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thank Hege Sundgéird who helped facilitate our work in the laboratory.



Abstract

The release of heavy metals into nature poses a threat to human health and to other living
organisms. Many industries may produce wastewater that contain concentrations of heavy
metals that are toxic to humans. Thus, such water requires treatment before it can be released
into natural waters. NOAH AS receives wastewater from industry and removes heavy metals
through chemical precipitation and flocculation. This bachelor’s thesis investigates how the
removal of heavy metals can be optimized in NOAH’s water treatment process.

In order to investigate how heavy metal removal can be optimized through precipitation and
flocculation, jar tests were conducted. Jar test involves performing heavy metal removal on a
miniature scale. Beakers were filled with wastewater, and different chemicals and conditions
were tested on the water. The heavy metal contents were analysed using an ICP-MS. The
water was analysed before and after treatment so that the removal of metals could be
quantified.

NOAH AS operates with an emission permit drawn up by the Ministry of Climate and
Environment, which specifies the concentrations of heavy metals that can be released into
natural waters. Metals specified in this permit are, among others, arsenic, cadmium, nickel
and lead. These four metals are prioritized in this bachelor’s thesis. Cadmium was the only
metal that was present in some samples in higher concentration than the limit.

Chemicals were retrieved from Yara and Kemira. Metalsorb HCO and Metalsorb ZT were
determined to be the most efficient metal binders combined with the polymer, Flopam EM
240 CT, which are chemicals supplied by Yara. These chemicals were determined to be
optimal because they produced more efficient results for cadmium, which were below the
emission limit, and they produced high efficiency at lower pH values than other chemical
combinations.

Various conditions were tested to find optimal conditions such as stirring speed, duration of
stirring, concentration of chemicals, pH and sedimentation. A pH of 9.8-10 was found to
produce the most efficient metal removal overall. Lastly, it was found that minimizing
physical interferences such as excessive stirring and mechanical means of separation,
produced more optimal results.



Sammendrag

Utslipp av tungmetaller til naturen er en trussel til mennesker og andre organismer. Industri
kan produsere avlgpsvann med heye konsentrasjoner av tungmetaller som er giftig for
mennesker. Dermed renses slikt vann for det slippes ut i naturen. NOAH AS mottar
avlepsvann fra industri, og fjerner tungmetaller gjennom kjemisk utfelling og flokkulering 1
sitt vannrenseanlegg. Denne bacheloroppgaven undersgker hvordan fjerningen av
tungmetaller i NOAH sitt vannrenseanlegg kan bli optimalisert.

Det ble utfort «jar prever» for 4 underseke hvordan fjerningen av tungmetaller kunne bli
optimalisert. Dette innebarer & foreta vannrensing pa smaskala. Begerglass ble fylt med
avlgpsvann, og forskjellige kjemikalier og betingelser ble testet pa vannet.
Tungmetallinnholdet i vannet ble analysert med en ICP-MS. Vannet ble analysert bade for og
etter vannrensingen slik at fjerningen av tungmetaller kunne bli kvantifisert.

NOAH AS foretar rensing av tungmetaller 1 henhold til en utslippstillatelse fra
Miljedirektoratet. Denne tillatelsen angir konsentrasjoner av tungmetaller som kan slippes ut
i naturlige vann. Utslippskonsentrasjoner av, blant annet, arsen, kadmium, nikkel og bly er
spesifisert. Disse fire metallene er derfor prioritert i denne bacheloroppgaven. Kadmium var
det eneste metallet som forekom i konsentrasjoner over utslippstillatelsen.

Kjemikalier ble mottatt av Yara og Kemira. Metalsorb HCO og Metalsorb ZT ble funnet til &
vare de mest effektive kjemikaliene for kjemisk utfelling kombinert med Flopam EM 240 CT
som er flokkuleringsmiddel. Disse kjemikaliene er fra Yara, og ble bestemt til & vaere
optimale fordi de produserte effektive resultater for kadmium som var under utslippsgrensen.
Videre produserte disse kjemikaliene hoy fjerning ved lavere pH verdier enn andre
kjemikaliekombinasjoner.

Flere andre betingelser ble testet for & finne optimale forhold for fjerning av tungmetaller.
Betingelser som ble testet var rarehastighet, reringstid, konsentrasjon av kjemikalier, pH og
sedimentering. Verdier for pH som produserte hoy effektivitet var mellom 9.8-10. Resultatene
viste ogsé at det er fordelaktig & minimere fysiske forstyrrelser i prosessen som for mye
roring og mekaniske metoder for separering.
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1 Introduction

Industrial waste often contains toxic substances that pose an environmental risk if released
into the environment untreated. Industrial wastewater often contain toxic concentrations of
heavy metals. Heavy metals are toxic for human beings and other living organisms, and thus
technological solutions have been implemented to remove heavy metals from wastewater
released into the environment. In Norway, limits have been placed on heavy metal
concentrations that can be released into the environment, which is outlined in § 33-5 in the
Pollution Control Act. (1)

NOAH AS is a company that specializes in the treatment of hazardous waste from industry.
In the near future, some of these waste streams will be recycled and used in new products that
are sold back to industry. Thus, NOAH develops solutions that promote a circular economy
where materials are reused and recycled. (2) Such solutions are highly necessary as
businesses often require environmental solutions that are profitable.

NOAH operates a wastewater treatment plant located at Langeya in Holmestrand. Here,
chemical precipitation is used to remove heavy metals from wastewater, which functions as a
neutralization/immobilization treatment. Chemical precipitation is a widely used method
worldwide because it is a highly developed and available method. Other methods include ion
exchange, osmosis and adsorption. (3, 4)

Langeya is more than a landfill; it is a rehabilitation project to reclaim nature after 100 years
of limestone quarrying. The heavy metals that are immobilized from the industrial waste are
bonded into a gypsum that can be stored in limestone craters at Langeya. Bonding and
precipitation of heavy metals into gypsum inhibits the metals from leaching into the
environment. When the craters on the island become full, the landfill is capped, and,
gradually, the natural landscape is restored. (2)

The purpose of this bachelor thesis is to examine how the heavy metal removal in NOAH’s
wastewater treatment plant can be optimized. In order to explore ways to increase the
efficiency of heavy metal removal, different precipitation agents and polymers were tested. In
addition, conditions such as concentrations of chemicals, stirring speed, duration of stirring
and pH were tested to provide additional information that can be used in optimizing the
process.



2 Theory

2.1 NOAH wastewater treatment plant

In NOAH’s current process two principal chemicals are used: Metalsorb HCO (metal binder)
and Flopam EM 240 CT (polymer). Metalsorb binds the heavy metals into metal complexes
while Flopam is a polymer that binds the metal complexes into larger structures to ensure
effective sedimentation. Moreover, a base (sodium hydroxide, NaOH) is added to achieve an
optimal pH for precipitation. The pH of cleaned water cannot exceed 10, as this is the limit
set by the Ministry of Climate and Environment. (5)

Figure 1 shows the wastewater treatment process at Langgya. Firstly, the wastewater is mixed
with metal binder and polymer, which develops red/brown sludge suspended in water. Due to
sedimentation, the sludge gradually sinks to the bottom of the pool. A permeable cloth allows
water to flow through, leaving behind much of the flocculated particles. As such, a separation
happens between the red/brown sludge water and the cleaner water as can be seen in Figure

1. Another separation step in the process includes a wall just below the surface of the water.
This wall enables the cleanest water to flow over, while the flocculated particles will sink.
Thus, the process involves physical means of separation that promote sedimentation.

Figure 1: The precipitation and sedimentation pool at the wastewater treatment plant at Langgya.

Furthermore, the treated water goes through several sand and coal filters, which removes oil,
mercury, and other organic components, before the water is sampled and pumped to sea. In
Figure 2, a schematic representation of the process is shown. The figure includes the
sedimentation pool and the sand and coal filters. In this bachelor thesis, it is the
precipitation/flocculation process in the sedimentation pool that will be examined.
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Figure 2: Schematic representation of the wastewater treatment process at Langgya. (6)

NOAH operates with a permit of emissions drawn up by the Ministry of Climate and
Environment. This permit specifies the concentrations of certain heavy metals that can be
released into natural waters. Among these metals are arsenic, cadmium, nickel and lead as
listed below in Table 1.

Table 1: Emission limits of selected metals for NOAHs water treatment plant. From NOAH'’s emission permit (5)

Metal Emission limits
Concentration limit (daily Mass limit (yearly average)
average)

As 0.03 mg/L 4.0 kg

Cd 0.03 mg/L 5.0kg

Ni 0.07 mg/L 7.0 kg

Pb 0.03 mg/L 4.0 kg

2.2 Toxicity of heavy metals/environmental concerns

The release of heavy metals into the environment poses serious health risks for humans and
other living organisms. Heavy metals do enter water streams and soil from natural sources
such as rock and aquifers. However, there is growing concern regarding heavy metals that
enter the environment from anthropogenic sources. These sources include mining, industry,
sewage, metallurgical industry, thermal power plants and agriculture. (7)



Heavy metals are highly soluble in water; thus, they are easily absorbed by living organisms
such as plants, fish and humans thereby entering the food chain. Accumulation of heavy
metals in the human body can pose serious health risks, including cancer, organ damage,
nervous system damage and autoimmunity. (8) Some heavy metals are important for human
health in trace amounts. (7) These include Cu, Co, Zn, Fe, Mn, Mo, etc. (7) However, these
metals also become toxic when they exceed concentrations that are healthy for humans. Other
heavy metals are nonessential for human health, and pose serious health risks to humans and
other organisms. (7) Examples of such toxic heavy metals are As, Pb, Cd and Hg. (7)

2.3 Chemical precipitation

Common precipitation reactions with heavy metals produce compounds with low solubility
such as hydroxides, sulphides and carbonates. The pH is adjusted to create optimal conditions
to produce such insoluble compounds. Lime (Ca(OH)>), caustic soda (NaOH), soda ash
(NaCO0:3), sodium bicarbonate (Na(HCO3)2), sodium sulphide (Na>S) and sodium
hydrosulphide (NaHS) are commonly used to treat industrial effluent. (9)

A standard chemical formula for chemical precipitation of metal hydroxides is shown in
Equation {1}. (8) An anionic precipitating agent reacts with the cationic heavy metal to
produce an insoluble product.

M2+ 4+ 2(0H)~ & M(OH),
{1

Metal hydroxide precipitation and metal sulphide precipitation are two commonly used
methods. The process of metal hydroxide precipitation is advantageous due to simple
implementation, low cost and low pH. On the other hand, it is difficult to achieve an ideal pH
for a wide range of metals simultaneously, which may lead to metal complexes redissolving
in solution. Metal sulphide precipitation, on the other hand, produces metal complexes with
lower solubility than metal hydroxide precipitation. The use of sulphide precipitants provides
more efficient metal removal over a wider pH range. The disadvantages of this method
include possible production of hydrogen sulphide gas and the production of colloidal particles
that are difficult to separate. Alternative chemicals have been developed to mitigate these
problems. (10)

Alternative chemicals used include chelating ligands, dithiocarbamate compounds and
compounds containing thiol groups. (10) In NOAH’s current process Metalsorb is used,
which is a polymeric thiocarbamate that consists of a sulfur derivative combined with an
organic molecule. (3, 11) The positively charged metal ions react with the anionic sulfur
derivative to form a chelate complex as shown in Figure 3. (11) The chemical is highly
soluble and has multiple functional groups that can form complexes, which enables



Metalsorb to remove >99.5% of heavy metals in solution. (3) This removal efficiency is
necessary as heavy metals are often present at extremely low concentrations that are toxic.

/\/\/\n\/H

H

n
Figure 3: The chemical structure of Metalsorb. (3)

The sulfur based Metalsorb produces metal complexes with lower solubility compared to
complexes with carbonate and hydroxide as shown in Table 2. (12) This means that
Metalsorb will form metal complexes that will not easily redissolve in solution. Furthermore,
its low solubility enables Metalsorb to function effectively over a wide range of pH (3-10).

(12)

Table 2: Solubility of heavy metal complexes. (12)

Metal Carbonate Hydroxide Sulphide
Ag 5 16 4x1071
Hg 102 6x10713 10736

Ni 2 4x107 6x107
Pb 6x107° 3x107 8x10713
Zn 107 5x10™ 5x107

2.4 Thermodynamics and kinetics of precipitation reactions
A system is in thermodynamic equilibrium when the chemical potential of the liquid phase is
equal to the chemical potential of the solid phase as shown in Equation {2}. (13)
Hiiquia = HUsolid
{2}

With the addition of a metal binder, a reaction occurs, which alters the equilibrium state for
the system. The chemical potential of the product is increased, exceeding the value at
equilibrium. This change in chemical potential is the thermodynamic driving force for the
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reaction as shown in Equation {3}. The solution becomes supersaturated with respect to the
product. (13)

Ap = Hiiquia — MHiiquid,eq = Hiiquid — HUsolid
{3}

The precipitation reaction proceeds according to different mechanisms. The three main
mechanisms are nucleation, growth and agglomeration, see Figure 4. The mechanism that
takes place is dependent on the kinetics of the reaction. Nucleation is the process whereby a
solid phase is formed in solution. Nucleation can occur spontaneously in solution or by
induction due to foreign particles or formed crystals present in the solution. Growth is
another mechanism where crystals in solution become enlarged. Lastly, agglomeration occurs
when solid particles come into contact and stick together. This is a process that can lead to
impurities as particles can become trapped inside the solid structure. (13)

e
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particles by material due to the growth of
deposition crystaline bridges between
them

Figure 4: Precipitation mechanisms. (13)

All three mechanisms are dependent on supersaturation levels. Nucleation can take place at
high levels of supersaturation while growth can take place at a lower level. If the
supersaturation levels are sufficiently high in the solution, then nucleation will be favoured,
leading to a suspension of small particles. On the other hand, if the supersaturation levels are
lower, larger particles can be formed. Agglomeration is dependent on collisions as well as the
supersaturation level. Thus, agglomeration will be favoured when a high number of particles
is present in solution. (13)

Figure 5 shows the relationship between the three mechanisms and supersaturation levels. In
addition, crystal size is shown in relation to the three mechanisms.
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Figure 5: Relationship between supersaturation and mechanisms of product formation. (13)

2.5 Flocculation polymers

Chemical precipitation binds the heavy metals into metal complexes that are insoluble.
However, these particles are present in small sizes and may repel due to surface charges,
which stabilizes the colloidal suspension and inhibits sedimentation. (14) Therefore,
industrial processes often use flocculation chemicals that bind the precipitates into larger
solid aggregates that will result in more effective sedimentation.

Synthetic water soluble polymers have become widely used in industry due to cost efficiency
and easy handling. (14) Small dosages of polymer flocculant are required to achieve the
desired effect. (14) However, it can be challenging to find the optimal polymer dosage. If an
insufficient dosage is added, the dewatering process will be ineffective; and if too much
polymer is added, it can lead to charge reversal effects that interferes with the process. (15)
Other factors that may influence the performance of the flocculant are mixing intensity, water
composition, particle size, charge density, molecular weight and the ionic strength and pH of
the solution. (14, 15)

Depending on the flocculant used, different mechanisms of flocculation occur, see Figure 6.
Three common mechanisms are charge neutralization, polymer bridging and electrostatic
patch. Charge neutralization is the mechanism whereby a cationic flocculant destabilizes a
suspension of particles with negatively charged surface, which results in agglomeration. The
second mechanism involves polymer bridging. Here a long, linear chain of polymer is
adsorbed by the contaminant through intra- and intermolecular forces. The long chain of
polymer will continue to adsorb onto more particles thereby bridging the colloidal particles
suspended in solution. Lastly, electrostatic patch is a mechanism that results from using a



polymer of low molecular weight and high charge density. The charge of the polymer is
complementary to the colloidal particles, which promotes adsorption of the polymer onto the
contaminant to form flocs. (14)
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Figure 6: Mechanisms of flocculation by a) charge neutralization, b) polymer adsorption and bridging and c) electrostatic
patch. (14)
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2.6 Sedimentation and flocculation

Sedimentation is a process whereby particles are removed from suspension due to the force of
gravity, which causes the particles to settle. This is a widely used process at wastewater
treatment plants. The sedimentation rate is dependent on multiple variables such as the shape,
size and specific gravity of the particles. Furthermore, factors such as viscosity, temperature
and quiescence of the water are important to consider. (16)

Sedimentation can be performed with or without chemical coagulation. Depending on the
particle size, plain sedimentation (sedimentation without use of chemicals) may not be
economically feasible. Heavy particles may settle rapidly without the addition of chemicals.
However, a suspension of fine particles with a diameter of 10 um or less and low density, will
require the addition of a coagulant. As mentioned above, the coagulant or flocculant will
increase the particle size and promote settling. (16)

With the addition of a flocculant, stirring can be applied to ensure efficient flocculation.
Stirring ensures that the flocculation polymer comes in contact with the metal complexes,
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thus facilitating flocculation. The stirring velocity should not be too high as this may break
apart newly formed flocculated particles. A longer duration for the process is often required
to compensate for lower stirring speed. (11)

2.7 Jar test

In this bachelor thesis, Jar tests were conducted. Jar test is a systematic approach to test
dosages of chemicals and other conditions to find the optimal conditions for a certain water
treatment process.

The apparatus used was a multiple stirrer where multiple samples could be tested at a time.
Figure 7 shows the set-up of the experiment. Furthermore, the multiple stirrer has lighting
that improves observation.

Multiple sources of error can affect the results when conducting jar tests. These interferences
can include temperature change, gas release and testing period. If the temperature changes in
the room or if there is a heat source close to the samples, thermal or convection currents can
occur. This may interfere with sedimentation. Gas release can happen if fast stirring is used or
if the chemical reaction produces gas. This can cause flotation of particles that inhibits
sedimentation. Lastly, the time between sampling of the wastewater and experimentation will
affect the composition of the water, and should thus be minimized. (17)

Figure 7: Jar-test set up in multiple stirrer.

2.8 Triplicate test

Triplicate tests were conducted in this bachelor thesis. This means that the same method and
conditions were applied in three samples. Then the average value was calculated from the
samples.



2.9 Chemicals used in experimentation

Metalsorb HCO is the metal binder currently used in NOAH’s wastewater treatment plant,
which is supplied by Yara. Additional metal binder retrieved from Yara for experimentation
were Metalsorb PCZ, ZM 3, ZT and HCO. Metalsorb HCO is the same metal binder that Yara
supplies to NOAH. Flopam EM 240 CT is the polymer currently used in NOAH’s process,
which is also supplied by Yara. Flopam EM 240 CT is a linear cationic polyacrylamide of
medium molecular weight. (15, 18)

KEMIRA PAX-18, PAX-XL3103G, and PIX-111 are metal binders retrieved from Kemira.
PAX-18 and PAX-XL3103G are aluminium based while PIX-311 is iron based. The polymers
retrieved from Kemira are the following: SUPERFLOC A-130HMW and A-110HMW, which
are anionic polyacrylamides; and C-494HW and C-491HMW, which are cationic
polyacrylamide. See Appendix A.
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3 Materials and Methods

3.1 Instruments

e pH-meter PHM210 Standard pH meter, MeterLab, Radiometer analytical
e ICP-MS

e Centrifuge Kubota 2010

e Multiple stirrer, Velp Scientifica, JLT6 Flocculation Tester

e Analytical balance

e Precision balance

3.2 Chemicals

. Flopam EM 240 CT, Yara. Retrieved from NOAH AS.
. Metalsorb HCO, Yara. Retrieved from NOAH AS.
. Buffer solution pH = 7.00 +0.02 (25°C)

. Buffer solution pH = 10.01 £0.02 (25°C)

o NaOH 1M

. KEMIRA PAX-18, retrieved from Kemira

. KEMIRA PAX-XL3103G, retrieved from Kemira
. KEMIRA PIX-311, retrieved from Kemira

. SUPERFLOC A-130HMW, retrieved from Kemira
. SUPERFLOC A-110HMW, retrieved from Kemira
. SUPERFLOC C-494HMW, retrieved from Kemira
. SUPERFLOC C-491K, retrieved from Kemira

. Metalsorb PCZ, retrieved from Yara
. Metalsorb ZM 3, retrieved from Yara
. Metalsorb ZT, retrieved from Yara

. Metalsorb HCO, retrieved from Yara

3.3 Approach

In order to examine how NOAH’s heavy metal removal process can be optimized, jar-tests
were conducted. A multiple stirrer was used where 6 samples could be tested at a time; thus 6
samples often constituted one trial. Different chemicals and different conditions such as
stirring speed, stirring time, concentration, and pH were tested. Moreover, triplicate tests
were performed, and the effect of sedimentation was tested. The set up of the experiment is
shown in Figure 7.

The chemicals used in the experiment were retrieved from NOAH, Yara and Kemira. Slightly
differing methods were used for some trials depending on the chemicals used. The method
used for the chemicals retrieved from NOAH (supplied by Yara) and Yara are based on the
wastewater treatment process at Langeya, whereas the method used for chemicals from
Kemira was based on recommendations from Kemira. (19) Thus, three slightly differing
methods are described in chapter 3.5.

The standard method, expressed in chapter 3.5, is mostly followed with the exception of
certain conditions. In chapter 3.6, the method used in each trial is specified.
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3.4 Wastewater used in experimentation

The wastewater used in experimentation was sampled by NOAH two times. The first sampled
water was used for most of the trials, and the second sampled water was used for the triplicate
tests in trials 16-19 and trial 10. Reference concentrations were obtained for the wastewater
by analysing untreated wastewater in the IPC-MS. Three such reference analyses were
obtained for each sampling of water and the average was calculated of the values. These two
averages were used in order to determine the degree of heavy metal removal for the trials
conducted in experimentation.

3.5 Preparation and dilution of chemicals

In Table 3, the standard concentrations used in the experimentation are listed. The
concentrations of the Metalsorb chemicals and of Flopam EM 240 CT (retrieved from Yara)
were prepared according to the dosages used in NOAH’s water treatment process. The
chemicals from Kemira were prepared according to recommendations from the supplier. (19)
Concentrations used in all the samples are listed in Appendix C.

Table 3: Standard concentration of chemicals.

Chemicals Concentration in Concentration Amount added
final solution prepared

Metalsorb, Yara 1.9x103 L/L 0.990 mL/L 10 mL

Flopam EM 240 CT, | 1.5 x10° g/L 0.078 g/L 10 mL

Yara

KEMIRA PAX and | 50 uL/L Pure chemical 50 uL

PIX, Kemira

SUPERFLOC, 2x10™*g/L 1g/L 200 uL

Kemira

All the Metalsorb solutions, retrieved from NOAH and Yara, used in experimentation, were
prepared using the same approach. Based on calculations in Appendix B1, it was found that
0.990 mL/L would produce a final concentration of 1.9x10 L/L, which was the final
concentration obtained in NOAH’s process when the Metalsorb was mixed with the
wastewater in the precipitation pool. Thus, the Metalsorb solutions were prepared by
transferring 0.990 mL of Metalsorb, using a 100-1000 puL. micropipette, to a 1000 mL
volumetric flask. Then the volumetric flask was filled with water to the mark.

Flopam EM 240 CT was prepared by weighing 0.78 g of liquid polymer on a precision
balance in a 1000 mL volumetric flask, which was then filled with water to the mark. The
solution was stirred on a magnetic stirrer until homogenous. After the solution was properly
mixed, 100mL of the solution was transferred to a new 1000mL volumetric flask using a
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100mL volumetric pipette. Lastly, the new flask was filled with water to the mark, and the
solution was placed on a magnetic stirrer for a minimum of 20 minutes.

The metal binders retrieved from Kemira did not require dilution. The dosages that were
recommended by Kemira are listed in Table 3. The polymers retrieved from Kemira were
prepared by weighing 1.00 g of powdered polymer on an analytical balance and adding the
powder to a 1000 mL volumetric flask. Then the volumetric flask was filled with water to the
mark. The polymer solutions were mixed for 1-3 hours.

3.6 Standard method

3.6.1 Preparation of samples and adjustment of pH

For trials where chemicals from NOAH and Yara were used, 1000 mL beakers were filled
with 500 mL wastewater. For the trials where chemicals from Kemira were used, 2000 mL
beakers were filled with 1000 mL wastewater.

The pH of the wastewater had to be adjusted before the metal binder and polymer could be
added. Adjustment of pH was achieved using a pH-meter. Before use, the pH-meter was
calibrated using a buffer with a pH of 7.00 and a buffer with a pH of 10.01. A 3 mL pipette
was used to transfer sodium hydroxide (1M) into the samples. A standard pH of 9.8 was used
for the chemicals retrieved from NOAH and Yara. For the chemicals retrieved from Kemira, a
higher pH of 10-10.5 was used as the metal binders were more acidic. The adjusted pH values
in all samples are listed in Appendix D.

3.6.2 Addition of chemicals

For trials that used chemicals retrieved from NOAH, 10 mL of metal binder was added to
each of the six 1000 mL beakers, followed by 10 mL of polymer. The polymer was quickly
added after the metal binder. This was done using a 10mL volumetric pipette and a clean
pipette was used for each chemical solution. The beakers were placed into the multiple stirrer
and the stirring was started. Initially, the speed of the rotation blades was set to 120 rpm for
one minute to ensure effective mixing. (17) Then the speed was lowered to 20 rpm for 20
minutes. (17)

The same method was used for trials that used chemicals retrieved from Yara as the one for
NOAH except for one change. The metal binder was added to the samples first and were
stirred for 1 minute at 120 rpm. Then the polymer was added, and the samples were stirred
for another 20 minutes at 20 rpm.

For trials that used chemicals retrieved from Kemira, the dosages listed in Table 3 were
added. 50 uL metal binder was added to all the samples using a 20-200 puL micropipette, and
the samples were then stirred in the multiple stirrer. The speed of the rotation blades was set
to 120 rpm for 1 minute. Then the speed was lowered to 20 rpm for 4 minutes. Thereafter, the
beakers were removed from the multiple stirrer, and 200 pL polymer was added to the
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samples using a 100-1000 puL micropipette. The beakers were placed back into the multiple
stirrer, and the rotation speed was set to 20 rpm for 10 minutes.

3.6.3 Collection of samples

The time for the first flocculated particles to form was observed. (17) After the stirring was
completed, the rotation blades were removed from the beakers, and settling was allowed to
occur. For trials 1-7, the period of settling was 15 minutes, whereas for the remaining trials,
the period was 1-5 minutes. 40 mL from each beaker was transferred into 50 mL centrifuge
tubes. The sample water was collected using a 3 mL pipette that was placed half-way into the
beaker to retrieve the water. A clean pipette was used for each transfer.

The centrifuge tubes were placed in a centrifuge that was run for 5 minutes at a speed of 3200
rpm. Four centrifuge tubes could be placed in the centrifuge at one time. Thus, four tubes
were centrifuged first followed by the last two tubes. After this step, 30 mL of the centrifuged
sample was transferred to 6 new 50 mL centrifuge tubes. These tubes were marked and
numbered, and then sent to NOAH’s laboratory where the heavy metal contents were
analysed using an IPC-MS. All concentrations analysed are in Appendix E.
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3.7 Method specified for each trial
In this chapter the conditions that were varied in the trials are specified. One or a few

conditions were tested at a time, and a summary of the trials are listed in Table 4, Table 5 and
Table 6.

Table 4: Overview of trials 1-15. Conditions that are varied between samples or differs from standard conditions are
specified.

Chemicals retrieved Chemicals retrieved from | Chemicals retrieved from
from NOAH AS Yara Kemira

Trials Trials Trials

1 | Standard conditions 8 Combinations of 11 | Combinations of chemicals

chemicals (pH=9.8)

2 | Metalsorb HCO 9 Combinations of 12 | Combinations of chemicals
concentration chemicals (pH=10)

3 | Flopam concentration | 10 | Concentration of 13 | Concentration of PAX-18

Metalsorb ZT

4 | Metalsorb HCO and 14 | Concentration of
Flopam concentration SUPERFLOC A-130

5| PH(.2,94,9.6,9.8, 15 | Concentration of PAX-18
10, 10.2) and SUPERFLOC A-130

6 | Stirring time (5, 10,
15, 39, 40 and 50
minutes)

7 | Stirring speed (10, 15,
25,39, 35 and 40
rpm)

Table 5: Overview of triplicate tests, trial 16-19.

Trials Supplier Metal binder and polymer

16 Yara (retrieved from NOAH) Metalsorb HCO, Flopam EM 240 CT
17 Yara Metalsorb ZT, Flopam EM 240 CT
18 Kemira (NOAH method) PAX 18, Flopam EM 240 CT

19 Kemira PAX 18, SUPERFLOC A-130
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Table 6: Overview of pH test and sedimentation/pH test, trial 20-21.

Trials Test Chemicals

20 PH (9.6,9.7,9.8, 9.9, 10, 10.1) Metalsorb HCO and Flopam EM 240
CT, retrieved from NOAH

21 Sedimentation/pH test Metalsorb HCO and Flopam EM 240
CT, retrieved from NOAH

3.7.1 Trials: Chemicals retrieved from NOAH

Trial 1: Standard method

The standard method was conducted in trial 1. One sample was tested under standard
conditions.

Trial 2: Concentration of Metalsorb HCO

In trial 2, the concentration of Metalsorb HCO solution was varied. The other variables were
kept constant according to the standard method described in chapter 3.5. The standard
concentration of Flopam solution was used, which is 0.078 g/L. The concentrations of
Metalsorb tested were 0.495 mL/L, 0.740 mL/L, 0.870 mL/L, 1.1 mL/L, 1.2 mL/L, and 1.5
mL/L for samples 1-6 respectively. When transferring the chemicals into the samples, a clean
volumetric pipette was used for each transfer.

In Table 7, the concentrations of Metalsorb that were added into the beakers and the final
concentrations in the samples are listed. An example of calculation is in Appendix B2.

Table 7: Concentrations of diluted solutions and final concentrations of Metalsorb HCO.

Samples Fraction of standard Metalsorb HCO in | Concentration of
Metalsorb HCO diluted solution Metalsorb HCO in
concentration (mL/L) final solution (mL/L)

1 1/2 0.495 0.00952

2 3/4 0.740 0.0142

3 7/8 0.870 0.0167

4 9/8 1.10 0.0212

5 5/4 1.20 0.0231

6 3/2 1.50 0.0288
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Trial 3: Concentration of Flopam EM 240 CT

In trial 3, the concentration of Flopam EM 240 CT was varied, while the other variables were
kept constant. The concentration used for Metalsorb HCO was 0.990 mL, which is the
standard listed in Table 3. The concentrations of Flopam prepared were 0.039 g/L, 0.059 g/L,
0.068 g/L, 0.088 g/L, 0.098 g/L, 0.117 g/L for samples 1-6 respectively, as shown in Table 8.

1.17g of Flopam was weighed on a precision balance and was transferred to a 1000mL
volumetric flask that was diluted to the mark with water. This solution was further diluted to
prepare 6 different concentrations of polymer solution. This was done by transferring
different volumes from the prepared solution to 6 new 1000mL volumetric flasks. As listed in
Table 8, the following volumes were added to new volumetric flasks: 100 mL, 83 mL, 75 mL,
58 mL, 50 mL and 33 mL.

Volumetric pipettes of 100 mL and 50 mL were used for the 100 mL and 50 mL solutions,
respectively. A 100 mL measuring cylinder was used for the 83 mL, 75 mL and 58 mL
solutions, and a 50 mL measuring cylinder was used for the 33 mL solution. The six new
solutions were stirred on a magnetic stirrer for a minimum of 20 minutes.

In Table 8, the concentrations tested are shown. In Appendix B2, there is shown an example
for calculating the concentrations.

Table 8: Concentrations of diluted solutions and final concentrations of Flopam EM 240 CT.

Sample Fraction of Polymer in Concentration of | V diluted
standard polymer diluted polymer in final polymer
concentration solution (g/L) | solution (process) | added to

(g/L) final
volumetric
flask (mL)

1 172 0.039 7.50 x 107* 33

2 3/4 0.059 1.13x 1073 50

3 7/8 0.068 1.31x 1073 58

4 9/8 0.088 1.69 x 1073 75

5 5/4 0.097 1.88 x 1073 &3

6 372 0.117 2.25x 1073 100

Trial 4: Concentration of Metalsorb HCO and Flopam EM 240 CT

In trial 4, the concentrations of Metalsorb and Flopam were varied simultaneously. The
concentrations that were tested were the same concentrations that were prepared in trial 2 and
3. The concentrations of Metalsorb and Flopam were added in the same order as in trial 2 and
3 as shown in Table 9.
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Table 9: Concentrations of chemicals added in each sample in trial 4.

Samples Metalsorb HCO added | Metalsorb Flopam EM 240 CT | Flopam EM
(mL/L) HCO final added (g/L) 240 CT final

conc. (ml/L) conc. (g/L)
1 0.495 0.00952 0.039 7.50 X 10™*
2 0.740 0.0142 0.059 1.13 x 1073
3 0.870 0.0167 0.068 1.31 x 1073
4 1.10 0.0212 0.088 1.69 x 1073
5 1.20 0.0231 0.097 1.88 x 1073
6 1.50 0.0288 0.117 2.25x 1073

Trial 5: pH test

In trial 5, different pH-values in the wastewater were tested. The pH-values tested were 9.2,
9.4,9.6,9.8, 10, and 10.2 for trials 1-6 respectively. The other variables were kept constant
according to the standard method described in chapter 3.5.

Trial 6: Stirring duration

In trial 6, different durations of stirring were tested. These durations were 5, 10, 15, 30, 40,
and 50 minutes for samples 1-6 respectively. The six beakers were stirred simultaneously.
First, stirring was conducted at a speed of 120 rpm for one minute according to the standard
procedure. Then the stirring speed was set to 20 rpm. The beakers were removed from the
multiple stirrer after 5, 10, 15, 30, 40, and 50 minutes respectively. The other variables were
kept constant according to the standard method described in chapter 3.5.

Trial 7: Stirring speed

In trial 7, different stirring speeds were tested. The multiple stirrer could only be run at one
speed at a time. Thus, one beaker was tested at a time. The stirring speeds tested were 10, 15,
25, 30, 35 and 40 rpm for samples 1-6 respectively.

3.7.2 Trials: Chemicals retrieved from Yara

Trial 8 and 9: Chemical combinations, Yara

Chemicals from Yara were tested, which were Metalsorb HCO, PCZ, ZT and ZM 3. These
were tested for samples 1-4 respectively in each trial. In trial 8, the pH was adjusted to 9.8,
whereas in trial 9, the pH was adjusted to 10.
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Trial 10: Concentration of Metalsorb ZT

Different concentrations of Metalsorb ZT were tested. This was done by preparing the
standard concentration for Metalsorb listed in Table 3. In order to achieve different final
concentrations, different volumes of the standard concentration were added to the beakers.
The volumes added to samples 1-6 were 4, 6, 8, 12, 14 and 16 mL respectively. These
volumes were added using volumetric pipettes of the following volumes, 1, 2, 3, 4, 5, 10 and
15 mL. For certain samples two volumetric pipettes had to be used to achieve a certain
volume. The pH was adjusted to 10.

3.7.3 Trials: Chemicals retrieved from Kemira

Trial 11: Chemical combinations, Kemira

In trial 11, combinations of metal binder and polymer were tested as shown in Table 10. Each
metal binder was tested with each polymer. The samples were prepared by adjusting the pH
to 10.5, which was recommended by Kemira. (19)

Table 10: Combinations of metal binder and polymer tested in trial 11.

Samples Metal binder Polymer
1 PAX-18 C-494
2 PAX-XL31036 C-494
3 PIX-311 C-494
4 PAX-18 A-110
5 PAX-XL31036 A-110
6 PIX-311 A-110
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Trial 12: Chemical combinations, Kemira
The same method was followed as for trial 11. The combinations of chemicals tested are

listed in Table 11.

Table 11: Combinations of metal binder and polymer tested in trial 12.

Samples Metal binder Polymer
1 PAX-18 C-491
2 PAX-XL31036 C-491
3 PIX-311 C-491
4 PAX-18 A-130
5 PAX-XL31036 A-130
6 PIX-311 A-130

Trial 13: Concentration of PAX-18

The concentration of the metal binder, PAX-18, was varied. The metal binder was not diluted
but varying volumes were added to the sample in increments of 10 pL. The volumes added

were 20, 30, 40, 50, 60 and 70 pL for samples 1-6 respectively.

Trial 14: Concentration of SUPERFLOC A-130
The concentration of polymer, SUPERFLOC A-130, was varied. The volume was varied in
increments of 20 pL to achieve different final concentrations. The volumes added were 140,
160, 180, 200, 220, 240 pL for samples 1-6 respectively.

Trial 15: Concentration of PAX-18

and SUPERFLOC A-130

The concentration of metal binder, PAX-18, and polymer, SUPERFLOC A-130, were varied
simultaneously in the same order as in trial 14 and 15 as shown in Table 12.

Table 12: Trial 15, Volume of PAX-18 and SUPERFLOC A-130.

Samples Volume of PAX-18 added | Volume of SUPERFLOC
(nL) A-130 added (pL)
1 20 140
2 30 160
3 40 180
4 50 200
5 60 220
6 70 240
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3.7.4 Trials: Triplicate tests

Trial 16: Triplicate test using chemicals retrieved from NOAH

A triplicate test (3 samples) was conducted using the chemicals retrieved from NOAH. The
standard method was followed with one exception: the concentration of Flopam added was
1.17 g/L.

Trial 17: Triplicate test using chemicals retrieved from Yara

A triplicate test (3 samples) was conducted where Metalsorb ZT, retrieved from Yara, was
tested. The standard method was followed with one exception: the concentration of Flopam
added was 1.17 g/L.

Trial 18: Triplicate test using chemicals retrieved from Kemira (NOAH method)

A triplicate test (3 samples) was conducted using PAX-18 and Flopam EM 240 CT. The same
method was used as for the chemicals retrieved from Yara and NOAH in order to test the
metal binder from Kemira under similar conditions as the chemicals from Yara and NOAH.

Trial 19: Triplicate test using chemicals retrieved from Kemira
A triplicate test (3 samples) was conducted using PAX-18 and SUPERFLOC A-130. The
standard method for Kemira trials was followed.

3.7.5 Trial: pH test and sedimentation/pH test

Trial 20: pH test

The pH values tested were 9.6, 9.7, 9.8, 9.9, 10 and 10.1 for samples 1-6 respectively.
Metalsorb HCO and Flopam EM 240 CT retrieved from NOAH were used. First Metalsorb
was added and stirred for 1 minute at 120 rpm. Then the stirring speed was lowered to 20 rpm
for 4 minutes. Thereafter, Flopam was added, and the samples were stirred for 15 minutes at
20 rpm.

Trial 21: Sedimentation/pH test

In trial 21, three samples were not centrifuged but were placed on the counter so that
sedimentation could occur. The samples stood on the counter for a total of five days. The pH
was measured to observe change in pH over time. Samples were also taken from the beakers
on the third day. The adjusted pH in samples 1-3 were 9.8, 9.9 and 10 respectively.

The method used for this trial was slightly different from the standard method. Chemicals
retrieved from NOAH were used. Metalsorb HCO was added and stirring was conducted for
1 minute at 120 rpm followed by 4 minutes at 20 rpm. Then the polymer was added, and the
samples were stirred for 15 minutes at 20 rpm.
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4 Results and discussion

In this chapter, the efficiency of heavy metal removal is presented in figures and tables. The
figures aim to show the effects of the different chemicals and conditions tested during
experimentation. The results are presented in such an order that similar trials can be
compared to each other more easily.

A total of 19 heavy metals were analysed by NOAH, using an ICP-MS. 12 of these metals are
omitted from the results as these metals had concentrations that stayed mostly constant or
were erroneous. In addition, some of these metals are not listed in the emission permit or
Norwegian emission laws and are thus not prioritized. The concentrations of all the metals
analysed can be found in Appendix E.

The metals prioritized in the results are arsenic, cadmium, nickel, and lead. This is because
NOAH operates with a permit outlined by the Ministry of Climate and Environment that
specifies the concentrations of these metals that can be released into natural waters. (5)
Chromium is also specified in the permit; however, this metal was not present in the
wastewater in sufficiently high concentrations to be analysed. Other metals that are analysed
in this section are copper and zinc as these metals are specified in Norwegian emission laws.
(20)

4.1 Observations
In this sub-chapter, an overview is given for the observations made during experimentation as
these observations were often quite similar for many of the trials conducted.

Metalsorb HCO formed brown/white particles. These particles became visible in most of the
samples after 1 minute, and the precipitated particles became enlarged with the addition of
polymer. After stirring was completed, much of the particles underwent sedimentation while
some particles remained suspended in solution for the duration of sedimentation time. In
Figure 8, an example is shown of a sample where Metalsorb HCO and Flopam EM 240 CT
were added.

In Figure 9, another example is shown of a sample containing chemicals from Yara, which in
this sample is Metalsorb ZM 3. Flocculated particles can be seen slightly clustered together
and are not evenly mixed in the solution.

In Figure 10, a sample is shown in which chemicals from Kemira were added. In samples
where Kemira chemicals were used, precipitated particles were quickly formed after 1 minute
and the particles became visibly enlarged after the addition of polymer. These particles have a
white or orange colour, depending on the metal binder used, and were evenly mixed in the
solution.

In Figure 11, an example is shown of a sample where the wastewater contained precipitation
before any reaction had taken place. Some samples contained such discoloration to varying
degrees. The wastewater was retrieved from NOAH and were contained in buckets.
Precipitated particles were concentrated at the bottom of the buckets, and these particles
entered some of the samples.
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The pH in the wastewater before the pH was adjusted was around 9. Thus, the water already
had high basicity, which may have caused some metals to precipitate before the water
treatment reaction had taken place. Such precipitation made observation difficult for some of
the samples. Moreover, it can be postulated that the presence of such particles may have
affected the results by interfering with the reaction taking place after the addition of
chemicals. (10)

Figure 8: Trial 2, Metalsorb HCO and Flopam Figure 9: Trial 9, Metalsorb ZT and Flopam

Figure 10: Trial 11, PAX-18 and SUPERFLOC C-494 Figure 11: Trial 11, PIX-311 and SUPERFLOC C-494

4.2 Reference values
The wastewater was samples two times as described in chapter 3.4 Wastewater used in
experimentation. Three samples were taken from each sampling, and the average value of the
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three samples was used as a comparison for the contents of the treated samples. In Table 13,
the average concentrations of the metals present in the wastewater before treatment are listed.

Table 13: Average reference concentrations before metal removal.

Metals Reference Reference 1, | Reference Reference 2,
average, standard average, sampled | standard
sampled deviation wastewater 2 deviation
wastewater 1 (ng/L)

(ng/L)

As 4.77 1.69 6.57 0.83

Cd 66.23 1.31 150.67 1.53

Cu 54.80 6.76 46.93 2.77

Ni 15.07 2.73 19.10 1.80

Pb 9.77 6.81 15.57 2.10

Zn 70.60 48.64 115.33 14.64

4.3 Standard test based on NOAH’s current process

4.3.1 Trial 1: Standard test
In trial 1, the standard method was used, which is the method based on NOAH’s current

process. The chemicals used were Metalsorb HCO and Flopam EM 240 CT, and the pH was
adjusted to 9.8.

The percentage removal and concentration after removal for each heavy metal is presented
below in Table 14. Calculation example for percent removal can be found in Appendix B3.
All percentage removals calculated can be found in Appendix F.

Table 14: Percentage removal of heavy metals in trial 1.

Metals Percent removal Concentration after
(%) removal (ng/L)

As 60.14 1.90

Cd 84.60 10.20

Cu 84.12 8.70

Ni 61.50 5.80

Pb 96.93 0.30

Zn 95.75 3.00
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4. 4 Duration of stirring

4.4.1 Trial 6: Duration of stirring
Metalsorb HCO and Flopam EM 240 CT were used, and the pH was adjusted to 9.8. The
stirring durations tested for samples 1-6 were 5, 10, 15, 30, 40 and 50 minutes respectively.

Figure 12 and Figure 13 show the concentration of metals in each of the six samples after
treatment.
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Figure 12: Trial 6, concentration of Cd, Ni and Pb in samples after metal removal.
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Figure 13: Trial 6, concentration of As, Cu and Zn in samples after metal removal.

The results for trial 6 do not have much variation. In Figure 12 and Figure 13, some variation
can be seen for cadmium, copper, nickel and zinc, but these are not significant variations.
Zinc, for example, had a percent removal within the range of 90.34%-98.58%. These values
can be found in Appendix F. The metal with the most variation in the results is nickel, which
has a percent removal within the range of 14.38%-44.91%. A possible cause for this variation
in nickel, will be discussed in chapter 4.11 Comparison between trials.
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No clear trend can be observed from these results, which might suggest that the duration of
stirring does not have a significant impact on the percent removal. There was observed a
gradual increase in precipitation from the first to the last sample, which could suggest an
increase in efficiency. However, this observation was not confirmed by the results, and could

have been impacted by the presence of precipitated particles that were already present in the
wastewater in the last two samples.

4.5 Stirring speed
4.5.1 Trial 7: Stirring speed
Metalsorb HCO and Flopam EM 240 CT were used, and the pH was adjusted to 9.8. The

stirring speeds tested in trial 6 were 10, 15, 25, 30, 35 and 40 rpm for samples 1-6
respectively.

Figure 14, Figure 15 and Figure 16 show the concentrations of metals for the six samples.
Additional information such as percent removal for each metal can be found in Appendix F.
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Figure 14: Trial 7, concentration of As and Pb in samples after metal removal.
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Figure 15: Trial 7, concentration of Cd, Ni and Zn in samples after metal removal.
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Figure 16: Trial 7, concentration of Cu in samples after metal removal.

In Table 15, total percent removal for each sample is shown. Calculation example is in
Appendix B4.

Table 15: Trial 6 and 7, total percent removal of metals.

Trials/Samples | 1 2 3 4 5 6

(%)

6 83.95 86.85 79.93 85.49 87.21 85.85
7 82.19 63.39 84.32 83.23 74.60 78.35

Trial 7, where stirring speed was tested, showed more variation in the results than trial 6,
which can be seen in Figure 14, Figure 15 and Figure 16. The heavy metal removal was
slightly lower for this trial than for stirring duration. This can be seen in Table 15 where trial
6 have total percent removals around 80% while trial 7 has percent removals of around 60%,
70% and 80%. This coincides with expectations as too much stirring can break apart formed
particles, thereby interfering with flocculation. (11)

4.6 Chemicals retrieved from Yara

4.6.1 Trial 8 and 9: Combinations of chemicals, Yara

Four Metalsorb chemicals were retrieved from Yara. These were added to samples 1-4 in the
respective order: Metalsorb HCO, PCZ, ZT and ZM 3. In trial 8 and 9, the pH was 9.8 and 10
respectively.

In Figure 17 and Figure 18, sample 4 in both trials are pictured. This is to show an example
of the difference in precipitation formed between the two trials. In Table 16, the total percent
removals for trial 8 and 9 are listed.
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Figure 17: Reaction with Metalsorb ZM 3 and pH = 9.8. Figure 18: Reaction with Metalsorb ZM 3 and pH = 10.0.

Table 16: Trial 8 and 9, total percent removal of metals.

Trials/samples (%) | HCO PCz T M3
8 68.31 71.70 77.99 58.82
9 82.24 82.10 85.58 79.16

In trial 8, where the pH used was 9.8, small, white particles that remained suspended in
solution were observed as exemplified in Figure 18. In trial 9, where a pH of 10 was used,
larger particles were formed and the particles underwent faster sedimentation, as exemplified
in Figure 18. These observations are also confirmed in the results where trial 9 is the more
efficient trial. In trial 8, the total percent removal is within a range of 58.82%-77.99, while in
trial 9 the range is 79.16%-85.58% as seen in Table 16.

The reason for this significant difference in precipitation is probably due to the difference in
pH. This may suggest that a higher pH is necessary to ensure effective heavy metal removal
when using Metalsorb HCO, PCZ, ZT and ZM 3. This could be because low dosages of
Metalsorb are used, and thus an optimum pH needs to be in place to compensate for the low
chemical dosages. (11) Moreover, this may suggest that the efficiency differences between
the chemicals becomes less notable when a high pH is used in the water.
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Figure 19 and Figure 20 show the removal efficiency for the metals, As, Cd, Ni and Pb, using
the four Metalsorb chemicals from Yara.
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Figure 19: Trial 8, percent removal of arsenic, cadmium nickel and lead using Yara chemicals.
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Figure 20: Trial 9, percent removal of arsenic, cadmium, nickel and lead using Yara chemicals.

Among the chemicals received from Yara, which included Metalsorb HCO, PCZ, ZT and ZM
3, Metalsorb ZT was found to be the most efficient. In Figure 19 and Figure 20, it can be seen
that Metalsorb ZT is the most efficient chemical for arsenic, cadmium and nickel. Metalsorb
ZT is also efficient for lead, which had a constant metal removal of around 90%. All the

metal binders were efficient for the removal of zinc, although these results contained more
variation.
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The findings are summarized in Table 17, which shows the optimal metal binder for each
heavy metal analysed.

Table 17: Optimal metal binder among Yara chemicals.

Metals Metal binder

As Al

Cd Al

Cu Al

Ni T

Pb All

Zn All
(inconclusive)

4.7 Chemicals retrieved from Kemira

4.7.1 Trial 11 and 12: Combinations of chemicals, Kemira
The 12 different combinations of chemicals received from Kemira were tested, and the pH

was adjusted to 10.5.

In Figure 21, Figure 22, Figure 23, and Figure 24, the percent removal of arsenic, cadmium,
nickel and lead is plotted against the chemical combinations. The letters, A, B, C and D, are
used to denote the polymers, while numbers, 1, 2 and 3, are used to denote the metal binders
as listed below in Table 18.

Table 18: Notation used for Kemira chemical combinations.

Metal binder Polymer

1: PAX-18 A: SUPERFLOC C-494

2: PAX-XL3103G B: SUPERFLOC A-110

3: PIX-311 C: SUPERFLOC C-491
D: SUPERFLOC A-130




Chemical combinations Kemira, As
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Figure 21: Trials 11 and 12, percent removal of arsenic. Polymer and metal binder combinations in each sample are
indicated by numbers and letters as listed in Table 18.
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Figure 22: Trials 11 and 12, percent removal of cadmium. Polymer and metal binder combinations in each sample are
indicated by numbers and letters as listed in Table 18.



Chemical combinations Kemira, Ni
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Figure 23: Trials 11 and 12, percent removal of nickel. Polymer and metal binder combinations in each sample are
indicated by numbers and letters as listed in Table 18.
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Figure 24: Trials 11 and 12, percent removal of lead. Polymer and metal binder combinations in each sample are indicated
by numbers and letters as listed in Table 18.

In Figure 21, it can be seen that 1D produced the highest percent removal for arsenic. 1B is

also an efficient chemical combination. The percentage removals produced by 1D and 1B are
72.73% and 70.63% respectively.

The most efficient chemical combination for cadmium was 2A, which produced a percent
removal of 94.72% as shown in Figure 22. Other efficient combinations were 1A, 2A, 1B,
2B, 1D and 2D where all the percentage removals surpassed 90%. As can be seen in Figure

22, combinations where PAX-18 and PAX-XL3103G are used, produced the most efficient
results.



For nickel, the most efficient chemical combination is 3D, consisting of PIX-311 and
SUPERFLOC A-130. This can be seen in Figure 23. This combination produced a percent
removal of 44.91%. Other efficient combinations were 3A and 3B. Thus, PIX-311 was the
most optimal metal binder for nickel. PAX-18 (1D) also produced slightly less efficient
results with a percent removal of 36.95%. Combinations where PAX-18 is used produced
higher metal removal than combinations with PAX-XL3103G.

In Figure 24, the most efficient chemical combinations can be observed for lead, which are
3B and 3C. However, all the chemical combinations produce a percent removal above 95%
apart from 2A and 3A, which produced percent removals of 89.76% and 90.78% respectively.

The optimal combination was chosen to be 1D, consisting of PAX-18 and SUPERFLOC A-
130. This is because it was the most optimal combination for arsenic and among the most
optimal combinations for cadmium. For nickel the most optimal metal binder was PIX-311,
however, this metal binder is closely followed by PAX-18 in efficiency. Lastly, most
combinations were efficient for lead.

The optimal metal binder and polymer among Kemira chemicals for each heavy metal is
presented in Table 19.

Table 19: Optimal metal binder and polymer among Kemira chemicals.

Metals Metal binder Polymer
As PAX-18 A-130
Cd PAX XL3103G (PAX-18) All

Cu All C-491

Ni PIX-311 (PAX-18) A-130
Pb All All

Zn All All

4.8 Concentration of chemicals

4.8.1 Trial 2, 3 and 4: Concentrations of Metalsorb HCO and Flopam EM 240 CT
Concentrations of chemicals retrieved from NOAH were tested in trials 2, 3, and 4. The
concentrations of Metalsorb HCO tested in trial 2 were 0.495 mL/L, 0.740 mL/L, 0.870
mL/L, 1.10 mL/L, 1.20 mL/L and 1.50 mL/L for samples 1-6 respectively. The
concentrations of Flopam EM 240 CT tested in trial 2 were 0.039 g/L, 0.059¢g/L, 0.068 g/L,
0.088 g/L, 0.097 g/L, 0.117 g/L for samples 1.6 respectively. The same order of
concentrations of both Metalsorb HCO and Flopam EM 240 CT were tested in trial 4. The
adjusted pH was 9.8.



In Table 20, the total percentage removal is shown for the metals analysed.

Table 20: Total percentage removal of metals for trial 2, 3 and 4.

Trials/samples | 1 2 3 4 5 6

(%)

2 70.03 84.59 83.64 69.62 78.71 87.30
3 93.31 84.81 84.54 89.60 80.61 82.64
4 89.83 92.00 92.72 89.65 86.58 63.88

From Table 20 it can be observed that the percent removal is higher overall in trial 3 and 4
than in trial 2. An observation made when the experiment was conducted was that larger
particles were formed in trial 3 than in 2. Using a higher concentration of polymer may
contribute to more precipitation as the metal complexes are bound into larger flocculated
particles that become easier to separate.

The concentrations of metals after metal removal are shown in Figure 25 and Figure 26 for
when the concentration of Metalsorb HCO was varied.
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Figure 25: Trial 2, Concentration of metals Cd, Cu and Zn after metal removal. Concentration of Metalsorb HCO increases
from sample 1-6.



Metalsorb HCO concentration

(0]

Concentration (ug/L)
N H

)]

A
0
1 2 3 4 5 6
Samples
— A\ Nj e Ph

Figure 26: Trial 2, concentration of metals As, Ni and Pb after metal removal. Concentration of Metalsorb HCO increases
from sample 1-6.

The concentrations of metals after heavy metal removal are shown in Figure 27 and Figure 28
for when the concentration of Flopam EM 240 CT was varied.
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Figure 27: Trial 3, concentration of metals As, Pb and Zn after metal removal. Concentration of Flopam EM 240 CT
increases from sample 1-6.
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Figure 28: Trial 3, concentration of metals Cd, Cu and Ni after metal removal. Concentration of Flopam EM 240 CT
increases from sample 1-6.

The concentrations of metals after heavy metal removal are shown in Figure 29 and Figure 30
for when the concentration of both Metalsorb HCO and Flopam EM 240 CT was varied.
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Figure 29: Trial 4, concentration of metals As, Pb and Zn after metal removal. Concentration of Metalsorb HCO and
Flopam EM 240 CT increases from sample 1-6.



Metalsorb HCO and Flopam EM 240
concentration

Concentration (pg/L)
N
o

Samples

Cd Cu Ni

Figure 30: Trial 4, concentration of metals Cd, Cu and Ni after metal removal. Concentration of Metalsorb HCO and
Flopam EM 240 CT increases from sample 1-6.

In Figure 25 to Figure 30, it can be observed that there is more variation in the results for trial
2 than for trial 3 and 4. Trial 2 and 3 have more stable results than trial 2. This could be an
indication that the precipitation/flocculation reaction is more sensitive to the metal binder
dosage than to the polymer dosage.

There was precipitation present in the wastewater before treatment in some of the samples. In
trial 2, there was precipitation already present in samples 4, 5 and 6. Trial 3 had little or no
precipitation already present, while trial 3 had some precipitation already present. This could
be the cause for some of the variation observed in the results between the trials as this
precipitation could have interfered with the precipitation/flocculation reaction after the
addition of chemicals. (10)

4.8.2 Trial 10: Concentrations of Metalsorb ZT

In trial 10, concentrations of Metalsorb ZT were tested, and Flopam EM 240 CT was used as
polymer. The volumes added were 4, 6, 8, 12, 14 and 16 mL of Metalsorb ZT for samples 1-6
respectively. The pH was adjusted to 10.

In Table 21, the total percentage removals of metals are shown for the samples. In Figure 31

and Figure 32, the concentration of arsenic, copper, zinc, lead, nickel and cadmium are shown
for all six samples.

Table 21: Trial 10, total percent removal of metals.

Trials/Sam | 1 (4 mL) 2 (6 mL) 3(8mL) 4 (12 mL) 5 (14 mL) 6 (16 mL)
ples (%)

10 90.81 81.00 89.41 90.66 84.83 89.68
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Figure 31: Trial 10, Concentration of metals after reaction. The concentration of Metalsorb ZT increasing from sample 1-6.
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Figure 32: Trial 10, Concentration of Cd after reaction. The concentration of metalsorb ZT increased from sample 1-6.

Trial 10, where the concentration of Metalsorb ZT was varied, showed significantly less
variation on the results than trial 2, where the concentration of Metalsorb HCO was varied. In
Table 21 it can be seen that the total percentage removal ranges from 81.00%-90.81%, which
is a smaller range than 69.62%-87.30% in trial 2 as shown in Table 20. Moreover, it can be
seen in Figure 31 that the gradient is closer to 1 than for trial 2. These results also coincide
with observations made during experimentation where a similar amount of white
precipitation/flocculation was observed in all the samples. There is one metal that shows
significant variation in this trial, which is cadmium as shown in Figure 32.

The results from this trial might suggest that the precipitation/flocculation reaction is less
sensitive to the dosage of metal binder than was conjectured for trial 2. The cause could thus
be the precipitation already present in the wastewater. Trial 10 had no precipitation already
present while trial 2 has a significant amount. Moreover, trial 10 had a pH of 10 while trial 2
had a pH of 9.8. Therefore, a higher pH could be a factor that compensates for other
mechanisms that can interfere with the reaction. As was mentioned earlier, a higher pH can
compensate for low metal binder dosages. (11) Thus, it can be postulated that an optimal pH
could compensate for other factors as well.



4.8.3 Trial 13, 14, and 15: Concentration of chemicals from Kemira

In trial 13, 14 and 15, the concentration of PAX-18, SUPERFLOC A-130 and both were
varied respectively. In trial 13, the volumes added of PAX-18 were 20, 30, 40, 50, 60 and 70
uL from the first to the last sample. The volumes of SUPERFLOC A-130 added to samples 1-
6 were 140, 160, 180, 200, 220, 240 pL respectively. The pH was adjusted to 10.

Figure 33 and Figure 34 show the concentration of the metals after metal removal when the
concentration of PAX-18 was varied.
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Figure 33: Trial 13, concentration of lead, zinc, and arsenics after metal removal. The concentration of metal binder PAX-
18 was increased from sample 1-6.
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Figure 34: Trial 13, concentration of cadmium, copper, and nickel after metal removal. The concentration of metal binder
PAX-18 was increased from sample 1-6.

In Figure 33 and Figure 34, the overall trend shows an increase in concentration of Pb, Zn,
As, Cd, Cu and Ni. This means that the metal removal decreases as the metal binder is
increased. This was contradictory to the observations made during experimentation where
precipitation increased as the concentration of PAX-18 was increased. However, this gradual
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increase in precipitation could have been due to precipitation already present in the
wastewater, which might have exaggerated the appearance of precipitation.

In Figure 35 and Figure 36, the concentrations of metals are shown as the concentration of
SUPERFLOC A-130 was varied in trial 14.
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Figure 35: Trial 14, concentration of lead, zinc, and arsenic after metal removal. The concentration of polymer
SUPERFLOC A-130 was increased from sample 1-6.
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Figure 36: Trial 14, concentration of cadmium, copper, and nickel after metal removal. The concentration of polymer
SUPERFLOC A-130 was increased from sample 1-6.

For the metals, As, Cd, Cu and Pb, the overall trend shows an increase in heavy metal
removal as the concentration of polymer is increased. In Figure 36, the concentration of
nickel increases, which means that the metal removal decreases for this metal. Zinc does not
have a clear trend, which can be seen in Figure 35.

In Figure 37 and Figure 38 the concentration of metals are shown as the concentration of
PAX-18 and SUPERFLOC A-130 were varied simultaneously.
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Figure 37: Trial 15, concentration of lead, zinc, and arsenic after metal removal. The concentration of metal binder PAX-18
and polymer SUPERFLOC A-130 was increased from sample 1-6.
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Figure 38: Trial 15, concentration of cadmium, copper and nickel after metal removal. The concentration of metal binder
PAX-18 and polymer SUPERFLOC A-130 was increased from sample 1-6.

In trial 15, the overall trend is a slight decrease in metal removal as the concentrations of
PAX-18 and SUPERFLOC A-130 are increased which can be seen in Figure 37 and Figure
38.

4.8.4 Summary for concentration of chemicals

In summary, it seems that increasing the dosage of polymer may increase the efficiency of
metal removal, while increasing the dosage of metal binder seems to produce more variating
results overall. This could be because polymer ensures that metal complexes do not break
apart or redissolve. It could be that formed particles can break apart when a sample is run in
the centrifuge. (21) Increased concentration of polymer may decrease such an effect.
Moreover, the metal binder might have been added in a sufficient dosage for the reaction, and
it could be postulated that increasing the dosage may create interferences to the
precipitation/flocculation reaction.
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Finding the optimal dosage can be difficult as the mechanism is dependent on multiple
variables. (14, 16) However, the results indicate that a higher concentration of polymer will
increase the percent removal. Thus, a higher concentration of polymer can be considered.

4.9 Variation in pH
In trial 1-7, a human error was conducted when measuring the pH. The error was determined

to contribute to an extra +0.03 to the pH measurements. This difference is too small to have a
significant impact on the results.

4.9.1 Trial 5: Variation in pH
In trial 5, the pH was tested, and Metalsorb HCO and Flopam EM 240 CT were used.
Samples 1-6 were tested with pH values, 9.2, 9.4, 9.6, 9.8, 10, and 10.2 respectively.

In Figure 39 to Figure 42, bar charts are made to show the removal efficiency for different

metals. And in Figure 43, a line diagram is made to show the percent removal for copper and
zinc.
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Figure 39: Trial 5, percent removal of arsenic.
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Figure 40: Trial 5, percent removal of cadmium.
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Figure 41: Trial 5, percent removal of nickel.
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Figure 42: Trial 5, percent removal of lead.
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Trial 5: Cu and Zn
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Figure 43: Trial 5, percent removal of Cu and Zn.

In Figure 39 to Figure 43, it can be observed that higher percent removals are accomplished
at higher pH values. In Figure 39, a notable increase in percent removal is seen between pH
values, 9.6 and 9.8. This coincides with observations made during experimentation where
there was noticeably more precipitation in the sample with pH 9.8 than for the sample with
pH 9.6. In Figure 42, a gradual increase in percent removal is observed for copper and zinc as
the pH is increased. The gradient also becomes close to one when the pH surpasses 9.8,

which means that the chemicals will not become significantly more efficient above a pH of
9.8.

There is some variation in trend in Figure 39, Figure 40 and Figure 41 as there is not a
gradually increasing trend as the pH is increased. In Figure 39 for arsenic, the percentage
removal is high for samples with pH 9.8 and 10.2, but lower for sample with pH 10. A similar
trend is seen in Figure 41 for nickel. In Figure 40, a higher value is observed for pH 10 and
lower for 9.8 and 10.2. In Figure 42, there is a gradually increasing and stable trend.
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4.9.2 Trial 20: Variation in pH

Metalsorb HCO and Flopam EM 240 CT were used. Samples 1-6 were tested with pH values
9.6,9.7,9.8,9.9, 10, and 10.1 respectively.

A line diagram, in Figure 44, was made to show the removal efficiency for arsenic, cadmium,

nickel, and lead. In Figure 45, a line diagram is made to show a trend in percentage removal
for copper and zinc.
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Figure 44: Trial 20, percent removal of As, Cd, Ni, and Pb.
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Figure 45: Trial 20, percent removals of Cu and Zn.

In trial 20, similar trends are observed as for trial 5. In Figure 44, arsenic and cadmium have
the highest removal at a pH of 10. Nickel has a high removal at 9.9, and there is much
variation for nickel. Lead generally has quite constant results, however, there is more
variation in this trial, and the best result is for pH of 10.1. Copper and zinc have a gradual
increase in percent removal as pH is increased as seen in Figure 45. There was precipitation

present in the wastewater in these samples before treatment. Thus, this may have influenced
the results.
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4.9.3 pH change for Yara and Kemira chemicals

The pH in the samples was reduced after the metal binder was added due to the acidity of the
chemicals. The pH change was measured for several trials. In Table 22, the changes in pH
after the addition of chemicals are shown for trial 8, 9, 11, 16, 17, 18, and 19. The pH values
used to find the pH changes are listed in Appendix D.

Table 22: Decrease in pH after addition of chemicals.

Trials/Samples | 1 2 3 4 5 6

8 0.09 0.09 0.09 0.08

9 0.07 0.07 0.07 0.07

11 0.52 0.51 0.48 0.55 0.49 0.43
16 0.07 0.08 0.10

17 0.08 0.08 0.10

18 0.21 0.21 0.21

19 0.27 0.26 0.27

For trials 8 and 9, when chemicals from Yara were tested, the pH decreased in all the samples
with the values 0.07, 0.08 and 0.09, which can be seen in Table 22. Such a decrease will not
have a significant effect on the results. In trial 16 and 17, triplicate tests were conducted using
chemicals from NOAH and Yara respectively. The pH in these samples decreased with the
values 0.07, 0.08 and 0.10. Thus, a decrease in pH of 0.10 was the highest value observed for
these chemicals.

The metal binders from Kemira are acidic. The decrease in pH after the addition of the metal
binder was within the range of 0.43-0.55 in trial 11. The decrease in pH in the triplicate test,
when Kemira chemicals were used, was 0.21 in trial 18 and 0.26 and 0.27 in trial 19.

The chemicals from Kemira have a more significant impact on the pH in the samples due to
greater acidity. See product information in Appendix A. Such a reduction in pH is not
desirable as this may increase the mobility of the metals, causing the metal complexes to
redissolve. (11) The highest pH change observed in trial 10 and 11, was 0.55 in trial 11. For
the triplicate tests, trial 18 and 19, the highest value observed was 0.27 in trial 19. Kemira
chemicals thus cause a more significant reduction in pH than Yara chemicals. Therefore, a
slightly higher pH should be used for Kemira chemicals to maintain the efficiency of
precipitation. However, the pH should not be too high as the emission permit specifies a pH
limit of 10. (5)
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4.9.4 Summary pH

Based on the results, it can be concluded that a pH above 9.8 should be implemented to
optimize the metal removal. Due to the emission permit, the water that is released cannot
exceed a pH of 10. If the pH is adjusted to 10 in NOAH’s process, it would be expected that
this pH would decrease due to the metal binder that is added, which is slightly acidic, and due
to exposure to open air, where CO2 will dissolve into the water and decrease the pH.

4.10 Triplicate tests

4.10.1 Trial 16, 17, 18 and 19: Triplicate tests

In trial 16, Metalsorb HCO and Flopam EM 240 CT were used; in trial 17, Metalsorb ZT and
Flopam EM 240 CT were used; and in trial 18, PAX-18 and Flopam EM 240 CT were used.
The concentrations of metal binder and polymer were 0.990 mL/L and 1.17 g/L respectively.
For trial 19, the chemicals were added according to recommendations from Kemira, which

were 50 uL/L of PAX-18 and 2x10™* g/L SUPERFLOC A-130. The pH was adjusted to 10 in
these four trials.

Figure 46-Figure 49 shows the percentage removal for arsenic, cadmium, nickel and lead for
the triplicate tests.
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Figure 46: Trial 16-19 triplicate test. Percent removal of arsenic.
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Figure 47: Trial 16-19 triplicate test. Percent removal of cadmium.
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Figure 48: Trial 16-19 triplicate test. Percent removal of nickel.
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Figure 49: Trial 16-19 triplicate test. Percent removal of lead.
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The percent removal is the average value of the three samples in each triplicate test. The
average percent removals are listed in Table 23 and Table 24.

Table 23: Percent removal of metals in triplicate tests, trials 16 and 17. Standard deviations are listed in parenthesis.

Metals/Trials | Trial 16: Trial 16: Trial 17: Metalsorb ZT, | Trial 17:
Metalsorb Standard Yara (%) Standard
HCO, NOAH deviation deviation
(%)

As 45.18 7.61 46.70 8.06

Cd 74.96 1.16 88.56 2.75

Cu 91.48 0.00 90.27 1.42

Ni 49.04 11.23 3543 3.96

Pb 94.86 0.64 93.15 1.34

Zn 92.31 0.13 93.35 0.66

Table 24: Percent removal of metals in triplicate tests, trials 18 and 19. Standard deviations are listed in parenthesis.

Metals/Trials Trial 18: PAX- Trial 18: Trial 19: PAX, Trial 19:
18, Kemira Standard 18, Kemira (%) | Standard
(NOAH method) | deviation deviation
(%)

As 52.28 3.52 41.12 8.39

Cd 41.00 1.60 18.36 4.65

Cu 82.03 2.66 83.38 1.82

Ni 33.51 4.29 49.04 12.62

Pb 93.79 0.37 93.15 0.98

Zn 95.32 1.05 95.23 0.63

From Table 23 and Table 24, it can be seen that Metalsorb HCO retrieved from NOAH and
Metalsorb ZT from Yara accomplish a higher percent removal than Kemira for the metals,
cadmium and copper. Cadmium shows the most significant difference where the removal for
NOAH and Yara are 74.96% and 88.56% respectively, while the removal for Kemira is 41%
in trial 18 and 18.36% in trial 19. This can be seen in Figure 47. For the metals, arsenic,
nickel, lead and zinc, the percentage removals for the four trials are very similar.

These results are different from previous trials. Trials 11 and 12, where combinations of
Kemira chemicals were tested, have high percent removals compared to the triplicate tests,
trials 18 and 19. A reason for this difference could be the adjusted pH. In trials 11 and 12, the
pH was adjusted to 10.5, whereas the pH was adjusted to 10.00 in trials 18 and 19. Thus, this
could indicate that the chemicals from Kemira are more efficient when the wastewater has a
pH higher than 10. This comparison can be seen in Table 25.

20



Table 25: Percent removal of metals, comparing results of tests of chemicals from Kemira.

Metals/Trials

Trial 11;: PAX-18
and SUPERFLOC

Trial 13;: PAX-18
and SUPERFLOC

Trial 18: Kemira
(NOAH methos)

Trial 19: Kemira
triplicate test

A-130 (%) A-130 standard  [triplicate test average (%0)
conc. (%) average (%o)
As 72.73 39.16 52.28 41.12
Cd 91.09 56.06 41.00 18.36
Cu 87.41 78.28 82.03 83.38
Ni 36.95 -8.19 33.51 49.04
Pb 96.93 92.83 93.79 93.15
Zn 95.75 93.91 95.32 95.23

When comparing the percent removal of trial 16 and 17, the trials conducted for NOAH and
Yara respectively, trial 17 is slightly more effective than 16 except for nickel. In trial 16 and
17, the percent removal for nickel is 49.04% and 35.43% respectively, which can be seen in
Figure 48. However, nickel does show much variation in the results, which means that the
lower percentage removal for nickel in trial 17 may not be an indication that Metalsorb ZT is
less effective for this metal than Metalsorb HCO.

4.11 Comparison between trials
In, the percentage removal in trial 1, 8, 16, and 21 are listed. Trials 1, 8 and 21 were
conducted using Metalsorb HCO and had a pH of 9.8. Metalsorb HCO was also used in trial
16 with a pH of 10. The efficiency of trial 1 is much greater than trial 8. This could be due to
the slightly different methods used. The samples in trial 1 and 8 underwent sedimentation for
15 minutes and 5 minutes respectively, while the samples in trial 8 underwent 5 minutes of
sedimentation. This could indicate that longer time for sedimentation produces better results.
In trial 21, the samples only underwent sedimentation and were not run in the centrifuge. The
results for this trial also show a high percent removal for most of the metals, which indicates
that sedimentation without use of centrifuge is favourable. The metals that show low percent

removal in trial 21 are arsenic and nickel.
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Table 26: Percent removal of metals comparing Metalsorb HCO.

Metals/Trials Trial 1: Standard | Trial 8: Trial 16: NOAH Trial 21:
Metalsorb HCO, Metalsorb HCO, (%) Metalsorb HCO,
NOAH (%) Yara (%) NOAH (%)

As 60.14 -2.80 45.18 39.16

Cd 84.60 67.54 74.96 86.26

Cu 84.12 66.97 91.48 91.61

Ni 61.50 -6.86 49.04 7.08

Pb 96.93 88.74 94.86 93.86

Zn 95.75 88.10 92.31 88.53

The metals that have more variation in the results are often the metals that are present in low
concentrations in the wastewater. In Figure 13, the reference concentrations of metals are
listed from the first and the second sampled wastewater. From the table it can be seen that
arsenic and nickel are present in low concentrations. Arsenic, for example, has concentrations
of 4.77 pg/L in the first sampled wastewater and 6.57 pg/L in the second sampled wastewater.
Low concentrations could produce more uncertainty in the results due to the uncertainty of
IPC-MS analysis where the uncertainty is £20%. (21) Such an uncertainty will have a greater
impact on the results of lower concentrations.

However, this does not explain all the variation in the results. Cadmium generally has more
variation in the results than zinc even though these have similar concentrations in the sampled
water. Moreover, lead is also present in low concentrations, and has stable results throughout
the trials with percent removals around 90%. Thus, some reasons for the variation observed
in the results could be due to multiple factors influencing the precipitation and flocculation
reactions. Some factors could be the concentration of metals, the oxidation state of the metal
ions and the presence of particles that interfere with the reaction. (10, 11)

4.12 Trial 21: Sedimentation test
In trial 21, Metalsorb HCO and Flopam EM 240 CT were used. Three samples were
prepared, and samples 1-3 had adjusted pH values of 9.8, 9.9 and 10 respectively.

In Figure 50: Sample 1, pH=9.8, day 0 to Figure 52, the three samples tested are shown on day
0 when the reaction took place. In Figure 53 to Figure 55, the three samples are shown on day
2 when the samples have stood on the counter for 48 hours.
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Figure 50: Sample 1, pH=9.8, day 0 Figure 51: Sample 2, pH=9.9, day 0 Figure 52: Sample 3, pH=10, day 0

Figure 53: Sample 1, pH=9.8, day 2 Figure 54: Sample 2, pH=9.9, day 2 Figure 55: Sample 3, pH=10, day 2

In Figure 56, the pH change is shown over five days.

pH change over 5 days

10
8 \

pH

Day 0 Day 1 Day 2 Day 3 Day 4 Day 5

Figure 56: Trial 21, pH decreased over five days.
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In Table 27, the pH values in the three samples are shown from day 0 to day 4.

Table 27: Trial 21, pH in samples over five days.

Samples/Days | Day 0 Day 0 Day 1 Day 2 Day 3 Day 4
1 9.8 9.73 9.01 8.31 7.70 7.42
2 9.91 9.85 9.11 8.42 7.74 7.45
3 10.01 9.94 9.16 8.42 7.74 7.41

In Table 28, the average reduction in pH is shown. Calculation example is shown in Appendix
BS5. On day 0, the change in pH is recorded after the addition of chemicals. On day 1, 2, 3 and
4, the pH change is recorded from one day to the next.

Table 28: Average pH reduction from previous day.

Days Day 0 Day 1 Day 2 Day 3 Day 4
Average 0.07 0.75 0.71 0.66 0.30
Standard
deviation 0.11 0.11 0.08 0.06 0.02
In Table 29, the total percent removal is shown at day 0 and day 2.
Table 29: Trial 21, total percent removal of metals.
Days/Samples (%) 1 2 3
0 days 82.17 86.17 85.58
2 days 84.99 84.13 84.36

On day 0, very small, grey/brown particles were formed in the three samples in trial 21,
which were difficult to observe due to their small size. This can be seen in Figure 50-Figure
52. On day 1, visible precipitation had sunk to the bottom of the beaker as pictured in Figure
53 to Figure 55. The number of particles at the bottom of the beakers increased from day 1 to
day 2.

In Figure 56, a trend can be observed where the pH gradually decreases over five days. In
Table 28, the pH changes are listed. After the addition of Metalsorb HCO, the pH changes
0.07. After one, two, three and four days, the pH changes are 0.75, 0.71, 0.66 and 0.30
respectively. Thus, the pH change seems to decrease most rapidly in the beginning, and then
the pH changes from day to day become smaller.

This pH change may occur because CO: from air dissolves in the water, increasing the acidity
of the water. This increased acidity might cause metal complexes to redissolve. In Table 29, a
decrease in total percent removal be observed from day 0 to day 2. In sample 1, there is a
slight increase from 82.17% to 84.99%. For sample 2 and 3, the percent removal decreases
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slightly from 86-17% to 84.13% and 85.58% to 84.36% respectively. These are not
significant changes. Thus, it seems that the decrease in pH will not have a significant impact
on the metal removal over the course of two days.

4.13 Metals in emission permit
NOAH’s emission permit contains limits for the maximum concentration of certain metals
that can be released into natural waters. These metals are listed in Table 30 and Table 31

below except for chromium, which was omitted from the results.

Table 30: Emission limits (NOAH) and concentrations of metals before reaction and after standard condition testing with

Metalsorb HCO and polymer FLOPAM EM 240 CT. (5)

Metal Emission limit Reference 1, average Trial 1: Concentration
(ng/L) (average concentration (pg/L) after reaction,
per day) (5) standard test (ug/L)
As 30 4.77 1.90
Cd 30 66.23 10.20
Ni 700 15.07 5.80
Pb 30 9.77 0.30

Table 31: Emission limits (NOAH) and concentrations of metals before reaction and after triplicate reactions.

Metals Emission Reference 2, | Average concentration after reaction in triplicate
limit average, tests
(ng/L) concentration - - - .
before Trial 16: Trial 17: Trial 18: | Trial 19:
(average reaction Metalsorb | Metalsorb | PAX-18, | PAX, 18,
per day) (ug/L) HCO, ZT, Yara Kemira Kemira
NOAH (ng/L) (NOAH (ng/L)
(ng/L) method)
(ng/L)
As 30 6.57 3.6 3.5 3.9 3.1
Cd 30 150.67 38 17.2 123 89
Ni 700 19.10 10 12.3 9.7 12.7
Pb 30 15.57 0.8 1.1 1.1 1.0

The reference values of arsenic, nickel and lead, see Figure 30 and Figure 31, are all below
NOAH’s emission limits before metal removal. (5) Emission limits for arsenic, cadmium,
nickel and lead can be viewed in Table 1. Cadmium is the only metal in the emission permit
that is found in higher concentrations than the limit before metal removal. This could be
because cadmium is one of the metals that is present in high concentrations compared to the
other metals, which can be seen in Table 30 and Table 31. This means that the metal removal
needs to be higher for cadmium than for the metals present in lower concentrations.

25



Chemicals from Kemira show very efficient results when a high pH of 10.5 is used. When a
lower pH of 10 was used, the results were slightly less efficient. Moreover, the results became
significantly less efficient for cadmium. The concentrations of cadmium in the triplicate tests
where chemicals from Kemira were used were 123 pg/L and 89 pg/L, shown in Table 31.
This far exceeds the emission limit of 30 pg/L. Metalsorb ZT produced the most efficient
results for cadmium among the triplicate test where a concentration of 17.2 pug/L was
accomplished. The triplicate test conducted using Metalsorb HCO, produced less efficient
results. The average concentration was 38 pg/L, which exceeds the emission limit. However,
Metalsorb did show efficient results in other trials such as trial 1 where the concentration for
cadmium was 10.2 ug/L, which is listed in Table 30.

Both Metalsorb HCO and Metalsorb ZT appears to be efficient for heavy metal removal with
respect to cadmium. There are some varying results that may be influenced by other
conditions present during the reaction such as the concentration of metals present, oxidation
states of metals and precipitated particles present. Based on the results, overall, both
Metalsorb HCO and ZT combined with Flopam EM 240 CT, produced high metal removal
for the metals in the emission permit, including cadmium.

4.14 Improvements and further experimentation

Some of the variation between trials may be due to differences in metal concentrations
present in the water before treatment. This postulate could be investigated if a reference value
had been taken for each trial. Moreover, the results are compared to the reference values and
the percent removals are calculated using the reference values. These results would be more
accurate if a reference sample was obtained for each trial.

Another improvement could be to filter the water before experimentation. There was
precipitation already present in the wastewater before treatment. Such particles may have
interfered with the precipitation/flocculation reaction, thus influencing results and obscuring
trends. Filtering the water would thus remove additional influences.

Chromium was not present in the wastewater in high enough concentrations to be analysed.
However, this is one of the heavy metals specified in the permit from the Ministry of Climate
and Environment. Further experimentation could be conducted where chromium is added to
wastewater to investigate the effect of different chemicals and conditions on the removal of
this metal.

A useful trial would be to test different pH values when using Metalsorb ZT. This metal
binder shows efficient results; however, the trials are conducted at a pH of 10. Metalsorb
HCO produces efficient results at a pH of 9.8. To determine the most optimal binder between
Metalsorb HCO and ZT, the efficiency of Metalsorb ZT needs to be tested at lower pH
values.

There are multiple tests in this bachelor’s thesis that gives an indication toward optimal
conditions. However, multiple replicates should be conducted in order to confirm one optimal
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solution for the prioritized metals. For example, more tests should be conducted to find the
optimal dosage of metal binder and polymer.

Lastly, additional experimentation could be to test the effect of pH without the addition of
chemicals. In this way, it could be investigated whether the concentration of some metals in
solution could be reduced simply by adjusting the pH.
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5. Conclusion

The standard test, based on NOAH’s current wastewater treatment process, produced efficient
results. The percent removals accomplished were 60.14%, 84.60%, 61.50% and 96.93% for
arsenic, cadmium, nickel and lead respectively. The metal concentrations in this standard test
were all under the emission limit drawn up by the Ministry of Climate and Environment.

The optimal chemical combinations among the chemicals retrieved from Yara were found to
be Metalsorb ZT and Flopam EM 240 CT, while the optimal combination among chemicals
form Kemira were PAX-18 and SUPERFLOC A-130. Metalsorb HCO and Metalsorb ZT
combined with Flopam EM 240 CT are deemed the most efficient chemical combinations
overall due to high metal removal at lower concentrations.

Excessive stirring should be minimized as this may break apart particles, reducing the
efficiency of the metal removal. The duration of stirring, on the other hand, does not affect
the results to a significant degree. Sedimentation produces efficient results, while the use of
sentrifuge may break apart particles. Therefore, based on these results, heavy metal removal
seems to be improved when mechanical means of stirring and separation are minimized.

Increasing the dosage of polymer showed positive results. Thus, increasing the dosage of
Flopam EM 240 CT may produce greater heavy metal removal. Lastly, pH has significant
impact on the efficiency of the metal removal. The optimal pH was found to be around 9.8-
10.
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Appendix

A — Product information

A1l - Flopam EM 240 CT product information

SNF Fpreny)

SNF NORDIC AB - Jirmvigsgatan 11 - 515
phone: +46.33.29.40.90 e=mail: sds@snffr

61 Svaneholm - Sverige

FLOPAM™ EM 240 CT

Technical Data Sheet

Farm: Viscous fquid
Color: Miiky
lonic character: Cabionic
Charge density: Medium
Molecular Weight: High
Specific Gravity: 1.04
Awverage Non-Volatile Solids (3): 42
pH: 4-6@ 5941
Bulk viscosity (cps): 1200
Maximum use concentration (g/): il
Stability of D.J. solution (days): )
Dilution to abtain § gd active content: 7a
Approx. viscosity @ 5 g (cps): 1200
Storage temperature ("C): 0-35
Shelf life (months)®: ]
* hmn aicrmd aics a Buising sl a st lmpersiuee bebvsen S and 307G

Packing sizes

Plastic pails 25 kg
Drums 210 kg
LB.C. 1050 kg
Other dimensions On request
Thua cintm in thix Tiachnicor| Sata Steel i Srovided for idomakon arky. @ & comed b e st ol our bnsedicge, infmabon and balil o b de of b pukcicn. | o nol comtiule o

speciicabon wnd ra babiiy & soumed nor eesdom oo any sng b

1af 1



A2 — Metalsorb HCO product information

SNF

WATER SCIENCE

Andréziew:, 05" December 2023

Subject: Specifications = Modification
METALSORB™ HCO

Dear customaer,
We would like to inform you about the following specification modification for SNF product:

METALSORB™ HCO

After different studies, it has been determined that a higher pH of METALSORE™ HCO allows to
significantly reduce the smell of the product. The new values are indicated in the following table:

Specifications Old values Mew values
QC method
pH on dilutad solution 10.0=115 120=13.5
Qc 31354

You will find enclosed the new specifications.
All the related documents such ag certificate of analysiz will be modified, effective immediataly.
There are no changes in the safety data sheat.

Do mot hesitate to contact us as if you need further information.

Best regards.
E. Marc P. Chaucle
Ouality Departmeant R&D Department

SNF 54 - ZAC de Milicux -Rue Adrienme Bolland - 42163 Andrézieux, France - T +33 (0)4 77 36 86 00 - saf.com



SNF.

ANDREZIEUX

A3 — Metalsorb HCO product information

SPECIFICATION
PROPOSAL

ZAC DE MILIEUX
42163 ANDREZIEUX CEDEX
FRANCE
Tel: #33 (0)4 77 36 86 00
Email: info@@snicom
wnw . anf.com

SNF PRODUCT NAME: METALSORE HCO

GENERIC NAME: CHELATING AGENT

MATERIAL DESCRIPTION:

YELLOAWW TO REDDISH LD

UMNIT SPECIFICATION oc
FH OM DILUTED SOLUTION 12.0-135 31354
MOM VOLATILE SOLIDS ] 3B.0-420 31004
LVT BROOKFIELD VISCOSITY cP <= 500 342048
(LW2, G0 rpm}
SMNF APPROBATION CUSTOMER APPROBATION
Varsion: |05 Customer Mame:
Date: |os112023 Date:
Signature: | p ~HEUCLE Rasponsible:
Responsible: | - pyieczak

H the # symbal appears in the “0C column, then the data on that line is given for information anly, and does nol consitute a specification.
H MO appears in the resull column, that means under the limit of detecion
For personal care ingredients, the generic name is cormespanding ta the INCI name.




A4 — Metalsorb PCZ product information

Healy.
SNF ¥y

SNF NORDIC AB, Jimvigsgatan 11, 51561 Svanahalm, Sverige
phone: +46.33.29.40.90, e-mail: sds@snf.com

Teknisk Datablad

METALSORB™ PCZ
Form: Flytende
Farge: riad
Ladningstetthet: Hery
Tyngdekraft: 1.05-1.15
Gjennomsnittlig innhold av ikke flyktig terrstoff [%): 18.0- 230
pH: 10-11.54#
Bulk viskositet [cP): = 500
Frysepunkt (*C): < -7
Lagringstemperatur (*C): 0-30
Lagringstid (maneder)" 12
* Yral lagring irewesars wsder stabile semperaturer mellom 5°C og 3070,
# pH Eoo en i gasger farysning
Pakke sterrelse
Plast kanner 2a kg
1B.C. 1100 kg
Andre dimensjoner P foresparsel

Drataeenez i deetle teknske datablodiel er kun ment Som referans:., Baser) pé vl kunrskap, mformasjon og meninger, er ded den rethe datoen

Tor aifentligojioring. Dot ulgjer ikke en 5 pesifikasion plar seg ikke noe ansvar, det o ogsa i samsvar med ehsisterende pateries.

Uttskriftsdata: Side: 171

Revisjonsdato: M08



AS — Metalsorb ZT product information

SNF Teknisk Datablad

WATER BCRENCE

SNF NORDIC AB, Jirnvagsgatan 11 515 61 Svaneholm Sverige, phone: +46 33 29 40 90

METALSORB™ ZT
Form: Flytende
Farge: Gulakrig
Ladning stetthet: Huwy
Tyngdekraft: 1.15 - 1.25
Gjennomsnittlig innhold av ikke flyktig tarrsteff (%%): 38.0-430
pH: 9-114
Bulk viskositet (cP): 0-50
Frysepunkt (*C): -3
Lagringstemperatur [*C): 0-30
Lagringstid (maneder)*: 12
* Veedl lagring lsnendars under stabile remperurer mellom 570 og 3070,
¥ pH for en 1 ganger durtymining
Pakke sterrelse
Plast kannaer 25 kg
I.B.C. 1100 kg
Andre dimensjoner Pa foresparsel

Dralserie: i detle bekris ke detabksdet e kun mesi som referanse. Basen pd vl kurmskap, informesjon og meningss, e det dien retbe datosn

Tor olfentliggjioring. Del ubagjer ik en spesilirjon piar Seq ik noe ansvar, del e ogsd i samswvar med eksislenende pobenler.

Utk riftsd ata: 2024m4ins Side: 111

Revis jons dato: 21005209



A6 — Metalsorb ZM 3 product information

SNF NORDIC AB, Jirmvigsgatan 11, 515 61 Svanehalm, Sverige
phone: +46.33.29.40.90, e-mail: regs@snf.com

Teknisk Datablad

METALSORB™ ZM 3

Form: Flytende
Farge: Gul-grann
Ladningstetthat: Hay
Tyngdekraft: 1.10 - 1.20
Gjennomsnittli innhold av ikke flyktig terrstoff (%): 15.0 - 17.0
ph: 12 - 13
Frysepunkt ["C): -3
Lagringstemparatur (*C): 0-30
Lagringstid [manedar]*: 12
* Ved lagring Innendors under sinhile irmperassrer mellom 5°C og 30°C.

Pakke sterralse

Plast kanner 25 kg
IB.C. 1100 kg
Andre dimensjoner Pi foresparsel

Dratzsere i et lekniske dalabladet er kun ment som rederanse, Baser! pé ol kunnskap, informasion of menmnger, o det den retbe datoen

lor plfemiigogering. D vbgmr kke en spesifkasjon pitar seq ikke noe arar, del e oged i samsvar med ekeistenende patenler.

[ty Side: 111

\

Revisionsdato: 2/0/209



— KEMIRA PAX-18 product information

Kemira

‘Where water
mests chemistry ™

KEMIRA PAX-18

Polyaluminiumklorid Lesning

KEMIRA PAX-18, polyalurninumklond med
middeds basisitet, er en effekiiv koagulant for
behandling av bade drikkevann og aviepsvann.
KEMIRA PAX-18 er basert pa hayladet
alurninium, slik at man trenger mindre av
produktet for & gjere mer. Dette resulterer | lavere
doser og derfor reduseres slamvolum og behov
for justering av pH. KEMIRA PAX-18 er ogsd mer
effektiv ti & flerne partikler ogleller fosfor i forhold
til tradisjonele koagulanter,

Produktspesifikasjon

Utseanda Gulaktiy tl ravgul vieske
Alaminum (AP} 90203%

AL 170206%

Basistot 42:2%

Tetthet (20°C) 1,37 £ 0,03 glem?
Typiske analyser

Aklive substanger Ca 33 molkg

Jem (Fow) <001%

Klorider (C1) 221%

Viskositet (20°C) 35210 méu = =
pH (20°C) <1

Krystalfiseres ved -20°C

Dosering

Doseting med membran dosedngspumper av
ikke-komoderende materiale er best egnet.
KEMIRA PAX-18 bor doseres uten fortynning.

Memira Chemitals AS

@ravoen 14 Tl R 8
3630 Gamie Frodusiaa Fa«h s
Norge www beming oo

Produktdatablad
2019-03-14

Lagring

Lagertanker og rersystemer skal bygges av egnet
Ikke-korroderende materiale slik som
glassfiberarment polyester eller tverrbundet
polyeten. KEMIRA PAX-18 or sterkt etsende og
kontakt med wtstyr mé unngdis, KEMIRA PAX-18
har en anbefak holdbarhet pd 6 maneder. Som
med ethvert kKjemikalie, anbefales det & rengjere
tanken hvert &r. Den farste leveransen av et
produkt skal gjeros i en ron
oppbevaringsinncetning for 4 sikre optimal ylelse
og lagring. Ved utenders lagring, bor tank og rer
Isoleres og varmeboskyltes, Temperaturen ph
produktet ber opprettholdes over 0°C.

Sikker handtering

Hindteringen av athvert kjemikabe krever
forsiktighet. Enhver ansvariig for bruk eller
handtering av KEMIRA PAX-18 bar gjere seg
kjent med fullstendige sikkechatstitak beskrevet |
vért HMS-datablad.

Leveranse

Veitransport: FN-nummer 3264

ETSENDE V/ASKE, SUR, UORGANISK, N.O.S.
orid) Klasse 8,

Embalasjegruppo:
Rislkokode 80, Fameddel ADRMRID: 8

Kundeservice
Hvis du har sporsmél vedrorende detle

wapanad fr
Al aash v anger of of init afaee!
rmwmumumummam-w
farieier 200w lelder betacching, Farupod vy, asig, anssnyg,
Psecing, PUC 10 og Mt 00 »arky et

AL A VL By Sdan

Vi



Kemira

Whete watar
mests chemistry ™

KEMIRA PAX-XL3103G

Polyaluminiumklorid Lesning

KEMIRA PAX-XL3103G, polyatuminumklord
med middels basisitet,er en effektiv koagutant for
behandling av bdde prosess- og aviopsvann,
KEMIRA PAX-XL3103G er basert pa hoyladet
aluminium og organisk koagulant, slik at man
trenger mindre av produktet for & gjore mee. Dette
resulterer | lavere doser og derfor reduseres
slamvelum og behov for justoring av pH. KEMIRA
PAX-XL3103G er ogs# mer effektiv tl 3 fjeme
partikier i forhold i tradisjoneBe koagulanter.

Produktspesifikasjon

Utseenss Gulaktiy vasske
Aminum (AP) 77:03%
-M:g» 45:06%
éontmt 42:3%
Tetthet (20°C) l.ﬁ t 003 glom’
Typiske analysor

Axtive substanser Ca, 2,8 moling
Jem (Fev) <0,01 %
Klonager (Ch) M1 %
Viskositet (20°C) 140 1 10 mPas
DH QO'C) <1

Kryssilisores vod -20°C

Dosering

Dosering med membran doseringspumper av
Ikke-korroderende materiale er best egnel.
KEMIRA PAX-XL3103G ber doseres wlen

fortynning.,

Kemirs Chemicals AS

Qrirvtien 14 Te 08250508
1430 Gamie Frnathatas fax +62 35 85 82
Merge AW S o

A8 — KEMIRA PAX-XL.3103G product information

Produkidatablad
12-03-2019

Lagring

Lagertanker og rersystemer skal bygges av egnet
Ikke-korrederende materiale slik som
glassfiberarmen polyester eller tverrbundet
polysten. KEMIRA PAX-XL3103G er sterkt
etsende og kontakt med utstyr mé unngds.
KEMIRA PAX-XL3103G har en anbefak
holdbarhet pa 12 maneder. Som med ethvert
kjemikalie, anbefales del & rengjore tanken hvert
&r. Don forsto loveransan av et produk! skal
gjeres i en ren oppbevaringsinnretning for &
sikre optimal ytelse og lagring, Ved wtendars
lagring, bor tank og ror isolares og
varmebeskyttes. Temperaturen pa produkle! bar
opprettholdes cver 0'C med en -30°C
omgivelsetemperatur.

Sikker handtering

Handteringen av ethwert kjemikabe krover
forsiktighet. Enhver ansvarkg for bruk eller
handtering av KEMIRA PAX-XL3103G ber gjere
seg kjent med fullstendige sikkerhetstiltak
beskrevet | vt HMS-datablad.

Leveranse

Veitransport: FN-nummer 3264

ETSENDE V/ESKE, SUR, UORGANISK, N.O.S,
(potyaluminiumilornd), Klasse 8,
Emballasjegruppe: Il

Risikokode 80, Fareseddel ADRRID: 8

a® e i
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A9 — KEMIRA PIX-311 product information

KEMIRA PIX-311

Jemklorid Lesning

KEMIRA PIX-311, jernkdorid, or en effokliv

i fiytende form basan pé weverdy jem
(Fe™). KEMIRA PIX-311 fungerer godt for bade
drikkevann og aviepsvann, og kan brukes for
farge, fosfat og tungmetailf)

Produktcatablad
20210215

Dosering

Dosering med membran dosenngspumper av
ikike-korrederende materiale er best egnet,
KEMIRA PIX-311 ber doseres ulen fortynning.

og eming. KEMIRA PIX-
311 kan ogsd brukes for reduksjon av Lagring
hydrogensulfid 0g belegadanneise og Lagertanker og rorsystemer skal bygges av egnet
slamkondisjoneringsapplikasjonar Ikke-kormoderende materiale slik som
glassfiberarment polyester eller tverrbundet
Produktspesifikasjon polyoton. KEMIRA PDX-311 er sterkt etsende og

Kontakt med metallutstyr m& unngds, KEMIRA

Ulseende Mark brun fytende PIX-311 har en anbefait holdbarhet pa 12
mdneder. Som med ethvert kjemikalie, anbelales

Jem (Few) 138:04% det & rengjore tanken hvert &r. Den farste

== — loveranson av produktet skal gjeros ti en ren

Jorn (Fe'*) D3 % lagenank for & sikre optimal ylelse og lagring.
ForSOM 2%.41% Ved utenders lagring. bor tank og rer isoleres og
Dfmu SE e varmebeskyttes. Temperaturen pa produktel bor

£l syre (HCH 2% oppretthaldes over 0°C .

Tetthet (20°C) 1,42 1 0.03 glem? mmn?:tm Kjemikabe krever
forsiktighet. Enhwer ansvarig for bruk elfer
handtering av KEMIRA PIX-311 bar gjere seg

Vroiein ansiyser Kjent med fullstendige sikkorhetssitak beskrovet

Aklive substanser Ca 2 Smolkg vt HMS-datsbiad.

Leveranse

Karider {69 26:2% Veitransport: FN-nummer 2582

Sulater (SO2) 05 % .él'E“RNKLORIDLost;I'INO Kiasse 8,

Vann de o 02 %

:m, ,,,':@,, . B Kundeservice

Viskostat (20'C) 10 £ 5 mPas Hvis du har spersmdl vedrorende dette
materialet, vennligst kontakt var

pH (20°C) <1 kundeserviceavdeling eller din lokale
salgsrepresentant.

Krystafiseres vad 20°C
Fredrikstad, Norge: +47 69 35 85 85
Newrn W dane G A e

Kvalitet

KEMIRA PIX-311 er godkjent av Mattisynet til
bruk som koagulant ved drikkevannsrensing.

e 9 v & on sl -
zdm&vm.lmn. Y N8 k. Sldv b o
Ao, phseteie o AN O OJ- Wnlarette sreate ASTeEye

cr-m &rm mm--—tmuw“uum
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Komira Chemicais AS

Dravann 14 ol v8 5 8
1030 Gumie Fregebostad Fax+05 33858
Norge e D0



Kemira

SUPERFLOC C-491K

Cationic Dry Polyacrylamide (DPAM)

SUPERFLOC C-491K is one of Kemira's highly
effactive cationic flocculants, They condition
solids for dewatering operations and aid water
clarification pe In various industries. They
show exceplional performance in liquid-solid
separations in a wide range of conditicns,

Applications

SUPERFLOC C-491K This product may be
beneficial in any liquid- solid separation process.
They are especially recommended for.

* Bolt fitor, contrifugo and screw pross
dewatering

* Dissolved alr flotation
+ Fitration

* Thickening

* Water Clarification

Benefits

* Dry product minimizes storage regquirements
+ Economical 10 use - effective at low dosage
levels

* Effective high solids removal

« Effective over a wide range of pH; does not
alter the system pH

» Improve production and cake solds

Handling and Storage

Solutions are no more comosive than water.
Recommended materinls of construction include
stainless steol, fbreglass, plastic, and glass or
opoxy-linod vessol. Do not use iron, copper of
aluminum.

A10 — SUPERFLOC C-491K product information

Technical Data Sheet 12)

August 2023

The shelf life of these products is 24 months
when siored at temperatures no higher than
40°CI104F,

Health and Safety

Befare handling these materials read the
cotresponding Kemira Safety Data Sheets (SDS)
for safety and health data.

For chemical inventory regutatory control listing
information, see the SDS.

Regulatory Approvals

These products may conform 1o certain regulatory
requirements. Please contact your Kemira sales
representative for more detalls, o refer 10 the
appropriate regulatory information sheet.

Product Addition

Stock solutions can be propared up o 0.5 %
concantration via an automated make-up unit or
on a batch basis. Solutions should be aged 30-
60 minutes for maximum effectiveness. High
quality make up water should be used,
Secondary dilution water should be added (o the
stock solution prior to the addition point at a ratio
up to 10:1. Centrifugal pumps should be avolded
for polymar transfer,

Delivery

SUPERFLOC C-491K is typically avallable in 25
kg & 750 kg moisture-resistant bags. Other pack
sizos may bo availablo on roquoest.

SUPERFLOC C-491K



Kemira Technical Data Sheet 22
August 2023

SUPERFLOC C-40M1K

Typical Product Properties
Chemical Typa Cationic
Relatve Charge W, low
Meleszidar Weight Lew
Bulk Dansity (kg / e} 0,75
pH of 0.5% Salution (38} 34

The product properies sfe stated for guidanos only amd may changs ovedma,

Weruin makes 8 i ia i 1 b Bl il e el b e aumhies vt i Bile oy rram) e e
MEM'MHMNWW-—-I“ -ﬂumhmmuqmmmnmmmm

e, &1 mny third party be eupottd o B produets bt i il e [
von s sty o puerenies e i sulec i changs wEROUE Bolice, Tiw i Bnblty arel LEEL it ol ik a
b wll e, sl Brd gy of g ALy o gds e s P hilwaty, ibdaalag, dena Arel, s,
Aakh RS o 0] e geadiai ELTEL S it e e ot 19 Ereiicl Wik Rt L S e ey el nsal o i3 e,
FUPERRGE reginiarad of Eaaivs O & 1
KEMIRA OWJ
F.Olm X0 (Essrglakaiy 4] Carape, Middle-Eait and Alviia Ameslcan
F8 Halslmd Tl +358 10 B0 Howih Aarevica
Finfard Tel =1 TH0 45 1343

KalmFeiina Ecuh furarics

A TN Tal o 31 GOAT 5650 Tl #5500 2108 4500
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Superfloc ® A-110HMW

A11 — Superfloc A-110HMW product information

Technical Dats Sheet 1@
12.10.2021

Anionisk polyakrylamid polymer | pulverform (DPAM)

Superflioc A-110HMW

Ett anjonisk flokkuseringsmiddel med hoy ylelse
0g hay molexylvekt Det brukes som
hjelpefiokkutant | vannrenseprosesser | ulike
naeringer og applikasjoner,

Dette flokkuteringsmiddelet gir smrdeles gode
resultater mip reduksjon av panikler | en vann-/
vanskefase | ulike prosesstekniske lesninger.

Applikasjoner

Detie produktet kan vaere fordelaktig | enhwer
separasjonsprosess for vaske og fast stoff.
Det anbefales spesielt | forbindelse med:

* Flotasjon

« Filtrering

* Sedmentering

* Mekanisk avwanning

« Fosfordjerning - | kombinasjon med jermn- og
aluminiumsbaserte fellingsmidier,

Fordeler

* @konomisk | bruk - offoktivt ved lave
doseringsmengder

« Effektiv leming av tarrstoff

+ Effektiv over et bredt pH -omrade

+ Kan redusere bruken av uocganiske salter
* Hey lagringsstabilitet

Oppbevaring
Polymeren er hygroskopisk og skal Ingros tort i
temperaturer mellom 0-40 ° C.

Polymeren ber ikke lagres | mer enn 24 mnd.

Sikker hindtering

Handteringen av ethvert kjemikalle krever
forsitighet. Entwer ansvarlig for bruk eller handtering
av SUPERFLOC A-110HMW bor gjare seg kjent med
fulistendige slkkerhetstitak beskrevet | vart
sikkerhetsdatablad, Unngd kontakt med eyne og hud.
| mangel pa tistrekkellg ventiasjon brukes egnet
andedrettsvern. Bruk hansker og briller/skjerm, flern
téseite kiger 0g vask huden med rikelig mengder vann
og sipe

Bruk fortrinnsvis et automatisk doserings- og
tilbaradnings utstyr, og sorg for tistrekkelig
ventiasjon.

NB! Se! kan fore til meget giatte overflater.

Dosering / Innblanding

Bruksiosningen kan tiberedes opptl 0,5 %
konsentrasjon via en automatisk polymeroppleser
Den fortynnede lasningen ber modnes | ca 60
minutter for maksimal effektnvitet,

Sekundart fortynningsvann kan tilseltes
brukslesningen for tilsetningspunktet i et forhold
opptl 10:1. Sentrifugalpumper bar unngas |
forbindelse med polymerdosering.

Leveranseformer
Sekker 25

kg
Big bags 500 kg og 750 kg

Kundeservice
Hvis du har sparsmal vedrecende dette materialet,
vennligst kontakt din lokale salgsrepresentant.

Fredrikstad, Norge +47 89 3585 85

Hamiea Oyj

PO Bes 330 Burope, Middie-Eaal and Alrica Americas

£1-00101 Mwnamis Tel +358 10 8611 Nocts Armerica

Tielane Tal o) TIO €20 1542
AslaFactic Scuth America

Wew FeE oo Tol +B5 21 G027 593 Tol 55 11 2185 8300

Wl
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Produktspesifikasjoner
AT10HMW

Kjemikake type Anlonisk Polyakrylamid
Fysisk form | Off-white, Granulert pulver
Ladning Lav
Molekylvekt Meget hay
Egenvekt (kg/iter) 0.80
pH av 0.5% losning (25°C) 7.9
Viskositet @ 25°C (Cp /mPa sec)

0.10% 200

0.25% 400

0.50% 950

De typiske praduktegenskapene e kun angitt som velledning og kan endre seg over tid,

HKarrven wiler duse 0pplyEINQENe U HEGGhe! 40 e Patwabe avackee sitw tarder, qq-wmummwwauwm
mmum*muhmmumm-uw bde fra ot heine Ound

L I hunse efer everniche mumuumnpm-mmmw Abe cgptyaneger
qummmmo—mmu-uum- o piton: Sog det Selle ansvar for &

v o e geher 3 "w mmmmmqnwmmm1ﬂh

AT S NNes B2 on 0 A bt Pt oher Druken by dsse.

Kemira Qy)

PO Europe, Muate East and Afnce Americas

FLO05T 1 Helwet) Tel + 352 10881y Norh Amenca

Firlwng Tol +1 370 6 1642

AslePactic Souh America
Werw hamica comy Tal +34 21 6007 S90% Tl +55 11 7199 4300
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SUPERFLOC® C-494

Kationisk pulver polyakrylamid

A12 — SUPERFLOC C-494 product information

Toknisk datablad 1(2)

Sapt 22

SUPERFLOC® C-494 er en kabonisk polyakrylamid | pulverform sem beukes i forbindelse med avvanning og
fortykking av slam i de fleste kommunale og industriele renseprosesser. SUPERFLOC® C-494 benyltes ogsd i noen
applkasjoner som hjelpekoagulant / flokkulant | ulike fellingsprosesser.

Bruksomrader
Kationisk puiver polyakrylamid kan veaere fordelaktig
ved alle prosesser for separasion av vaeske fra
faste stoffer.
De anbelales spesselt tit

- Awanning med silbandpresse, sentrduge

0g skruepresse

- Fitrering

- Forykning

- Rensing av vann

- Flotasjonsprosesser

Fordeler

- Tort produkt, lang holdbarhet og god
lagrings stabilitet

< Svaut effextiv for separasjon av vaske
fra taste stoffer

- @konomisk | bruk — effektivt ved lave
doseringsnivaer

- Effektive over et bredt pH-omride,
endrer ikke prosessen sin pH verd

Sikker handtering

Handtering av ethwert Kjemikale krever forsiktighet.
Enhver ansvarlig for bruk eller handtering av
SUPERFLOCH C-494 bar gjere seg kjent med
fullstendige sikkernetstitak beskrevet | van
sikkerhetsadatablad.

Bruk fortrinnsvis et automatisk dosedings- og
tilberedningsutstyr og serg for tilstrekkelig
ventiasjon.

NB! Sel kan fore ti svaert glatte overfiater,

Lagring

SUPERFLOC® C-494 er hygroskopisk og skal
lagres tort i temperaturer mellom 0.40 °C.
Lagringstid bar lkke overstige mer enn 24 maneder.

Dosering
Brukslesningen doseres fra blande- / lagenank med
feks. eksenterskrue eller impeller pumpe og kan ved
behov fortynnes med vann pa vei til doseringspunkt.
For de fleste appikasioner oppnds best resultat om
SUPERFLOC® C-494 tiiseties i en turbulent sono.

Komra sl G100 Soiytnngnem [F thBGhet S0m as Lanesin ovedor Sine bunder, o det o visluvensde 0n veledring e burdete nit de 1oal veedere predublnee
Du md grove viw produaier T b avgiess cm de sgrar beg 8 din ek bhas fra ol hose- Mdamats- o mijepenspekty Do mid ogad wndermelie maate, Ldmecige

Sevecandever, urdes eles

S0m geldal JaRandng ranagent levenng, [0smng, NAndeng

avernyeds I'ofepater 10m kan B acspanan for prodddens, w*mmm Hnwwwﬂmmlbmﬂl
PARTIII olhr Qaranden Ran endron sten varsel Du pivar Sop det Nk anwwar for &

e Kreer
Avaling mognwwm wnmm-—uuuum-nmmu
& brose peodustet | SiS med patervier e evermuede maleraler eller BUKon v disse. SUPERFLOCS C494s

bar eler reg som shere

Kamin Oy) wher dots Sathatselviaso:
Kemrs Oy
PO Box 330 (Energetaty &) Eurepe, Migdie-East snd Afvice Americas
FI-00101 Helson) Tel +358 108811 Mo dmerice
Fidwnd Tal #2770 40 1542

Asle Patiti Sauts Anenca
W karrate ctm Tel +84 21 5007 (995 Tal +551) 2189 4300
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Produktegenskaper
C494
“Kiemisk type Kalioriak Poyakrylsmid
Fysiak form Hyitt, Geanulert Puver
Ladnng Middels
Molakylvokt Hay
“Tetinet (kg/iter) 0.75
PH av 0.5 % lanning (25 C) 3-8
“Viskositel @ 28 °C (P | mPasec)
010% 130
025% 300
050 % 600
100 % 1400

Foarrdrn wiler dnse opptrmnnpens M oddghat s6m a0 Jenetie ounted oo kunder, 0 Sot of UMAAKeN S B vekidning S Mundens nie de shal vidern
prodursme. mum-hmmulm--qu-m Bde Ve ot Delye ., shiertets 0 mijazerspeidy, Du o ogsd
ancate, f S0m Van bs o whe wote
mmn-mmawﬂ lnumnnmmmml um«m&mmtma
“ ge v S0 e bier Dahandng. Heneeint loveril, Iasng. anihing hiadlatng salg of Sk
nlvdm mlmmndmnummcnmm,mmwhmu—m-m

av e SUPERFLOCSH C.494s e regi o Biharet Karnitn Oyl shes Sels dafierasinkoague

Homirs Qy)

B0 Bon 130 fLmerginkon 4) Eureps. Midde Cant ana Atrice Amarcas

FI-09191 Halsirdt Tel +358 20 8611 MNarth Amenca

Finlang Tel ¢4 770 4369542
AslaFacine Souh Amedcs

W et com Tel +86 21 6027 5993 Tal +55 11 2080 000
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A13 — SUPERFLOC A-130HMW product information

Kemira Tochnical Data Shoot 10)
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SUPERFLOC® A-130HMW

SUPERFLOCH A-130HMW anionisk polyakrylamid polymer i pulverform, brukes som hjelpefiokkulant i
forbindelse med rensing av aviapsvann Brukes ogsd i forbindelse med avvanning og foctykking av stam.

Produktspesifikasjon

Fysisk form Hyvit pulver
Ladning Modium anionisk
Molekylvokt Moy

Tlnsio" B8-100%

Ulost rest <200%
Eomul 085 kph ¢ 0,08
Viskossat, CPS 900-1100 (0,5 % lesning)
{30mpm 26¢C )

SPORSTOFFER

Monomar < 500 ppm
{ureagert akrylamid)

Kvalitet

Kemira Chemicals AS er sertifisert ihnt 1ISO S001.2015 ¢g 140012015,

Dosering

mﬂnmnmhmkmdfwm mmmmnurnmwoomm
behov fortynnes med vann pé vel til doseningspunktet. For de fleste applikasjoner oppnds best resultat om

polymeren Hsettes i en turbulent sone.

Lagring
Polymeren er hygroskopisk og skal lagres tort | temperaturer mellom 0-35 *C. Polymeren ber ikke lagres i
mer enn 24 mnd,

Sikker handtering

Unngh kontait med oyne og hud. | mangel av tilstrekkelig vontilasjon brukes ognet dndedrottsvorn.

Bruk hansier og brller/skjerm, flem disolte kiser og vask huden med rkelig mengder vann og sape.

Les alitid sikerhetsdatablad for bruk. Bruk fortrinnsvis et automatisk doserings- og tilberadnings uistyr, og
sorg for tiistrekckelig ventiasjon. NB! Sal kan fare il meget glatte overflater.

Kombs whler date oppdanngons t (A3g0el 350 40 Loneile Svarr SNe hundar, &F ol o arnhonds an valedning S kundens il &0 Sal vadere
prodidiene. Dudwm-h-mhbmmmqm-qudnm Lukde s wl B, sitharhets- o mijeperipebtisc Ou md ogad UndeTwis

maate w, Runder wier som kan for gr om e aktueile Sortvidweger Ao
wwn‘lmbmonmn Mmmmwmmmmmmhhmmthlmnwﬂmw
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B — Calculations

B1 — Calculations of standard concentrations of Metalsorb and Flopam EM 240 CT based on
NOAH’s current process

Calculations used to find the concentrations used in the experimentation are shown below,
followed by calculations of dilutions.

Calculations to find the standard concentration of Flopam EM 240 CT:

These calculations are based on values received from NOAH that are often used in their
wastewater treatment process.

The mass polymer used in the process per hour is calculated:

olymer min olymer
T w60 T2 = 180 L

m = 3.0
polymer min h

This mass is mixed in a water stream of 90 L/h, which constitutes the initial volume, Vo.

L water

Vo = 90
The initial concentration (co), before the polymer is mixed with the wastewater:

1809 polg/mer
- L water

h

Co = = 2.0 g polymer/L vann

90

The final concentration (c1) is the concentration after the 90 L/h water stream mixed with the
polymer is mixed with the wastewater in the sedimentation pool at Langgya:
CoVo

Vi

1=

The volume in the sedimentation pool is 120 000 L/h. Thus, the final volume, V1, is the total
volume of wastewater, polymer solution and metal binder solution.

L L L
Vy = 120000 —+ 90—+ 2.28— =120 092.28 L/h ~ 120 x 103 L/h

h h h
L water
coV, 2.0 g polymer /L water x 90 — 15 X 10-% o/l
= = =10X -
=y 120 x 103 L/h 9/

This concentration is used as standard concentration in trials that uses Flopam EM 240 CT.

Now that the final concentration is found, the concentration that is to be added to the samples
can be calculated. First, the mass of polymer (m;) to be weighed and diluted needs to be
found.

XV



The final volume in the samples, V1 = 0.52L, is a selected working volume consisting of 0.5L
wastewater, 10 mL polymer solution and 10 mL metal binder solution. Finding total mass of
polymer (mjp), to be added to the final solution of wastewater (Vr) in most trials:

m, = c; xVp= 15x1073 g/Lx0.52L = 7.8 x 107*g

Thus, 7.8 X 10~*g polymer with a volume of 10mL is added to the wastewater. The polymer
solution is the following concentration(cpi):

7.8 x 107*

pl = W: 00789/14

c

To achieve the correct mass of polymer more accurately, a larger amount was added to a
volumetric flask and diluted to the correct concentration. 1L of polymer solution was to be
made.

By measuring out/weighing an amount10 times larger than the amount polymer needed per
Litre, a dilution of 1/10 is required. The larger amount of polymer is added to a 1000 mL
measuring flask and diluted. 1/10 of this volume = 100 mL was diluted to 1000 mL in a
second measuring flask.

Myolymer = 0.78g
Concentration (c) after dilution:

_ 0.78¢g o 100mL
¢ = 1000mL ~ 1000mL

cpr=c¢=0.078g/L

=0.078¢g/L

Metalsorb HCO:
2.28L/h Metalsorb in 120 000L/h process water + 90L/h polymer solution

Total volume V; =~ 120 x 103 L/h

L metalsorb
2.28 —n 19 x 10~5L metalsorb

L final solution = L final solution
h

120 x 103

Cm

A final volume of V1 = 0.52L including 10mL Metalsorb solution was used in the trials
(based on recommended numbers from NOAH).

1.9x10°L metalsorb x0.52 _ 9.88x10~°L metalsorb

Volume Metalsorb (Vim): V;,, = ; = ,
1L prosesslgsning xX0.52 0.52L prosesslgsning

9.88 x 107°L metalsorb in 10mL Metalsorb solution is needed.

_9.88x10~°L metalsorb

. L metalsorb
Concentration(cm): ¢, = b

=9.88 x 107 — ggg kLmetalsorb

10mL vann L vann Lvann

The volume of micropipettes available can be increased by increments of SpL. The volume
Metalsorb solution is rounded to the nearest available volume:
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uL metalsorb uL metalsorb
98— = 90—
L water L water

990uL Metalsorb was added to the 1000mL measuring flask and diluted (to the mark).

SUPERFLOC A-130, A110, C-494 and C-491:

It was recommended by the supplier to prepare 1g/L. of SUPERFLOC. (19) 200 puL of this
solution was added to the beakers when conducting the Jar-tests. The final concentration of
SUPERFLOC in the beakers is calculated below:

1L
(200 x 10-6)L

= 5000

19

L_=2x10"*2
5000 L

Example of total removal. Calculation example table 11 results trial 2, 3, 4

Example sample 1 trial 2. Total metal concentration 116.4 pg/L.

( 116.4
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B2 — Calculation of metalsorb and polymer concentrations in trial 2, 3 and 4;
Metalsorb HCO in trial 2:

1 mL
= 5 X 0'990T = 0.495g/L

Vi, 10mL x 0.495g/L
2=y 0520 L

= 0.00952mL/L

Flopam EM 240 CT in trial 3:

1
€ =5 0.078% = 0.039 g/L

Vie, 10mL x 0.039 g/L
=L = 7.5 x 10 *g/L
2= 0520 L 9/

Volume of polymer added to final flask:

Sample 6: 100 mL of diluted polymer was transferred to a new flask to make up a concentration of
0.117g/L before reaction. This concentration is 3/2 of the standard solution. To find the other volumes
that needs to be added and diluted, divide the fraction of standard solution by 3/2, and multiply by
100mL.

Example, sample 1 (concentration is half of standard concentration):

1/2

37 X100 mL = 33 mL
2
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B3 — Percentage removal calculation example
Calculation example for percent removal for arsenic in trial 1.

The concentration of arsenic in sample 1, trial 1 is divided by the concentration of the
average reference concentration of arsenic.

3.3 ug/L
4.766667 ug/L

= 0.692

To find the percent of arsenic removed, the following calculation was made:

(1-0.692) x 100% = 30.77%
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B4 — Total percent removal calculation example
Calculation example for total percentage removal where all the metals are added for sample
1, trial 8.

First, the concentrations of all the metals in the sample are added together.
19+3.7+102+9.7+ 0.3+ 3.1 =289 ug/L

The same was repeated for the average reference concentrations where the total concentration
s 221.23 pg/L.

Then the percentage removal was then calculated:

(1 289 ) x 100% = 70.032%
221.23 0 IR0
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B5 — Average change in pH in trial 21 calculation example
The difference between preceding measurements was found for each of the three samples.
Then the average was calculated of the three samples.

9.8 —9.73 = 0.07

0.07 +0.07 + 0.07
3 = 0.07
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C — Concentrations in Samples

Table 32: Mass weighed of polymers from Kemira for the preparation of liquid polymer.

Polymer Mass (g)

SUPERFLOC A- 110HMW 1.0075

SUPERFLOC A- 130HMW 1.0020

SUPERFLOC C- 491K 1.0140

SUPERFLOC C- 494 1.0039

Table 33: Trial 1, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final Vol. metal | Conc. Final Vol.

and vol. metal conc. binder Polymer | conc. polymer
binder metal addedto | (g/L) polymer added to
(mL/L) binder solution (g/L) solution

(ml/L) (mL) (mL)
1 0.99 0.01904 10 0.078 0.0015 10
Table 34: Trial 2, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final Vol. metal | Conc. Final Vol.

and vol. metal conc. binder Polymer | conc. polymer
binder metal addedto | (g/L) polymer | added to
(mL/L) binder solution (g/L) solution

(ml/L) (mL) (mL)

1 0.495 0.00952 10 0.078 0.0015 10

2 0.74 0.0142 10 0.078 0.0015 10

3 0.87 0.0167 10 0.078 0.0015 10

4 1.1 0.0212 10 0.078 0.0015 10

5 1.2 0.0231 10 0.078 0.0015 10

6 L.5 0.0288 10 0.078 0.0015 10
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Table 35: Trial 3, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final Vol. metal | Conc. Final Vol.

and vol. metal conc. binder Polymer conc. polymer
binder metal added to | (g/L) polymer added to
(mL/L) binder solution (g/L) solution

(ml/L) (mL) (mL)

1 0.99 0.990 10 0.039 0.000743 10

2 0.99 0.990 10 0.059 0.00113 10

3 0.99 0.990 10 0.068 0.00131 10

4 0.99 0.990 10 0.088 0.00169 10

5 0.99 0.990 10 0.098 0.00188 10

6 0.99 0.990 10 0.117 0.00225 10

Table 36: Trial 4, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final Vol. metal | Conc. Final Vol.

and vol. metal conc. binder Polymer | conc. polymer
binder metal added to (g/L) polymer added to
(mL/L) binder solution (g/L) solution

(ml/L) (mL) (mL)

1 0.495 0.00952 10 0.039 0.000743 10

2 0.74 0.0142 10 0.059 0.00113 10

3 0.87 0.0167 10 0.068 0.00131 10

4 1.1 0.0212 10 0.088 0.00169 10

5 1.2 0.0231 10 0.097 0.00188 10

6 1.5 0.0288 10 0.117 0.00225 10
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Table 37: Trial 5, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution
solution (mL)
(mL)
1 0.99 0.01904 10 0.078 0.0015 10
2 0.99 0.01904 10 0.078 0.0015 10
3 0.99 0.01904 10 0.078 0.0015 10
4 0.99 0.01904 10 0.078 0.0015 10
5 0.99 0.01904 10 0.078 0.0015 10
6 0.99 0.01904 10 0.078 0.0015 10
Table 38: Trial 6, concentrations and volumes of chemicals.
Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution
solution (mL)
(mL)
1 0.99 0.01904 10 0.078 0.0015 10
2 0.99 0.01904 10 0.078 0.0015 10
3 0.99 0.01904 10 0.078 0.0015 10
4 0.99 0.01904 10 0.078 0.0015 10
5 0.99 0.01904 10 0.078 0.0015 10
6 0.99 0.01904 10 0.078 0.0015 10
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Table 39: Trial 7, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.

and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution

solution (mL)
(mL)

1 0.99 0.01904 10 0.079 0.001512 10

2 0.99 0.01904 10 0.079 0.001512 10

3 0.99 0.01904 10 0.079 0.001512 10

4 0.99 0.01904 10 0.079 0.001512 10

5 0.99 0.01904 10 0.079 0.001512 10

6 0.99 0.01904 10 0.079 0.001512 10

Table 40: Trial 8, concentrations and volumes of chemicals.
Samples/Conc. | Metalsorb | Conc. | Final Vol. Conc. Final Vol.
and vol. metal | conc. metal Polymer | conc. polymer
binder | metal binder | (g/L) polymer | added to
(mL/L) | binder | added (g/L) solution
(ml/L) |to (mL)
solution
(mL)

1 HCO 0.99 0.01904 | 10 0.079 0.001512 | 10

2 PCz 0.99 0.01904 | 10 0.079 0.001512 | 10

3 7T 0.99 0.01904 | 10 0.079 0.001512 | 10

4 /M3 0.99 0.01904 | 10 0.079 0.001512 | 10
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Table 41: Trial 9, concentrations and volumes of chemicals.

Samples/Conc. | Metalsorb | Conc. Final Vol. Conc. Final Vol.
and vol. metal conc. metal Polymer | conc. polymer
binder | metal binder (g/L) polymer | added to
(mL/L) | binder added to (g/L) solution
(ml/L) solution (mL)
(mL)
1 HCO 0.99 0.01904 | 10 0.079 0.001512 | 10
2 PCZ 0.99 0.01904 | 10 0.079 0.001512 | 10
3 7T 0.99 0.01904 | 10 0.079 0.001512 | 10
4 /M3 0.99 0.01904 10 0.079 0.001512 | 10
Table 42: Trial 10, concentrations and volumes of chemicals.
Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution
solution (mL)
(mL)
1 0.99 0.0077 4 0.079 0.001512 10
2 0.99 0.012 6 0.079 0.001512 10
3 0.99 0.015 8 0.079 0.001512 10
4 0.99 0.023 12 0.079 0.001512 10
5 0.99 0.026 14 0.079 0.001512 10
6 0.99 0.03 16 0.079 0.001512 10

XXVII




Table 43: Trial 11, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(uL/L) (uL/L) added to (g/L) solution
solution (uL)
(uL)
1 Pure 200
chemical | 50 50 1 0.0002
2 Pure 200
chemical | 50 50 1 0.0002
3 Pure 200
chemical | 50 50 1 0.0002
4 Pure 200
chemical | 50 50 1 0.0002
5 Pure 200
chemical | 50 50 1 0.0002
6 Pure 200
chemical | 50 50 1 0.0002
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Table 44: Trial 12, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(uL/L) (uL/L) added to (g/L) solution
solution (uL)
(uL)
1 Pure 200
chemical | 50 50 1 0.0002
2 Pure 200
chemical | 50 50 1 0.0002
3 Pure 200
chemical | 50 50 1 0.0002
4 Pure 200
chemical | 50 50 1 0.0002
5 Pure 200
chemical | 50 50 1 0.0002
6 Pure 200
chemical | 50 50 1 0.0002
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Table 45: Trial 13, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(WL) (WL) added to (g/L) solution
solution (uL)
(uL)
1 Pure 20 20 200
chemical 1 0.0002
2 Pure 30 30 200
chemical 1 0.0002
3 Pure 40 40 200
chemical 1 0.0002
4 Pure 50 50 200
chemical 1 0.0002
5 Pure 60 60 200
chemical 1 0.0002
6 Pure 70 70 200
chemical 1 0.0002
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Table 46: Trial 14, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(uL/L) (uL/L) added to (g/L) solution
solution (uL)
(uL)
1 Pure 140
chemical | 50 50 1 0.00014
2 Pure 160
chemical | 50 50 1 0.00016
3 Pure 180
chemical | 50 50 1 0.00018
4 Pure 200
chemical | 50 50 1 0.0002
5 Pure 220
chemical | 50 50 1 0.00022
6 Pure 240
chemical | 50 50 1 0.00024
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Table 47: Trial 15, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(uL/L) (uL/L) added to (g/L) solution
solution (uL)
(uL)
1 Pure 20 20 140
chemical 1 0.00014
2 Pure 30 30 160
chemical 1 0.00016
3 Pure 40 40 180
chemical 1 0.00018
4 Pure 50 50 200
chemical 1 0.0002
5 Pure 60 60 220
chemical 1 0.00022
6 Pure 70 70 240
chemical 1 0.00024
Table 48: Trial 16, concentrations and volumes of chemicals.
Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution
solution (uL)
(mL)
1 0.99 0.019038462 | 10 0.118 0.002269 10
2 0.99 0.019038462 | 10 0.118 0.002269 10
3 0.99 0.019038462 | 10 0.118 0.002269 10
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Table 49: Trial 17, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution
solution (uL)
(mL)
1 0.99 0.019038462 | 10 0.118 0.002269 10
2 0.99 0.019038462 | 10 0.118 0.002269 10
3 0.99 0.019038462 | 10 0.118 0.002269 10
Table 50: Trial 18, concentrations and volumes of chemicals.
Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(uL/L) (uL/L) added to (g/L) solution
solution (uL)
(uL)
1 Pure 0.0015 10
chemical | 50 50 1
2 Pure 0.0015 10
chemical | 50 50 1
3 Pure 0.0015 10
chemical | 50 50 1
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Table 51: Trial 19, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(uL/L) (uL/L) added to (g/L) solution
solution (uL)
(uL)
1 Pure
chemical | 50 50 1 0.0002 200
2 Pure
chemical | 50 50 1 0.0002 200
3 Pure
chemical | 50 50 1 0.0002 200

Table 52: Trial 20, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution
solution (mL)
(mL)
1 0.99 0.019038462 | 10 0.078 0.0015 10
2 0.99 0.019038462 | 10 0.078 0.0015 10
3 0.99 0.019038462 | 10 0.078 0.0015 10
4 0.99 0.019038462 | 10 0.078 0.0015 10
5 0.99 0.019038462 | 10 0.078 0.0015 10
6 0.99 0.019038462 | 10 0.078 0.0015 10
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Table 53: Trial 21, concentrations and volumes of chemicals.

Samples/Conc. | Conc. Final conc. | Vol. Conc. Final Vol.
and vol. metal metal metal Polymer | conc. polymer
binder binder binder (g/L) polymer | added to
(mL/L) (ml/L) added to (g/L) solution
solution (mL)
(mL)
1 0.99 0.019038462 | 10 0.079 0.001512 10
2 0.99 0.019038462 | 10 0.079 0.001512 10
3 0.99 0.019038462 | 10 0.079 0.001512 10
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D — pH in samples
The uncertainty in trial 1-7 is +0.03.

Table 54: pH in samples. Trials 1-7 where chemicals retrieved from NOAH were used.

Samples/Trials | 1 2 3 4 5 6 7

1 9.80 9.81 9.81 9.81 9.20 9.82 9.80
2 - 9.80 9.81 9.81 9.41 9.81 9.80
3 - 9.80 9.80 9.80 9.61 9.81 9.80
4 - 9.80 9.81 9.84 9.81 9.80 9.80
5 - 9.81 9.80 9.80 10.01 | 9.80 9.80
6 - 9.80 9.80 9.80 10.20 | 9.80 9.80

Table 55: pH in samples. Trials 8-10 where chemicals retrieved from Yara were used. The pH is also shown after the
reaction in trials 8 and 9.

Samples/Trials | 8 8 (after) 9 9 (after) 10

1 9.81 9.72 10.03 9.96 10.02
2 9.81 9.72 10.01 9.94 10.02
3 9.81 9.72 10.01 9.94 10.01
4 9.81 9.73 10 9.93 10.02
5 10.01
6 10.03
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Table 56: pH in samples.
reaction for trial 11.

Trials 11-15 where chemicals retrieved from Kemira were used. The pH is shown after the

Samples/Trials | 11 11 12 13 14 15
(after)

1 10.5 9.98 10.5 10.05 10.01 10.02
2 10.5 9.99 10.5 10.02 10.02 10.04
3 10.5 10.05 10.53 10.03 10 10.01
4 10.5 9.98 10.53 10 10 10.01
5 10.5 10.01 10.5 10 10.01 10.02
6 10.5 10.07 10.5 10.01 10.02 10.01

Table 57: pH in samples. Trials 16-19, which are the triplicate tests. The pH is shown after the reaction for trials 16-19.

Samples/Trials | 16 16 (after) | 17 17 (after) | 18 18 19 19
(after) (after)

1 10 10.01 10 9.93 10.03 9.82 10.01 9.74

2 10 9.94 10 9.96 10.03 9.82 10 9.74

3 10 9.91 10 9.9 10.02 9.81 10.01 10.74
Table 58: pH test and sedimentation/pH test, which are trial 20 and 21 respectively.

Samples/Trials 20 21

1 9.6 9.8

2 9.7 9.91

3 9.8 10.01

4 9.92

5 10.01

6 10.15
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E — Concentration results

Table 59: Concentrations of metals (pg/L). Reference values from first sampling.

Metals/samples | Reference 1 | Reference 2 | Reference 3
Al 186 221 389
As 3.6 4 6.7
Ba 3800 3500 3340
Cd 65 67.6 06.1
Co 8.7 9.6 9.3
Cr 3 3 53
Cu 47 58.4 59
Fe 23.7 173 224
Mn 18.4 41.4 32.7
Mo 875 889 916
Ni 13.8 13.2 18.2
Pb 1.9 13.8 13.6
Sb 52.8 533 62.2
Se 12.9 13 13.6
Sn 10 10 10
Tl 2.5 2.4 2.8
7.7 10.7 7.6
31.9 323 34.6
Zn 15.9 86.9 109
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Table 60: Reference values before water treatment from second sampling of water, concentrations of metals (ug/L).

Reference | Reference | Reference
Metals/samples | 1 2 3
Al 209 219 190
As 7.5 59 6.3
Ba 4770 4730 4680
Cd 149 152 151
Co 15 14.4 15.4
Cr 3 3 3
Cu 49.5 47.3 44
Fe 297 266 215
Mn 166 158 150
Mo 908 913 924
Ni 17.3 19.1 20.9
Pb 17.6 15.7 13.4
Sb 115 113 108
Se 11.6 11 10.4
Sn 10 10 10
Tl 29 2.7 2.7

9.8 9.8 9.8

23 23.1 23.1
Zn 131 113 102
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Table 61: Trial 1 Standard, concentrations of metals (ug/L).

Metals/samples | 1
Al 20.0
As 1.9
Ba 3120.0
Cd 10.2
Co 8.1
Cr 3.0
Cu 8.7
Fe 14.5
Mn 2.5
Mo 819.0
Ni 5.8
Pb 0.3
Sb 47.9
Se 10.7
Sn 10.0
Tl 0.1
22
28.9
Zn 3.0
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Table 62: Trial 2, varying concentration of Metalsorb HCO, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4 5 6
Al 20 20 26.6 165 57.2 20
As 33 1.9 25 4.8 29 1.7
Ba 3310 3360 3430 3150 3300 3360
Cd 17.2 16.8 8.7 10.4 9.8 13
Co 8.2 8.5 8.7 8.8 7.6 8.8
Cr 3 3.8 3 3 3 3
Cu 15.5 4 6.7 34.7 25 4
Fe 22.6 14 13.5 22.8 14.1 9.4
Mn 4.4 2.6 2.8 9.3 4.3 2.8
Mo 842 852 881 817 817 804
Ni 6.6 5.9 29 5.4 5.5 4.6
Pb 0.7 0.3 0.4 1 0.9 0.2
Sb 48.5 48.7 50 45.6 45.5 47.7
Se 11.1 11.9 11.8 12.5 13.1 11.6
Sn 10 10 10 10 10 10
Tl 0.8 0.5 0.2 0.6 0.3 0.3
3.1 25 1.4 3.4 1.9 0.8
30 30 32 37 34.7 26.8
Zn 23 5.2 15 10.9 3 4.6
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Table 63: Trial 3, varying concentration Flopam EM 240 CT, concentrations of metals (pg/L).

Metals/samples | 1 2 3 4 5 6
Al 20 20 20 20 20 20
As 2.1 2 1.8 2.5 29 1.8
Ba 3330 3310 3380 3400 3170 3140
Cd 33 9.2 9.2 7.9 10.9 9.8
Co 8.4 8.1 8.4 8.2 8.9 8.2
Cr 3 3 3 3 3 3
Cu 4 14 15.9 5.9 18.4 14.3
Fe 9.6 12.7 11.8 10.3 26.4 29.8
Mn 1.3 2.1 1.5 24 3.4 2.5
Mo 813 816 820 823 827 818
Ni 22 5.2 4.1 3.5 7.5 9.3
Pb 0.2 0.2 0.2 0.2 0.2 0.2
Sb 46.1 443 44 45.4 43.7 45
Se 11.1 11.8 10.7 11.4 11.8 11.7
Sn 10 10 10 10 10 10
Tl 0.1 0.2 0.2 0.1 0.5 0.5
0.6 1.4 1.4 1.2 25 22
28.6 25.7 29.1 29.1 31.8 274
Zn 3 3 3 3 3 3
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Table 64: Trial 4, varying concentration Metalsorb HCO and Flopam EM 240 CT, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4 5 6
Al 20.5 20 20 20 21.1 20
As 2.7 2.8 1.8 2.1 22 1.9
Ba 3300 3420 3390 3400 3410 3370
Cd 5.4 5.4 4.9 10.5 14.5 342
Co 8.9 8.8 8.3 7.7 8.5 7.8
Cr 3 3 3 3 3 3
Cu 7.2 4 4 4 6.7 31
Fe 13.9 13.6 10.8 9.8 12.1 12.8
Mn 1.1 2.1 1 1 1 1.6
Mo 818 836 836 840 825 810
Ni 4 2.3 22 3.1 29 8.1
Pb 0.2 0.2 0.2 0.2 0.4 1.7
Sb 44.4 46.8 45 47.1 44 46.4
Se 10.9 11.7 11.1 11.8 10.7 11.6
Sn 10 10 10 10 10 10
Tl 0.2 0.2 0.1 0.1 0.4 0.6
1.5 1 0.8 0.9 2 5.1
28.9 27 29.4 32.8 28.5 28.9
Zn 3 3 3 3 3 3
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Table 65: Trial 5, pH, concentrations of metals (pg/L).

Metals/samples | 1 2 3 4 5 6
Al 223 171 76.5 20 20 20
As 24 2.8 2.6 1.7 23 1.7
Ba 3130 3230 3210 3280 3160 3200
Cd 16.8 327 16.2 9.2 3.5 11.7
Co 8.6 8.4 7.6 8.3 8.4 8
Cr 3 3 3 3 3 3
Cu 12.2 11.6 6.8 4 4.1 4.1
Fe 30 15.6 8.9 9.5 14.4 17.7
Mn 18.4 7.6 2.6 1.4 1.4 1
Mo 823 844 822 840 821 826
Ni 9.4 5 4.4 2.8 5.4 33
Pb 0.4 0.3 0.2 0.2 0.2 0.2
Sb 453 49.3 46.3 46.2 47.6 45.8
Se 11.3 11.3 9.9 10.3 11.6 12.5
Sn 10 10 10 10 10 10
Tl 0.5 1.1 0.4 0.3 0.1 0.3
U 3.4 3 1.7 1.3 1 1.4
31.8 314 29.7 30.8 34.1 30.5
Zn 13.8 8.6 3 3 3 3
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Table 66: Trial 6, Stirring duration, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4 5 6
Al 41.1 42.1 57.4 44 453 43.9
As 32 3 2.7 2.6 2.8 2.5
Ba 2870 2910 2940 2860 2860 2900
Cd 12.8 10.6 15.5 9.1 8.4 8.5
Co 8.7 8.5 8.6 9.2 8.5 9
Cr 3 3 3 32 3 3.7
Cu 4 4.1 6.3 4.2 4 4.4
Fe 242 31.1 38.5 29 30.6 29.5
Mn 3.1 3.1 3.9 3.4 24 3
Mo 865 871 887 862 871 868
Ni 8.3 10 12.9 11.2 9.7 11.3
Pb 0.4 0.4 0.5 0.4 0.4 0.4
Sb 50.1 49 50.6 49.3 50.1 50.9
Se 12 11.8 11.8 11.7 12.1 11.6
Sn 10 10 10 10 10 10
Tl 0.7 0.6 0.8 0.6 0.5 0.5
1.4 1.3 1.8 1.3 1 1.2
30.6 1 30.3 304 28.5 30.3
Zn 6.8 1 6.5 4.6 3 4.2
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Table 67: Trial 7, Stirring speed, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4 5 6
Al 50 40.2 28.4 30.2 28 50.1
As 3 24 29 29 3.7 3.7
Ba 2740 2710 2700 2720 2750 2790
Cd 13 23 12.3 14.5 27.7 19.2
Co 9 8.8 8.7 8.8 8.8 9
Cr 3.6 3.2 3 3.1 3 3.9
Cu 5.4 26.4 4.4 4.1 5.4 7.6
Fe 28 52.7 329 36.3 30.6 36.6
Mn 2.8 3.6 2.2 2.2 3 4.2
Mo 864 865 874 864 871 899
Ni 9.5 18 10.4 10.3 10.9 10.4
Pb 0.9 1.3 0.5 0.6 0.8 0.8
Sb 50.3 50.1 50.4 49.9 49.4 50.3
Se 11.5 12.8 10.9 12.1 12 12.3
Sn 10 10 10 10 10 10
Tl 0.7 1.2 0.7 0.9 1.1 0.9
1.2 25 1.4 1.6 22 2.6
30.5 31.3 31.7 30.1 30.5 342
Zn 7.6 9.9 4.2 4.7 7.7 6.2

XLVII




Table 68: Trial 8, Yara chemicals, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4
Al 119 129 41.1 142
As 4.9 4.7 4.1 4.1
Ba 2940 3020 2990 2970
Cd 21.5 17.1 12.7 24.8
Co 8.8 9.1 8.4 8.8
Cr 6 5.3 5.4 8.2
Cu 18.1 17.5 11 20.3
Fe 47.6 31.6 41.6 50.6
Mn 5.2 3.6 4.4 4.8
Mo 878 902 900 897
Ni 16.1 15.3 12.3 20.5
Pb 1.1 0.8 0.7 0.9
Sb 54.3 55 55.4 53.8
Se 12.6 13.8 12.7 13
Sn 10 10 10 10
Tl 1 0.8 2.7 2.5
24 25 5.3 5.7
33 35.1 33.5 34
Zn 8.4 7.2 7.9 20.5

XLVIII




Table 69: Trial 9, Yara chemicals, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4
Al 354 30.1 53.7 29.2
As 4.1 3.7 3.6 4.1
Ba 3040 2950 2960 2940
Cd 8.3 10.2 6.4 13.1
Co 8.7 8.2 8.6 8.9
Cr 4.4 4.1 33 4.1
Cu 9.7 9.1 6.3 12.6
Fe 23.5 25 22.5 24
Mn 29 2.5 2.1 2
Mo 902 887 898 890
Ni 11.3 8.8 7.6 9.3
Pb 0.7 0.7 0.9 0.8
Sb 53.4 50.9 53.5 53
Se 13.7 12.2 12.8 12.4
Sn 10 10 10 10
Tl 0.5 0.7 2.6 2.6
1.2 1.8 3.7 3.1
33.9 34.8 36.2 35.7
Zn 5.2 7.1 7.1 6.2

XLIX




Table 70: Trial 10, varying concentration of metalsorb ZT, concentrations of metals (pg/L).

Metals/samples | 1 2 3 4 5 6
Al 22.6 51.5 37.5 27.1 50.7 37.6
As 3.1 3.8 3 3.6 3.3 3.7
Ba 4610 4720 4550 4690 4700 4580
Cd 10.6 73.8 11.6 11.5 17 9.4
Co 14.5 14.7 14.5 14.4 14.2 13.4
Cr 3 3 3 3 3 3
Cu 4 5.4 4 4 5.4 4
Fe 12 12.8 12.9 13 304 12.1
Mn 12.2 15.8 13.3 9.4 15.1 12.4
Mo 888 910 871 884 900 862
Ni 11 10.1 7.8 8.9 11 9
Pb 0.6 0.8 0.5 0.5 0.6 0.5
Sb 77.1 105 77.3 99.6 103 99.9
Se 7.5 8.5 9 9 8.4 7.8
Sn 10 10 10 10 10 10
Tl 2.8 2.7 2.5 2.5 2.6 25
7.2 7.5 7.4 7.1 7.8 6.6
23 214 21.2 22.5 233 20.9
Zn 7.4 6.1 6.6 7.1 8.5 6.6




Table 71: Trial 11, Kemira chemicals A and B, concentrations of metals (1g/L).

Metals/samples | 1 (1A) 2 (2A) 3(3A) 4 (1B) 5(2B) 6 (3B)
Al 394 330 20 671 193 20
As 1.9 1.7 1.5 1.4 1.7 1.6
Ba 2650 2650 2640 2650 2650 2630
Cd 3.7 3.5 9.5 4 4.7 10.3
Co 8.2 8.2 8.4 7.9 8 8.5
Cr 32 3.9 3 3.5 32 32
Cu 10.2 12 12 10.1 10.6 8.5
Fe 17.7 18.4 360 16.8 18.5 387
Mn 1 1 1.1 1 1 1.2
Mo 815 817 797 814 799 801
Ni 9.7 9.7 8.7 10.5 9.2 8.9
Pb 0.3 1 0.9 0.3 0.3 0.2
Sb 46.7 46.5 43.4 46.6 46.1 41.2
Se 12.3 11.6 11.8 11.3 11.6 11.5
Sn 10 10 10 10 10 10
Tl 23 24 2.4 2.5 2.3 2.5

1.7 3.7 0.5 1.6 4.9 0.6

28 28.4 13.8 25.1 273 12.2
Zn 3.1 3 3 3 3 3

LI




Table 72: Trial 12, Kemira chemicals C and D, concentrations of metals (pg/L).

Metals/samples | 1 (1C) 2 (20) 3 (30) 4 (1D) 5(2D) 6 (3D)
Al 2560 612 20 1760 768 20
As 1.6 1.7 1.8 1.3 1.5 1.8
Ba 2640 2670 2650 2640 2660 2650
Cd 9.7 5.8 16.9 59 4.9 17.5
Co 8.4 8.4 8.6 7.9 8.4 8
Cr 3.6 4.4 3.5 3 4.2 3
Cu 8.4 7.6 7 6.9 7.9 8.4
Fe 20.7 224 338 21.5 21.8 607
Mn 1 1 1.1 1 1 1.4
Mo 807 822 811 814 817 803
Ni 10.9 10.6 10.6 9.5 9.4 8.3
Pb 0.3 0.4 0.2 0.3 0.4 0.3
Sb 45.7 47.4 40.2 47.7 47.1 41.9
Se 11.5 12.2 11.5 11.2 11.3 11.6
Sn 10 10 10 10 10 10
Tl 24 25 2.3 2.5 2.6 2.4
24 2.3 0.5 1.8 22 0.7
27.6 27.1 9.8 24.4 26.7 10.7
Zn 3 3 3 3 3 3

LIl




Table 73: Trial 13, varying concentration of PAX-18, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4 5 6
Al 1130 2300 3220 4800 5770 6820
As 2.6 2.8 29 2.6 3.1 3
Ba 2560 2610 2620 2620 2590 2640
Cd 23 27.2 29.1 34.6 343 344
Co 9.6 8.8 9.5 9.7 8.8 9.4
Cr 3 3 3 3 3 3
Cu 13.7 12.5 11.9 14.5 14.9 14.5
Fe 27.3 21.1 21.6 20.6 20.2 29
Mn 1.6 1 1 2.1 22 1.8
Mo 898 938 925 933 919 941
Ni 17.1 18.9 16.3 16.3 17.1 19.8
Pb 0.7 0.7 0.7 0.8 0.9 0.7
Sb 52 51.7 55.6 51 52.7 52.1
Se 12.5 11.8 11.5 11.9 11.5 11.9
Sn 10 10 10 10 10 10
Tl 24 2.3 24 2.5 23 25
3.4 3.5 3.8 3.9 4 4.1
31.2 325 32.1 323 33.2 30.9
Zn 4.1 4.8 4.3 5.8 5.5 5.9

LI



Table 74: Trial 14, varying polymer A-130, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4 5 6
Al 5950 6100 6890 6390 4700 4820
As 3 3.1 33 23 29 23
Ba 2590 2660 2650 2710 2640 2670
Cd 29.6 315 37.5 31.9 26.7 24.7
Co 8.9 9.5 8.9 9.7 8.9 9.5
Cr 3 3 3 3 3 3
Cu 19.3 16.7 18.2 18 14.5 15.7
Fe 22.1 18.8 20.6 20.2 17.3 17.8
Mn 1 1.3 1.6 1 1.2 1
Mo 912 923 915 927 920 943
Ni 11.5 13.5 14 15.2 15.9 17.1
Pb 1.3 0.8 0.7 0.7 0.6 0.6
Sb 55.7 57.5 58.9 56.2 52.3 50.9
Se 12.1 12.4 12.2 12.2 11.1 11.4
Sn 10 10 10 10 10 10
Tl 24 2.3 2.3 24 24 2.4
33 3.7 4.8 4.9 3.8 3.5
34 32.7 32 349 32.8 323
Zn 6.3 4.6 5.6 5.8 3.1 4.3

LIV




Table 75: Trial 15, varying concentration of PAX-18 and A-130, concentrations of metals (pg/L).

Metals/samples | 1 2 3 4 5 6
Al 996 2580 4170 5500 5400 9210
As 23 2.7 2.6 29 2.7 29
Ba 2710 2720 2630 2640 2670 2730
Cd 20.3 23.1 26.9 25.8 28.3 33.1
Co 9.8 9.2 9.5 93 9.7 9.5
Cr 3 3 3 3 3 3
Cu 13.9 15.6 18.3 22.6 14.9 17.3
Fe 20.1 17.6 19.6 21.6 18.3 20.7
Mn 1.2 1 1.4 2.1 1 1
Mo 930 945 921 921 928 938
Ni 13.2 16.5 17.6 16.5 15.2 17.7
Pb 0.8 0.8 1 1.6 0.5 0.6
Sb 51.5 52.1 53.1 56.4 49.8 61.7
Se 11.7 12.2 12.1 12.3 11.9 12
Sn 10 10 10 10 10 10
Tl 24 22 24 24 24 2.4
2.3 29 3.3 24 3.5 5.1
34.3 34.5 33.7 38.2 33 35.7
Zn 6.4 4.7 7.6 7.6 5.7 5.8

Lv




Table 76: Trial 16, triplicate test where Metalsorb HCO and Flopam EM 240 CT were used (ug/L).

Metals/samples | 1 2 3
Al 39.9 37.6 353
As 3.1 4.1 3.6
Ba 4550 4600 4540
Cd 39.5 37.7 36
Co 13.9 13.9 14.8
Cr 3 3 3
Cu 4 4 4
Fe 18.6 16.1 15.3
Mn 17.1 14.8 11
Mo 883 852 976
Ni 8.3 8.7 12.2
Pb 0.9 0.7 0.8
Sb 71.3 85.5 87.2
Se 7.9 7.6 10.4
Sn 10 10 10
Tl 0.6 0.6 0.6
2.8 2.5 2.5
22.4 23 21.6
Zn 9 8.9 8.7

LVI




Table 77: Trial 17, triplicate test where Metalsorb ZT and Flopam EM 240 CT were used (ug/L).

Metals/samples | 1 2 3
Al 28.6 28 20
As 3.7 3.9 29
Ba 4630 4570 4600
Cd 12.5 20.2 19
Co 14.3 14.4 14.6
Cr 3 3 3
Cu 4 5.3 4.4
Fe 15 16 17.4
Mn 8.9 8.7 12
Mo 858 875 880
Ni 12 11.8 13.2
Pb 1 1.3 0.9
Sb 73 102 84.3
Se 8.2 8.4 7.5
Sn 10 10 10
Tl 2.6 2.7 2.6
5.6 5.7 5.9
234 22.7 239
Zn 8.2 6.8 8

LviI




Table 78: Trial 18, triplicate test where PAX-18 and SUPERFLOC A-130 were used. Method based on NOAH's process
(Hg/L).

Metals/samples | 1 2 3
Al 1200 1350 1200
As 3 3.4 3
Ba 4580 4690 4700
Cd 86.4 91.2 89.1
Co 13.8 14.5 14.2
Cr 3 3 3
Cu 9.3 9 7
Fe 17 14.9 12.4
Mn 12.3 8.8 5.8
Mo 886 907 911
Ni 12.9 13.4 11.8
Pb 1 1 0.9
Sb 98.8 104 103
Se 10.3 9 9.1
Sn 10 10 10
Tl 2.6 2.3 2.5
5.8 6.9 6.3
22.7 25.3 233
Zn 6.1 6.1 4

Lvin



Table 79: Trial 19, triplicate test where PAX-18 and SUPERFLOC A-130 were used (ug/L).

Metals/samples | 1 2 3
Al 5450 4310 6040
As 4.4 33 3.9
Ba 4810 4690 4810
Cd 123 116 130
Co 14.2 14.3 14.8
Cr 3 3 3
Cu 7.9 6.9 8.6
Fe 15.1 12.2 13
Mn 6.1 5.6 8.9
Mo 920 917 922
Ni 7.2 10 12
Pb 1.2 0.9 1.1
Sb 108 104 107
Se 10.1 10.7 9.6
Sn 10 10 10
Tl 2.6 25 2.6
7.3 6.5 7.8
21 22.7 24.1
Zn 6.3 5.3 4.9

LIX



Table 80: Trial 20, pH test, concentrations of metals (pg/L).

Metals/samples | 1 2 3 4 5 6
Al 191 112 92.6 61.2 59 45.9
As 3.4 3.1 32 32 3 3.1
Ba 2560 2570 2540 2560 2540 2600
Cd 44 25.1 22.1 14.1 13.9 19.8
Co 8.9 8.6 93 9 9.6 8.9
Cr 3.9 3 3 3 3.6 6.2
Cu 14.3 13.2 13 10.7 9.9 7.6
Fe 57.4 33.2 37.6 43.6 60.6 88.9
Mn 8.6 6.1 5 4.1 33 3.7
Mo 891 878 868 883 858 848
Ni 13.3 14 14.1 12.8 14.4 15.2
Pb 2.1 1.6 1.5 1.3 1.4 0.8
Sb 47.7 49.6 48.3 47 47.8 453
Se 10.7 10.5 11.6 11.1 10.3 11.5
Sn 10 10 10 10 10 10
Tl 1.5 1 0.8 0.7 0.7 1
4.7 3 2.1 1.4 1.2 23
28.4 31 31 34.3 32.7 29.9
Zn 222 12.9 10.9 8.7 9.9 6.1

LX




Table 81: Trial 21, sedimentation test, concentrations of metals (ug/L).

Metals/samples | 1 2 3 4 5 6
Al 99.9 40.7 58.5 106 80.2 109
As 29 2.6 2.6 29 24 2.8
Ba 2700 2770 2770 2880 2950 3000
Cd 9.1 3.5 3.7 29 3.1 3.5
Co 9.4 10 9.7 10.2 10.2 10.3
Cr 33 3.8 33 3 3 3
Cu 4.6 4 4 4 4 4
Fe 35.1 28 323 244 233 22.6
Mn 3.2 2 1.6 5.4 4.5 4.6
Mo 931 947 962 985 1020 1040
Ni 14 15.3 16.4 16.6 18.4 17.4
Pb 0.6 0.6 0.5 0.5 0.5 0.4
Sb 52.7 53.4 53.8 55.6 57.6 58.2
Se 12.3 11.2 12.8 12.2 13.6 13.5
Sn 10 10 10 10 10 10
Tl 0.4 0.2 0.2 0.7 0.5 0.4
3.6 2.7 2.3 4 3.7 3.1
31.3 31.4 32.8 29.4 32.8 333
Zn 8.1 4.6 4.7 6.3 6.7 6.5

LXI




F — Percent removal of metals results

Table 82: Trial 1, standard test. Percent removal of metals. (%)

Metals/samples | 1
Al 92,46231
As 60,13986
Ba 12,03008
Cd 84,5999
Co 11,95652
Cr -
Cu 84,12409
Fe 89,66009
Mn 91,89189
Mo 8,320896
Ni 61,50442
Pb 96,92833
Sb 14,61676
Se 18,73418
Sn -
Tl 96,1039
74,61538
12,24696
Zn 95,75071

LXI



Table 83: Trial 2, varying concentration of Metalsorb HCO, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 92,46231 92,46231 89,97487 | 37,81407 | 78,44221 92,46231
As 30,76923 60,13986 | 47,55245 -0,6993 39,16084 | 64,33566
Ba 6,672932 5,263158 | 3,289474 11,18421 6,954887 5,263158
Cd 74,0312 74,63513 86,86462 84,29794 85,20382 80,37242
Co 10,86957 7,608696 | 5,434783 4,347826 17,3913 4,347826
Cr - - - - - -
Cu 71,71533 92,70073 87,77372 36,67883 54,37956 | 92,70073
Fe 83,884 90,01664 | 90,37319 83,74138 89,94533 93,29689
Mn 85,72973 91,56757 | 90,91892 69,83784 86,05405 90,91892
Mo 5,746269 | 4,626866 1,380597 8,544776 8,544776 10
Ni 56,19469 60,84071 80,75221 64,15929 | 63,49558 | 69,46903
Pb 92,83276 96,92833 95,90444 89,76109 | 90,78498 | 97,95222
Sb 13,54724 13,19073 10,87344 18,71658 18,89483 14,97326
Se 15,6962 9,620253 10,37975 5,063291 0,506329 11,89873
Sn - - - - - -
Tl 68,83117 80,51948 | 92,20779 | 76,62338 88,31169 88,31169
64,23077 71,15385 83,84615 60,76923 78,07692 | 90,76923
8,906883 8,906883 2,834008 -12,3482 -5,36437 18,62348
Zn 67,4221 92,63456 | 78,75354 84,56091 95,75071 93,48442

LXIN




Table 84: Trial 3, varying concentration of Flopam EM 240 CT, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 92,46231 92,46231 92,46231 92,46231 92,46231 92,46231
As 55,94406 58,04196 | 62,23776 | 47,55245 39,16084 | 62,23776
Ba 6,109023 6,672932 | 4,699248 | 4,135338 10,6203 11,46617
Cd 95,01761 86,10971 86,10971 88,07247 83,54303 85,20382
Co 8,695652 11,95652 8,695652 10,86957 | 3,26087 10,86957
Cr - - - - - -
Cu 92,70073 74,45255 70,9854 89,23358 66,42336 | 73,90511
Fe 93,15427 90,94367 | 91,58545 92,6551 81,17423 78,7497
Mn 95,78378 93,18919 | 95,13514 | 92,21622 88,97297 | 91,89189
Mo 8,992537 8,656716 8,208955 7,873134 | 7,425373 8,432836
Ni 85,39823 65,48673 72,78761 76,76991 50,22124 | 38,27434
Pb 97,95222 97,95222 | 97,95222 97,95222 | 97,95222 | 97,95222
Sb 17,82531 21,03387 | 21,56863 19,07308 | 22,10339 19,7861
Se 15,6962 10,37975 18,73418 13,41772 10,37975 11,13924
Sn - - - - - -
Tl 96,1039 92,20779 | 92,20779 | 96,1039 80,51948 80,51948
93,07692 83,84615 83,84615 86,15385 71,15385 74,61538
13,15789 | 21,96356 11,63968 11,63968 3,441296 16,80162
Zn 95,75071 95,75071 95,75071 95,75071 95,75071 95,75071

LXIV




Table 85 Trial 4, varying concentration of Metalsorb HCO and Flopam EM 240 CT, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 92,27387 92,46231 92,46231 92,46231 92,04774 | 92,46231
As 43,35664 | 41,25874 | 62,23776 | 55,94406 | 53,84615 60,13986
Ba 6,954887 3,571429 | 4,417293 4,135338 3,853383 4,981203
Cd 91,84701 91,84701 92,60191 84,14696 | 78,1077 48,36437
Co 3,26087 4,347826 | 9,782609 16,30435 7,608696 15,21739
Cr - - - - - -
Cu 86,86131 92,70073 92,70073 92,70073 87,77372 | 43,43066
Fe 90,08795 90,30188 | 92,29855 93,01165 91,37152 | 90,87236
Mn 96,43243 93,18919 | 96,75676 | 96,75676 | 96,75676 | 94,81081
Mo 8,432836 6,41791 6,41791 5970149 | 7,649254 | 9,328358
Ni 73,45133 84,73451 85,39823 79,42478 80,75221 46,23894
Pb 97,95222 97,95222 | 97,95222 97,95222 | 95,90444 | 82,59386
Sb 20,85561 16,57754 19,7861 16,04278 | 21,56863 17,29055
Se 17,21519 11,13924 15,6962 10,37975 18,73418 11,89873
Sn - - - - - -
Tl 92,20779 | 92,20779 | 96,1039 96,1039 84,41558 | 76,62338
82,69231 88,46154 | 90,76923 89,61538 76,92308 | 41,15385
12,24696 18,01619 10,72874 | 0,404858 13,46154 12,24696
Zn 95,75071 95,75071 95,75071 95,75071 95,75071 95,75071

LXV




Table 86: Trial 5, pH, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 15,95477 35,55276 | 71,16834 | 92,46231 92,46231 92,46231
As 49,65035 | 41,25874 | 45,45455 64,33566 | 51,74825 64,33566
Ba 11,74812 8,928571 9,492481 7,518797 10,90226 | 9,774436
Cd 74,63513 50,62909 | 75,54102 86,10971 94,71565 82,33518
Co 6,521739 8,695652 17,3913 9,782609 8,695652 13,04348
Cr - - - - - -
Cu 77,73723 78,83212 87,59124 | 92,70073 92,51825 92,51825
Fe 78,60708 88,87568 | 93,65343 93,22558 89,7314 87,37818
Mn 40,32432 75,35135 91,56757 | 95,45946 | 95,45946 | 96,75676
Mo 7,873134 | 5,522388 | 7,985075 5,970149 8,097015 7,537313
Ni 37,61062 66,81416 | 70,79646 81,41593 64,15929 | 78,09735
Pb 95,90444 | 96,92833 97,95222 97,95222 | 97,95222 | 97,95222
Sb 19,25134 12,12121 17,46881 17,64706 15,15152 18,36007
Se 14,17722 14,17722 | 24,81013 21,77215 11,89873 5,063291
Sn - - - - - -
Tl 80,51948 57,14286 84,41558 88,31169 96,1039 88,31169
60,76923 65,38462 80,38462 85 88,46154 | 83,84615
3,441296 | 4,65587 9,817814 | 6,477733 -3,54251 7,388664
Zn 80,45326 87,8187 95,75071 95,75071 95,75071 95,75071

LXVI




Table 87: Trial 6, Stirring duration, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 84,51005 84,13317 | 78,36683 83,41709 82,92714 | 83,45477
As 32,86713 37,06294 | 43,35664 | 45,45455 | 41,25874 | 47,55245
Ba 19,07895 17,95113 17,10526 19,3609 19,3609 18,23308
Cd 80,67438 83,99597 | 76,59789 86,26069 87,31756 | 87,16658
Co 5,434783 7,608696 | 6,521739 | 0 7,608696 | 2,173913
Cr - - - - - -
Cu 92,70073 92,51825 88,50365 92,33577 | 92,70073 91,9708
Fe 82,74305 77,82268 | 72,54576 | 79,32018 78,17923 78,96363
Mn 89,94595 89,94595 87,35135 88,97297 | 92,21622 | 90,27027
Mo 3,171642 | 2,5 0,708955 3,507463 2,5 2,835821
Ni 449115 33,62832 14,38053 25,66372 | 35,61947 | 25
Pb 95,90444 | 95,90444 | 94,88055 95,90444 | 95,90444 | 95,90444
Sb 10,69519 12,65597 | 9,803922 12,12121 10,69519 | 9,269162
Se 8,860759 10,37975 10,37975 11,13924 8,101266 11,89873
Sn - - - - - -
Tl 72,72727 76,62338 | 68,83117 76,62338 80,51948 80,51948
83,84615 85 79,23077 85 88,46154 | 86,15385
7,08502 96,96356 | 7,995951 7,692308 13,46154 | 7,995951
Zn 90,36827 | 98,58357 | 90,7932 93,48442 | 95,75071 94,05099

LXVII




Table 88: Trial 7, Stirring speed, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 81,15578 84,84925 89,29648 88,61809 89,44724 | 81,11809
As 37,06294 | 49,65035 39,16084 | 39,16084 | 22,37762 | 22,37762
Ba 22,74436 | 23,59023 23,87218 | 23,30827 | 22,46241 21,33459
Cd 80,37242 65,27428 81,42929 | 78,1077 58,17816 | 71,01158
Co 2,173913 4,347826 | 5,434783 4347826 | 4,347826 | 2,173913
Cr - - - - - -
Cu 90,14599 51,82482 | 91,9708 92,51825 90,14599 86,13139
Fe 80,03328 62,41978 | 76,5391 74,11457 78,17923 73,90064
Mn 90,91892 88,32432 | 92,86486 | 92,86486 | 90,27027 86,37838
Mo 3,283582 3,171642 | 2,164179 | 3,283582 | 2,5 -0,63433
Ni 36,9469 -19,469 30,97345 31,63717 | 27,65487 | 30,97345
Pb 90,78498 86,68942 | 94,88055 93,85666 | 91,80887 | 91,80887
Sb 10,33868 10,69519 10,16043 11,05169 11,94296 10,33868
Se 12,65823 2,78481 17,21519 8,101266 8,860759 | 6,582278
Sn - - - - - -
Tl 72,72727 53,24675 72,72727 | 64,93506 | 57,14286 | 64,93506
86,15385 71,15385 83,84615 81,53846 | 74,61538 | 70
7,388664 | 4,959514 | 3,744939 8,603239 | 7,388664 | -3,84615
Zn 89,23513 85,97734 | 94,05099 | 93,34278 89,09348 | 91,21813

LXVIII




Table 89: Trial 8, Yara chemicals, percent removal of metals. (%)

Metals/samples | 1 2 3 4
Al 55,15075 51,38191 84,51005 46,48241
As -2,7972 1,398601 13,98601 13,98601
Ba 17,10526 14,84962 15,69549 16,2594
Cd 67,539 74,18218 80,82536 | 62,55662
Co 4,347826 1,086957 8,695652 | 4,347826
Cr - - - -
Cu 66,9708 68,06569 | 79,92701 62,9562
Fe 66,05657 77,46613 70,33516 | 63,91728
Mn 83,13514 | 88,32432 85,72973 84,43243
Mo 1,716418 -0,97015 -0,74627 -0,41045
Ni -6,85841 -1,54867 18,36283 -36,0619
Pb 88,7372 91,80887 | 92,83276 | 90,78498
Sb 3,208556 1,960784 1,247772 | 4,099822
Se 4,303797 -4,81013 3,544304 1,265823
Sn - - - -
Tl 61,03896 68,83117 -5,19481 2,597403
72,30769 71,15385 38,84615 34,23077
-0,20243 -6,57895 -1,72065 -3,23887
Zn 88,10198 89,8017 88,8102 70,96317

LXIX




Table 90: Trial 9, Yara chemicals, percent removal of metals. (%)

Metals/samples | 1 2 3 4
Al 86,65829 88,65578 | 79,76131 88,99497
As 13,98601 22,37762 | 24,47552 13,98601
Ba 14,28571 16,82331 16,54135 17,10526
Cd 87,46855 84,5999 90,33719 80,22144
Co 5,434783 10,86957 | 6,521739 | 3,26087
Cr - - - -
Cu 82,29927 83,39416 88,50365 77,0073
Fe 83,24222 82,17257 83,95531 82,88567
Mn 90,59459 91,89189 | 93,18919 | 93,51351
Mo -0,97015 0,708955 -0,52239 0,373134
Ni 25 41,59292 | 49,55752 38,27434
Pb 92,83276 92,83276 | 90,78498 91,80887
Sb 4,812834 | 9,269162 | 4,634581 5,525847
Se -4,05063 7,341772 | 2,78481 5,822785
Sn - - - -
Tl 80,51948 72,72727 | -1,2987 -1,2987
86,15385 79,23077 | 57,30769 | 64,23077
-2,93522 -5,66802 -9,91903 -8,40081
Zn 92,63456 89,94334 | 89,94334 | 91,21813
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Table 91: Trial 10, varying concentration of of metalsorb ZT, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 89,02913 75 81,79612 86,84466 | 75,38835 81,74757
As 52,79188 | 42,13198 | 54,31472 | 45,17766 | 49,74619 | 43,65482
Ba 2,468265 0,141044 | 3,737659 | 0,77574 0,564175 3,102962
Cd 92,9646 51,0177 92,30088 92,36726 88,71681 93,76106
Co 2,901786 1,5625 2,901786 | 3,571429 | 4,910714 10,26786
Cr - - - - - -
Cu 91,47727 88,49432 | 91,47727 | 91,47727 88,49432 | 91,47727
Fe 95,37275 95,06427 | 95,02571 94,98715 88,27763 95,33419
Mn 92,27848 90 91,58228 94,05063 90,44304 | 92,1519
Mo 2,95082 0,546448 | 4,808743 3,387978 1,639344 | 5,79235
Ni 42,40838 | 47,12042 | 59,1623 53,40314 | 42,40838 52,87958
Pb 96,14561 94,86081 96,78801 96,78801 96,14561 96,78801
Sb 31,16071 6,25 30,98214 11,07143 8,035714 10,80357
Se 31,81818 22,72727 18,18182 18,18182 | 23,63636 | 29,09091
Sn - - - - - -
Tl -1,20482 2,409639 | 9,638554 | 9,638554 | 6,024096 | 9,638554
26,53061 23,46939 | 24,4898 27,55102 | 20,40816 | 32,65306
0,289017 7,225434 | 8,092486 | 2,456647 | -1,01156 9,393064
Zn 93,58382 | 94,71098 | 94,27746 | 93,84393 92,63006 | 94,27746
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Table 92: Trial 11, Kemira chemicals A and B, percent removal of metals. (%)

Metals/samples | 1 (1A) 2 (2A) 3(3A) 4 (1B) 5(2B) 6 (3B)
Al -48,4925 -24.3719 92,46231 -152,889 27,26131 92,46231
As 60,13986 64,33566 68,53147 70,62937 64,33566 | 66,43357
Ba 25,28195 25,28195 25,56391 25,28195 25,28195 25,84586
Cd 94,41369 94,71565 85,65677 93,96074 92,90388 84,44892
Co 10,86957 10,86957 8,695652 14,13043 13,04348 7,608696
Cr - - - - - -
Cu 81,38686 78,10219 78,10219 81,56934 80,65693 84,48905
Fe 87,37818 86,87901 -156,715 88,01997 86,8077 -175,969
Mn 96,75676 96,75676 96,43243 96,75676 96,75676 | 96,10811
Mo 8,768657 8,544776 10,78358 8,880597 10,5597 10,33582
Ni 35,61947 35,61947 | 42,25664 30,30973 38,93805 40,9292
Pb 96,92833 89,76109 90,78498 96,92833 96,92833 97,95222
Sb 16,75579 17,1123 22,63815 16,93405 17,82531 26,55971
Se 6,582278 11,89873 10,37975 14,17722 11,89873 12,65823
Sn - - - - - -
Tl 10,38961 6,493506 6,493506 | 2,597403 10,38961 2,597403
80,38462 57,30769 94,23077 81,53846 | 43,46154 | 93,07692
14,97976 13,76518 58,09717 | 23,78543 17,10526 | 62,95547
Zn 95,60907 95,75071 95,75071 95,75071 95,75071 95,75071
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Table 93: Trial 12, Kemira chemicals C and D, percent removal of metals. (%)

Metals/samples | 1 (1C) 2 (20) 3(30) 4 (1D) 5(2D) 6 (3D)
Al -864,824 -130,653 92,46231 -563,317 -189,447 92,46231
As 66,43357 64,33566 | 62,23776 | 72,72727 | 68,53147 | 62,23776
Ba 25,56391 24,71805 | 25,28195 25,56391 25 25,28195
Cd 85,35481 91,24308 | 74,48415 91,0921 92,60191 73,57826
Co 8,695652 8,695652 | 6,521739 14,13043 8,695652 13,04348
Cr - - - - - -
Cu 84,67153 86,13139 87,22628 87,40876 85,58394 | 84,67153
Fe 85,23889 84,02662 | -141,027 84,66841 84,45448 | -332,85
Mn 96,75676 96,75676 | 96,43243 96,75676 | 96,75676 | 95,45946
Mo 9,664179 7,985075 9,216418 8,880597 8,544776 10,11194
Ni 27,65487 | 29,64602 | 29,64602 36,9469 37,61062 | 449115
Pb 96,92833 95,90444 | 97,95222 96,92833 95,90444 | 96,92833
Sb 18,53832 15,50802 | 28,34225 14,97326 16,04278 | 25,31194
Se 12,65823 7,341772 12,65823 14,93671 14,17722 11,89873
Sn - - - - - -
Tl 6,493506 | 2,597403 10,38961 2,597403 -1,2987 6,493506
72,30769 73,46154 | 94,23077 | 79,23077 | 74,61538 | 91,92308
16,19433 17,71255 70,24291 25,91093 18,92713 67,51012
Zn 95,75071 95,75071 95,75071 95,75071 95,75071 95,75071
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Table 94: Trial 13, varying concentration of of PAX-18, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al -325,879 -766,834 -1113,57 -1709,05 -2074,62 -2470,35
As 45,45455 | 41,25874 | 39,16084 | 45,45455 34,96503 37,06294
Ba 27,81955 | 26,40977 | 26,12782 | 26,12782 | 26,97368 | 25,56391
Cd 65,27428 58,93306 | 56,06442 | 47,76044 | 48,21339 | 48,06241
Co -4,34783 4,347826 | -3,26087 -5,43478 4,347826 | -2,17391
Cr - - - - - -
Cu 75 77,18978 | 78,28467 | 73,54015 72,81022 | 73,54015
Fe 80,53245 84,95365 84,5971 85,3102 85,59544 | 79,32018
Mn 94,81081 96,75676 | 96,75676 | 93,18919 | 92,86486 | 94,16216
Mo -0,52239 -5 -3,54478 -4,4403 -2,87313 -5,33582
Ni -13,4956 -25,4425 -8,18584 -8,18584 -13,4956 -31,4159
Pb 92,83276 | 92,83276 | 92,83276 | 91,80887 | 90,78498 | 92,83276
Sb 7,308378 7,843137 | 0,891266 | 9,090909 | 6,060606 | 7,130125
Se 5,063291 10,37975 12,65823 9,620253 12,65823 9,620253
Sn - - - - - -
Tl 6,493506 10,38961 6,493506 | 2,597403 10,38961 2,597403
60,76923 59,61538 | 56,15385 55 53,84615 52,69231
5,263158 1,315789 | 2,530364 1,923077 | -0,80972 6,174089
Zn 94,19263 93,20113 93,90935 91,7847 92,20963 | 91,64306
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Table 95: Trial 14, varying polymer A-130, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al -2142,46 -2198,99 -2496,73 -2308,29 -1671,36 -1716,58
As 37,06294 | 34,96503 30,76923 51,74825 39,16084 | 51,74825
Ba 26,97368 25 25,28195 23,59023 25,56391 24,71805
Cd 55,30951 52,44087 | 43,38198 51,83694 | 59,68797 | 62,7076
Co 3,26087 -3,26087 3,26087 -5,43478 3,26087 -3,26087
Cr - - - - - -
Cu 64,78102 69,52555 66,78832 | 67,15328 73,54015 71,35036
Fe 84,24055 86,59377 85,3102 85,59544 87,66342 87,30687
Mn 96,75676 | 95,78378 | 94,81081 96,75676 | 96,10811 96,75676
Mo -2,08955 -3,3209 -2,42537 -3,76866 -2,98507 -5,5597
Ni 23,67257 10,39823 7,079646 | -0,88496 -5,53097 -13,4956
Pb 86,68942 | 91,80887 | 92,83276 | 92,83276 | 93,85666 | 93,85666
Sb 0,713012 -2,49554 -4,99109 -0,17825 6,773619 | 9,269162
Se 8,101266 5,822785 7,341772 7,341772 15,6962 13,41772
Sn - - - - - -
Tl 6,493506 10,38961 10,38961 6,493506 | 6,493506 | 6,493506
61,92308 57,30769 | 44,61538 | 43,46154 | 56,15385 59,61538
-3,23887 0,708502 | 2,834008 -5,97166 0,404858 1,923077
Zn 91,07649 | 93,48442 | 92,06799 | 91,7847 95,60907 | 93,90935
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Table 96: Trial 15, varying concentration of of PAX-18 and A-130, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al -275,377 -872,362 -1471,61 -1972,86 -1935,18 -3371,11
As 51,74825 | 43,35664 | 45,45455 39,16084 | 43,35664 | 39,16084
Ba 23,59023 23,30827 | 25,84586 | 25,56391 24,71805 | 23,02632
Cd 69,35078 65,1233 59,38601 61,0468 57,27227 | 50,02516
Co -6,52174 0 -3,26087 -1,08696 -5,43478 -3,26087
Cr - - - - - -
Cu 74,63504 | 71,53285 | 66,60584 | 58,75912 | 72,81022 | 68,43066
Fe 85,66675 87,44949 | 86,02329 | 84,5971 86,95032 | 85,23889
Mn 96,10811 96,75676 | 95,45946 | 93,18919 | 96,75676 | 96,75676
Mo -4,10448 -5,78358 -3,09701 -3,09701 -3,8806 -5
Ni 12,38938 -9,51327 -16,8142 -9,51327 -0,88496 -17,4779
Pb 91,80887 | 91,80887 | 89,76109 | 83,61775 94,88055 | 93,85666
Sb 8,199643 7,130125 | 5,347594 | -0,53476 11,22995 -9,98217
Se 11,13924 7,341772 | 8,101266 | 6,582278 | 9,620253 8,860759
Sn - - - - - -
Tl 6,493506 14,28571 6,493506 | 6,493506 | 6,493506 | 6,493506
73,46154 | 66,53846 | 61,92308 | 72,30769 | 59,61538 | 41,15385
-4,1498 -4,75709 -2,32794 -15,9919 -0,20243 -8,40081
Zn 90,93484 | 93,34278 | 89,23513 89,23513 91,92635 | 91,7847
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Table 97: Trial 16, triplicate test where Metalsorb HCO and Flopam EM 240 CT were used. (%)

Metals/samples | 1 2 3
Al 80,63107 81,74757 82,86408
As 52,79188 37,56345 45,17766
Ba 3,737659 2,679831 3,949224
Cd 73,78319 74,97788 76,10619
Co 6,919643 6,919643 0,892857
Cr - - -
Cu 91,47727 91,47727 91,47727
Fe 92,82776 93,79177 94,10026
Mn 89,17722 90,63291 93,03797
Mo 3,497268 6,885246 -6,66667
Ni 56,5445 54,45026 36,12565
Pb 94,21842 95,50321 94,86081
Sb 36,33929 23,66071 22,14286
Se 28,18182 30,90909 5,454545
Sn - - -
Tl 78,31325 78,31325 78,31325
71,42857 74,4898 74,4898
2,890173 0,289017 6,358382
Zn 92,19653 92,28324 | 92,45665
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Table 98: Trial 17, triplicate test where Metalsorb ZT and Flopam EM 240 CT were used. (%)

Metals/samples | 1 2 3
Al 86,1165 86,40777 90,29126
As 43,65482 40,60914 55,83756
Ba 2,045134 3,314528 2,679831
Cd 91,70354 86,59292 87,38938
Co 4,241071 3,571429 2,232143
Cr - - -
Cu 91,47727 88,70739 90,625
Fe 9421594 93,83033 93,29049
Mn 94,36709 94,49367 92,40506
Mo 6,229508 4,371585 3,825137
Ni 37,17277 38,2199 30,89005
Pb 93,57602 91,64882 94,21842
Sb 34,82143 8,928571 24,73214
Se 25,45455 23,63636 31,81818
Sn - - -
Tl 6,024096 2,409639 6,024096
4285714 | 41,83673 39,79592
-1,44509 1,589595 -3,61272
Zn 92,89017 94,10405 93,06358
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Table 99: Trial 18, triplicate test where PAX-18 and SUPERFLOC A-130 were used. Method based on NOAH'’s process.
(%)

Metals/samples | 1 2 3
Al -482,524 -555,34 -482,524
As 54,31472 48,22335 54,31472
Ba 3,102962 0,77574 0,564175
Cd 42,65487 39,46903 40,86283
Co 7,589286 2,901786 4910714
Cr - - -
Cu 80,18466 80,82386 85,08523
Fe 93,44473 94,2545 95,21851
Mn 92,21519 94,43038 96,32911
Mo 3,169399 0,874317 0,437158
Ni 32,46073 29,84293 38,2199
Pb 93,57602 93,57602 94,21842
Sb 11,78571 7,142857 8,035714
Se 6,363636 18,18182 17,27273
Sn - - -
Tl 6,024096 16,86747 9,638554
40,81633 29,59184 35,71429
1,589595 -9,68208 -1,01156
Zn 94,71098 94,71098 96,53179
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Table 100: Trial 19, triplicate test using PAX-18 and SUPERFLOC A-130

Metals/samples | 1 2 3
Al -2545,63 -1992,23 -2832,04
As 32,99492 49,74619 40,60914
Ba -1,76305 0,77574 -1,76305
Cd 18,36283 23,00885 13,71681
Co 4910714 | 4,241071 0,892857
Cr - - -
Cu 83,16761 85,2983 81,67614
Fe 94,17738 95,29563 94,98715
Mn 96,13924 96,4557 94,36709
Mo -0,54645 -0,21858 -0,76503
Ni 62,30366 47,64398 37,17277
Pb 92,29122 94,21842 92,93362
Sb 3,571429 7,142857 4,464286
Se 8,181818 2,727273 12,72727
Sn - - -
Tl 6,024096 9,638554 6,024096
25,5102 33,67347 20,40816
8,959538 1,589595 -4,47977
Zn 94,53757 95,40462 95,75145
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Table 101: Trial 20, pH test, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 28,01508 57,78894 | 65,1005 76,93467 | 77,76382 82,70101
As 28,67133 34,96503 32,86713 32,86713 37,06294 | 34,96503
Ba 27,81955 27,53759 | 28,38346 | 27,81955 28,38346 | 26,69173
Cd 33,56819 62,10367 | 66,63312 | 78,71163 79,01359 | 70,10569
Co 3,26087 6,521739 | -1,08696 2,173913 -4,34783 3,26087
Cr - - - - - -
Cu 73,90511 75,91241 76,27737 80,47445 81,93431 86,13139
Fe 59,06822 76,32517 | 73,18754 | 68,90896 | 56,78631 36,60566
Mn 72,10811 80,21622 83,78378 86,7027 89,2973 88
Mo 0,261194 1,716418 | 2,835821 1,156716 | 3,955224 | 5,074627
Ni 11,72566 7,079646 | 6,415929 15,04425 | 4,424779 | -0,88496
Pb 78,49829 83,61775 84,64164 86,68942 85,66553 91,80887
Sb 14,97326 11,58645 13,90374 16,22103 14,79501 19,25134
Se 18,73418 20,25316 11,89873 15,6962 21,77215 12,65823
Sn - - - - - -
Tl 41,55844 | 61,03896 | 68,83117 72,72727 | 72,72727 | 61,03896
45,76923 65,38462 | 75,76923 83,84615 86,15385 73,46154
13,76518 5,870445 5,870445 -4,1498 0,708502 | 9,210526
Zn 68,55524 | 81,72805 84,56091 87,67705 85,97734 | 91,35977
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Table 102: Trial 21, sedimentation test, percent removal of metals. (%)

Metals/samples | 1 2 3 4 5 6
Al 62,34925 84,6608 77,95226 | 60,05025 69,77387 | 58,9196
As 39,16084 | 45,45455 | 45,45455 39,16084 | 49,65035 | 41,25874
Ba 23,87218 | 21,8985 21,8985 18,79699 16,82331 15,41353
Cd 86,26069 | 94,71565 | 94,41369 | 95,62154 | 95,31958 | 94,71565
Co -2,17391 -8,69565 -5,43478 -10,8696 -10,8696 -11,9565
Cr - - - - - -
Cu 91,60584 | 92,70073 92,70073 92,70073 92,70073 | 92,70073
Fe 74,97029 | 80,03328 | 76,96696 | 82,60043 83,38483 83,884
Mn 89,62162 | 93,51351 94,81081 82,48649 | 85,40541 85,08108
Mo -4,21642 -6,00746 -7,68657 -10,2612 -14,1791 -16,4179
Ni 7,079646 | -1,54867 -8,84956 -10,177 -22,1239 -15,4867
Pb 93,85666 | 93,85666 | 94,88055 94,88055 94,88055 | 95,90444
Sb 6,060606 | 4,812834 | 4,099822 | 0,891266 | -2,6738 -3,74332
Se 6,582278 14,93671 2,78481 7,341772 | -3,29114 -2,53165
Sn - - - - - -
Tl 84,41558 | 92,20779 | 92,20779 | 72,72727 | 80,51948 | 84,41558
58,46154 | 68,84615 | 73,46154 | 53,84615 57,30769 | 64,23077
4,959514 | 4,65587 0,404858 10,72874 | 0,404858 | -1,11336
Zn 88,52691 93,48442 | 93,34278 | 91,07649 | 90,50992 | 90,7932
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G- Risk assessment
RISIKOANALYSE (alternativ til bruk av RiskManager)

[EEY

Ida Westermann

som risikovurderes [navn):

Fredisima Hviding, Eorghild Espejord og Ina Merete Stuen [veiledsi]

Deltakere (navn):

Fredisima Hviding, Eorghild Espejord

Beskrivelse av den akluelle aktivitelen, omradet mv-

Shal teste ke Fellingare agenzer For & Felle Ut tungmetaller fra prevewann. Frosessen innebaier 3 isetts Felingsreagens, la UFsllingen sedimenters 0g analjzere det restrerends vannet ved bruk av ICF-S, ICP-M3 analysen bl giort 2w bediften bacheloren skivks med.

Aktivitetiarbeidsoppgave | Mulig usnsket hendelse Eksi isi niltak g av ing av [T3] Forslag til forebyggende ogleller Restrisik
i hreer exoc e anen korrigendene tiltak o etter
t(8) Ademneshe ot ol allic verderes. Friariter tRak ST an Fordinahe 3t remdbleen tiltak
[1-5] Menneske | Bkimaterie | Ytre milja | Omdemme dtredier frannspndotelsrecuserende titakiforan | (S 2 K]
5] 1i1-5) (51 (1) kgt heredsh ap farset vensediserende tHak}
Eiruk 2 hanzker ved hindtering av kjsmik aliet Taibruk trakter. [ tilfelle huor vaesker skal overfares
Ilindre 5ol tarkes opp med tarkep apir Fra stawre beholdere, overfar vz sken bl en mindre
aytraliseres om naduendig. Starre mengder beholder farst. Ha solabsorberends materizll i
Saling au kiemik slist shsorberes | vermiklute, tarr sand eller jord. Samles + 2 1 nzetheten slik at dette enkelt kan bl tatt i bruk 0
Bruk vernebriller. Skyll ayet forsiktig med vanni
£ £3 kjemik alist i oyet. flere minutter 2 4 1 Bruk vernebriller eller 4[s=1)
Bruk egnede verneklz for & beskytte mot enhuver
mulighet for hudkontakt. Bruk gummitorkle. Sruk
qummistavler. Skyll strak s tiksalt hud med vann Bruk gummi hansker til en hver tid dette kjemikaliet
Sale kjemikliet pi huden, Kontakt lege i tifelle etsesk ader 3 2 1 hindteres 2[s=1
Skyllmunnen grundig. Drikk et par glass vann eller
Suelging av kjsmik aliet melk. lkke fremkall brekninger. Kontakt lege 1 5 1 Ikke 5t For nzerme kjsmik aliet med ansiktet +[p=4)
Sarg for tilstrekkelig ventilasion. Huis stoffet
innndes, skyll nese og munn med vann. F3 frisk
luft, 1oy og warme. Kontakt lege. Ved pustevansker Ikke 5t for nzerme kjemik aliet med ansiktet. Bruk
Inndnding au kjemikalist. kan oksygentilfarsel vare nadvendi 3 2 1 autrekk. 4[52)
Eruk pulver, karbondioksid, vanntake eller skum
Brann. som =k ikke vannstrle. 1 2 2 Wzt godt klar ower huot b styret er. 1ip=1)
Hald unna visse organizke materialer, vaer it pa forhand huilke staffer Matronluten kan reagere
Erann og eksplosjon, oppmerksom ph gassdannelse og reduser kantakt 2 2 2 sterkt med, 2(s=1)
Hindter avfall riktig og oppbevar stoffet slik som
Handtering ay Matronlut Utslipp til miljaet. Forhindre utslipp til kloakk, vassdrag eller grunn. 3 ] 2 1 beshrevet i sikkerhetsdatabladet. 1]
sk munnen grundig med vann. Om stoffet blir
Swelging av kjemikaliet. svelget, drikk Smp mengder vann og drikke. 1 5 - 1 Ikke st For nzzrme kjemik aliet med ansiktet. 3Mp=3)
Eruk. beskuttende briler. Skylles med stare mengder,
rennende wann. Ta ut eventuelle kontakdinser.
F3 kjemikaliet i ayet. Kantakt lege ved irritasjan. 2 4 - 1 Ikke stir for nazrme kjemik aliet med ansiktet. 3(s=1,p=3)
Ikke std for nazime kjemikalier, kke sett nesen
Inndnding av kjemik.aliet, F3 frisk luft. Kontakt lege huis ubehag oppstir. 2 2 - 1 nzzrme beholder for 5 lukee. 2(s=1)
Vask med vann og sape. Kontakt lege hvis
Sole kjemikaliet pi huden. irritasjonen vedvarer. 3 1 - 1 Bruk, hansker. 2[s=2]
Bruk. brannslokningsmiddel som &1 egnet far
omkringliggende brann. Unng3 inkalering av stov,
Erann, damp eller rauk fra brennends materiale, 1 2 - 2 et godt klar over huor b tstyret er. 1ip=1)
Unng3 spredning av Utslipp av materialet, vrenning Oppbevares og handteres slik 4t forurensing i miljaet
Hindtering av FLOPAM EM 240 ] Utslipp til miljoet, 04 kontakt med jord, vassdrag, aviap og kloakk, 3 [ - 1 1 unngds. 0
Eruk. beskuttende briller, SKylles med stare mengder,
rennende uann. T2 ut eventuelle kontaktinser.
F3 kjemikaliet i ayet. Kaontakt lege ved irritasjon. 2 1 - 1 Ikke stir for naime kjemik aliet med ansiktet. 1js=1)
Ikke =t for naime kjemik aliet med ansiktet. lkke
Innanding au kjemikaliet. F 3 frisk luft, 2 1 - 1 sett nesen narme beholder for 3 lukte, 1==1]
Wask med vann og sape. Fontakt lege huis
Sele kjemik aliet p3 huden. irmitasjonen weduarer. E 1 - 1 Eruk hansker. 2s=2)
“Wask munnen grundig med vann, Om staffet bir
Suelging av kjemikaliet. selget, drikk smp mengder vann og drikke. 1 1 - 1 Ikke st3 for nazime kjemik aliet med ansiktet. 1
Eruk. brann=lokningsmiddel som er egnet for
omkringliggende brann. Unng3 inhalering au staw,
Erann, damp eller rawk. fra brennende materiale. 1 2 - 2 Wit godt klar ower huor b tstyret er. 1ip=1)
Unng3 spredning av Ut=lipp av materialet, svrenning Oppbevares og handteres slik at forurensing i milj@et
Hindtering av Metalsorb HCO | Utslipp tl miliet o kontakt med jord, vassdran, sulap o kloskk. 3 i - 1 unrgds. Handter sufalli henhold bl snbefsling i
Benytt vernehansker, verneklzer og ayevern. Bruk
s hanzsker ved hindtering av kjsmikalist, Mindre Taibruk trakter. | tilfelle huor ussker skal overfares
al totkes opp med tarkepapir. Noytraliseres om Fra stawre beholdere, overfar vasken til en mindre
naduendig. Starre mengder absorberes | vermiklutt, beholder farst. Ha solabsarberende matetiel
Soling av prosessuann. ton sand eller jord. Samles opp i eqne beholdere. zetheten slik at dette enkelt kan bli tatt | bruk. 3
Soling av prozessvann pa hud kyl huden med vann. - ruk hanzker 2
Swelging av prosesswann. kyll murinen. - ke std for nzrme prosessvannet med ansiktet. 2
FA prosessvann i aynene. kyll Forsiktin med vann i flere minutter. - ke std for nzrme prosessvannet med ansiktet. 1
Inng spredning av utslipp av materialet, avrenning Oppbevares og hindteres slik at farurensing i miljoet
Hindtering av prosessuann Utslipp il miljzet. 0g kontakt med jord, vas=drag, sviap og kloskk. 3 ] - 1 1 unngés. 2(s=2]
Lagre= i original emballazje, beskyttet mot direkte
solskinni et tar, kjolig og godt ventilert omr3de,
wekk fra uforenelige materialer samt mat ag drikke.
Oppbevar beholderen tett lukket og forseglet tl alt
ef klart til bruk. Bipnede behaldere m3 ukkes
Opphevaring av kjsmik alier og farsvarlig og oppbevares stiende for § unngd
praver Bdelagt beholder lekkasje. M3 ikke oppbevares | umerkede 1 1 - 1 Falginnstruksene for oppbevarin 1
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Fi man stoffet i aynene, skyll stiaks grundig med

Handtering av KEMIFi& PAR-18 | F3 kjemikaliet | oust. store mengder vann og kontakt lege. Bruk. 2 1 - - 1 1| Ikke stii for narme kjemikalist med ansiktet. 1
ke 5t3 For naerme Kjemikaliet med ansiktel. ke
Innanding av kjemik liet. Flytt ut  Frisk uft, 2 1 - - 1 1| sett nesen naerme beholder for 3 lukte, 1
Sole kjemilkaliet p3 huden Eruk hansker, Yask. stiaks med store mengder 3 1 - - 1 1 [Eruk hansker. 1
Skyllmunnen med vann. Orikk  eller 2 glass vann.
Svelging av kjemikaliet, ke fremb.all brekninger. Sor for legetilsun, 1 2 - - 1 2 |lkke st For nserme kjemikaliet med ansiktet. 2
Skyllumiddelbart med rikelige mengdet med vann,
Handtering av KEMIFi& PAK- 0953 under oyelokkene, i minst 1 minutter. Bruk
RLIG F 3 Kjemikaliet | oet. lunkent vann hvis mulig. Kontakt lege. 2 4 - - 1 & | lkke st For nsemme kjemikalist med ansiktet. Bk bril_8 (p=1, 5=3)
Innanding av Kjemik aliet. Flytt ut { Fisk z 3 - - 1 & [ lkhe 5t3 For naerme hjemikaliet, Ikke lukt p3 kjemikalie @ (p=1, 5=2)
Fiens med mye vann. Huis hudimitasion vedvarer,
Siole kjemikaliet p3 huden oppsok lege. 3 2 - - 1 & | Bruk hansker. 1ip=1,s=1)
Skyll munnen med mye vann. Dk, 1 eller £ glass
Svelging av kjemikaliet, vann, Tilkal lege hvis symptomene veduarer 1 2 - - 1 2 |lkke st For nserme kjemikaliet med ansiktet. 2

Skyllumiddelbart med rkelige mengdet med vann,
0953 under oyelokkene, i minst 1 minutter. Bruk

Handtering av KEMPIA PIR-S1 | F3 kjemikaliet | oyst. lunkent vann hvis mulig. Kontakt lege. 2 4 - - 1 & | lkke st For nserme kjemikalist med ansiktet. Bk bril_3 (p=1, 5=3)
ke 5t3 For naerme Kjemikaliet med ansikiel. lhe
Innanding av kjemikaliet. Flytt ut  Frisk uft, 2 2 - - 1 4| sett nesen name beholder for 3 lukte 2(p=1]
Fiens med mye vann. Huis hudimitasion vedvarer,
Siole kjemikaliet p3 huden oppsok lege. 3 1 - - 1 3 | Bruk hansker. 2[p=2]
Skyll munnen med mye vann. Dk, 1 eller £ glass
Svelging av kjemikaliet, vann, Tilkal lege hvis sumptomene veduarer 1 3 - - 1 3 |lkke st For nsemme kjemikaliet med ansiktet. 3
Skyllumiddelbart med rkelige mengder vann, ogs3
Handtering av SUPERFLOC & under ayelokkene, i minst 18 minutter, Bruk lunkent
15y F& kjemikaliet | ayer. wann hivis mulig. - - ke 5t for nzerme kjsmikaliet med ansikter. 2
Innanding av Kjemikaliet. Flutt ut { firsk uft - - ke 5t8 for nzerme kjsmikaliet med ansiktet.
Sole Kjemikaliet p3 huden Vask oueblikkellg med s3pe og vann, - - ruk hansher. T(p=1]
Svelging av kjemikaliet, Fremball ikke brekrninger uten 3 ha r3dspurt lege. - - ke 5t8 for nzerme kjemikaliet med ansiktet. 1
Syl grundig med rikelig med vann 18 minutter og
Hindtering av Metalsorh ZM3 | F4 kjemikaliet | ayer. kontakt lege. 2 4 - - 1 & | lkhe st For nzerme kjemikaliet med ansiktet. Eruk bril'3 (pe, 5=3)
“ed inn&nding. Umiddelbart fiyttes Ul Fish, Wi, His
personen ikke puster, gi kunstig andedrett, Ved Ikke 5t8 for nzerme kjemikaliet med ansikrer. lke
Innénding av kjemikaliet. pustevansker, u oksugen. Fing lege. 2 2 - - 1 4| sett nesen nzerme beholder for & lukte 2(p=1)
ask oyebiikkellg med rikelig med vann i minst 15
Sile kjemikaliet p4 huden, minutter og kontakt lege. 3 1 - - 1 3 | Eruk hansker. 2(p=2)
Svelging av kjemikaliet, Fremball ikke brekninger Uten 3 ha radspurt lege. 1 3 - - 1 3 [lkhe 5t For nzerme hjemikaliet med ansiktet. 3

Shyll omgdende med mye vann. 0gs3 under
oyelokkene, i minst 16 minutter. Alternative, skl

Metalsorh PCZ F& kjemikaliet | ayer. straks med Dihoterine. F3 i legehielp. 2 2 - - 1 4 |lkhe st For nzerme kjemikaliet med ansiktet. Eruk bril 3 (pe,5=3)
Flytt ut {Frisk WPt Ingen Farer som krewer spesielle kke 5t3 for nzerme kjemik.aliet med ansikrer. ke
Innénding av kjemikaliet. forhaldsregler med farstehielp. 2 2 - - 1 4| sett nesen nzerme beholder for & lukte 2(p=1)

Vask bort oyebllkkelig med s3pe og rkelig med
vann og fern alle Forurenseds klzr og sk, Ved
Sile kjemikaliet p3 huden, varlg g krafig imitasjon p3 huden, kontakt lege. 3 1 - - 1 3 | Eruk hansker. 2(p=2)

Shyll munnen med vann. Fremkal IKKE brekninger.
Takontakt med lege @yeblikkelig hvis symptomer

Svelging av kjemikaliet, forekommer, 1 3 - - 1 3 |lkke st For nzerme kjemikaliet med ansiktet. 3
Oppbewares o hindteres =lik at forurensing 1 mijget
Urslipp til miljzer. Unng4 utlsipp tl miljaet 2 - - 3 1 - |unngés. Hindter avall | henhold ti anbefaling,

Skyll omgBende med mye vann, ogs3 under
uelokkene, iminst 16 minutter. Alternativt, skyll
straks med Dihoterine. Ta kontakt med lege hvis

Metalsarb 2T Fi kjemikaliet i ayet irritasjon utvikles og veduarer H H - - 1 4 |ikke st for nzme kjsmikaliet med ansiktet. Bruk bril, 3 [p=1, 53]
Flytt uti frisk luft. Ingen Farer som krever spesielle Tkke st3 for nasme kjemikaliet med ansiktet. lkke
Inndnding au kjemikaliet forhindsregler med farstehielp. 2 2 - - 1 4 | sent nesen nazime bieholder for 3 lukre. 2(p=1)

Vask bort eusbllkkelig med s3pe o rikelig med
vann og fiern alle Forurensede klzr og sko. Ved
Sale kjsmikaliet p3 huden, varlg o krahtig imitasjon pé huden, kontakt lege. 3 1 - - 1 3 |Bruk hansker. 2(p=2)

Shyll munnen med vann. Orikk vann sam en
forsiktighetsregel. Fremkall KE brekninger. Ta

Svelging av kjemikaliet. kontake med lege ayeblikkelig hvis symptomer 1 3 - - 1 3 |Ikke st bor nzzime Kjemikaliet med ansiktet. 3
Oppbevares og hndteres siik at farurensing | mijoer
Utslipp til i, Unng$ utslipp til miljoet 2 - - 3 1 - |unng3s. Hindter autalli henhold til anbefaling.
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