands on the metal

centre weakens the M"% bonding (Table 17) which should render stronger

1 i i L] w
oxidizing character to 7 than those containing monodentate ligands. We

: . i ligands
believe that the positive gain in entropy while using multidentate Lga
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predominates the electronic effect thereby giving a huge kinetic stability
to the metal peroxo moiety in 7.

Westland et al! reported that the 0-0 stretching frequency in
peroxo complexes of Mo and W is decreased by replacing a given ligand by
one which is a stronger donor. They suggested that the peroxide modes
depend on the degree of ionic character in the M-O bonds and this may
in turn be affected by the other ligands in the molecule. Griffith has noted
that when fluorine replaces a less electronegative element bonded to the
central atom of a peroxo complex, the {0-0) stretching frequency is
increased 1", The analogous phosphorus and arsenic-containing ligands (eg
OPPh; and OAsPh,) are spatially very much alike while the pauling
elecleonegativities of phosphorus and arsenic are 2.19 and 2.18
respectively-practically identical . Nevertheless, the frequency of the
v,mode is lower in the arsenic compounds than in the phosphorus
analogues. The polarity or the polarizibility of the bond from the group 5A
¢lement to oxygen should influence charge displacement toward the metal
atom. Reynold and Meek reported the following bond moments for Ph,EO
(E=p or As): P-0, 3.27; As-0 4.77 D. The derived charge separations in the
E-O0 bonds show that the oxygen in the arsine oxide i8 more negative, and
values of 2.45x107'% and 1.78x107'° e.s.u. were obtained for arsine oxide and
phosphine oxide respectively, using 0.74, 1.10 and 1.21 A® aa the covalent
radii for oxyden, phosphorus and arsenic respectively. The following plm
values were obtained®' for the protonated oxides; R';P0, 9.72; R,PO, 8.54;
R,As0, 16.14 (R” = cyclooctyl, R’ = n-butyl). This evidence again points to
a greater polarity in the case of arsine oxides and hence = As-O is a
stronger donor than = P-0. This argument seems to apply again in

accounting for the lower v value observed for compound 2 compared to 1.
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The infrared data also reflects on the reactivity of the complexes.

In

particular U(0)(0,},.2 OAsPh; was more reactive than U(0)(0,), 20PPh; (see

experimental section) toward PPh; and AsPhj This example gives some

assurance in the variation of reactivities with respect to the donicity of

the co-ligands used in dioxygen complexes.

Table 16. Analytical data and other physical properties of Zr(1V), Th(IV),
Mo(VI) and U(VI) peroxo complexes®.

No. Compound Colour % carbon X hydrogen Z nitrogen Holar
: calc, found | calc. found| calc. found | conductance
ohm~LomZmo1~1
1. [U(0)(0y), 20PPH, ] Yellow 43.4 49.5 3.4 3.5 2
2. [U(0)(03},.2048Ph,] Yellow 44.9 45.0 3.1 3.2 2
3. 1ZIr(0,),(CH NNA,)] Brown 24.0 24.1I 2.4 2.3 11.2 11,3 1
4, [Th(oz)z(canmz)] Colourless 15.4 15.3 1.5 1.5 7.1 7.2 0
5. [Mo(0)(0,),(CH NNH,)]  Yellow 22.2 22.1 2.2 2.2 10.3 10.4 2
6.  [U(0}(0,),(CH ,NNH,)) Yellow 14.8 14.5 1.5 1.5 6.8 6.7 0
Yellow 11.9 11.7 3.2 5.2 10.4 10.3 2

7. [U(0) ,(0,) det]
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R

Table 17. IR spectral data for Zr(IV), Th(IV), Mo(VI) and U(VI) complexes®

[band maxima (cm'l)].

-0 ~0
No. compound ¥(NH,) v(C=N) v(M=0) VI(O-O) !3(!6 Vz(rLb v{M-N)

1. 922va §30s 685m 606m

2. 907vs 820vs 670m 612m

3. 3302w R 16008 8408 6808 590w 385w
3245w

4. 3285w 1570w 8308 600w 525w 310sh
3175w

5. 3210w 16408 8508 680e 380m 310w
3100w

6. 3240m 1650w 905vse 810w 600sh 520w 250m
31G0sh

7. 3280w 900vs 8008 650m 530m 293m
3180w

"Relative band intensities are denoted by vs, 8, m, w, br and sh
representing very strong, strong, medium, weak, broad and shoulder
respectively.



From the observation obtained in the previous sections, the following

conclusions were made,

(1) Peroxo complexes of different metal jons can be used as specific
reagents for oxidations of olefinic compounds and triphenyl phosphine or
triphenyl arsine.

(2) Peroxo complexes of Zr(IV) Th(IV) Mo(VI) W(VI) and U(VI) ions
containing bi dentale uninegative or bidentate neutral ligands are effective
oxidizing agents towards oxidation of olefinic compounds, triphenyl
phosphine and triphenyl arsine.

(3) Peroxo complexes of Zr(IV), Th(IV) Mo(VI) W(VI) and U(VI) ions
containing bidentate dinegative ligands are inactive ‘towards oxidation of
ethylenic compounds or PPh; or AsPh; The negative results outline the
enhanced stability of the metal peroxo moiety in the presence of bidentate-
dinegative chelating ligands.

(4) Peroxo complexes of the above mentioned metal ions containing
tridentate or quardridentate ligands are inactive towards oxidation of
olefinic compounds and PPh; or AsPh, These negative results outline the
enhanced stability of the metal peroxo moiety in the presence of the
quardridentate chelating lignds which precludes oxygen transfer reactions.
(5) During the oxidation of ethylenic compounds’PPha or AsPh, by the
peroxo complexes, the peroxo oxygen is transferred to the substrates.
This is evident from the disappearance of v, (0-O) bands in the metal

residues left after oxidat_ion.
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Manganese Contents in Parasandesh in Time Interval | @T1 ®T2
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Figure 3.28: Mean Manganese contents with SD of Parasandesh from four
sources in time interval

3.2.8 Results of Cu

Mean value of Cu of both items of four sources and their comparisons in two time

intervals are given in Figure 3.29 to Figure 3.32.

Copper contents in R products varied between a little below of 0.004mg (4pg) to
about 0.012mg (12pg), the lowest value found for the source MB, and the highest
value is for the source MV. The variation also can be calculated as up to 200% among
the sources, which is off course a significant figure, and this trend is similar to Mn
found just earlier.

For P products, the highest values (about 16g) are found only for MBz and the rest
three (B, MB and MV) producing the products contain Cu that is only about 6 to 8ug.
Significant variation in Cu contents can not be appreciably attributable for two

products.

It is again to be noticed that for both products the Cu contents are significantly higher
in all the samples from all sources but those used in second batch only. That attributes
that huge variations in Cu contents are result of mismanagement being occurring in
the production levels. Variations in error levels are again found arguably minimal.
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Figure 3.29: Mean Copper contents with SD of Rosogolla from four sources
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Figure 3.30: Mean Copper contents with SD of Parasandesh from four sources
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Figure 3.31: Mean Copper contents with SD of Rosogolla from four sources in

time interval
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Figure 3.32: Mean Copper contents with SD of Parasandesh from four sources in

time interval
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3.2.9 Results of Pb

Mean value of Pb of both items of four sources and their comparisons in two time

intervals are given in Figure 3.33 to Figure 3.36.

Those previous minerals e.g., Ca, Zn, Mn and Cu are considered as essential elements
(some of them are micro nutrients), therefore their presence and the level in milk
products are considered beneficial, while the presence and the level of metal ion Pb is
to be considered differently. As its presence, with certain degrees, is a matter of

concern and usually termed as contaminated or toxicity occurred in the edible foods.

Lead contents in R varied negligibly, between a little below of 0.05mg (50pg) to
about 0.07mg (70png), the lowest value found for the source MV, and the highest
value is for the source MBz. Therefore, the variation is about 40% among the sources
of highest and lowest values. Obviously, this level of Pb present in any regular

consumables is really matter of concern.

For P, the values hiked further, about 40pg is found in products of MBz, but for MB it
is well above 100ug. Significant variation in Pb contents for two products is hard to

notice.

For both products, the Pb contents are significantly lower (unlike to Cu) in all the
samples from all sources but those used in analysis as second batch. This huge
variation in time interval (either positively or negatively) upholds the earlier statement
of poor quality control of production line for all producers examined here. Variations

in error levels are fully justifiable.
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Figure 3.33: Mean Lead contents with SD of Rosogolla from four sources
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Figure 3.34: Mean Lead contents with SD of Parasandesh from four sources
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Figure 3.35: Mean Lead contents with SD of Rosogolla from four sources in time

interval
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Figure 3.36: Mean Lead contents with SD of Parasandesh from four sources in

time interval
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3.2.10 Results of Cr

Mean value of Cr of both items of four sources and their comparisons in two time

intervals are given in Figure 3.37 to Figure 3.40.

Chromium is an essential element for human nutrition, but its toxicity level is not far
above of its appreciable levels and that is depends of its oxidation states. Therefore,

sometimes its presence in food is also a matter of concern.

On the basis of chromium contents in R, all four sources can be classified in two
groups. The source B and MB producing products with less amount of Cr which is
only about 5pg, while for the other two (MV and MBz), the level is found to be 25
ug, which is exactly five times higher of the former two. Therefore, the variation is up
to 400% among two groups of four sources, similar kind of trend is not found in

earlier cases.

Chromium contents for P showed a linear trend, in which products from source B
contain only 10 pg which is gradually increased to be 40ug for the products of MBz,
and the rest two is in between. Variation in Cr contents for two products can not be

mentioned as significant.

For both products, the trends of increasing nature in Cr contents for second batch
sample are easy to notice. However data revealed that products R from the source B
and MB were not incorporated in first batch, possibly because of a short breakdown
of AAS machine. Similarly, products P from the source MB and MBz were not
incorporated in that first batch of analysis. As usual, variations in error levels are

considerably justifiable.
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Figure 3.43: Mean Cadmium contents with SD of Rosogolla from four sources in

time interval
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The item R is preciously produced during the interval of two samplings that can be
reflected by their milk and sugar levels but this trend is not corroborative to their
mineral constituents. The other item P is not maintained as neatly as R (in terms of
milk portion), which is partly reflected
constituents. It is almost clear that both i
differences can be described by their level o

in both intervals.

Table 3.10: Mean comparison of two item

Factors FW LME TS
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Chapter Four

Consumption of C a by Local
Inhabitants and its
Conseguences

4.1 Role of Cain human health

There are a great variety of Ca dependent biochemical and physiological processes,
and the element plays an important role in growth and development having both
extra-cellular and intracellular functions. It is required for cell elongation and
division, being involved in microtubule and cell plate formation. However, in contrast
with other cation species, Ca plays a comparatively minor role in enzyme activation.
It is thought that it may inhibit the activating effect of Mg by displacing that element
from functional sites, whilst the protein calmodulin (which incorporates Ca) regulates
the enzyme nicotinamide adenine dinucleotide (NAD) kinase. The enzyme glutamate
dehydrogenase, found mainly in mitochondria, is also dependent upon the presence of
Ca ions for maximal activity. A more detailed description about its essentiality and

consequences can be found in chapter 1.

4.2 Status occurring in the study @ea

As mentioned in the hypothesis and expressed the concern that a substantial part of
liquid milk is being utilized to produce various items of milk-based sweetmeat in all
over the country. Consequently, a major portion of the city population is consuming

those varieties of sweetmeats and that is considered as an indirect consumption of
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milk which is important and essential for Ca supply for each and every people of the

area of interest.

Analysis of milk products are fully based on the city area (city center of Rajashahi
City Corporation and in some extent the university area), therefore, results are need to
be, and ought to be, evaluated in terms of its significance on health of local

population.

As a reminder, the contents of Table 4.1 are readdressing the issue of Ca contents in
any usual milk samples, and the amounts needed to meet the RDA for an adult. In
relation with this figure, results (usually the average value) obtained in this research
are put in the following table (Table 4.2). At least four glasses of milk is necessary to
have 1g Ca in a day, which is a bit unrealistic. However, other main protein sources,
like meat, fish also contain substantial amount of Ca, therefore referred that at least
half of the RDA of Ca should meet through milk and milk-products. According to that
assumption, two glasses of milk is now needed to meet the daily need, which is

sensible and can be consumed after two major meals in a day.

As indicated earlier, a single item of R or P is considered here as a single (or ideal)
serving in local cuisine. A single product of R may contain only 75mg of Ca,
therefore, 13 pieces of this item are need to meet the RDA, but still need more than 7
pieces for half of the RDA for an adult, that sounds still ridiculous. On the other
hand, the other product, P could be a good provider of Ca that contains 250mg Ca in a
single item; therefore, 2 pieces are need for the half of RDA of Ca. So the logical
allocation would be in the meals is to be one piece in a meal. However, both products
(R and P, see the last row of Table 4.2) in combined are not sufficient as the source to

provide 500mg Ca in a day.

Table 4.1: Ca contents of aw’'s milk (whole)

unit |, one serving# In one glass % of RDA Amounts needed to meet
(by 1 glass) RDA
mg 276 226 about 25 at least 4 glasses (if RDA

is 1L milk/1g Ca

(Compiled from the USDA Nutrient Database);” 1 serving = 1 cup (8 oz; 244 gJ;1 glass = 200

mL;
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Table 42: Ca contents in itemsnvestigated (recovered from chapter 3)

ltem  Average Ca, mg % of RDA Amounts needed to meet RDA
LME, mL (by 1 serving)

R 85 75 7.5 more than 13 pieces

P 225 250 25 at least 4 pieces

R+P 310 325 325 need to have three times in a day

At this point, it is necessary to see, if possible, the tentative amounts of products (e.qg.,
in terms of LME) is being consumed per capita (per year) taking place in the locality.
To that extent, earlier information (see Table 4.3) is reintroduced with some modified

additions (those rows in the table are in bold faced).

Table 4.3: Required raw materials in regular and in case of overfull demand

Name of Raw Materials— Milk Channa Sugar Flour Khoa/
Brand Demand L Kg Kg Kg Maowa
/Outlet Kg
MV Regular 80 50 150 50 30
Overfull 110 90 300 80 70
MB Regular 800 120 400 50 30
Overfull 1200 200 1000 150 80
B Regular 400 75 140 40 45
Overfull 600 120 200 65 75
MBz Regular 350 90 120 40 40
Overfull 500 150 160 65 70
Total Regular 1630 335 810 180 145
Overfull 2410 560 1660 360 295
Average 2020 448 1235 270 220
Increase in % for overfull 150 170 210 200 200
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On the basis of above information in Table 4.3, following assumptions are adopted
about the use of raw materials by four producers (outlet, here mentioned as sources)

are:

1. Average production could be the logical amount of each raw materials being used
in any typical day, because, if one producer got their overfull demand, possibly that
day the other producer is running an ordinary day. However, in festive time, possibly
most of the producers are busy with their overfull demand. On contrary, in public
holydays or in the midst of political unrest, all producers might run in blank or
business could be very close to zero earning. Therefore, the consideration of average

amount of each raw material is justified.

2. Liquid milks could be used for whey and/or variety of cruddy products, therefore
that amount is producing nearly half of the final products. So, 2020 L liquid milk is
producing 1010 kg final products.

3. The rest all are mostly dry, therefore it is thought, those four raw materials might
produce higher amount of final products. For example, if the average moisture
contents of 40% are considered, then 1 kg raw materials actually produce 1.4 kg final
products. According to that assumption, 2173 kg raw materials are producing 3042 kg

(considering 40% MC) final products.

4. So in total, 4052 kg final products are being produced by those four producers.

Further extrapolation of assumptions about the total productions (milk products) of

the city area is:

1. Four producers are producing probably one half of the total being produced in the
city areas that means the rest of all producers are producing the rest half of the total
sales of the city and the around. So the total productions now stand at 8104 kg across
the city in a typical day.
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2. It is difficult to assume who is the buyer; rather it can be considered that each one

is a potential buyer in many occasions round the year.

Now, considering 360 business days in a year, the calculated total productions would
be 2917440 kg. The total population of the city can be found cited in BBS documents,
which are just little above of 500, 000. So the per capita milk product consumption
round the year is to be nearly 6kg (compared to 6L). BBS always reported that
tantamount of either liquid milk or milk products are consumed per capita, therefore,
a person can highest consumes 12kg (or 12L) liquid milk or equivalent to that in a
year. This assumption can support the national average which is reported in the part 2
of chapter one. The eventual figure can be calculated, and that is only 33mL LME is
being allocated for each consumer in a day which is only less than 10% of LME
accounted from two P products or just 10% if R and P are considered. Therefore, the
obvious look out (see Table 4.4) is that people, being the city dweller, is still heavily
being deprived from the standard requirements of Ca through milk-based
consumables, and facing consequences in terms of many complicated physical

impairments that addressed in the following table (Table 4.4).

Table 44: Figure of merits for Ca and related aspects

Level Typical Average Perception of Consequences at
found in contents in RDA/UL cited deficiency a glance
the milk (reported earlier in texts Joverdose

study earlier)

325mg upto1.33gL™ 1.0to2.5g Possibility of Osteoporosis,
(R+P) deficiency hypertension,

colon céancer etc.
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4.3 Scenario of national health services:

a snap shot

The Bangladesh National Health Accounts, 1999-2001, termed as "NHA-2",
represents the second endeavor of the Health Economics Unit (HEU) of the Ministry
of Health and Family Welfare (MOHFW) of the Government of the People’s
Republic of Bangladesh to compile and update estimates of the health expenditures of
the country [146]. Following information (presented either in tables or in figures) is
obtained from that source, and considered here as necessary to evaluate the issues of

health problem facing its population, irrespective of size under investigation.

Table 4.5 presenting the trend of national health expenditure, termed here as total
health expenditure (THE) from the year of 1996 to 2007, which is more clearly
depicted in Figure 4. 1. The rend is a gradual and steady increase and this similar
increment in increase can be found its per capita expenditure (Figure 4.2) and the

growth rate of national GDP (Figure 4.3).

Table 4.5: Total health expenditures, 199697 to 200202 and 200203 to 200607

Year — 199697 199798 199899 199900 200001 200102
Expenditure|

THE in 55,763 62,022 68,281 74,785 80,966 88,313
million Taka

Year — 200203 200304 200405 200506 200607
Expenditure|

THE in 89,709 102,229 17,085 138,955 160,899

million Taka

THE, Total Health Expenditure;
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Figure 4.1 Total health expenditures, 200203 to 2M6-07

However, together with the meager amount of THE (if total population is considered),
an insignificant amount of that THE is only going to curative purpose (see the fourth
column of Figure 4.4). Out of that curative expenditure, about 30% of that allocation
is only for outpatient curative services (see Figure 4.5), and it is assumed that all the
consumers facing a shortfall of Ca intake would be classified as those outpatients
category. Therefore, the long term imbalance of diets, in terms of Ca deficiency, and
its plausible consequences are not properly mitigated by the national expenditure.

Figure 4.2 Per capitaTHE in Bangladesh from 1995 to 2010
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Appendix-B

Production of Sweetmeats: A Survey on Rajshahi Metropolitan City

Name of the Outlet/Brand: Address:
1. What is the year of establishment of your business?

2. How many numbers of employees in your organization at present?

3. Where do you produce your items?

a. Own factory
b. Others factory

c. Others (please explain)..

4. How do you collect the capital?

a. Own capital b. Bank Loan c. Others
5. What are the main objectives of your business?

a. profit b. Brand Image c. Loyal customer
6. What materials do you essentially need for your business?
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10.

11.

12.

13.

14.

a. Milk b. Channa c. Sugar d. Flour e. Color

From where do you collect these materials?

Please mention the required amount (per day/week) of the above raw

materials.

a. Milk b. Channa  c. Sugar d. Flour e. Color

Please mention the amount (in kg) of raw materials needed in the due time of
different occasions.

a. Milk b. Chana c. Sugar d. Flour e. Color

How do you forecast your need for the materials?

Do you get the required raw materials smoothly from the suppliers, all over
the year?

Do you get raw materials of a good standard round the year?
a. yes b. No
Do you get additional raw materials when you face overfull demand?

a. Yes b. No c. Sometimes

Are you confident enough that you can get the raw materials at the time

and of the quantity you need ?
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15.

16.

17.

18.

19.

20.

21.

a. Yes b. No

If no, then please stratify the causes

Dou you have to face high price of raw materials for different occasions

(Eid, Puja, New Year etc)?

Up to which limit of quantity you are capable enough to receive and

deliver/serve argent orders ?

What is your preferred delivering system for collecting materials?
a. you collect them from the location of supplier

b. supplier delivers those at your convenient location.

How much time (lead time) do you keep as safety period before placing
the order to supplier?
a. mMinimum, because these are readily available anytime

b. week, because the supplier need some preparation time

What factor/factors are restricted you to fix the capability limit?

Do you used to stock materials in advance?
a. Yes
b. No

c. Sometimes
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22,

23.

24,

25.

26.

27.

28.

29.

d. For specific items, please specify ..

Do you have any additional facility for storing raw materials?

What payment system do you follow to pay the bill of suppliers?
a. Advance b. Cash c. Check d. Debt

Please mention the amount ( in kg) of sells per day

Is there any particular time in a day when the amount of sells increase?

a. No b. If yes then please mention the time duration ..

Is there any particular season in a year when the amount of sells increase?
a. No

b. If yes, then please mention the name of season .. ..

Please mention the amount ( in kg) of sells in the due time of different

occasion.

Please mention the amount (in kg) of sells for last seven days.

a. Day 01- b. Day 02- c. Day 03-
d. Day -4- e. Day 05- f. Day 06-
g. Day 07-

Do you segment the market? If yes, then which variable/variables do you

consider for segmenting market ?

a. Geographic b. Demographic c. Psychographic  d. Behavioral
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30.

31.

32.

33.

34.

How many product lines do you have?

Please mention the number & name of items of your product-line length

a b C. d e

f g. h I J

k I m. n 0
P q. r s t

u v W. X y

Do you engage in diversify or simplify the product line, which ?

a. Diversification (not depending on single or a few product items rather
offering a big variety )

b. Simplification (reducing less profitable variety & concentrating on the
profitable item).

Do you engage in product differentiation for achieving competitive
advantages ?

a. Yes b. No

If yes, on which basis do you differentiate?
a. Form b. Style c. Design d. Featuring low price
e. The latest or most trendy product f. Efficient and rapid service

g. Coverage h. Communication i. If others please specify ..
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35.

36.

37.

38.

39.

40.

41.

42.

Do you think that your customer prefer your product for your name and

goodwill?

Do you think that the packaging of your products is attractive, good to

preserve the quality, easy to carry and containing the necessary information?

a. Yes b. No

If no, then do you have any thought for its improvement?

a. Yes b. No

Do you have any plan to introduce any new product item?

a. Yes b. No c. We are thinking about this

What factors would you consider to determine the price of your product?

What method/ methods do you follow to set up pricing?
a. Cost-based pricing b. Break- even pricing

c. Value-based pricing d. Competition-based pricing

Do you have any price discount or allowance?

a. Yes b. No

If yes, then on which factor/factors it’s depended?

a. Large volume purchase b. Loyal customer c. Seasonal offer

d. If pay the bill in advance e. Others (please stratify) ..
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43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

How do you charge your customer when you offer a new product item?
a. Skimming (high price to ensure quick profit )

b. Penetration (low price to get market acceptability)

c. Going rate pricing (following the competitors)

What type/types of distribution channel are you using?

How many outlets do you have?
a.One b. Two c. Three d. Four e. Five f. More than five
Do you think that by the number of this / these outlet you can meet up the

demand of your target customer ?

How do you motivate your channel members for working efficiency?

Is there any facility for trained up your workers for quality control &
improvement of service ?

a. Yes b. No

Do you feel any difficulty in storing your finished products?

a. Yes b. No c. Sometimes

Please disclose the transportation and warehouse facilities of your

organization.

What are your current promotional tool/tools?
a. Advertising b. Sales promotion c. Public relation
d. Personal selling e. Direct marketing

Which tools are you emphasizing more and why?
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53.

54.

55.

56.

57,

58.

Do you offer for a trial to the customer?

What is your current slogan?

How much do you spend for your yearly promotion?

Do you have any new promotional strategy?

What are the dimensions of challenges you usually face from the

activities of your competitors ?

a. Bargaining power of supplier
b. Bargaining power of customers
C. Impact on pricing

d. Investing on decoration

e. Bargaining power of the stuff
f. Quality competition

g. Others

Do you have any complaint system for the customers?

a. Yes b. No

Thank you for your kind cooperation

238



Appendix C

=T

o Sohel_Zn-9.03.11.aa - WizhArd

Fle Edt Parameters Instrument Help

hEE T Canh.t:umemest e [ JM

Zn - Abs=0633714Conc+ 0
_ 1=0.93%8
DBUDE : : : : UBUDE A
I s TS R SRR [ | SRS SRS S RS 070 b goan]
11 CRSRSTRMESES RS AR bidscesbation QR st 11—
: . E 14
05004 | Tl T e e ookl | | | et gk o 05004+ 1
MUUE """" :’ """" :’ """"""" :’ """" :’ """"""""""""""""""" 0.400': """" 0150:
1 || S . — 003
i R B g e [P S i
s SRS St J | AR SRR SRS S 115 S ]
] : l , , ] 0080+
00— T e e (115 S :
1 e R e K R e e lIE S g
gnt——— B - ’
Interval 600 80 00 00 00 0o 1l oo
B
Sanple True Value | Conc. Actual 4
Actip X Abs, | Pas, VRSD |
L2 o) | fom) S Sl ) =
13T01 [STDL 00000 00049 R
1
_35TD-3 |STD1 00000 0004 R1
45TD-AV  |STD1 0.0000 00048 1 | 148719
K |
815101 (5102 0.1000 W69 R |
_7 gD D 0.1000 | 00626 K2 | o
4] [\ Summary AZn:Flame / |4 )
%\@ﬁﬂ/—% @BLANK @m\n . @_R\NSE
FH FF (1]
0 [ | leskhek OFF

stat @ 7 dcuSmdoc-Moos., | 3¢SO Moo, 0031188 \QI)F'%""I\-1I]:IZIE‘AF-'I

Figure C-1: Calibration of Zn in AAS with its background noise level
(transported from operating software)
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Figure C-2: Calibration of Cu in AAS with its background noise level
(transported from operating software)
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Figure C-3: Calibration of Mn in AAS with its background noise level
(transported from operating software)
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Figure C-4: Calibration of Pb in AAS with its background noise level
(transported from operating software)
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Figure C-5: Calibration of Cr in AAS with its background noise level
(transported from operating software)
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Figure C-6: Calibration of Cd in AAS with its background noise level
(transported from operating software)
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Figure C-7: Calibration of Co in AAS with its background noise level
(transported from operating software

245



Appendix C

As_Furnaceon2..7.2011.2a - WizAArd

File Edi Parameters Instrumert Hep

0@ m @ As :Funace 4

Calib. Curve ‘ Latest ‘

17 ]

]
Z]

—
start

ba
4

€4

fis_Furmace on

Abs=0M3Fonc+ [
As BGC02 i
08003010 0800 _
= ] p 0400
T | e R e e 07004 .
=350 ] ]
| R R TR e
= ] 0300
1 [ SRRSO SRR S EAeet {1 SR ]
=210 : ]
1 e ettt IR EE (1 SRS 00
N ] ]
e B et I SO [/ 2 SR 0200+ i i
5 E g ] ] " i
| e T L 1] 12 SR 0150 : ;
=100 ] ] ; :
L e e e I 11 S 0100 L L
= 3 ] | |
R I et Rt R R Ll 0050 : :
Uhie | I R i - ] | :
z HiL 0000 : ' '
220F0 A SR I S o B e
0 0w W 00 ] 5000 LR 1/ 1
: [onc (pphl
[
i : Sample True Value | Conc. Diluent | Reagemtl | Reagenil
Actin Graph) X |M s, BG | Ps. | VOL
e p [N e | em : 5 R ® B
1[3TD- 311 [ M 00000 000|003 Rl 10 i I I
] .
| 35D 3D [ | ™ 00000 00t4] 007 R 10 0 0| 0|
4STDAY  STDL 00000 00112 0105 RI 1 0 0 0
5|3TD- 5102 [ M 41000 0wy 00gR 10 i i i
i .
T3TD:3 31D1 [ 41000 004 000ER 10 [ 0 0]
(|0 |\ Summary jAs:Fumace / [
%\@”\U’% @BLHNR @s‘mm = @_RWSE
FF4 6 F
02 Lesk Check: OFF

m) L o

Figure C-8: Calibration of As in AAS with its background noise level
(transported from operating software
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Appendix-D

Table D-1: Correlations matrix for BR (n = at least 18)

BRTFW BRLME BRTMS BRTS BRCa BRZn BRMn BRCu BRPb

BRTFW

BRLME

BRTMS

BRTS

BRCa

BRZn

BRMn

BRCu

BRPDb

1 152 152 .799* .881* -.061
1 1.000** .189 .029 -.148
1 189  .029  -.148
1 432 169
1 -.244
1

.740*

-.152

-.152

.209

.939**

-.178

122 -.655
-.151 329
-.151 329
181 -.151
934** -873*
-.220 392

099** - 942%**

1 -.952**

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Table D-2: Correlations matrix for BP (n = at least 18)

BPTFW BPLME BPTMS BPTS BPCa BPzZn BPMn BPCu BPPb
BPTFW 1 698 .698 -316 .837* -166 .698 697 -.615
BPLME 1 1.000** -.849* .939** -532 .823* .819* -873*
BPTMS 1 -.849* 939** -532 .823* .819* -873*
BPTS 1 -711  .751* -777*  -774*  .860*
BPCa 1 -516 .904** .902** -.874*
BPZn 1 -.783* -782*  .850*
BPMn 1 1.000** -.962**
BPCu 1 -.960**
BPPb 1

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Table D-3: Correlations matrix for MBR (n = at least 18)

MBRTFW MBRLME MBRTMS MBRTS MBRCa MBRZn MBRMn MBRCu MBRPb

MBRTFW

MBRLME

MBRTMS

MBRTS

MBRCa

MBRZn

MBRMn

MBRCu

MBRPb

424 424 936**  .912** .825* 794%*
1 1.000** 124 242 117 -.083
1 124 242 117 -.083
1 970** .781* 940**
1 .668 918**
1 .624

1

A73*

-.107

-.107

929**

907**

598

.999**

-.490

387

387

-.708

-.667

-.446

-894%*

-.904**

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Table D-4: Correlations Matrix for MBP (n = at least 18)

MBPTFW MBPLME MBPTMS MBPTS MBPCa MBPZn MBPMn MBPCu MBPPb
MBPTFW 1 314 314 218 -.765* -.259 161 133 161
MBPLME 1 1.000** -.698 .269 497 540 539 -.182
MBPTMS 1 -.698 .269 497 540 539 -.182
MBPTS 1 -.631 -901**  -.842* -.854* 152*
MBPCa 1 .589 205 237 -.325
MBPZn 1 .808* .819* -.756*
MBPMn 1 999**  -.899**
MBPCu 1 -.907**
MBPPb 1

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Table D-5: Correlations matrix for MVR (n = at least 18)

MVRTFW MVRLME MVRTMS MVRTS MVRCa MVRZn MVRMn MVRCu MVRPb MVRCr MVRCd MVRCo MVRAs
MVRTFW 1 -312 -312 .926** -.076 -.254 .135* .735* .001 912 .629 .568 -442
MVRLME 1 1.000** -.294 .507 .889** -.813* -.813* .930** -535 -.862* -.755% .164
MVRTMS 1 -.294 .507 .889** -.813* -.813* .930** -535 -.862* -.755% .164
MVRTS 1 -.266 -.195 577 577 .018 .867* 479 402 -.856
MVRCa 1 .130 -.203 -.203 .563 -.443 -.379 -.373 .232
MVRZn 1 -.745% -.745% .819* -.327 -.731%* -521 .575
MVRMn 1 1.000** -.607 .809* 967+ .893** .108
MVRCu 1 -.607 .809* 967+ .893** .108
MVRPb 1 -.293 -.730* -.607 .064
MVRCr 1 .7196* .755* -417
MVRCd 1 .918** .950
MVRCo 1 .999*
MVRAs 1

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Table D-6: Correlations matrix for MVP (n = at least 18)

MVPTFW MVPLME MVPTMS MVPTS MVPCa MVPZn MVPMn MVPCu MVPPb MVPCr MVPCd

MVPCo MVPAs

MVPTFW

MVPLME

MVPTMS

MVPTS

MVPCa

MVPZn

MVPMn

MVPCu

MVPPb

MVPCr

MVPCd

MVPCo

MVPAs

.156 .156 -.002 181 -.205
1 1.000** -987*%%  .961**  -983**
1 -987*%%  .961**  -983**
1 -.939*%*  .968**
1 -.948**
1

.285

973**

973**

-.945%*

.939**

-.996**

.285

973**

973**

-.945%*

.939**

-.996**

1.000**

1

.599

-.187

-.187

292

-.243

.254

-212

-212

1

.228

.709

.709

-.699

.506

-.740*

.750*

.750*

-.026

1

514

.914**

.914**

-.849*

.860*

934

.958**

.958**

.032

.790*

.365 -720
.855* -910
.855* -910
-.801* .149
.955** -.607
-.863* -501
.872* .633
.872* .633
-.190 -.962
.350 .662
.825* -547

1 -.617

1

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Table D-7: Correlations matrix for MBzR (n = at least 18)

MBzRTFW MBzRLME MBzRTMS MBzRTS MBzRCa MBzRZn MBzRMn MBzRCu MBzRPb MBzRCr MBzRCd MBzRCo MBzRAs
MBzRTFW 1 .152 152 .960** .626 .096 .870* .870* -533 .894** 742* 793* .548
MBzRLME 1 1.000** -.116 .646 757* -.008 -.008 -317 .082 -.301 -.001 -227
MBzRTMS 1 -.116 .646 757* -.008 -.008 -317 .082 -.301 -.001 =227
MBzRTS 1 432 -.152 .907** .907** -.468 .895** .886** .812* .670
MBzRCa 1 440 .385 .385 -.783* .397 .051 572 .641
MBzRZn 1 -.297 -.297 .045 -.126 -521 -.292 .622
MBzRMn 1 1.000** -.458 972%* .893** .826* -.418
MBzRCu 1 -.458 .972%* .893** .826* -.418
MBzRPb 1 -.326 -312 -.530 184
MBzRCr 1 .823* .796* -.148
MBzRCd 1 671 -317
MBzRCo 1 .326
MBzRAs 1

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Table D-8: Correlations matrix for MBzP (n = at least 18)

MBzPTFW MBzPLME MBzPTMS MBzPTS MBzPCa MBzPZn MBzPMn MBzPCu MBzPPb MBzPCr MBzPCd MBzPCo MBzPAs
MBzPTFW 1 -.436 -.436 .732* .938** .959** .944%* .944%* .621 -.585 -.952** -327 .762
MBzPLME 1 1.000** -.928** -.604 -.439 -.438 -.438 -572 .029 .399 .469 -.384
MBzPTMS 1 -.928** -.604 -.439 -.438 -.438 -572 .029 .399 .469 -.384
MBzPTS 1 .821* 741* .738* .738* .640 -.256 -.705 -.505 401
MBzPCa 1 .856* .851* .851* .590 -.320 -.897** -272 .645
MBzPZn 1 .987** .987** .504 -.576 -967** -447 745
MBzPMn 1 1.000** 442 -.550 -.982** -.329 -.994*
MBzPCu 1 442 -.550 -.982** -.329 -.994*
MBzPPb 1 -.681 =377 -.404 .624
MBzPCr 1 441 .186 791
MBzPCd 1 .258 .842
MBzPCo 1 -1.000**
MBzPAs 1

*Correlation is significant at the 0.05 level; **Correlation is significant at the 0.01 level
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Appendix - E1

Regressions for BR

Regression between Ca and Mn
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Figure E-1.2: Regression between Ca and Cu contents for R from the source B
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Figure E-1.4: Regression between Mn and Pb contents for R from the B source
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Regression between Ca and Mn
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Regression between Mn and Cu
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Figure E-2.5: Regression between Mn and Pb contents for P from the B source
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Figure E-3.1: Regression between TFW and TS contents for R from the MB
source
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Figure E-3.3: Regression between TS and Ca contents for R from the MB source
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Figure E-3.5: Regression between TS and Cu contents for R from the MB source
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Figure E-3.6: Regression between Ca and Mn contents for R from the MB source
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Figure E-3.7: Regression between Ca and Cu contents for R from the MB source
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Figure E-3.8: Regression between Mn and Cu contents for R from the MB source
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Figure E-3.9: Regression between Mn and Pb contents for R from MB source
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Figure E-3.10: Regression between Cu and Pb contents for R from the MB
source
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Figure E-4.1: Regression between TS and Zn contents for P from the MB source
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Figure E-4.3: Regression between Mn and Pb contents for P from the MB source
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Figure E-4.4: Regression between Cu and Pb contents for P from the MB source
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Figure E-5.1: Regression between TFW and TS contents for R from the MV source
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Figure E-5.3: Regression between LME and Zn contents for R from the MV source
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Figure E-5.4: Regression between LME and Pb contents for R from the MV source
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Figure E-5.5: Regression between Mn and Cu contents for R from the MV source
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Figure E-5.6: Regression between Mn and Cd contents for R from the MV source
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Figure E-5.7: Regression between Mn and Co contents for R from the MV source
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Figure E-5.9: Regression between Cu and Co contents for R from the MV source
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Figure E-5.10: Regression between Cd and Co contents for R from the MV source
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Figure E-5.11: Regression between Co and As contents for R from the MV source
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Figure E-6.1: Regression between LME and TS contents for P from the MV source

Regression between LME and Ca contents

220 ~

215 ~

210 ~

205 ~

Ca, mg

y =0.2428x + 172.72
R?=0.9233

200 ~

195 A

190 T T T T T T T T 1
80 90 100 110 120 130 140 150 160 170

LME, mL

Figure E-6.2: Regression between LME and Ca contents for P from the MV source
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Figure E-6.3: Regression between LME and Zn contents for P from the MV source
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Figure E-6.4: Regression between LME and Mn contents for P from the MV source
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Figure E-6.5: Regression between LME and Cu contents for P from the MV source
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Figure E-6.6: Regression between LME and Cd contents for P from the MV source
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Figure E-6.7: Regression between TS and Ca contents for P from the MV source
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Figure E-6.8: Regression between TS and Zn contents for P from the MV source
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Figure E-6.9: Regression between TS and Mn contents for P from the MV source
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Figure E-6.10: Regression between TS and Cu contents for P from the MV source
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Figure E-6.11: Regression between Ca and Zn contents for P from the MV source
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Figure E-6.12: Regression between Ca and Mn contents for P from the MV source
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Figure E-6.13: Regression between Ca and Cu contents for P from the MV source
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Figure E-6.14: Regression between Ca and Co contents for P from the MV source
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Figure E-6.15: Regression between Zn and Mn contents for P from the MV source
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Figure E-6.16: Regression between Zn and Cu contents for P from the MV source
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Regression between Zn and Cd contents
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Figure E-6.17: Regression between Zn and Cd contents for P from the MV source
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Figure E-6.18: Regression between Mn and Cu contents for P from the MV source
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Figure E-6.19: Regression between Mn and Ca contents for P from the MV source
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Figure E-6.20: Regression between Cu and Cd contents for P from the MV source
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Regression between TFW and TS

40 4

35 4

30 1

TS, g

y =0.8193x - 11.461

25 - ;
R?=0.9214

20 ~

15 T T T T T 1
35 40 45 50 55 60 65

TFW, g

Figure E-7.1: Regression between TFW and TS contents for R from the MBz source
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Figure E-7.2: Regression between TFW and Cr contents for R from the MBz source
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Figure E-7.4: Regression between TS and Cr contents for R from the MBz source
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Figure E-7.5: Regression between TS and Cd contents for R from the MBz source
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Figure E-7.6: Regression between Mn and Cr contents for R from the MBz source
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Figure E-7.7: Regression between Mn and Cd contents for R from the MBz source
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Figure E-8.1: Regression between TFW and Ca contents for P from the MBz source
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Figure E-8.2: Regression between TFW and Zn contents for P from the MBz source
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Figure E-8.3: Regression between TFW and Mn contents for P from MBz source
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Figure E-8.4: Regression between TFW and Cd contents for P from the MBz source
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Figure E-8.5: Regression between LME and TS contents for P from the MBz source
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