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ABSTRACT

Industrial wastewater treatment covers the mechanisms and processes used to treat
wastewater that is produced as a by-product of industrial or commercial activities. After
treatment, the treated industrial wastewater (or effluent) may be reused or released to a sanitary
sewer or to surface water in the environment. Most industries produce some wastewater although
recent trends in the developed world have been to minimize such production or recycle such
wastewater within the production process. However, many industries remain dependent on
processes that produce wastewaters. A range of industries manufacture or use complex organic
chemicals. This paper underlines the assorted dimensions of the heavy metal concentration as

well as industrial contamination.
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PREAMBLE

The production of iron from its ores involves powerful reduction reactions in blast furnaces.
Cooling waters are inevitably contaminated with products especially ammonia and cyanide.
Production of coke from coal in coking plants also requires water cooling and the use of water in
by-products separation. Contamination of waste streams includes gasification products such
as benzene, naphthalene, anthracene, cyanide, ammonia, phenols, cresols together with a range
of more complex organic compounds known collectively as polycyclic  aromatic

hydrocarbons (PAH).

The conversion of iron or steel into sheet, wire or rods requires hot and cold mechanical
transformation stages frequently employing water as a lubricant and coolant. Contaminants
include hydraulic oils, tallow and particulate solids. Final treatment of iron and steel products
before onward sale into manufacturing includes pickling in strong mineral acid to remove rust
and prepare the surface for tin or chromium plating or for other surface treatments such
as galvanisation or painting. The two acids commonly used are hydrochloric acid and sulfuric
acid. Wastewaters include acidic rinse waters together with waste acid. Although many plants
operate acid recovery plants (particularly those using hydrochloric acid), where the mineral acid
is boiled away from the iron salts, there remains a large volume of highly acid ferrous
sulfate or ferrous chloride to be disposed of. Many steel industry wastewaters are contaminated

by hydraulic oil, also known as soluble oil.

The principal waste-waters associated with mines and quarries are slurries of rock particles in
water. These arise from rainfall washing exposed surfaces and haul roads and also from rock
washing and grading processes. Volumes of water can be very high, especially rainfall related

arisings on large sites. Some specialized separation operations, such as coal washing to separate
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coal from native rock using density gradients, can produce wastewater contaminated by fine

particulate haematiteand surfactants. Oils and hydraulic oils are also common contaminants.

Wastewater from metal mines and ore recovery plants are inevitably contaminated by the
minerals present in the native rock formations. Following crushing and extraction of the
desirable materials, undesirable materials may enter the wastewater stream. For metal mines, this
can include unwanted metals such as zinc and other materials such as arsenic. Extraction of high
value metals such as gold and silver may generate slimes containing very fine particles in where

physical removal of contaminants becomes particularly difficult.

Additionally, the geologic formations that harbour economically valuable metals such
as copper and gold very often consist of sulphide-type ores. The processing entails grinding the
rock into fine particles and then extracting the desired metal(s), with the leftover rock being
known as tailings. These tailings contain a combination of not only undesirable leftover metals,
but also sulphide components which eventually form sulphuric acid upon the exposure to air and
water that inevitably occurs when the tailings are disposed of in large impoundments. The
resulting acid mine drainage, which is often rich in heavy metals (because acids dissolve metals),

is one of the many environmental impacts of mining.

Effluent from the pulp and paper industry is generally high in suspended solids and BOD. Stand
alone paper mills using imported pulp may only require simple primary treatment, such
as sedimentation or dissolved air flotation. Increased BOD or chemical oxygen demand (COD)
loadings, as well as organic pollutants, may require biological treatment such as activated
sludge or upflow anaerobic sludge blanket reactors. For mills with high inorganic loadings like

salt, tertiary treatments may be required, either general membrane treatments
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like ultrafiltration or reverse osmosis or treatments to remove specific contaminants, such as

nutrients.

Many industries have a need to treat water to obtain very high quality water for demanding
purposes. Water treatment produces organic and mineral sludges
from filtration andsedimentation. lon =~ exchange using  natural or  synthetic  resins
removes calcium, magnesium and carbonate ions from water, typically replacing them
with sodium, chloride,hydroxyl and/or other ions. Regeneration of ion exchange columns with
strong acids and alkalis produces a wastewater rich in hardness ions which are readily

precipitated out, especially when in admixture with other wastewater constituents.

TREATMENT OF INDUSTRIAL WASTEWATER
The various types of contamination of wastewater require a variety of strategies to remove the

contamination.

Brine treatment involves removing dissolved salt ions from the waste stream. Although
similarities to seawater or brackish water desalination exist, industrial brine treatment may
contain unique combinations of dissolved ions, such as hardness ions or other metals,

necessitating specific processes and equipment.

Brine treatment systems are typically optimized to either reduce the volume of the final
discharge for more economic disposal (as disposal costs are often based on volume) or maximize
the recovery of fresh water or salts. Brine treatment systems may also be optimized to reduce

electricity consumption, chemical usage, or physical footprint.
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Brine treatment is commonly encountered when treating cooling tower blowdown, produced
water from steam assisted gravity drainage (SAGD), produced water from natural gasextraction
such as coal seam gas, frac flowback water, acid mine or acid rock drainage, reverse osmosis
reject, chlor-alkali wastewater, pulp and paper mill effluent, and waste streams from food and

beverage processing.

Brine treatment technologies may include: membrane filtration processes, such as reverse
osmosis; ion exchange processes such as electrodialysis or weak acid cation exchange; or
evaporation processes, such as brine concentrators and crystallizers employing mechanical

vapour recompression and steam.

Reverse osmosis may not be viable for brine treatment, due to the potential for fouling caused by
hardness salts or organic contaminants, or damage to the reverse osmosis membranes

from hydrocarbons.

Evaporation processes are the most widespread for brine treatment as they enable the highest
degree of concentration, as high as solid salt. They also produce the highest purity effluent, even
distillate-quality. Evaporation processes are also more tolerant of organics, hydrocarbons, or
hardness salts. However, energy consumption is high and corrosion may be an issue as the prime
mover is concentrated salt water. As a result, evaporation systems typically
employ titanium or duplex stainless steel materials.

BRINE MANAGEMENT

Brine management examines the broader context of brine treatment and may include
consideration of government policy and regulations, corporate sustainability, environmental

impact, recycling, handling and transport, containment, centralized compared to on-site
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treatment, avoidance and reduction, technologies, and economics. Brine management shares

some issues with leachate management and more general waste management.

SOLIDS REMOVAL

Most solids can be removed using simple sedimentation techniques with the solids recovered
as slurry or sludge. Very fine solids and solids with densities close to the density of water pose
special  problems. In such case filtration or ultrafiltration may be required.

Although, flocculation may be used, using alum salts or the addition of polyelectrolytes.

OILS AND GREASE REMOVAL

Many oils can be recovered from open water surfaces by skimming devices. Considered a
dependable and cheap way to remove oil, grease and other hydrocarbons from water, oil
skimmers can sometimes achieve the desired level of water purity. At other times, skimming is
also a cost-efficient method to remove most of the oil before using membrane filters and
chemical processes. Skimmers will prevent filters from blinding prematurely and keep chemical

costs down because there is less oil to process.

Because grease skimming involves higher viscosity hydrocarbons, skimmers must be equipped
with heaters powerful enough to keep grease fluid for discharge. If floating grease forms into
solid clumps or mats, a spray bar, aerator or mechanical apparatus can be used to facilitate

removal.

However, hydraulic oils and the majority of oils that have degraded to any extent will also have a
soluble or emulsified component that will require further treatment to eliminate. Dissolving or
emulsifying oil using surfactants or solvents usually exacerbates the problem rather than solving

it, producing wastewater that is more difficult to treat.
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The wastewaters from large-scale industries such asoil refineries, petrochemical
plants, chemical plants, andnatural gas processing plants commonly contain gross amounts of oil
and suspended solids. Those industries use a device known as an API oil-water separator which
is designed to separate the oil and suspended solids from their wastewater effluents. The name is
derived from the fact that such separators are designed according to standards published by

the American Petroleum Institute (API).

The API separator is a gravity separation device designed by using Stokes Law to define the rise
velocity of oil droplets based on their density and size. The design is based on the specific
gravity difference between the oil and the wastewater because that difference is much smaller
than the specific gravity difference between the suspended solids and water. The suspended
solids settles to the bottom of the separator as a sediment layer, the oil rises to top of the

separator and the cleansed wastewater is the middle layer between the oil layer and the solids.

Typically, the oil layer is skimmed off and subsequently re-processed or disposed of, and the
bottom sediment layer is removed by a chain and flight scraper (or similar device) and a sludge
pump. The water layer is sent to further treatment consisting usually of
an electroflotation module for additional removal of any residual oil and then to some type of

biological treatment unit for removal of undesirable dissolved chemical compounds.

Parallel plate separators are similar to API separators but they include tilted parallel plate
assemblies (also known as parallel packs). The parallel plates provide more surface for
suspended oil droplets to coalesce into larger globules. Such separators still depend upon the
specific gravity between the suspended oil and the water. However, the parallel plates enhance

the degree of oil-water separation. The result is that a parallel plate separator requires
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significantly less space than a conventional API separator to achieve the same degree of

separation.

Hydrocyclone Oil Separators Hydrocyclone oil separators operate on the process where
wastewater enters the cyclone chamber and is spun under extreme centrifugal forces up to 1000
times the force of gravity. This force causes the water and oil droplets to separate. The separated
oil is discharged from one end of the cyclone where treated water is discharged through the

opposite end for further treatment, filtration or discharge.

REMOVAL OF BIODEGRADABLE ORGANICS

Biodegradable organic material of plant or animal origin is usually possible to treat using
extended conventional sewage treatment processes such as activated sludge or trickling filter.
Problems can arise if the wastewater is excessively diluted with washing water or is highly
concentrated such as undiluted blood or milk. The presence of cleaning agents, disinfectants,
pesticides, or antibiotics can have detrimental impacts on treatment processes.

Activated sludge process

Activated sludge is a biochemical process for treating sewage and industrial wastewater that uses

air (or oxygen) andmicroorganisms to biologically oxidize organic pollutants, producing a waste

sludge (or floc) containing the oxidized material. In general, an activated sludge process

includes:

e An aeration tank where air (or oxygen) is injected and thoroughly mixed into the wastewater.

e A settling tank (usually referred to as a clarifier or "settler") to allow the waste sludge to
settle. Part of the waste sludge is recycled to the aeration tank and the remaining waste

sludge is removed for further treatment and ultimate disposal.
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TRICKLING FILTER PROCESS

A trickling filter consists of a bed of rocks, gravel, slag, peat moss, or plastic media over which
wastewater flows downward and contacts a layer (or film) of microbial slime covering the bed
media. Aerobic conditions are maintained by forced air flowing through the bed or by natural
convection of air. The process involves adsorption of organic compounds in the wastewater by
the microbial slime layer, diffusion of air into the slime layer to provide the oxygen required for
the biochemical oxidation of the organic compounds. The end products include carbon
dioxide gas, water and other products of the oxidation. As the slime layer thickens, it becomes

difficult for the air to penetrate the layer and an inner anaerobic layer is formed.

The fundamental components of a complete trickling filter system are:

e A bed of filter medium upon which a layer of microbial slime is promoted and developed.
e An enclosure or a container which houses the bed of filter medium.

e A system for distributing the flow of wastewater over the filter medium.

¢ A system for removing and disposing of any sludge from the treated effluent.

The treatment of sewage or other wastewater with trickling filters is among the oldest and most
well characterized treatment technologies. A trickling filter is also often called a trickle

filter, trickling biofilter, biofilter, biological filter or biological trickling filter.

Synthetic organic materials including solvents, paints, pharmaceuticals, pesticides, products
from coke production and so forth can be very difficult to treat. Treatment methods are often
specific to the material being treated. Methods include advanced oxidation
processing, distillation, adsorption, vitrification, incineration, chemical immobilisation or landfill
disposal. Some materials such as some detergents may be capable of biological degradation and

in such cases, a modified form of wastewater treatment can be used.
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TREATMENT OF ACIDS AND ALKALIS

Acids and alkalis can wusually be neutralised under controlled conditions. Neutralisation
frequently produces a precipitate that will require treatment as a solid residue that may also be
toxic. In some cases, gases may be evolved requiring treatment for the gas stream. Some other

forms of treatment are usually required following neutralisation.

Waste streams rich in hardness ions as from de-ionisation processes can readily lose the hardness
ions in a buildup of precipitated calcium and magnesium salts. This precipitation process can
cause severe furring of pipes and can, in extreme cases, cause the blockage of disposal pipes. A 1
metre diameter industrial marine discharge pipe serving a major chemicals complex was blocked
by such salts in the 1970s. Treatment is by concentration of de-ionisation waste waters and

disposal to landfill or by careful pH management of the released wastewater.

TREATMENT OF TOXIC MATERIALS

Toxic  materials including many organic materials, metals (such as zinc,
silver, cadmium, thallium, etc.) acids, alkalis, non-metallic elements (such as arsenic
or selenium) are generally resistant to biological processes unless very dilute. Metals can often
be precipitated out by changing the pH or by treatment with other chemicals. Many, however, are
resistant to treatment or mitigation and may require concentration followed by landfilling or
recycling. Dissolved organics can be incinerated within the wastewater by the advanced

oxidation process.

In industrial effluent, Ferrate’s powerful and unique chemistry can be used in the following
applications:

-- Removal of Heavy Metals (ex. Arsenic, Chromium)
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-- Disinfection (Without Disinfection Byproducts)
-- Pesticide Removal

-- Phosphorus Reduction

-- Deodorization

-- Biosolid Stabilization

-- Pre-Oxidation of Organics

-- Coagulation

-- Algae Removal

-- Biofouling and Biofilm Control

-- Destruction of Emerging Contaminants (ex. EDCs, PPCPs)
-- Frac Water Recycling

-- Mine Waste Treatment

Industrial wastewater is a fertile field for FTT’s Ferrate treatment oxidant. Industrial wastewater
contaminants vary widely across such diverse industries as pulp and paper, mining, food and
beverage, pharmaceutical manufacturing, electroplating, metal fabricating, aquaculture, leather

tanning, oil and gas extraction, hazardous waste, and industrial farming.

There are some distinct advantages for FTT to target the industrial wastewater market. These
facilities are often privately owned and governed by closely-knit boards that can quickly make
decisions and will spend money to solve problems. It is FTT’s strategy to form joint ventures
with companies who have significant customer lists and established industry relationships in the

industrial chemical sales and treatment solutions market.

The effectiveness of ferrate as a powerful oxidant in the entire pH range, and its use in

environmental applications for the removal of abroad range of contaminants has been well
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documented by several researchers (Sharma, 2002; de Luca et al, 1992; White and Franklin,
1998). Numerous possibilities exist for the use of Ferrate technology in industrial and
agricultural wastes. There is scientific evidence that ferrate can effectively remove arsenic, algae,
viruses, pharmaceutical waste, and other toxic heavy metals of concern (Lee et al. 2004;

Kazama, 1995). A number of these treatment applications are listed below.

MINE WASTE

Waste from mines can be highly toxic to the enviroment, as well as human health. Ferrate
Treatment can remove cyanide, iron, manganese, aluminum, and other metals to levels that are
compatible with environmental discharge. Ferrate is used in a caustic solution (basic pH), also

helps adjust the pH of acid mine drainage, which is typically very low (acidic pH).

FRAC WATER RECYCLING

Hydraulic fracturing (fracking) is when Gas & Oil companies inject high-pressured water into
wells in order to release gas and petroleum from shale for production and sale. One of the public
concerns of this process is the amount of water needed from ground water aquifers, which may
be suitable for drinking water. However, if the flowback from this process can be recycled, the

amount of water used and the damage to the environment can be greatly reduced.

Ferrate can treat flowback and produced waters in order to be recycled and reused for well site
production operations. Ferrate reduces soluble iron, barium, strontium, calcium, and manganese
from these wastewaters.
Major benefits of Ferrate include:

¢ Disinfection of pathogens

e Break down of industrial toxins

e Removal of heavy metals
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e Removal of divalent metal double salts
Industry standards for microbial contamination measure acid-producing bacteria (APB) and
sulfate-reducing bacteria (SRB). Low doses of Ferrate have resulted in a complete eradication of

bacteria in treated waters.

Based on recent testing (see below), treatment trains have been developed using Ferrate to either:
e Completely eradicate microbes;
e Remove more than 85 percent of undesirable divalent metals;

e Or any combination in between at lab scale.

PHARMACEUTICAL WASTE

Endocrine Disrupting Chemicals and Pharmaceuticals and Personal Care Products: Recent
studies indicate the potential widespread occurrence of estrogenic compounds and other organic
wastewater contaminants and their metabolites in the environment (Boyd et. al., 2003, Boyd et.
al., 2004, Kolpin et. al., 2000, Snyder et. al., 2003, McLachlan, 2001, Gillette and Gillette, 1996,
Daston et. al, 2003). Estrogenic compounds include steroid hormones and their metabolic by-
products, oral contraceptives, and alkylphenols. Both naturally occurring estrogenic compounds
as well as estrogen-mimicking compounds may have a role in the disruption of normal endocrine

functions.

Processes that can disinfect and control vector attraction along with treating the EDCs and
PPCPs will be biosolids treatment processes of the future. In the Ferrate Advanced Alkaline
Stabilization/Disinfection process, ferrate should react with these EDCs and PPCPs. Recently,
the oxidation of hormonal estrogens, estrone (E1), 17B-estradiol (E2), and 17a-ethynylestradiol
(EE2) by ferrate was studied (Hu et al. 2004). The results suggest that the hormonal estrogens

can be effectively removed by oxidation with ferrate(VI). Complete removal was obtained at a
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molar ratio of ferrate(VI) to estrogens = three in water samples at pH 9. In summary, Ferrate is a
high strength oxidant on the order of hydroxide radicals (mixed oxidants) that will oxidize sulfur
and amine compounds within seconds to minutes and may also readily destroy EDCs and PPCPs.
AT-SOURCE TREATMENT OF EFFLUENTS FOR REMOVAL OF TOXIC
SUBSTANCES

Pesticides and herbicides represent significant environment contaminants that are difficult to
biodegrade. Major point sources of pesticide pollution are wastewaters from agricultural
industries and pesticide formulating or manufacturing plants. Effluent discharges from such
sources may have pesticide contaminant levels of up to 500 mg/L (Chiron et. at., 2000). At
elevated concentrations, these compounds could be inhibitory to biological treatment process
biomass at secondary treatment plants. In particular, nitrifying biological systems are considered

to be sensitive processes and susceptible to inhibitory effects and shock loads.

At-source control of toxic substances prior to discharge of industrial effluent or landfill leachate
to sewer can protect the biological process at the MWWTP. One potential approach in such
cases is to pretreat the toxic waste at source by oxidative technologies. The pretreated effluents
are more amenable to subsequent degradation by biological treatment at the industrial plant or

MWWTP (Chiron et. al., 2000).

AT-SOURCE INDUSTRIAL EFFLUENT TREATMENT

Ferrate could be used to pretreat toxic and difficult-to-biodegrade industrial effluents.
Pretreatment by ferrate may increase effluent biodegradability by downstream biological
treatment. Examples of effluents that can be considered for pretreatment by ferrate include
wastewaters from textile plants, chemical manufacturing, pulp and paper production, food and
beverage production, pharmaceutical plants, tanneries, explosives manufacturing, demilling

operations (e.g., pink waters from demilitarizing of munitions). There are examples of oxidation
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of these effluent types with more conventional oxidation technologies. At-source treatment by
ferrate may be a cost-effective option compared with other chemicals owing to its strong
oxidative powers. Furthermore, ferric hydroxide by-product may promote precipitation of HMW

organics that may contribute to color in textile and pulp and paper effluents.

Ferrate may provide for selective decolorization of organic chromophoric constituents in
industrial process waters such as textile mill effluent that are resistant to biological degradation.
Complete mineralization by chemical oxidation is not likely to be economically feasible for
concentrated effluents.

Treated and decolorized effluent could be considered for non-potable water recycle reuse

applications. This would require filtration of suspended solids.

TREATMENT OF MANURE FROM LIVESTOCK OPERATIONS
Treatment of livestock manure by ferrate solution offers good potential environmental control
options. In particular, large production facilities such as hog farms are particularly good
candidates for at-source treatment of manure. Conversely, centralized manure treatment
facilities could be installed to process waste from numerous nearby farms. The following
environmental concerns can be addressed by ferrate treatment of manure.

¢ Removal of odor

e Deactivation of pathogens

e Destruction of organic contaminants (e.g., EDCs)

ALGAE REMOVAL FROM LAGOON EFFLUENT
Ferrate could be considered for treatment and removal of algae from facultative lagoon

effluents. Concomitant with effluent treatment and disinfection, the Fe(Ill) by-product can
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promote coagulation of microscopic algae that can facilitate removal by settling or filtration.

Experimental testing would be required to determine technical and economic feasibility.

ODOR CONTROL IN STORAGE PONDS

Fe(V]) could be applied to storage ponds holding liquid waste, process water, or liquid sludge to
mitigate odor problems associated with anaerobic conditions. This potential application would
require case-specific investigation (i.e., economics and potential negative impacts of iron

addition).

SCRUBBER SOLUTION

Ferrate solution could potentially be used in scrubbers as part of off-gas odor control systems.

ODOR CONTROL
Odor control by ferrate could be applied at MWWTPs, rendering plants, and other industrial
processes. Ferrate solution could also be applied to sewer lines to mitigate odor problems due to

anaerobic decomposition by-products in raw sewage.

ANTI-FOULANT AND CLEANING AGENT
Ferrate solution has the potential to be used as an anti-foulant and cleaning agent for the
degradation of organic foulants and for biofilm control. This could include:
e Control against nuisance biofilm (i.e. by deactivation of biomass) in pipelines and
cooling towers
e Periodic cleaning of filtration media (e.g., polymeric, ceramic or stainless steel
membranes, fabric filters, etc.); this would require testing of the resistance of polymeric

and synthetic materials to the chemical
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e Chemical cleaning is occasionally required for membrane-based treatment processes to
recover filtrate flux levels; for example, membrane bioreactor (MBR) processes are

susceptible to fouling and biofilm development which can limit flux over time
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