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Nature and Types of Water
Pollutants

Elemental Pollutants, Heavy Metal,
Metalloid

Organically Bound Metals and
Metalloids

Inorganic Species

Oxygen, Oxidants, and Reductants
Organic Pollutants, Pesticides in
Water and Polychlorinated
Biphenyls

Radioactive pollution
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General Types of Water Pollutants

Class of pollutant

Significance

Trace Elements

Heavy metals

Organically bound metals
Radionuclides

Inorganic pollutants

Asbestos

Algal nutrients

Acidity, alkalinity, salinity (in excess)
Trace organic pollutants
Polychlorinated biphenyls
Pesticides

Petroleum wastes

Sewage, human and animal wastes
Biochemical oxygen demand
Pathogens

Detergents

Chemical carcinogens

Sediments

Taste, odor, and color

Health, aquatic biota, toxicity
Health, agquatic biota, toxicity
Metal transport

Toxicity

Toxicity, aquatic biota

Human health

Eutrophication

Water quality, aquatic life
Toxicity

Possible biological effects
Toxicity, aquatic biota, wildlife
Effect on wildlife, esthetics
Water quality, oxygen levels
Water quality, oxygen levels
Health effects

Eutrophication, wildlife, esthetics
Incidence of cancer

Water quality, aquatic biota, wildlife
Esthetics




Important Trace Elements in Natural Waters

Element Sources Effects and Significance

Arsenic Mining byproduct, chemical Toxic', possibly carcinogenic
waste

Beryllium Coal, industrial wastes Toxic

Boron Coal, detergents, wastes Toxic

Chromium Metal plating Essential as Cr(ll]), toxic as Cr{VI)

Copper Metal plating, mining, indus- Essential trace element, toxic to plants
trial waste and algae at higher levels

Fluorine (F) Natural geological sources, Prevents tooth decay at around |
wastes, water additive mg/L, toxic at higher levels

lodine (17) Industrial wastes, natural Prevents goiter
brines, seawater intrusion

lron Industrial wastes, corrosion, Essential nutrient, damages fixtures
acid mine water, microbial by staining
action

Lead Industrial waste, mining, Toxic, harmful to wildlife
fuels

Manganese  Industrial wastes, acid mine Toxic to plants, damages fixtures
water, microbial action by staining

Mercury Industrial waste, mining, Toxic, mobilized as methyl mercury

Molvbdenum
Selenium

Fine

coal

Industrial wastes, natural
Sources

Matural sources, coal

Industrial waste, metal
plating, plumbing

compounds by anaerobic bacteria

Essential to plants, toxic to animals

Essential at lower levels, toxic at
higher levels

Essential element, toxic to plants at
higher levels




Guidelines for
Drinking-water Quality

THIRD EDITION
INCORPORATING THE FIRST AND SECOND
ADDENDA

Volume 1
Recommendations

Geneva
2008



Chemical Standards
(Compounds affecting health and water suitability)

Element/Compound Symbol Acceptable Level (mg/l) MCL (mg/l)

Total Disolves Solids TDS 500 1500
Total Hardness TH (CaCO3) 100 500
Detergents ABS 0.5 1
Aluminum Al 0.2 0.3
Iron Fe 0.3 1
Manganese Mn 0.1 0.2
Copper Cu 1 1.5
Zinc Zn 5 15
Sodium Na 200 400
Nickel Ni 0.05 0.1
Chloride Cl 200 400
Fluoride F 1 1.5
Sulfate SO, 200 500
Nitrate NO, 45 70
Silver Ag 0.01 0.05
Magnesium Mg 50 120
Calcium Ca 100 200
Potassium K 10 12




Chemical Standards
(Toxic elements)

Parameter Symbol MCL (mg/l)
Lead Pb 0.01
Selenium Se 0.01
Arsenic As 0.05
Chromium Cr 0.05
Cyanide Cn 0.05
Cadmium Cd 0.005
Mercury Hg 0.001
Antimony Sb 0.005
Nickel Ni 0.05




Palestinian drinking water quality standards

Element/Compound Symbol MCL (mg/l)

Total Dissolves Solids TDS 1500
Total Hardness TH (CaCOy) 600
Alkalinity 400
Detergents ABS 0.5
Sodium Na 200
Chloride Cl 600
Fluoride F 1.5
Sulfate SO, 400
Nitrate NO, 70
Nitrite NO, 0.1
Ammonium NH, 0.5
Magnesium Mg 150
Calcium Ca 100- 200
Potassium K 12
Residual chlorine 0.2-0.8




ELEMENTAL POLLUTANTS

Trace element is a term that refers to those elements that occur at very low levels of a few
parts per million or less in a given system.

Some of these are recognized as nutrients required for animal and plant life, including some
that are essential at low levels but toxic at higher levels.

Some of these elements, such as lead or mercury, have such toxicological and
environmental significance.
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ELEMENTAL POLLUTANTS

Some of the heavy metals are among the most harmful of the elemental pollutants and are
of particular concern because of their toxicities to humans.

These elements are, in general, the transition metals, and some of the representative ele-
ments, such as lead and tin, in the lower right-hand corner of the periodic table.

Heavy metals include essential elements like iron as well as toxic metals like cadmium and
mercury.

Most of them have a tremendous affinity for sulfur, and disrupt enzyme function by forming
bonds with sulfur groups in enzymes. Protein carboxylic acid (-CO,H) and amino (—NH,)
groups are also chemically bound by heavy metals. Cadmium, copper, lead, and mercury
ions bind to cell membranes, hindering transport processes through the cell wall.
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Some of the metalloids, elements on the borderline between metals and non- metals, are
significant water pollutants. Arsenic, selenium, and antimony are of particular interest.

Inorganic chemicals manufacture has the potential to contaminate water with trace elements.
Among the industries regulated for potential trace element pollution of water are those
producing chloralkali, hydrofluoric acid, sodium dichromate (sulfate process and chloride
IImenite process), aluminum fluoride, chrome pigments, copper sulfate, nickel sulfate, sodium
bisulfate, sodium hydrosulfate, sodium bisulfite, titanium dioxide, and hydrogen cyanide.
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HEAVY METALS

Cadmium: Pollutant cadmium in water may arise from industrial discharges and mining
wastes.

Chemically, cadmium is very similar to zinc, and these two metals frequently undergo
geochemical processes together.

Both metals are found in water in the +2 oxidation state.

The effects of acute cadmium poisoning in humans are very serious. Among them are
high blood pressure, kidney damage, destruction of testicular tissue, and destruction
of red blood cells. It is believed that much of the physiological action of cadmium
arises from its chemical similarity to zinc. Specifically, cadmium may replace zinc in
some enzymes, thereby altering the stereostructure of the enzyme and impairing its
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Lead: Inorganic lead arising from a number of industrial and mining sources occurs in water
in the +2 oxidation state.

Lead from leaded gasoline used to be a major source of atmospheric and terrestrial lead,
much of which eventually entered natural water systems.

Acute lead poisoning in humans may cause severe dysfunction of the kidney, reproductive
system, liver, brain, and central nervous system leading to sickness or death.

Lead poisoning from environmental exposure is thought to have caused mental retardation in
many children.

Mild lead poisoning causes anemia. The victim may have headaches and sore muscles, and
may feel generally fatigued and irritable.
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Mercury: generates a great deal of concern as a heavy metal pollutant. Mercury is found as
a trace component of many minerals, with continental rocks containing an average of around
80 parts per billion, or slightly less.

Fossil fuel coal and lignite contain mercury, often at levels of 100 parts per billion or even
higher, a matter of some concern with increased use of these fuels for energy resources.

Metallic mercury is used as an electrode in the electrolytic generation of chlorine gas, in
laboratory vacuum apparatus, and in other applications.
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Organic mercury compounds used to be widely applied as pesticides, particularly fungicides.
These mercury compounds include aryl mercurials s -~

S e CH;

such as phenyl mercuric dimethyl- dithiocarbamate @-Hg-s—ﬁ'—x’ ’

CH;

k]

Mercury enters the environment from discarded laboratory chemicals, batteries, broken
thermometers, amalgam tooth fillings, and formerly lawn fungi- cides and pharmaceutical
products.

Taken individually, each of these sources may not contribute much of the toxic metal, but the
total effect can be substantial. Sewage effluent sometimes contains up to 10 times the level of
mercury found in typical natural waters.
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The toxicity of mercury was tragically illustrated in the Minamata Bay area of Japan during the
period 1953-1960. A total of 111 cases of mercury poisoning and 43 deaths were reported
among people who had consumed seafood from the bay that had been contaminated with
mercury waste from a chemical plant that drained into Minamata Bay. Congenital defects
were observed in 19 babies whose mothers had consumed seafood contaminated with
mercury. The level of metal in the contaminated seafood was 5-20 parts per million.

Among the toxicological effects of mercury are neurological damage, including,
irritability olssdl paralysis, blindness, or insanity ¢si; chromosome breakage; and birth
defects.
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METALLOIDS
The most significant water pollutant metalloid element is arsenic.

Acute arsenic poisoning can result from the ingestion of more than about 100 mg of the
element

Chronic poisoning occurs with the ingestion of small amounts of arsenic over a long period of
time. There is some evidence that this element is also carcinogenic.

Arsenic occurs in the Earth’s crust at an average level of 2-5 ppm. The combustion of fossil
fuels, particularly coal, introduces large quantities of arsenic into the environment, much of it
reaching natural waters.
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METALLOIDS

Arsenic occurs with phosphate minerals and enters into the environment along with some
phosphorus compounds.

Some formerly used pesticides, particularly those from before World War |l, contain highly
toxic arsenic compounds. The most common of these are lead arsenate, Pb;(AsO,),; sodium
arsenite, NagAsO,; and Paris Green, Cu;(AsOs;),.

Another major source of arsenic is mine tailings. Arsenic produced as a by-product of copper,
gold, and lead.
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Arsenic can be converted by bacteria to more mobile and toxic methyl derivatives according
to the following reactions:

H,AsQ, +2H +2¢” — H,AsO, -~ H,0

H,AsO, Methylcobalamin » CH;AsO(OH),
Methylarsinic acid

CH,AsO(OH), _Methylcobalamin __  (CH,),AsO(OH)

( Dimethylarsinic acid)

(CH,),AsO(OH) + 4H" + 4e~ — (CH,),AsH + 2H,0
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