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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Resum

Els plastics no degradables sén un greu problema mediambiental. L'Us de recursos vius per produir
plastics biodegradables podria ser una possible solucid. Els polihidroxibutirats (PHB) que son polimers
amb propietats similars al polipropilé i el glicogen, que pot convertir-se en bioetanol, son produits per
els cianobacteris i altres microorganismes. Els cianobacteris tenen |'avantatge d'acumular aquestes
substancies utilitzant només CO: i energia solar. El tractament d'aiglies residuals es podria utilitzar com

a medi de cultiu per cianobacteris per tal de reduir els costos de produccioé dels bioplastics.

Els principals objectius d’aquest treball han estat estudiar I'Us dels cianobacteris com a tractament
terciari en les aiglies residuals, |'efecte de les limitacions de nutrients i les hores de llum en I'acumulacié
de PHB i glicogen, i la millor manera d’operar un reactor per seleccionar cianobacteris davant algues

verdes.

S’ha aconseguit eliminar el 64,8% del nitrogen i el 70,5% del fosfor provinent del tractament secundari
i el digestat. Demostrant la capacitat dels cianobacteris per eliminar contaminants. Una concentracié
maxima de glicogen de 838 mg/L s’ha obtingut en condicions de limitacié de nitrogen i 12h de llum i
una de PHB de 104,2 mg/L en condicions de limitacié de fosfor i 24h de llum. Per tan es pot concloure
que la limitacid de nitrogen te més efecte en l'acumulacié de glicogen, i la de fosfor en la de
PHB. Tanmateix, segons el Key performance indicator (KPl) economic definit, els beneficis obtinguts no
justifiquen les despeses en il-luminacid. Finalment, es pot dir que les condicions de cultiu Optimes sén

limitacid de fosfor i il-luminacié durant 12h diaries.
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Resumen

Los plasticos no degradables son un grave problema medioambiental. El uso de recursos vivos para
producir plasticos biodegradables podria ser una posible solucion. Los polihidroxibutirats (PHB) que
son polimeros con propiedades similares al polipropileno y el glucégeno, que puede convertirse en
bioetanol, son producidos por las cianobacterias y otros microorganismos. Las cianobacterias tienen la
ventaja de acumular estas sustancias utilizando sélo CO; y energia solar. El tratamiento de aguas
residuales se podria utilizar como medio de cultivo para cianobacterias para reducir los costes de

produccion de los bioplasticos.

Los principales objetivos de este trabajo han sido estudiar el uso de las cianobacterias como
tratamiento terciario en las aguas residuales, el efecto de las limitaciones de nutrientes y las horas de
luz en la acumulacién de PHB y glucdgeno, y la mejor manera de operar un reactor para seleccionar

cianobacterias ante algas verdes.

Se ha conseguido eliminar el 64,8% del nitrégeno y el 70,5% del fésforo proveniente del tratamiento
secundario y del digestado. Demostrando la capacidad de las cianobacterias para eliminar
contaminantes. Una concentracion maxima de glucégeno de 838 mg / L se ha obtenido en condiciones
de limitacion de nitrégeno y 12h de luz y una de PHB de 104,2 mg / L en condiciones de limitacion de
fosforo y 24h de luz. Por lo tanto se puede concluir que la limitacidn de nitrégeno tiene mas efecto en
la acumulacion de glucégeno, y la de fésforo en la de PHB. Sin embargo, segun el Key performance
indicator (KP1) econémico definido, los beneficios obtenidos no justifican los gastos en iluminacion.
Finalmente, se puede decir que las condiciones de cultivo dptimas son limitacion de fésforo e

iluminacién durante 12h diarias.
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Abstract

Non-degradable plastics are a serious environmental problem. The use of living resources to produce
biodegradable plastics could be a possible solution. Polyhydroxybutyrates (PHB), which are polymers
with similar properties to polypropylene, and glycogen, which can be converted into bioethanol, are
produced by cyanobacteria and other microorganisms. Cyanobacteria have the advantage of
accumulating these substances using only CO; and solar energy. Wastewater treatment could be used

as a culture medium for cyanobacteria to reduce the bioplastics production costs.

The main objectives of this work are to study the use of cyanobacteria as tertiary wastewater
treatment, the effect of nutrient limitations and light hours on the accumulation of PHB and glycogen,

and the best way to operate a reactor to select cyanobacteria against green algae.

It has been possible to eliminate 64,8% of the nitrogen and 70,5% of the phosphorus coming from the
secondary treatment and the digestate. Proving the ability of cyanobacteria to remove contaminants.
A maximum glycogen concentration of 838 mg / L was obtained under nitrogen limitation and 12 h
light conditions and a PHB of 104,2 mg / L under phosphorus limitation and 24 h light conditions.
Therefore, it can be deduced that nitrogen limitation has more effect on glycogen accumulation, and
phosphor on PHB. However, according to the defined economical Key performance indicator (KPI) the
product benefits do not justify the lighting expenses. Finally, it can be said that the optimal cultivation

conditions are limitation of phosphor and 12h light per day.
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1. Introduction

Plastics have become one of the most widely used materials over the world, their applications are
universally important: they are found in automobiles, home appliances, computer equipment,
packaging, medical applications and in other multitude of objects and utensils of common use. It
has been estimated that more than 100 million tonnes of plastics are produced every year
worldwide and 60 kg per capita are consumed in Europe. 40% of the produced plastics are discarded
to landfill and several hundred thousand tonnes into marine environments [1] accumulating in the
global environment at a rate of 25 x 108 t per year provoking serious threats to the solid waste
management program [2]. So, today demand for biodegradable plastics has become one of the
most important targets in current research. In the early 1920s, Lemoigne a microbiologist at Pasteur
Institute in Paris isolated a polymer from Bacillus megaterium by chloroform extraction and
demonstrated that it was a polyester of 3-hydroxybutyric acid. Later, it was found that PHB is only
one type in a huge family of polymers collectively known as polyhydroxyalkanoates (PHA). Among
the 150 different types of polyhydroxyalkanoids identified so far, PHB is the more widespread
homopolymer in different taxonomic group of prokaryotes including cyanobacteria. The PHB
properties including thermoplastic process ability, absolute water resistance and biodegradability
makes PHB a good option to substitute common plastics such as polypropylene. The main drawback
of these bioplastics are they high production costs compared to the petroleum derived plastics.
Cyanobacteria can be an alternative host system due to their minimal nutrients requirements, as
they are photosynthetic microorganisms. Cyanobacteria have the capacity of accumulate PHB
under photoautotrophic conditions, this means that they have the ability to convert carbon dioxide,
a greenhouse gas, into environmentally friendly plastics just with sunlight energy [2]. Another way
to reduce the costs associated with PHB production, could be using cyanobacteria born in
wastewater. Substrates found in waste water could be used as a feed, considerably reducing the
production costs. However, the problem of using wastewater to growth cyanobacteria is the

competition with green algae [3].

Cyanobacteria can not only accumulate PHB but also other interesting compounds such as
carbohydrates in the form of glycogen, which can be converted into bioethanol by means of

bacterial fermentation or sacarification processes.

Cyanobacteria, besides solar energy and carbon dioxide, need nutrients, such as nitrogen or
phosphorus for their growth. If a nutrient is limited or omitted from the cultivation medium, they
change their metabolic strategies resulting in a higher accumulation of interesting metabolites such

as carbohydrates or PHB.
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1.1. Project Objectives

The objectives set for this project are:

e To conduct a bibliographic revision on wastewater treatment, cyanobacteria production of
glycogen and PHB and types of photobioreactors used in cyanobacteria cultures.

e To check the possible use of a 30L photobioreactor to grow wastewater-born
cyanobacteria, as well as in the tertiary wastewater treatment.

e To investigate the effect of nitrogen and phosphor limitation and light hours in the
production of PHB and glycogen in a mixed cyanobacteria culture.

e To study which reactor operation best select cyanobacteria increasing thus the

accumulation of PHB.

1.2. Project scope

The purpose of this project is to find cyanobacteria cultivation conditions that allow to reduce the
bioplastics production costs while increasing the cyanobacteria PHB productivity, in order to
facilitate the transition towards industrial application. One possible way to reduce the production
costs is the valorisation of the biomass used to treat wastewater. With this strategy nutrients for
cyanobacteria cultivation will be extracted from wastewater treatment processes, which is in many
industries anyway necessary. Thus, the sub-products of this treatment will be revalorized.
Furthermore, it should be taken into account that cyanobacteria are photosynthetic
microorganisms that fix CO2, so the use of this process should be seen as a carbon capture and

storage (CCS) technology.

In order to become closer to the industrial application of this systems, in this project three main
experiments have been done. First, a study of the use of high rate algae ponds as a wastewater
treatment process and the possibility of using a closed photobioreactor as a tertiary treatment and
to cultivate cyanobacteria was done. After that different nitrogen and phosphorus limitations and
light conditions were tested in order to find how nutrient limitation and light conditions affect PHB
and glycogen accumulation on wastewater born cyanobacteria. Furthermore, different reactor

operation have been studied in order to select cyanobacteria in a mixed culture.
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2. Wastewater treatment

In this section a short review of the conventional methods used for waste water treatment will be

done. Thereafter, the treatment used for this project, the high rate algae ponds will be explained.

2.1. Conventional wastewater treatment

Conventional wastewater treatment consists of a combination of physical, chemical, and biological
processes and operations to remove solids, organic matter and, sometimes, nutrients from
wastewater. The wastewater treatment process is divided into levels depending on the degree of
treatment. The levels are pretreatment, primary, secondary, tertiary and advanced treatment. In

Figure 1 there is an scheme of the conventional wastewater process[4].

PRETREATMENT
e |
OVERFLOW — TRASH I

> glely

%ES?@ SECSNDARYE% AERATION % \PRI\M,TRY '
7 | :____“_.-,E.JE | Liééé I ﬂ /ﬁ

—-—
DRY SLUDGE FINISHING ] [

SLUDGE DRYER ¢
DIGESTION ST METHANE

Figure 1. Conventional wastewater treatment process [5]

a) Pretreatment
The aim of the pretreatment is to remove coarse solids and other large material often
found in wastewater. This material removal is needed for the correct operation and
maintenance of the subsequent treatment units. Pretreatment operations typically include

coarse screening, grit removal and, in some cases, large objects removal [4].

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’Enginyeria de Barcelona Est



Report

b) Primary treatment
The objective of the primary treatment is to remove the sedimentary organic and inorganic
solids by sedimentation and skimming (elimination of materials that float). In this
treatment step it is eliminated about 25-50% of the biochemical oxygen demand, 50-70%
of the total suspended solids and 65% of the oil and grease. The primary treatments are
done in sedimentation tanks or clarifiers (Figure 2), which may be round or rectangular with
3 to 5 m deep and with and hydraulic retention time of 2 or 3 hours. Settled solids are
normally removed by the action of rakes which scrape the solids to the bottom of the tank
where they are pumped to sludge processing units. Some of the sludge treatment used in
big sewage plants is anaerobic digestion. In the digestion process anaerobic bacteria
metabolize the organic material in sludge converting it into biogas and digestate. The
biogas is composed by CH4, CO,, H,, HS, being methane the major component, so it could
be used as a combustible, and digestate which is a mixture of mineral components (N, P, K,
Ca) (See 6.1.1.1 Anaerobic biodigester). Thereby, the volume for the ultimate sludge

disposal is reduced and the sludge is stable at the same time that biogas is generated [4].

Scum baffle

Inflow Effluent

Sludge rake Sludge

Figure 2. Sedimentation tank

c) Secondary treatment
The aim of the secondary treatment is the removal of organic residual and suspended solids
of the effluent from primary treatment. In most cases secondary treatment uses biological
treatment process. Aerobic biological treatment is performed in the presence of oxygen by
aerobic microorganisms that metabolize the organic matter in wastewater thereby the
microorganisms population grow and the organic matter is converted into inorganic end-
products (CO,, NH3 and H,0). The microorganisms used in this treatment step must be
separated from the treated water. This is done by sedimentation tanks as in primary
treatment. The solid removed, usually called secondary biological sludge, are normally

combined with those from primary treatment and processed the same way [4].

There are several aerobic biological processes used for secondary treatment. The main
difference is how the oxygen is supplied and the rate at which the organic matter is
metabolized [4].
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a. Activated sludge: Consist in an aeration tank containing a suspension of

wastewater and microorganisms. The tank content is mixed by aeration devices
which also supply the oxygen to microorganisms. Aeration devices are commonly
submerged diffusers that release compressed air. The normal hydraulic retention
time is between 3 to 8 hours. A portion of the biological sludge is recycled to
maintain a high mixed-liquor and the remainder is removed to sludge treatment.

b. Trickling Filters: They consist of a basin or tower filled with support media such as
stones, plastic or wooden salts. The microorganisms remain in the media and form
a biological layer. After that, the organic matter in the water pass through the film
and the biological layer metabolize it. Oxygen is supplied by the natural air flow.
Periodically, part of the biofilm is removed from the media to maintain a correct
thickness.

c. Rotating biological contactors (RBCs): Are fixed-film reactors in which organisms

are fixed to slowly rotating discs that are partially submerged in flowing
wastewater. Oxygen is supplied from the air when the film is out of the water and

from the liquid, which have dissolved oxygen due to disc rotation, when

submerged

Figure 3. a) Aeration tank, b) trickling filters, c) Rotating biological contactors

d) Tertiary treatment

It is used when specific wastewater constituents which cannot be eliminated by secondary
treatment must be removed. This treatments are needed to remove nitrogen and phosphorus

compounds, additional suspended solids, heavy metals and dissolved solids [4].

2.2. High rate algae ponds

The high rate algae ponds are used as a secondary wastewater treatment. They consist in a race-
way pond that usually have a paddlewheel that provides mixing at a horizontal velocity of
approximately 0,15-0,3 m/s. The configuration could be done in a unique loop or multiple loops

around central division walls. CO, could be injected in counter current or just use the CO; produced
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by the heterotrophic bacteria [6]. The microalgae that grow in the pond provide oxygen to
heterotrophic microorganisms that degrade the organic residues. The algae used in the wastewater
treatment could be reused in order to feed animals or to generate biofuels. This kind of system are
much simpler to use and cheaper than other methods such as activated sludge [7], although they
need much more land taking into account the biological oxygen demand (BOD) that they can

remove[6].

Gas flowmeter

Solenoid valve

Paddie wheel Ll .
CO; addition controller

/‘\ Central dividing
Wastewater influent : ! i Central baffle | wall pH Sensor CO; source

. i 2
Water flow

30-50 cm water depth ' '

°»

CO; addition sump (~1.5 m)
Figure 4. Picture of the high rate algae pond used in this project and scheme of a HRAP [6].

The efficiency of this process is related to the photosynthetic activity that causes variations in the
dissolved oxygen and the pH. At midday the concentration of oxygen in water is high because of
the high sun intensity. The concentration could exceed 20 mg/L and pH 11 due to the
photosynthesis where CO, is consumed increasing the pH and oxygen is released rising the
dissolved oxygen concentration [6]. Nevertheless, at night those parameters could take low values,
even anoxic values. At night the aeration process is mainly due to the diffusion between
atmosphere and the pond, but this is not enough for the aerobic microorganism, causing low
process efficiency [7]. Therefore the good or bad functioning of the high rate algae pond is really
dependent on the environmental parameters such as light energy, temperature, pH, dissolved

oxygen and nutrients [7].

® Light intensity. light is one of the most important parameter affecting the whole system

operation as it is the energetic source necessary by the microalgae system to do the
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photosynthesis. However, high light intensities could even cause photo inhibition, which
damage the light receptors of algae decreasing the photosynthetic rate [6]. The high
biomass content can cause that the light just arrives up to the first 0.15 m, for that reason
it is necessary to use a paddlewheel to mix the culture and ensure that all the algae biomass
receives light.

Temperature: biologic reactions, algae species and physical chemistry parameters, such as
pH, electric conductivity, gas solubility and alkalinity are temperature dependent. The
optimum temperature in microalgae cultures is between 20 and 24 °C. Temperature lower
than 16 °C causes a low growing rate and temperature higher than 35 °C causes algae death
for many species.

pH: The pH affects the biochemical processes related to the algae growth including the CO,
availability. The CO; dissolution is high pH dependant. The CO; in contact with water is
transformed into carbonic acid and then in carbonate and bicarbonate. Depending on
which is the pH of water the chemical compound will change. The optimum pH is around
8. In the following chemical reaction it can be seen the chemical equilibrium of CO,and the

equilibrium constants at 25 °C [8].

CO; + Hy06>H,C03 ¢>H* + HCO3 > 2H* + COs* (Eq. 1)
Pkh pKal pKa2
pKH = 1,47
pKal=3,6
pKa2=10,33

Dissolved oxygen: during the day high levels of dissolved oxygen could be achieved, this
levels could even cause bacterial oxidation and affect the algae productivity.
Nutrients: the critical nutrient necessary for algae growth are nitrogen compounds.

Wastewater provide the necessary nitrogen for algae growth.
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3. Cyanobacteria

Cyanobacteria are microorganism of the domain bacteria. Nevertheless, as they are photosynthetic
prokaryotes they are sometimes considered as algae (blue green algae) [9]. What makes the
differences between bacteria and algae is that bacteria are prokaryote and algae are all eukaryote.
The main distinction of cyanobacteria with respect to another bacterial type is that they are
photosynthetic organisms. Cyanobacteria are the oldest photosynthetic organisms on earth. They
were originated between 2,6 — 3,5 billion years ago. It is though that the photosynthetic organelle
in eukaryotes was created due to endosymbiosis with cyanobacteria. So it could be said that they
are the predecessor of the whole plant kingdom. They exist in many different forms, such as
unicellular, filamentous, planktonic, colonial, etc. They can grow in different ecological habitats
(marine, freshwater, terrestrial). Cyanobacteria capacity to fix carbon dioxide thanks to
photosynthesis makes them really interesting microorganisms for the industrially and
environmentally friendly production of different chemicals and biofuels, in front of heterotrophic
bacteria which requires of more complexes media. Furthermore, they are really efficient in the
conversion of sunlight into biomass compared with plants [10]. They have three modes of growth,
photoautrophic, mixotrophic and heterotrophic. In presence of light, the photoautotroph mode is
exploit and CO;is used as a carbon source and light as energy. In the heterotrophic mode they
obtain the carbon from organic sources. And in the mixotrophic conditions they are able to use at
the same time inorganic and organic carbon in presence of light. This represents an advantage over

just photoautotroph or heterotroph organisms [11].

In this section a review on the microorganisms capable of accumulating PHB, paying attention on
the cyanobacteria will be done. An explanation of the cyanobacteria metabolic pathways to
accumulate PHB and glycogen will be also done in order to understand how different nutrient

starvation could affect the glycogen and PHB production.

3.1. Microorganisms that accumulate PHA

There are more than 250 different polyhydroxyalkanoates (PHA) producers [12]. PHA is found in
heterotrophic bacteria, archaea, cyanobacteria and plants. Heterotrophic bacteria have the
advantage that are easily cultivated for massive production [13]. The more used kind of bacteria
are gram-negative bacteria for its great production amounts in front of gram-positive bacteria [14].
Archaea are considered as extremophiles, the unique archaea reported to be capable of storing
PHA are haloarchaeal species, so salt is needed to sustain their growth [14]. The first case of PHA
accumulation by archaea was reported in 1970 in the Dead Sea by Halobacterium marismortui. PHA
has also been found in plants as membrane constituents, their functions in plants seems to be

voltage-gated calcium channels or DNA transport protection of the macromolecules [1]. In the case
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of cyanobacteria they have the advantage of being photosynthetic microorganisms, so their
nutrients requirements are even lower than those from heterotrophic bacteria, so the production
cost could be drastically reduced by using these microorganisms. Furthermore, they contribute to
CO; fixation. The problem of cyanobacteria is that its PHA accumulation rate is low in comparison
with heterotrophic bacteria. Although it is generally though that PHA is used as a carbon storage
compound, its function in cyanobacteria is not really clear as they have glycogen as energy storage

and it is unlikely that both macromolecules are used for the same purpose.

It is thought that PHB could be a specific energy storage for the amino acids, chlorophyll and
carotenoids synthesis. PHB could also act as a sink of electrons as it is a reduced molecule [15]. Or

also as a mechanisms to decrease the excess of reducing equivalents [16].

In Table 1 there is a summary of the more important PHB producers of each of the microorganisms

domains, the carbon source used to feed them and the PHA concentration that has been reported.

Table 1. Most important microorganisms capable to store PHA

PHA
Microorganisms Carbon source Reference

content (%)

Gram negative heterotrophic bacteria

Azohydromonas australica Malt waste 70,1 [17]
Sucrose 50-88 [18][19][20]

Azohydromonas lata
Fructose, glucose 76,5-79,4 [21]
Xylose 58,4 [22]
Burkholderia cepacia Glycerol 31,3 [23]
Fructose, glucose, sucrose 50,4-59,0 [21]
4-Hydroxyhexanoic acid 67,2 [24]

Cupriavidus necator
CO; 60 [25]

Gram positive heterotrophic bacteria

Citric acid, glucose,
Bacillus megaterium o 9-50 [26]
glycerol, succinic acid

Acetic acid, citric acid,

Corynebacterium glutamicum glucose, glycerol, succinic 4-32 [26]
acid
Archaea

Vinasse 50-73 [27]

Hydrolyzed whey 72,8 [28]

Haloferax mediterranei

Glycerol and crude glycerol from
75-76 [29]
biodiesel production

Various archaeal strains Fructose, glucose, glycerol 0,8-22,9 [30]
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Cyanobacteria
Spirulina platensis CO; 6 [31]
Synechococcus MA19 CO, 7-50 [32]
Synechocystis sp. PCC6803 Acetate 10 [33]
Synechocystis sp. PCC6803 Fructose/acetate 38 [34]
Nostoc muscorum Acetate/glucose 45-60 [35]
Anabaena cylindrical 10C Acetate + propionate 2 [36]
Oscillatoria limosa CO,/Acetate 6 [15]
Aphanocapsa sp CO;/glucose 2,16 [37]
Chrococcus sp CO;/glucose 3,11 [37]

A mixed culture of cyanobacteria and microalgae have been used in this project. The species from
this culture are not always the same and the predominant species could change with time. The

morphology of the most important cyanobacteria present in the mixed culture is reviewed next:

a) Aphanocapsa sp.: their cells are small (0,2-2 um) and more or less spherical. They form

microscopic colonies. Cell colorations vary from grey, olive, bright blue-green, and

sometimes appear colourless [38], [39].

e

Figure 5. Microscope image and schematic drawing of Aphanocapsa sp. [38],
[39].

b) Chrococcus sp.: They form colonies, usually with not many cells. The cells usually are
hemispherical with homogeneous or granular content. Their colour is pale or bright blue-

green, yellowish, pinkish or violet [38].

Figure 6. Microscope image and schematic drawing of

Chroococcus sp. [38].
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¢) Pseudanabaena sp.: they are filamentous, usually solitary or agglomerated in very fine

mats. They measure around 0,8-3 um wide and they are not very long. They are

composed by cylindrical cells [38].

Figure 7. Microscope image and schematic drawing of Pseudanabaena sp. [38].

d) Synechocystis sp: They are solitary, spherical cells that never form colonies. For short

times they are seen as pairs [38].

Figure 8. Microscope image and schematic drawing of Synechocystis sp. [38].

3.2. Cyanobacteria metabolic pathways

The photosynthetic microorganisms, such as microalgae or cyanobacteria capture the solar energy
by the photosynthetic reactions. The photosynthetic reactions are divided in two main groups, the
light reactions and the dark reactions. In the light reactions the photosynthetic pigments absorb the
solar energy and this energy is used to split the water into protons, electrons and oxygen. The
electrons and protons are used to synthetize energy carriers (NADPH and ATP). In the dark reactions
carbon dioxide is fixed and reduced in the Calvin cycle using the NADPH and ATP generated in the
light phase. The Calvin cycle assimilates CO, by the ribulose-1,5-biphosphate carboxylase oxygenase
(commonly known as Rubisco). 6 molecules of carbon dioxide reacts with 6 molecules of the
ribulose-1,5-biphosphate to form 12 molecules of three carbon compounds called 3-
phosphoglycerate (3-PGA). One of them is used as substrate for the formation of pyruvate, while
the others are used to accomplish the cycle [9]. Pyruvate is the precursor of many interesting

compounds. Following the Calvin cycle the 3-phospohoglycerate molecules are converted into
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glyceraldehyde 3-phosphate (G3P) and from two molecules of G3P, Fructose 6-phosphate (F6P) is

generated. Some of those formed molecules are used for the glycogenesis.
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Figure 9. Scheme of the metabolism of a cyanobacteria. [[10]modified]

Many metabolic pathways are derived from pyruvate, such as Polyhydroxybutyrates (PHB)
formation. The PHB is generated from acetyl CoA which comes from the oxidation of pyruvate as it

can be seen in the following reaction:

o NADH
CI =0 NAD* Coenzyme A  §—CoA
CI =0 \ \ = Cc=0
I &,
CO,
Pyruvate Acetyl CoA

Figure 10.Pyruvate reaction to form Acetyl CoA [40).

Three enzymatic reactions should occur in order to generate the PHB. First, the 3-Ketothiolase
converts two acetyl-CoA molecules in to one Acetoacetyl-CoA molecule. After that reaction
acetoacetyl-CoA-reductase converts acetoacetyl-CoA in to D-3-hydroxybutyryl-CoA and finally the
PHB synthase links the D-3-hydroxybutyryl-CoA to the existing PHB molecules via an ester bond
making the polymer grow [11][2].
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Figure 11. Metabolic pathway for the PHB synthesis [modified[11]]

In the case of glycogen it can be synthetized from F6P. The F6P is transformed into glucose 3-
phosphate (G3P) which is at the same time converted into glucose-1-phosphate (G1P). G1P is
converted to ADP-glucose by the action of glucose-1-phosphate adenyltransferase. The ADP-
glucose is polymerized in order to form glycogen by the action of glycogen synthase. The AGPase
activity regulates the glycogen synthesis in cyanobacteria. AGPase is allosterically activated by an
increase in 3-phosphoglycerate (3PGA), and allosterically inhibited by an increase in inorganic
phosphorus (Pi) content. In the following image it can be seen a scheme of the glycogen

biosynthesis and the regulatory enzymes.

lgX
Glycogen Lp- Glucose

oo 1

ADP-glc G6P

gfgCT

., GIP

glgP

Figure 12. Scheme of the glycogen synthesis and the regulatory enzymes. Abbreviations: glgP, glycogen phosphorylase;
glgC, glucose-1-phosphate adenylyltransferase; glgA, glycogensynthase; glgX, isoamylase. [ [41] modified]
Cyanobacteria, besides solar energy and carbon dioxide, need nutrients, such as nitrogen,
phosphorus, potassium, etc. for their growth. If a nutrient is limited or omitted from the cultivation
medium, they change their metabolic strategies resulting to the alteration of their biomass
composition. The alteration of the biomass composition is related to the accumulation of

interesting metabolites such as carbohydrates or PHB.
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Nitrogen is an essential nutrient. It is necessary for the generation of vital compounds such as DNA
or proteins. It affects the synthesis of photosynthetic pigments such as chlorophyll. Under nitrogen
starvation, the photosynthetically fixed carbon is turned from the protein synthesis metabolic
pathway to the lipid or carbohydrate synthesis pathways, resulting into an accumulation either of
carbohydrates or lipids. In the case of microalgae it is though that the nitrogen limitation causes
lipid accumulation although it is possible that this is species-dependant. In the case of cyanobacteria
the majority of the articles reported an accumulation of carbohydrates, in some cases up to a 70%
of carbohydrates where found to be accumulated [9]. Nitrogen starvation also affects the PHA
production. In this case the NADPH molecules availability diminishes, that inhibits the amino acid
biosynthetic routes and turns the residual NADPH into PHB [11].

Phosphorus is also an essential nutrient that participates in the synthesis of vital organic molecules
such as RNA, DNA, phospholipids and ATP. The carbohydrates synthesis is not an inorganic
phosphorous consuming process and the ADP-glucose pyrophosphorylase which is the enzyme that
controls carbohydrates synthesis is activated by the 3-phosphoglycerate and is inhibited by
inorganic phosphorous. For that reason the level of accumulated carbohydrates is determined by
the ratio of 3-phosphoglycerate to inorganic phosphorus. It is known that carbohydrates start to
accumulate when the intracellular phosphorus drops below a threshold level[9]. Phosphorous also
affects the PHA accumulation. It is thought that the PHA increase in phosphorus inadequacy could
be due to a surplus of reducing power, as a result of the fact that NADPH is continually produced
by photosynthetic electron flow whereas ATP generation declines with phosphorous deficiency
[11].

Not only nutrients deprivations affect the accumulation of PHA and glycogen. Light quality and
quantity also affects in the culture growth and the biomass composition. The microalgal and
cyanobacteria growth rate increases with irradiance up to a level where photoinhibition occurs due
to damage in the photosynthetic receptors. The majority of microalgae become saturated with a
light flux of 200-400 pmolphotons m2s™%. However, light penetration inside the reactor decreases
as the cell density increases by the self-shading effect. In general it is though that more light
increases the carbohydrate and PHA content [15]. It has also been seen that a rapid shift in light can

cause a glycogen accumulation [16].
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4. Cyanobacteria cultivation

4.1. Cultivation conditions

There are many parameters that affects the cyanobacteria growth, such as light, carbon source,

nutrients, pH, and temperature.

a)

b)

O

Light

Cyanobacteria need light in order to do the photosynthesis. They need light within a
wavelength between 400nm and 700nm. For satisfying biomass production, the light
intensity has to be in a certain range. If the intensity is too low, light becomes a limiting
factor, and if light is too high can lead to photoinhibition. That means that cyanobacteria
will be not able to repair the photosystem Il, which leads to a loss in the photosynthetic
activity. Cells should be in constant and sufficient agitation in order that all the cells get
light, this means turbulent flow inside the reactor. This cycle prevents the microorganisms
from light starvation and also allows that the dark reactions to be completed and thus

restore the capacity of the photosynthetic apparatus [42].

Carbon source

All the photoautotrophic organisms needs an inorganic carbon source. In almost all the
species the inorganic carbon is introduced in the form of hydrogen carbonate. As
explained in 3.2 cyanobacteria fix the carbon via the Calvin Cycle driven by the energy
gained in the photosynthesis. CO, could be used as the sole carbon source for microalgal
production, thus avoiding emitting a greenhouse gas into the atmosphere. If CO;is used
is important to control the dosage in order to avoid unfavourable pH. The best way to
dosage CO,is by using small bubbles aerators and injecting it just to maintain a correct
pH [42].

Nutrients

Cyanobacteria needs other nutrients a part from carbon to grow, such as phosphorous or
nitrogen. In the case of phosphorous they need less than 0,03 mg/L. Nitrogen content can
be up to 10% of the dry matter weight. In many cases cyanobacteria prefer to assimilate
nitrogen in form of ammonium. They do not assimilate other forms of nitrogen if
ammonium is present. Other kind of nutrients such as iron and trace metal micronutrients

(Zn, Cu, Ni) are also necessary for the cyanobacteria growth [42] .
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d) pH
Cyanobacteria are not able to grow in pH lower than 4. The pH influences in the
dissolution of inorganic carbon, therefore it also affects the cyanobacteria growth. Their

optimum pH is between 7,5 and 10 depending on the strain and the environment. [42].

e) Temperature
The temperature at which cyanobacteria can grow depends also on the strain. It has been
reported growth from 42C up to 759C. However, the optimal cultivation temperature is
between 20 to 30 ¢C [42].

4.2. Photobioreactors

Cyanobacteria are cultivated in photobioreactors. Photobioreactors (PBR) are reactors in which
phototrophs (microbial, algal or plant cells) are grown or used to carry out a photobiological
reaction there are two main ways of cultivate photoautotrophic microorganisms at large scale
production: open and closed systems. There are many ways to operate the same photobioreactor
type, such as continuous operation, semi-continuous, batch, sequential bioreactors, etc. In this part
a review on the most used photobioreactors and different operation manners that can be applied

into a vertical column reactor, which is the type of reactor used for this project, will be done.
4.2.1. Types of photobioreactor

There are two big families of photobioreactors; Open, such as high rate algae ponds and closed.

Table 2 illustrates the advantages and disadvantages of this two photobioreactor families have.

Table 2. Advantages and disadvantages of the open systems or closed systems. In green are the aspects in which the
system is very good in red the aspect in which the system is very bad and in light colours the aspects in which the system
is more or less good (light green) and in light red the aspect in which the system is rarely favourable [42].

Open Closed

systems | systems

Cell concentration

Maintenance

Problems with contamination

Control of conditions

Accuracy CO; dosing
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In Table 2 shows that the open systems has a low investment costs but they have lot of
contamination problems, control of conditions, CO, dosing is difficult to control and the cell
concentration is low. However, they are easily to maintain. On the contrary, the closed systems are
easier to control both the CO, dosing and the other parameters (pH, temperature). Furthermore,
the cell concentration is high and the contaminations problems are avoided. However, they require

from a biggest investment than open systems and their maintenance is also more expensive.
4.2.1.1. Open systems

Open ponds cultivation are the most used system for the commercial cultivation of microalgae. The
open cultivation systems can be divided into three main systems: inclined systems, circular ponds

and raceway ponds. The last one is the more used open system[43].

a) Inclined systems: in this type of reactors turbulence required for the algae growth is
created by gravity. The culture flows from the top to the bottom of a sloping surface. That
allows to have very thin culture layers (< 1cm) and a high turbulent flow. However, this
systems presents several problems, such as sedimentation in the points where turbulence
is low, strong losses by evaporation, high desorption of CO, and considerably energetic

requirements.

b) Circular ponds: They are open vessels with a rotating arm that provides mixing. They are

not commercially used due to the high energetic costs for mixing.

¢) Raceway ponds: They consist on a raceway track where algae and nutrients are pumped
around by a paddle. Its depth is around 25-30 cm, they cannot operate at a water level
lower than 15cm. Due to the paddlewheel the algae is maintained in suspension. The ponds
operate continuously with CO, and nutrients being constantly introduced by one side and
algae containing water is removed in the other side. This constructions are inexpensive but
its costs strongly depends in the ground characteristics. Their major drawbacks are the

possible contamination, the evaporation in hot climates and the lack of control.

"‘-_‘ 2 e a

Figure 13. a) Inclined system image [78); b) circular pond image [79]; c) raceway pond image [80]
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4.2.1.2. Closed systems

There exist several types of closed systems. The most common ones are tubular reactors, laminar

or flat panel reactors and vertical cylinders photobioreactors.

a) Tubular: they are the most used PBR for outdoor cultivation. They consist in narrow
diameter tubes that allow the light to penetrate up to the tube centre. This maximizes the
surface area available for photosynthesis. Usually as algae need to spend certain amount
of time in darkness the tubular reactor is connected to a tank and the culture is constantly
recirculated. The tube diameter usually ranges from 10-30 cm. They can be in form of
horizontal / serpentine, vertical near horizontal, conical or inclined. Aeration and mixing of
the cultures in tubular photobioreactors are usually done by air-pump or airlift systems.
The benefits of the tubular reactors are a large illumination surface area, fairly good
biomass productivities and they are relatively cheap. Their drawbacks are the pH, and
dissolved CO;and O; gradients [44], [45].

b) Flat panel: They consist in glass flat chambers that can be titled at the proper angle to
maximize the solar radiation capture, thus the main benefit of this type of photobioreactor
is the large illumination surface area [43]. The dissolved oxygen that can be accumulated
is low compared to the tubular photobioreactors. But great photosynthetic efficiencies
were found in this kind of PBR. The benefits of using this PBR are the large illumination,
their good biomass productivity, the relatively low price and maintenance. However, they
require from many support materials, it is difficult to control the temperature and algal

growth could exist in the walls [45].

¢) Vertical cylinders: They are simple transparent cylinder reactor usually surrounded by a
water jacket allowing temperature maintenance. The main benefit of this reactor type are
good mixing, good temperature control, low photoinhibition and photo-oxidation. The
problem of those reactors are the low illumination surface area, they require of
sophisticated materials to be constructed and algal cultures suffer from shear stress [45].

This type of photobioreactor is the one used to realize this project.

Figure 14. a) Tubular photobioreactor [81];b) flat panel photobioreactor [82]; c) vertical cylinder photobioreactor [83].
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4.2.2.

Operation of the photobioreactors

In this project it has been used the vertical cylinder photobioreactor. Nevertheless there are several

ways to operate this type of reactor. The operations used in this project are continuous, semi-

continuous, batch and sequencing batch reactor. In this part a short explanation on this reactor

operations will be done.

First of all, two generic concepts must be reviewed in order to understand the differences between

the reactors operations: the hydraulic retention time and the solids retention time:

Reactor hydraulic retention time (HRT): It is the average time a compound remains inside
the reactor.

Total Volume [m3]
HRT = (Eq.2)

Influent flow rate [(;Z;S]

Reactor solids retention time (SRT): The SRT represents the time spent by microorganisms
in the system, or the time available for micoorganisms to reproduce. If SRT is longer than
the regeneration time of an organism, it will proliferate. Otherwise it will be washed out of
the system [46]. It is calculated by (Eq. 3.

Total Volume [m3] - VSS,eqctor [=2]
SRT = m3 2 m (Eq 3)
Influent flow rate [—] : VSSefﬂuent[Tg]

days

Once this concepts are defined the different operations used in this project can be reviewed.

a)

b)

d)

O

Continuous reactor: In this kind of operation the influent is all the time introduced into the
reactor and the reactor content emerge continuously.
Semi-continuous: this operation way consist on a partial extraction of the reactor content
and replacement for new nutrients solutions every defined amount of time in order to
accomplish the defined hydraulic retention time.
Batch: this reactors are inoculated at the initial time and all the reactor content is extracted
after a defined amount of time.
Sequencing batch reactor (SBR): this operation manner is very used in the wastewater
treatment. This reactors have the capability of having different hydraulic and solids
retention times. Its operation consist in 5 phases.

1. Filling: where the nutrients are introduced into the reactor.

2. Reaction

3. Settle: In this phase agitation is stopped and the biomass of the culture settles.

4

Draw: Part of the liquid is extracted.
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5.

Idle: is the time between the decantation and the filling

Aeration/mixing

Figure 15. Scheme of a sequencing batch reactor [84].
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5. Useful substances accumulated by Cyanobacteria

Cyanobacteria are able to accumulate different substances that are industrially and
environmentally interesting, such as polyhydroxyalkanoates and glycogen. In this section it will be

discussed the chemical structure and properties of polyhydroxyalkanoates and glycogen.

5.1. Polyhydroxyalkanoates

Plastics have become a really popular material due to the fact that they are easily modelled into
almost any shape, they have high chemical resistance and stability, light weight, low price, and are
more or less elastic. What makes them undesirable is the difficulty in their disposal [1][11]. Their
big molecular size seems to be the main responsible for biodegradation resistance and their
persistence in soils for a long time. It has been estimated that more than 100 million tonnes of
plastics are produced every year worldwide. 40% of the produced plastics are discarded to landfill
and several hundred thousand tonnes into marine environments. One option in dealing with non-
biodegradable plastics has been incineration. However, harmful chemicals like hydrogen chloride
and hydrogen cyanide are released to the atmosphere in this process. Recycling is also a solution

but the big variety of plastics makes the recycled final product application difficult [1].

It seems that the best solution would be the replacement of non-biodegradable by biodegradable
plastics. There are three types of biodegradable plastics: photodegradable, semi-biodegradable,
and completely biodegradable. Photodegradable plastics have incorporated groups that are
sensitive to light, so they can be disintegrated by ultra-violet radiation. However, landfills lack of
sunlight what makes them remain non-degraded. Semi-biodegradable plastics are the ones that
have polyethylene linked with starch. The bacteria in the soil will attack the starch and small
polymer fragments will remain, this small fragments can be degraded by other bacteria. Completely
biodegradable plastics are plastics generated by bacteria or cyanobacteria such as

polyhydroxyalkanoates (PHA)[1].

The PHA are a versatile class of polymers with more than 100 different monomers that can be
obtained from renewable raw materials such as corn, wheat, beets, sugar, potatoes, vegetable oils,
or microorganisms [47]. Furthermore, they seem to have lots of different application such as in
pharmaceuticals where they can be used in retarded drugs release, in agriculture where it is used
to regularly discharge pesticides, plant growth regulators and herbicides, in medicine where could
be exploited for the development of absorbable structures, bone plates, tendon repair devices,
spinal fusion cages, ocular cell implants, skin substitutes, heart valves etc., in disposals such as food

trays, razors, feminine hygienic products, bags, etc [11].
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PHA is a natural carbon storage for prokaryotes that includes both heterotrophic bacteria and
autotrophic bacteria (cyanobacteria). If it is wanted to produce PHA in eukaryotes the
corresponding genes must be transferred. Using genetically modified plants is not the best option
as they are not well accepted due to their environmental problems and they would be also a
competitor for agricultural land which is not desirable considering the world food problems. The
major benefits of using cyanobacteria are that they contribute to the atmospheric CO,
consumption, its low nutrient requirements, they are aquatic microorganism so they do not need a
cultivable land, so they could play an important role in the carbon capture and reusing technologies.
The main drawback is, from an economic point of view, their natural low PHA content, almost
always below 10% [42] in front of the heterotrophic bacteria which can accumulate around 80% of
dry cell [48].

5.1.1. Chemical structure and properties

Polyhydroxyalkanoates (PHA) are predominantly linear, formed by hydroxyalkanoic acid as
monomer units. The carboxyl group of one monomeric unit forms an ester bond with the hydroxyl
group of the adjacent monomer. In Figure 16 it is shown an image of a monomer of a PHA. The X
can attain a value of 35000 units. Each PHA monomer has an R chain group which can differ from a
hydrogen atom to a methyl to tridecyl. The alteration in this side chains are contributing factor
towards the diversification of PHA thermoplastics family [11]. In Table 3 there is summary of the

molecular names that different kinds of PHA can have depending on its monomer structure.

R o
I

—+—0— CH— (CHp),—C——

Figure 16. Monomer of a PHA[11]

Table 3. Molecular names of PHA depending on its monomer structure [49].

N value | Rgroup Molecule name

hydrogen Poly(3-hydroxypropionate) [P(3HP)]

methyl Poly(3-hydroxybutyrate) [P(3HB)]

ethyl Poly(3-hydroxyvalerate) [P(3HV)]

1 propyl Poly(3-hydroxycaproate) [P(3HC)]
butyl Poly(3-hydroxyheptanoate) [P(3HH)]
pentyl Poly(3-hydroxyoctanoate) [P(3HO)]
hexyl Poly(3-hydroxynonanoate) [P(3HN)]

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d'Enginyeria de Barcelona Est

24



Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated
in wastewater

heptyl Poly(3-hydroxydecanoate) [P(3HD)]
octyl Poly(3-hydroxyundecanoate) [P(3HUD)]
nonyl Poly(3-hydroxydodecanoate) [P(3HDD)]
2 hydrogen Poly(4-hydroxybutyrate) [P(4HB)]
3 hydrogen Poly(5-hydroxyvalerate) [P(5HV)]

The PHAs can be divided into three big families: the short-chain length (SCL-PHA), the medium-
chain length (MCL-PHA) and the long chain length (LCL-PHA). Among the SCL-PHA the most
common are the Polyhydroxybutyrates. PHB properties such as glass transition temperature,
melting temperature, young modulus and tensile strength seems to be similar to the ones from
polypropylene. Other additional characteristics of PHB are non-toxicity, biodegradability,
biocompatibility, hydrophobicity, piezoelectricity, and an optical purity [11].

The most important thermal properties for polymers are melting temperature (Tm) and glass
transition temperature (Tg). Both of them are measured in order to know in which temperatures a
polymer can be processed and used. The melting temperature is the temperature in which the
polymer changes from solid to liquid state. The glass transition temperature is defined as the
temperature at which the mechanical properties of a polymer drastically change because of the
internal movement of the polymer chains. In the case of mechanical properties the most important
for a polymer is Young’s modulus, elongation-to-break and tensile strength. The Young’s modulus
studies the polymer stiffness or toughness measuring the relationship between stress (force per
area) and strain (proportional deformation). A low value of young’s modulus means a high

flexibility. Young’s modulus can be computed by the following equation:

T A-AL

Where E is the Young's modulus, F is the force exerted, A is the actual cross-sectional area through
which the force is applied, AL is the amount by which the length of the object changes, Lo is the
original length of the object.

Elongation-to-break measure the magnitude that a substance will stretch before breaking. It is
measured as a % of the initial polymer length. Finally, tensile strength measures the force required
to break a material. In the following table there is a comparison between the most important
thermal and mechanical properties of a biopolymer generated by cyanobacteria (PHB) and a

petroleum based polymer (polypropylene).
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Table 4. Properties comparison between PHB and polypropylene

Cyanobacteria (Nostoc
Property Polypropylene
Muscorum) PHB11]

Tm(2C) 175 171[50]

Tg (2C) 0.9 -1051)

Young modulus (GPa) 3.8 1.8[52
Elongation-to-break (%) 49 150;s3]
Tensile Strength (MPa) 30.2 3353

In Table 4 it can be seen how PHB properties can commercially compete with polypropylene, some
of them are even better than those of polypropylene. The weaker property of PHB is elongation-to-
break that could be improved synthetizing the co-polymer with hydroxyvalerate (HV) that achieve

almost a 90% of elongation to break.

Although all the aforementioned properties can well compete with polypropylene properties,
actually where PHB stands out is in its biodegradability. PHB are biodegradable in different
environments such as compost, landfill, and aquatic systems. The ability to degrade PHB is widely
distributed among bacteria and fungi. Even in extreme aquatic conditions, such as seasonal changes
of oxygen concentration (anoxic to oxic), low pressure or no sunlight, the PHB is degraded. PHB
depolymerases are excreted by a huge number of bacteria and fungi. The degradation occurs at the
surface of PHB by enzymatic hydrolysis, so the degradation rate depends on the surface area
available for colonization. In the degradation process the bacteria excrete PHA depolymerases
which hydrolyze the polymer into water-soluble monomers which can be assimilated by
microorganisms as nutrients, so the degradation components can be considered as non-toxic in
nature[47].

5.2. Glycogen

The consumption of biofuels has risen in the last decade due to the interest of economical potencies
on reducing its dependence on petroleum. However, the benefits of using biofuels has been
questioned many times. From an environmental perspective damages in the biodiversity, are done
by the intensification of monocultures and the use of fertilizers and pesticides. But the most
concerning problem of classical biofuels is the food crisis. The increasing demand of biofuels makes
that a great part of the crops produced are destined to the biofuels production causing a rice in the
crops prices making them unaffordable for the most poor countries [54]. That is why microalgae
and cyanobacteria biomass has been drawing attention for the production of biofuels. It has several

advantages over the terrestrial biomass production. One of the most important benefits of using
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microalgae and cyanobacteria are that they are among the most efficient microorganism regarding
solar conversion into interesting products. Moreover, they could be cultivated in non-arable land
and their cultivation requirements are low, also another benefit is that microalgae and

cyanobacteria could be used to treat wastewater[9].

Although carbohydrates have a lower energy content in comparison to lipids. They are preferable
in the biofuels production[9]. In this project the culture used is mainly dominated by cyanobacteria
which main storage carbohydrate is glycogen [55]. That is why in this section it will be explained the
chemical structure of glycogen and which processes are used in order to convert carbohydrates in

to biofuels.

5.2.1. Chemical structure of glycogen

Glycogen is a multi-branched polysaccharide of glucose monomers that is used as an energy storage
molecule. Glycogen is branched with chains every 8 to 12 glucoses or so. The glucoses monomers
are linked by (1-4) a-glycosidic bonds. The glycosidic bond is a covalent bond between the
hemiacetal group of the glucose and the hydroxide group of the next glucose monosaccharide. The
a indicates that both the hemicetal group and the hydroxide are in the same plane position. The
branches are linked with a (1-6) a-glycosidic bond between the first glucose of the new branch. In
Figure 17 there is an image of the molecular structure of glycogen. It could be clearly seen how the

glycosidic bond changes when the chain is ramified [56].
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Figure 17. Molecular structure of glycogen: (1-6) a-glycosidic and (1-4) a-glycosidic bonds[56).

5.2.2. Chemical process to convert biomass into biofuels

Once the biomass of the photobioreactor is rich in carbohydrates different conversion technologies
could be used in order to convert those carbohydrates into biofuels. In this section fermentation as

a way to transform carbohydrates and sugars into bioethanol will be explained.
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In Figure 18 there is a diagram of the process that the biomass follows in order to be converted into

bioethanol:

Preparation of Bioethanol

Cultivation ) Harvesting ) : ) i
the biomass extraction

Figure 18. Bioethanol production process

The cultivation step should be done in a way that permits to accumulate the biggest quantity of

carbohydrates in order to form more bioethanol [57].

The harvesting step allows to remove the aqueous solution from the biomass. Although in this

project centrifugation has been used there are several harvesting methods[57]:
5.2.2.1. Centrifugation

Most microalgae and cyanobacteria can be recovered from dilute suspension through centrifugal
forces. Centrifugation allows to have good harvesting with short time. However centrifugation
energetic requirements are really high, so this process has a negative effect on the net energy and

CO; balances in the biofuels production by microalgal and cyanobacteria means.
5.2.2.2. Filtration

This is the best accepted harvesting method due to its high efficiency, simplicity and continuous

operation. Furthermore the medium used for the cultivation could be recovered.
5.2.2.3. Ultrasounds

Ultrasounds with a high frequency (MHz) and a low amplitude facilitates microalgal or
cyanobacteria cells to aggregate and precipitate. Ultrasound may be unsuccessfully used in industry

due to its low efficiency and high energetic costs.
5.2.2.4. Immobilization

This method use an entrapment matrix in which microalgal or cyanobacteria cells are embedded
and continuously growing from the beginning of the cultivation. Thus, the beds where microalgae

and cyanobacteria are cultivated could be removed easily without a large energy input.

The preparation of the biomass consist on the disruption of cell walls through various mechanical,
chemical or enzymatic methods in order to enhance the carbohydrates availability and break down
the carbohydrates molecules into sugars. After the biomass is prepared the yeast is supplied into

the biomass for the fermentation process. Yeast is able to convert sugars into ethanol producing
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CO,.This CO; could be recycled as a carbon source for the cyanobacteria and microalgae culture. In
Figure 19 there is a scheme of the fermentation reaction where glucose is converted into pyruvate
generating 2 ATP and then this pyruvate is converted into acetaldehyde releasing two molecules of

CO. Finally, the acetaldehyde is converted into ethanol [57].

After fermentation the bioethanol is purified so it can be finally be used as a combustible and the

remaining biomass can be used as a feed in an anaerobic digester to produce biomethane [57].

2 ADP 2ATP o
Glucose ----><
CH;
2 NAD* 2 NADH 2 Pyruvate
' \ /
H— ‘I: OH = C=0
CH, CH,
2 Ethanol 2 Acetylaldehyde

Figure 19. Fermentation reactions to form ethanol from glucose[58].
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6. Material and methods

6.1. Material

In this part an explanation of the reactors used to develop this project will be done. Furthermore it
will be explained the necessary reagents and equipment needed to realize the experiments

explained in part 6.23.
6.1.1. Reactors

In this project three different reactors have been used. The anaerobic digester which produce
biogas through the algae digestion. The 30L photobioreactor which is used as a tertiary wastewater
treatment and as a culture medium to grow the cyanobacteria. The 3L vertical cylinder reactors
were used to check which nutrients and light condition enhance the bioplastics and glycogen
accumulation and also to see the reactors operation that allows a greater selection of

cyanobacteria.
6.1.1.1. Anaerobic biodigester

Nowadays, almost all our biodegradable waste (food, garden waste, sewage, etc.) is send to landfill
where it breaks down and realize methane which is a greenhouse gas. The anaerobic digestion
allows to make this process in a closed reactor thus it is possible to recover the methane that could

be used as a combustible [59].

The anaerobic digestion is a biological process where the organic matter is degraded to biogas and
digestate through the action of bacteria in absence of oxygen. The biogas is composed by CHs, CO,,
H,, H,S. The major component is CHa (50%-70%) that is why it could be used as combustible. The
digestate is a mixture of mineral components (N, P, K, Ca) that can be used as nutrients in the

photobioreactor [60].

Figure 20 summarizes the process that organic matter follows in the anaerobic digester.
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‘ Carbohydrates, fats, proteins ‘

‘ Hydrolysis

‘ Sugar, fatty acids, amino acids ‘

* Acidogenesis

v
‘ Volatile fatty acids ‘

* Acetogenesis

‘ Acetic acld, hydrogen, carbon dioxide

‘ Methanogenesis

‘ Methane, carbon dioxide ‘

Figure 20. Scheme of the steps of anaerobic digestion [61]

The anaerobic digestion is based in 4 main steps[61][62].

1. Hydrolysis: Extracellular enzymes produced by hydrolytic microorganism, such as cellulose,
amylase, protease and lipase, decompose complex organic polymers into soluble
monomers. The proteins are broken down into amino acids, lipids into fatty acids, and

carbohydrates into sugars. An example of hydrolysis reaction is the following:

CeH1005 + 2H,0 = CeH1206 + H; (Eq. 5)

2. Acidogenesis: The small molecules resulting from hydrolysis are converted by fermentative
bacteria into a mixture of volatile fatty acids (acetic, propionic, butyric) and other minor
products such as hydrogen and CO,. Usually this is the fastest step. The following equations
shows the typical acidogenic reactions. In those equations the glucose is converted into

ethanol (Eq. 6), propionate (Eq. 7), and acetic acid (Eq. 8):

CsH1,06 <> 2CH3CH,0H + 2CO» (Eq. 6)
CsH1206 + 2H, ¢> 2CH3CH,COOH + 2H,0 (Eq.7)
CeH1206 - 3CH3COOH (Eq. 8)
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3. Acetogenesis: The acetogenic bacteria converts the volatile fatty acids into acetate, CO;
and H,. The following equations represent the basic acetogenic reactions. The first one
represents the conversion of propionate to acetate. Glucose and ethanol are also
converted to acetate in the acetogenesis.

CH3CH,COO" + 3H,0 > CHsCOO + H* + HCO3 +3H,  (£q.9)
CeH1206 + 2H,0 <> 2CH3COOH + 2CO; + 4H, (Eq. 10)
CH3CH,0H + H,0 ¢ CH3COO" + 2H, + H* (Eq. 11)

4. Methanogenesis: The products form step 3 are converted into methane by methanogens.

In the following equations it is showed the chemical reactions occurring in this step.

CO; +4H; > CH4 + 2H,0 (Eq. 12)
2C;HsOH + CO; = CHa + 2CH3COOH (Eq. 13)
CHsCOOH - CH4 + CO, (Eq. 14)

The biodigester used in this project is a complete-mix digester. In Figure 21 there is image
of the digester used:

Biogas extraction

Thermometer

Feed entrance

Thermocouple

Heating system

Figure 21. Anaerobic digester
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The anaerobic digester used is equipped with a heater automatically controlled by a thermocouple
which maintain 352C which is the adequate temperature for the digestion [61]. A thermometer
which measures the inside reactor temperature, a biogas extractor from where the biogas is

recovered and a hose by which the reactor is purged and fed.
6.1.1.2. 30L photo bioreactor

The 30L photobioreactor is a vertical cylinder reactor. In Figure 22 and Figure 23 there are images
of the photobioreactor used. In annex 2 there can be found the reactor plans. This reactor is
controlled automatically by a computer software. The pH increase is controlled by CO; injection
which at the same time is used by cyanobacteria as inorganic carbon source. The CO, injected
amount is controlled by the computer software which when receives the signal of a pH higher than

7,5 from the pH meter stars injecting CO, which is provided by a CO, gas bottle.

This reactor has a hydraulic retention time of 10 days which means that all the biomass inside the
reactor will be completely renewed every 10 days. That retention time is accomplished by feeding

the reactor with 3L every day.

Total Volume 30L (Eq. 15)
HRT = - = — = 10 days
influent flowrate 3 =
day

The PBR is fed by the feeding tank. This tank has a rotor available in order to make the feed
dissolution homogenous. The feed dissolution is formed by the digestate extracted from the
anaerobic digester and water from the high rate algae ponds. The quantity of digestate is
introduced in a proportion of 5:300 mL of digestate per mL of influent. The harvesting tank is used
to recover the PBR content that is extracted from the reactor every day. The system also has a light
available. This light is surrounded by a screen in order to focus all the light to the reactor direction

and avoid light loses. That light is controlled by a timer which turn on it just 12h a day.
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Reactor light Reactor controller

Harvesting tank

Feeding tank

5 =¥ <

Figure 23. 30L PBR tank
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6.1.1.3. 3Lvertical cylinder photobioreactors

They has been used to study which nutrient conditions and light are the best ones in order to
produce high quantities of PHA and glycogen in a mixed cyanobacteria culture and which is the best
operation to select cyanobacteria. They have a maximum capacity of 3L but they have been used
at lower volumes than the maximum to avoid overflow when acid is added to control the pH. The
pH is monitored by an electronic controller which when pH higher than 8,7 is detected activates a
pump that introduces chlorhydric acid to the reactor. In some of the experiments it is also necessary
to have a basic solution to avoid pH lower than 6,8. This reactors are jacketed photobioreactors in
order to avoid a high raise in the temperature due to the heat emitted by the lamps. They also have
an agitator that maintains the organic matter in continuous agitation, thus the light that arrives to

each cell will be the same. In Figure 24 there is an image of the used reactor.

Temperature sounding

Acid dispenser

) Lamps
Electronic controller

pH meter

Figure 24. 3L vertical cylinder photobioreactor

In order to change the operation manner of those reactors different timers and pumps were
connected. It was only necessary to automatize the continuous and SBR reactors, as batch and semi-
continuous could be operated manually. In the continuous reactor two pumps were connected:
one to continually fill the reactor and one that empties the reactor at the same time. In the case of
SBR three timers were needed. First of all when the reactor is in agitation it is extracted manually
the volume to accomplish the solid retention time. Then, timer 1 is activated and agitation is
stopped for 1h. When half of this hour has passed it is considered that the reactor is completely
settled and timer 2 is activated emptying the not settled content to accomplish the hydraulic
retention time. When the emptying is completed timer 3 is activated and fills the reactor with new

nutrients.
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Figure 25. Continuous and SBR reactors

6.1.2. Reagents

In this section it will be explained which reagents are needed to make all the analysis and

experiments.

e BG11 culture medium: It is the medium used in the batch reactors. It has been modified
depending on the needed nutrient limitation. For example if nitrogen limitation wants to
be done the NaNOs is eliminated of the solution and for phosphor limitation the K;HPOy, is
eliminated. In Table 5 there is a summary of the solutions needed to prepare one litre of
this culture [63].

Table 5. Preparation of the BG11 culture medium

Solution Concentration [g/L] Quantity used in the medium [mL]
NaNOs! 15 100
K,HPO,? 4 10
MgS0,-7H,0 7,5 10
CaCly-2H,0 3,6 10

! This solution is eliminated to prepare the nitrogen limited medium

2 This solution is eliminated to prepare the phosphorous limited medium
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Citric acid 0,6 10
Ammonium ferric citrate green 0,6 10
EDTANa; 0,1 10
Na,CO3 2 10
H,BO; 2,86
MnCl,-4H,0 1,81
Trace metal ZnS04-7H,0 0,22 1
solution NazMo04:2H,0 0,39
CuS04-5H,0 0,08
Co(NO,),:6H,0 0,05

e COD
o Potassium dichromate solution 0,04167M:
o Sulphuric acid with Ag,SO, as additive at a rate of 5.5 g Ag>S04/kg H2SO4,
e Alkalinity
o Chlorhydric acid 0,02N
e  Chlorophyll
o Alkalized acetone
e Ammonia
o Sodium nitroprussiade NaFe(CN)sNO-2H,0 0,5%

o Phenol solution 10% in ethanol.
o Alkali solution: sodium citrate CsHsNa3z07-3H,0 and NaOH
o Oxidant solution formed by alkali solution and bleach (80:20)
o Patron solution of ammonia
e PHAs

o CHCIl; + Cy17H36: 50 mg heptadecane + 20mL chloroform in 50mL volumetric flask.
o PHB patron: PHB pellet of 30mg in a 10mL volumetric flask + 9mL chloroform
e Glycogen
o Chlorhydric acid 0,1N
o Concentrate sulphuric acid (95-98%)

o Phenol 5% in water

6.1.3. Equipment

The equipment used for the analysis are listed below. More information about the use of those
equipment could be found in the analytical methods section. The glass material has not been

specified as it is the usual in a chemical laboratory.
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a) Oxygen electrode

b) Neophelometer

¢) Conductivity meter

d) TOC equipment (Analytikjena multi N/C 2100S)
e) Digester

f)  Anion chromatograph (Diones ICS-1000)

g) Polytron

h) COD reader (MD 600)

i)  pH meter

j) Centrifuge

k) Oven

[) Spectrophotometer (Spectronic Genesys 8)
m) Gas chromatograph (Agilent 7820A)

n) Muffle

Figure 26. Laboratory equipment

6.2. Aalytical methods

In order to control the changes in the mixed cyanobacteria culture and understand what is
happening inside the reactors, different parameters have been continuously controlled. In this
section a review on the different methodologies used to control the cultures will be reported.
Otherwise specified, those methodologies are taken from standard methods for the examination

of water and wastewater [64].
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6.2.1. Turbidity

Water turbidity is caused by suspended matter. The measurement of turbidity express the optical
property that causes light to be scattered and absorbed rather than transmitted with no change in
the direction or flux level through the sample. Turbidity could be directly related with the total
suspended matter. Nevertheless, depending on the sample interferences could be found. For
example, samples with particles consisting on light absorbing materials could cause interferences
when they are present in high concentrations. So, turbidity is an easy and quick way of measuring

the biomass inside the reactor. In order to measure turbidity an electronic nephelometer is used.

The nephelometer measurements are based in a comparison of the light scattered by a standard
reference and the light scattered by a sample under defined conditions. This nephelometer consist
on a light source illuminating the sample and photoelectric detectors with readout devices capable
to detect intensity of light scattered at 902C to the path of incident light. The units of measurement

are the nephelometric turbidity units (NTU).

The measurements of turbidity must be done right after extracting the samples to avoid flocculation
or changes with temperature. The procedure that should be followed in order to measure turbidity

is the following:

1. Agitate gently the sample and wait until bubbles disappear
2. Pour the sample into the cell. Dry the cell with a tissue paper.

3. Introduce the cell into the dispositive and measure.
6.2.2. Dissolved Oxygen (OD)

The dissolved oxygen is a measurement of the oxygen present in the sample. It is an easy and quick
measurement of the photosynthetic activity in the culture. To measure oxygen a membrane
electrode has been used. The oxygen sensitive membranes are composed of two solid metal
electrodes in contact with a supported electrolyte separated of the sample by a selective

membrane.

It is preferable the OD to be measured in situ. If this is not possible samples should not be agitated
and should be not in contact with air as the concentration of gases could be modified. In order to
do the measurements first of all the electrode should be cleaned with deionized water and carefully
dried with a tissue paper. Then, the electrode can be introduced into the sample and the device will
show the oxygen concentration. The membrane electrode device can be seen in the following

scheme:
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GALVANIC

SILVER OR
NICKEL
CATHODE

MEMBRANE

Figure 27. Galvanic membrane electrode [65].

6.2.3. Conductivity

The conductivity is a measurement of the capacity of an aqueous solution to conduct electric
current. This measurement depend on the presence of ions. This conductivity is used to control the
medium salinity, since the algae cultivated are fresh water species and high salinities could cause
its dead. Conductivity can be related with salinity by an empirical relation between the salinity of a

standard solution and the conductivity of this solution.

The conductivity has been measured by a conductivity meter. This conductivity meter is calibrated
with different standard KCl dissolutions which permits the user to establish the internal cell

constant in order to match the measured conductivity with the standard conductivity:

— — (Eq. 16)
kmeasured =C-G= ksolution

Being k the conductivity C the cell constant in cm and G the solution conductance.

Once the conductivity meter is calibrated the sample can be measured. To do that clean the

electrode with DI water and introduce it into the sample. Wait until the measurement is stable.
6.2.4. Total and volatile suspended solids (TSS, VSS)

The total suspended solids is the portion of solids retained by a filter of 2um nominal pore size. The
suspended solids is the weight loss after ignition of the solids retained in the filter. Volatile solids
indicates the quantity of organic matter present in the sample, although its precision is not really
high as ignition is not confined to organic matter. It includes losses due to decomposition or

volatilization of some mineral salts.

The procedure to analyse the TSS and the VSS is the following:
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1. Prepare the filters by numbering them and filtering approximately 25mL of DI water. Then
put them inside a muffle at 5502C for 20 minutes. Let them cold and weight them. The
filters can be stored in a 1002C oven.

2. Filter the sufficient quantity to have an enough solids deposition in the filter using a
kitasatos.

Let the filters dry in an oven at 1009C for 24h and weight them.

4. Combust the samples in a muffle furnace for 20 min and weight the filters again.

The total suspended solids and the volatile suspended solids can be computed by the following

formulas:
mgy (grams after filtration — grams before filtration) * 1000
TTS |[—| = Eq. 17
[ L ] Filtred volume [L] (q. 17)
- [mg] _ (grams after filtration — grams after muf fla) « 1000 (Eq. 18)
L1 Filtred volume [L]

6.2.5. Chemical oxygen demand (COD)

It is the amount of oxidant that reacts with a sample under controlled conditions. The oxidant
consumed is expressed in terms of oxygen equivalents. Both organic and inorganic compounds are
oxidized. The COD is used as a measurement of pollutants in wastewater. It can present
interferences, the most important ones are those related with the chloride ion. Chloride reacts with
silver ion to precipitate and thus inhibit the catalytic activity. For that reason COD has been not
measured for the 3L vertical cylindrical PBR experimental reactors as chloride acid is used to control
the pH in this reactors. The information given by COD can be extracted from other analysis such as
TOC.

The COD methodology that has been used in the analysis is the colorimetric method. In this method
most types of inorganic matter are oxidized by a boiling mixture of chromic and sulphuric acids. This
result in the change of chromium from the hexavalent (VI) state to the trivalent (lIll) state. This
species are coloured and absorb in the visible region. The Cr,0,* absorb in the 400 nm region and
the Cr¥* absorb in the 600nm region where the dichromate has nearly no absorption, so measuring
in this longitudes can be determined the amount of chromate ion formed and thus the COD value.

mg O,in final volume - 1000
cop = g Ozin f

mL Sample (Eq. 19)
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The analytical method followed is the next:

1. Add 2,5 mL of sample. The sample must be filtrated if the soluble COD wants to be
measured, otherwise total COD will be measured. Three triplicates will be done for each
sample and three blank controls will be prepared adding 2,5 mL of DI water to the sample
tubes.

Then add 1,5mL of potassium dichromate solution. And add 3,5 mL of sulphuric acid + Ag*
Incubate the samples in a digester 2h at 1502C.

Once the 2h are finished let the sample tubes cold to room temperature.

Clean the tubes with alcohol and introduce the blank to the COD reader.

o Uk W N

Use the 800 program in the COD reader MD 600 and press zero in order to find the zero

value.

7. Once the zero in registered press test in order to see which is the value of the blank. If it is
lower than 8 press zero again, otherwise try with another blank control sample and repeat
steps 7 and 8.

8. Once the zero in found introduce the samples and press test. 5 measurements would be

done for each sample to minimize the error.

go= | ‘“

Figure 28. Tubes being incubated in the digester

6.2.6. Total, organic and inorganic carbon (TC, IC, TOC, TN)

This methodology allows to measure the quantity of organic carbon, inorganic carbon and total
nitrogen in a sample. The total carbon will be just the sum of both inorganic and organic carbon.
The methodology used is the high-temperature combustion method. In this method the sample is
homogenized and injected to a reaction chamber packed with an oxidative catalyst where water is
vaporized and all the organic and inorganic matter is oxidized to CO, and transported by a gas carrier
and analysed by an infrared analyser. Then inorganic carbon is measured by injecting the sample
into a reaction chamber where it is acidified and all inorganic carbon is converted into CO; and

transferred to the detector. Then TOC value is computed by difference.

TOC =TC —IC (Ea. 20)
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The methodology followed in order to measure TOC, ICand TN is the next:

1. Homogenize the sample with a polytron. The homogenization time will be determined by
the quantity of solids in the sample. If soluble carbon should be measured this step could
be avoided.

2.  While the sample is in agitation fill the 500 pL syringe.

3. Open the air bottle.

4. Open the software and charge the method to TOC DIF + TN

5. Once the software give the message that it is prepared to receive the sample introduce the
sample to the IC analyser.

6. Once the IC measurements have finished the program indicates that the sample can be
introduced to the reactor. Introduce the sample to the reactor with the syringe and TC will
be measured. When all the measurements are finished the TOC will be directly computed

by difference.

Figure 29. TOC analyser

Figure 30. Injection of the
simple with a syringe

6.2.7. Alkalinity

Alkalinity is the capacity of a sample to neutralize an acid. It is taken as an indication of the
concentration of carbonate, bicarbonate and hydroxide. The method used to measure alkalinity is
the titration method. The hydroxyl ions present in the sample as a result of dissociation or hydrolysis

of the solutes react with the acid. The procedure that must be followed is the next one:

1. Calibrate the pH meter with the standard dissolutions of pH 7 and 4,01.
2. Fill the burette with chlorhydric acid 0,02N
3. Add the acid to the sample until a pH equal to 4,5 is achieved.
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With the quantity of acid titrated the alkalinity can be computed by (Eq. 21):

CaCO3; A-N-50000
L~ mLSample

Alkalinity = mg (Eq. 21)

Where A is the mL of standard acid titrated and N the normality of the acid.
6.2.8. Chlorophyli

Chlorophyll is a measure of the biomass of photosynthetic organism present in the culture. First of
all it is needed to extract the pigments from the cells. This pigments are extracted with alkalinized

acetone. The procedure that should be followed is the next one:

Concentrate the sample by centrifugation at 2400 rpm 10min.
Add 3mL of alkalinized acetone and macerate at 500 rpm for 5min

Add 5mL of acetone and store the sample 24h in dark.

EalE S

Clarify the sample by centrifuging 20 min at 2000 rpm.

Once the pigments are extracted the chlorophyll concentration could be measured by a
spectrophotometer. In order to determine the chlorophyll a the optical densities (OD) of 664, 647
and 630nm respectively are used. The OD of 750 nm is a correction factor for the sample turbidity.

Finally, the amount of chlorophyll a could be determined by (Eq. 22):

(Eq. 22)

Chlorophvil [mg] _ (11.85- (0D664) — 1.54 - (0D647) — 0.08 - (0D630)) - extracted volume [mlL]
oropRe Ll Sample Volume [mL]

6.2.9. Anions

Anions where determined by ion chromatography. In order to apply this methodology previous
filtration is needed to remove particles larger than 0,45 um. The measured anions were fluoride,
chloride, nitrite, nitrate, bromide, orthophosphates and sulphate. The sample merges with the
eluent stream and is pumped into the column where anions are separated on the basis of their

affinity for the active sites of the column material.
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Figure 31. Typical separation of anions [66]

6.2.10. Ammonia [67]

Ammonia present in the sample is measured by the phenolhypochlorite method. The reagents
necessary to measure ammonia through this method are summarized in the materials section. The
procedure consist in adding 2ml of phenol solution 2mL nitroprussiate solution and 5mL of
oxidation reagent to a 50mL previously filtered sample, mixing thoroughly after each addition.
Then, wait 1 and a half hour and measure its absorbance at 640 nm. A blank should be done in
order to establish the absorbance of the mixture of phenol, nitroprussiate and oxidation solution
as the zero value. The concentration of ammonia can be calculated by substituting the absorbance

in a previously computed calibration curve:
C = 1,195-4 - 0,008 (Eq. 23)

Where C is the concentration and A the absorbance found with the spectometer.

Figure 32. Aspect of the samples after ammonia test

6.2.11. PHB quantification

In order to quantify the PHB quantity present in our sample the following methodology has been
followed. First of all a calibration curve is needed. To do that, it is placed 1mL of patron solution and
1mL of chloroform and heptadecane (CHCls + C17H36) solution. Then the tube is mixed with a vortex
for a minute. After that, 1ImL of the solution is transferred to an enumerated tube. Then 1mL of

CHCl; + Ci7Hs6is added to the first dissolution and it is placed in the vortex for a minute. Then 1mL
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of that sample is transferred to a second enumerated tube. This procedure is repeated until 6
concentrations levels are obtained. Finally 1mL of methanol 20% solution is added to all the
enumerated tubes. This samples are analysed with a gas chromatograph and thus the calibration

curve is obtained.

Once the calibration curve is done the samples can be quantified. To do that 2mg of dried sample
are weighted. Then, 1ImL of CHCl; + C;7H3sand 1mL of methanol 20% solution are added. The sample
are placed in the digester for 5h at 1002C. Once the 5h have passed the tubes are placed in ice for
15 or 30 min. Then 0,5mL of water are added and the part that is dissolved with chloroform is

transferred to vials with molecular sieves in order to measure them with a gas chromatograph.
6.2.12. Glycogen quantification

Simple sugars, oligosaccharides, polysaccharides and their derivatives give an orange yellow colour
when treated with phenol and concentrate sulphuric acid. Dubois has developed a method that
allows measuring submicro amounts of sugars [68]. This method requires of a calibration curve.
This curve is done by preparing 7 different glucose concentration solutions. Then 1mL of glucose
solution is added to a test tube. After that 0,5 mL of phenol and 2,5 mL of sulphuric acid concentrate
are added. Then the tubes are closed and placed in a vortex to completely mix. Then, the tubes are
leave it cold for 10 min and after that they are placed in a 352C bath for 15min. After that the

samples are measured with a spectrophotometer at 492nm.

Once the calibration curve is done the samples can be measured. First, it is necessary to extract the
glycogen from the cells and to break it into glucose molecules. To do that approximately 1,5mg of
sample are weighted. Then 2mL of chlorhydric acid 0,1N are added to the sample. After that the
tubes are introduced in the digester for 2h at 1002C. Once the glycogen is extracted and broken
into small molecules the same procedure as in the calibration curve is followed (addition of phenol,
and concentrated sulphuric acid, vortex, 10 min rest, 15min 352C bath and measured with

spectrophotometer at 492 nm). The glycogen concentration in mg/L can be computed by (Eq. 24):

C = 73,51-A— 2,098 (Eq. 24)

Where Cis the concentration and A the absorbance found with the spectrometer.
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6.3. Experimental methodology

In this part the experimental procedure developed to achieve the objectives will be explained. The
experimental methodology is divided in two parts the first one which talks about the control of the
30L PBR and the second one, which is the main part of the project, which explains the experiments

realized with the 3L vertical cylinder reactors.
6.3.1. 30L photobioreactor

To understand how this reactor is integrated in the wastewater treatment a brief summary of all
the complete process will be done. In the next image there is a scheme of the process. First of all
the water arriving from the sewage system is stored in a big tank (1a). Then this water passes by a
primary decanter in order to remove the heavy solids by decantation (1b). After that the water from
the primary decanter pass to the high rate algae ponds which works as a secondary wastewater
treatment (2). There the algae and other microorganisms removes the suspended organic matter.
Then, it is necessary to eliminate the microorganisms present in the ponds. It is done by a secondary
decanter which separates the microorganisms from water. The microorganisms are used in the
digester where they are degraded into biogas and a solution of minerals called digestate (3a). The
water extracted from the secondary decanter is mixed with the digestate and used as feed for the
30L PBR (3b). This PBR is used as a tertiary treatment where nutrients such as nitrogen or

phosphorus are removed at the same time that cyanobacteria are grown.

Water +

Digested

water

Figure 33. Process scheme
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This reactor is completely monitored in order to know how it is working. To do that different analysis

are planed during the week. In the following table there is a calendar with the analysis performed

every day.
Table 6. Planning of the analysis
Monday Tuesday Wednesday Thursday Friday
Turbidity e  Turbidity
o Turbidity
Oxygen e  Oxygen
A i * Oeen A i Turbidi
o Turbidity mmonia . oD . mmonia . urbidity
Anions e Anions e Oxygen
e Oxygen e TOC/TC/IC
SST/SSV e  SST/SSV
e  Chlorophyll
Alkalinity o  Alkalinity

6.3.2. 3L vertical cylinder reactors

This is the main experimental part of the project. As it was explained before the 3L vertical cylinder
reactors have been used to accomplish two main objectives: investigate the effect of nitrogen and
phosphor limitation and light hours in the production of PHB and glycogen in a mixed cyanobacteria

culture and observe which reactor operation best selects cyanobacteria.

K 16 days \ K 30 days \

e Light: 12h/24h e Light: 12h/24h

e Nitrogen/Phosphor limitation e  Phosphor limitation

e Inoculation: Biomass cultivated in ¢ Inoculation: Biomass cultivated in
the 30L PBR (rich in cyanobacteria) ‘ the 30L PBR (rich in cyanobacteria)

e Feed: BG11 medium + extra e Feed: Ponds water + digestate +

inorganic carbon extra inorganic carbon

e Operation: Batch e QOperation: Continuous, semi-

\ / \ continuous, SBR

Figure 34.Planning of the realized experiments

/

The first assay consist in two reactors one limited from nitrogen and the other limited from
phosphor. This experiments last for two weeks. The experiments was done twice one with
illumination for 24h a day and the other with illumination 12h a day. The culture for this assay was

rich in cyanobacteria. The experiment was elongated up to 16 day due to the fact that in previous
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assays it has been seen that with 8 days saturation was not reached, on the contrary the tendency

seems to continue to grow.

This experiments were completely monitored to understand what is happening with the system.

The experimental calendar was the following one:

Table 7. Analysis Planning

Monday Tuesday Wednesday Thursday Friday
Turbidity Turbidity Turbidity
Oxygen Turbidity Oxygen o Oxygen

. Turbidity
Conductivity Oxygen Conductivity o Conductivity
xygen
TOC/TC/IC total Conductivity TOC/TC/IC TOC/TC/IC
Conductivity
and soluble TOC/TC/IC total and total and
. TOC/TC/IC
Anions soluble soluble soluble
. soluble )
SST/SSV PHA + Anions Anions
PHA +
Chlorophyll Carbohydrates SST/SSV SST/SSV
Carbohydrates
PHA + Chlorophyll Chlorophyll
Carbohydrates PHA + PHA +
Carbohydrates Carbohydrates

Finally, a second experiment has been done in order to select the major quantity of cyanobacteria
to maximize the PHA productivity in our culture. In the previous results it has been seen that
phosphor limitation allows to achieve higher cyanobacteria content. This reactor where fed with
water from the ponds and digestate with a relation water/digestate 100:6 mL in order to connect
the whole process. The ponds water is rich in nitrogen and its phosphor content is low allowing to
have a phosphorous content lower than 2mg/L and a N to P ratio of approximately 10-12.
Nevertheless, water from ponds was diluted by half to avoid nutrients accumulation. To study the

best way to select cyanobacteria 4 types of operation has been tried:

e Continuous reactor: hydraulic and solids retention time of 10 days.
e Semi-Continuous reactor: hydraulic and solids retention time of 10 days.
e SBR1: hydraulic retention time of 2 days and a solid retention time of 10 days.

e SBR2: hydraulic retention time of 2 days and a solid retention time of 5 days.

The SBR are expected to have the capacity of eliminating scenedesmus sp. (green algae) present in
the inoculated biomass, as this kind of reactor operation selects the microorganisms that
precipitate more easily. Cyanobacteria are known to be quickly settled while scenedesmus remains

in suspension.
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In Table 8 there are the week analysis done for this reactors:

Table 8. Analysis planning

Monday Tuesday Wednesday Thursday Friday
e  Turbidity e  Turbidity e  Turbidity e  Turbidity e  Turbidity
e Oxygen e Oxygen e Oxygen e Oxygen e Oxygen
e Anions e TOC/TC/IC/TN e Anions e TOC/TC/IC/TN e Anions
e  SST/SSV soluble+total e  SST/SSV soluble+total e  SST/SSV

e Chlorophyll | e PHA + Carbohydrates Chlorophyll | ®  PHA + Carbohydrates
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7. Results and discussion

7.1. 30 L Photobioreactor

Cyanobacteria have the capacity of transform contaminants present in wastewater, such as
nitrogen or phosphor, and use them for its own benefit. The aim of this experiment is to observe
cyanobacteria growth and its capacity to remove contaminants from ponds. For that reason, as the
reactor works approximately always in the same way, a mean was computed with the values

collected during 135 days.

In Table 9 there are the mean values of the contaminants presents in the effluent from the ponds
(secondary treatment), the solution used to feed the PBR and the nutrients inside the PBR, as well

as the 95% confidence interval associated with these values.
Table 9. Nutrients present in the pond effluent, reactor feed and PBR

contamianee TSN

Mean 95% Cl Mean 95% Cl Mean 95% ClI
N-NH4* 0,192 0,137 7,556 1,639 0,285 0,187
N-NOy 1,167 0,513 0,947 0,343 0,658 0,324
N-NOs 17,215 4,630 17,151 3,516 8,113 3,315
P-PO,* 1,528 0,361 1,506 0,351 0,444 0,322
IC 26,084 4,795 25,707 2,700 20,929 4,795
TIN 14,791 7,277 26,858 4,436 9,456 4,098

N/P 9,681 -- 17,838 -- 21,294 --

In order to analyse in which cases there are significant differences between the nutrients present
in each of the process stages a one-way Anova statistical analysis has been done using the software
GraphPad Prisma6. One-way anova is a statistical method used to compare the mean of three or
more samples. It tests the null hypothesis, which says that no variation exists between variables.
This hypothesis is presumed to be true until statistical evidences nullifies it for the alternative
hypothesis. The one-way anova allows to compute the p-value which indicates the evidence against
the null hypothesis. A high value of p indicates a strong evidence of the null hypothesis, which
means no statistical differences, a value of p<0,05 means low significance (*), p<0,01 medium

significance (**), p<0,001 high significance (***), p<0,001 indicates really high significances (****).
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Figure 35. Nutrients present in the pond effluent, reactor feed and PBR. Indication of the statistical difference between bars. * p<0.05
low significance, ** p<0.01 medium significance, *** p<0.001 high significance, **** p<0.001 indicates really high significances.

Figure 35 shows the concentration of the water contaminants present in the different process
stages. In the case of ammonia, we can see that there are really significant differences between the
reactor feed and the other two. So, the microorganisms present in the PBR are capable of eliminate
the high ammonia concentrations present in the digestate. In the case of N-NO; there are small
significant differences between the ponds and the PBR, therefore not a high removal % of nitrites
may be expected. Talking about nitrates, we can see that there are significant differences between
the pond effluent, the reactor feed and the PBR. This means that PBR allows the removal of nitrates.
Nitrogen can easily change from ammonia to nitrite or nitrate and vice versa. For this reason it has
been also studied the total inorganic nitrogen (TIN), which is the sum of the total amoniacal nitrogen
(TAN), the N-NO; and the N-NOs. It can be observed that there are really significant differences
between the concentration of TIN in the feed and the concentration in the PBR. This demonstrates
the microorganisms present in the PBR have a high capacity to remove inorganic nitrogen.
Significant differences are also found with P-PO,*, so phosphor elimination is also possible with that
system. For inorganic carbon there are no significant differences, but it should be remembered that
this reactor is connected to a CO; gas bottle that regulates the pH by CO; injection, so an extra

source of inorganic carbon is present that is not included in the calculation of the reactor feed.
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Finally the degree of elimination of nutrients can be computed by (Eq. 25).

mg mg

. . Creeal 1= Crer[7 1 (Eq. 25)
Contaminatn elimination [%] = g -100
Cf eed [T]

In Table 10 there are the obtained efficiencies. High elimination efficiencies are achieved by using

this system as a tertiary treatment, especially in the case of ammoniacal nitrogen and phosphor.

Table 10. Water treatment efficiencies

Water treatment efficiencies
N-NH4* 96,2%
N-NO, 30,5%
N-NO3 52,7%
P-PO.> 70,5%
TIN 64,8%

These process will be applicable in the urban wastewater treatment, if the obtained values meet
the European directive 91/271/EEC [69]. In Table 11 there is a comparison between the obtained
values and the limit values of Directive 91/271/EEC. The TSS are much higher than the limit ones.
So, to apply this process as a substitute to the conventional wastewater treatment an extra process
stage, such as decantation, is necessary to eliminate the suspended biomass. Table 11 shows that
the soluble values are all below the limit of discharge. Therefore, if biomass is eliminated the
resulting effluent will obey the law. Furthermore, the eliminated biomass is an interesting by-

product for the production of biofuels and bioplastics.

Table 11. Comparison of the results with directive 91/271/EEC [69]. In red there are the values over the limit from the
directive. In green the values below the limit values of the directive

gf;;(;?}‘é:E Total | Soluble
DQO [mg 02/L] 125 --
TSS [mg/L] 35 450 --
Total Phopsphor [mg/L] 2 -
Total Nitrogen [mg/L] 15 31,4
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Not only contaminants have been removed but also cyanobacteria have been grown in the PBR. It
has been found that the amount of volatile suspended solids is 0,369 + 0,118 g/L and that there is
a chlorophyll amount of 1,328 + 0,333 mg/L which indicate the presence of photosynthetic
microorganisms (microalgae and cyanobacteria). Figure 36 shows that in November the
microorganisms present in the photobioreactor are mainly green algae of Scenedesmus sp. (a).
Some cyanobacterias are observed but in small quantities (b). In January the presence of
cyanobacteria becomes higher. The specie that dominates is Aphanocapsa sp. These cyanobacteria
have been found either in completely isolated flocs (b) or in flocs with a high presence of green
algae (c). Some other cyanobacteria species have been found such as Pseudanabaena sp. although

they are present in a much lower quantity.

Figure 36. Microscopy images from the 30L PBR culture A) and B) pictures are from November and c) and d) from January. A) Isolated
cells from scenedesmus sp. Observed in phase contrast microscopy (x400). B) Floc mainly dominated by green algae. Observed in bright
light microscopy (x1000). B) Floc completely dominated by cyanobacteria from Aphanocapara sp. observed in phase contrast microscopy
(400x). c) Algal floc with a high presence of cyanobacteria from Aphanocapsa sp with some Pseudanabaena sp. Observed in phase
contrast microscopy (400x).
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Our group, in a previous study done by DM. Arias et al. [3] observed the effect of nitrogen, phosphor
and inorganic carbon charges on the cyanobacteria dominance in a mixed culture of cyanobacteria
and microalgae. In Table 12 the results obtained in this project are compared with the ones
obtained in [3].

Table 12. Comparison between the main quality parameters of [3] during the three experimental periods and the ones
obtained in this project

Period 1 | Period 2 | Period 3 | This project

pH 8,1 8,4 8,6 8,01
DO [mg/L] 8,8 6,8 6,4 8,68
TSS [g/L] 0,52 1,05 0,49 0,45
VSS [g/L] 0,41 0,84 0,39 0,37
Biomass production [g VSS/d-L] 0,041 0,084 0,039 0,037
Chlorophyll a [mg/L] 3,9 4,5 3,7 1,4

Alkalinity [mg CaCOs/L] 92,5 112,3 224,4 185,9
Total ammoniacal nitrogen (TAN) [mg/L] 0,3 0,3 0,16 0,29
N-NO; [mg/L] 0,41 0,09 0,06 0,66
N-NOs [mg/L] 31,18 12,49 3,95 8,11
Total inorganic nitrogen (TIN) [mg/L] 31,94 12,88 4,12 9,46
P-PO4* [mg/L] 1,36 0,9 0,2 0,44
TAN removal >95% <96% >95% 96%
N-NOs removal - =" 91% 52%
P-PO43' removal 44% 47% >95% 70%
Lv-P [mg P/L-d] 0,28 0,23 0,16 0,15
Influent N:P ratio 13 10 18 18

The volumetric phosphor load and the influent N:P ratio obtained in this project approximate the
ones of period 3. However, in this case the P-PO;* and the TIN present in the PBR are higher. This
is caused by a low removal % of either nitrates or phosphates compared to period 3. A really low
concentration of chlorophyll “a” is present in this project compared to any of the periods. That low
chlorophyll content may explain the low removal % as there are less photosynthetic
microorganisms than in the other cases. Although the phosphor content in this project is higher
thanin period 3 the biomass production is similar, but the quantity of cyanobacteria present is more
like the one from period 1. Nevertheless, it seems that the culture is changing towards
cyanobacteria domination. So, if feed conditions are maintained period 3 will be likely achieved. It
should be also taken into consideration that the initial culture is mainly dominated by

scenedesmus sp. this microalgae is a high competitor of cyanobacteria even when low phosphor
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charges are applied. For that reason it is interesting to study other ways to select cyanobacteria,

as donein7.2.2.

As a conclusion, it can be said that this kind of system can be used as a tertiary wastewater
treatment as they are capable of eliminate 65% of the total nitrogen and a 70% of the phosphor.
However, decantation of the biomass is necessary for this process to be used as substitute of
conventional wastewater treatment. At the same time, it have been seen that cyanobacteria use
these contaminants as nutrients and proliferate. The major problem is that there are many
microorganisms that compete with cyanobacteria. It have been seen that low levels of phosphor
enhance the cyanobacteria culture doninance. However, scenedesmus sp are high competitors
even in low phosphor levels. For that reason, it is interesting to study other techniques that may

enhance the selection of cyanobacteria in front of other microorganisms.

7.2. 3L Vertical cylinder reactors

These section include the main project results. The first part shows the results of the experiments
done in order to find the best nutrients and light conditions to accumulate PHB and carbohydrates.
In the second part there are the results of applying different reactor operations to observe which

one causes a higher cyanobacteria selection.
7.2.1. Optimal nutrients and light conditions for PHB and carbohydrates accumulation

To understand which conditions favour the PHB and carbohydrates accumulation it is important to
observe how the culture changes with time. For that reason different analysis have been done as
explained in 6.3.2. In order to make the results interpretation easier a colour code has been

established for all the graphics and tables:
Table 13. Colour code legend

= P-limitation @)
<

N oo

= | N-limitation (")

< = P-limitation A
[eT]

™ =" | N-limitation A

Dissolved oxygen (DO) is an indicator that photosynthetic microorganisms are present in the
culture. Dissolved oxygen measurements were done daily during the 15 experimental days. In the
case of 12 h light culture it was measured after the dark phase. Table 14 show the mean dissolved

oxygen values obtained after 15 experimental days.
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Table 14. Dissolved oxygen results

12h light 24h light

N-limited | P-limited | N-limited P-limited

6,18+0,28 mg/L | 6,56 +0,27 mg/L | 7,07+ 0,71 mg/L | 7,60 + 1,09 mg/L

From Table 14 it is observed that 24h light culture have a higher DO concentrations. However, these
results are not conclusive as oxygen was not continually monitored, on the contrary in the 12h light
culture, oxygen was measured after the dark phase were the oxygen concentration decreases due
to the fact that photosynthetic activity is almost stopped while cellular respiration remains constant
increasing thus the DO consumption/DO production ratio. Some measurements has been done at

the light phase getting values up to 8 mg/L.

To observe how the culture population is changing microscopic observations and reactor pictures
have been done. Table 15 shows that in all the cases the initial culture is formed by a mixed algae
and cyanobacteria population. Cyanobacteria can be distinguished from green algae for its blue
greener colour. In this case all the cyanobacteria found in the four cultures were mainly composed
by Aphanocapsa sp.. Both 12h and 24h light cultures show that when the culture is limited from
nitrogen the cyanobacteria and green algae loss its pigments due to chlorosis. That is why the
culture turns to yellow. In the case of 24h light cultures it can be seen that this changes occur quicker
than in the case of the 12h light culture. In day 4 the cellules from the N-limited 24 h light culture
have already lost its pigments while in the case of N-limited 12h light that does not occur until day
12. That can be explained by a metabolism change during the dark hours. Cyanobacteria perform
photosynthesis and respiration at the same time [70]. However, when no light is present the
photosynthesis is stopped. Thus, the NADPH and ATP needed to maintain the cell alive, is
synthesized almost only by the catabolism and cell respiration. Not enough energy and reducing
power is present for the cell to reproduce. So the growth is reduced during the darkness hours and
thus culture depigmentation is slower. In the case of the phosphorous limited cultures the

cyanobacteria population increases until a point in which nitrogen quantity is really low.

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d'Enginyeria de Barcelona Est

57



Report

12h light

imited

N-I

Table 15. Microscopy and reactor pictures

Day 4 Day 9

imited

P-l

24h light

imited

N-I
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imited

P-l

It is not enough with microscopic observations to see how the culture is changing. Different analysis

has been done to see the culture growth.
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Figure 37. TSS and VSS for 24h light cultures Figure 38. TSS and VSS for 24h light cultures
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Figure 39. Total organic carbon (TOC)

In Figure 37 and 38 there are the results of the total and volatile suspended solids and in Figure 39
the ones for the total organic carbon. As there is no soluble organic matter, an increase in TOC
indicates that microalgae and cyanobacteria are growing. Those results must be compared with the
volatile suspended solids as they are the ones corresponding to organic matter. It can be seen that
either TOC or VSS analysis in the 24h light cultures the growth is stabilized from day 9. On the
contrary in the 12h light cultures the N-limited achieves steady state at day 12 and P-limited culture
maintain its growth all the experimental time. Those differences between 12h and 24h light

correspond to the metabolic changes during the darkness hours as previously explained.

An increase in either TOC or VSS could mean an increase on the quantity of cells in the culture or
just that the cells are accumulating components. For that reason, chlorophyll measurements can
be used to make a prediction of which of this two options is happening. If chlorophyll remains stable

but VSS or TOC increase will mean that some components are been accumulated inside the cells. If
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both chlorophyll, VSS and TOC increases will mean an increment of the photosynthetic
microorganisms population which may also cause an increase on the PHB or carbohydrates
concentration. If chlorophyll decreases but VSS remains constant will mean a loss in the cellular
pigments. This process is known as nitrogen chlorosis and has been demonstrated that has not to
be accompanied by the loss of cell viability, it is just an acclimation process that enable the cells to
survive prolonged periods without nitrogen. Chlorophyll “a” contains nitrogen that can be used as
an intracellular nitrogen source. Furthermore, the protein anabolism is stopped due to a lack of the
nitrogen necessary for the amino acid synthesis. For that reason cells stays in a dormant-like state
until an addition of nitrogen is done [71], [72]. Finally, if both chlorophyll and VSS decreases it will

mean that there is cellular death.
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Figure 40. Chlorophyll and VSS 12h light cultures
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Figure 41. Chlorophyll and VSS 24h light culture
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In Figures 40 and 41 it can be seen the chlorophyll “a” concentration compared to the volatile

suspended solids. In the P-limited cultures both chlorophyll and VSS follows an increasing tendency.

That means that the photosynthetic microorganisms present in the culture are growing. The 24h

light culture reaches saturation earlier than the 12h light culture. On the contrary, the chlorophyll

in the N-limited cultures drastically decreases up to almost 0 mg/L levels while VSS remain more or

less stable. That confirms that in both cases chlorosis is taking place due to the lack of nitrogen.

A really important nutrient either for the PHB and carbohydrates accumulation is inorganic carbon.

It is necessary for the PHB and glycogen synthesis that inorganic carbon is never limited. For that

reason it is very important to control and add inorganic carbon whenever it is necessary.
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Figure 45. Inorganic carbon concentration N-limited culture 24h
light

The peacks observed in the graphs from figures 42, 43, 44 and 45 correspond to an addition of

bicarbonate. This additions has been done when a low inorganic carbon level was detected. In the

case of 12 h light cultures high inorganic carbon consumption was observed until day 5. It can also

be observed that there is some flat parts between the picks. Those parts correspond to the darkness

hours when photosynthesys is almost stopped so no carbon is fixed. In 24h light cultures the
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consumption rate is higher, although in the N-limited culture the consumption rate also decreases

at day 7. The higher consumption of inorganic carbon by the 24h light cultures is due to the fact

that they are all the time fixing CO, in the Calvin cycle due to the continue presence of light.

Finally, after seeing how the culture parameters have evolved during the experiment it is time to

see which conditions allows accumulating more PHB and carbohydrates.
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Figure 46. Carbohydrates concentrations 12h light experiments

120

100

[0
o

&

-
o=
-

———<ie
-~} Iﬁ’
40 @ /”,/N"
.“"".
20 g~ L
"

0
1 3 5 7 9 11 13 15

PHB (mg/L)

days
==® --N-limited 12h light =-®=-P-limited 12h light

Figure 48. PHBs concentrations 12h light experiments
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Figure 47. Carbohydrates concentrations 24h light experiments
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Figure 49. PHBs concentrations 24h light experiments

Table 16. Maximum carbohydrates and PHBs concentration levels

12h light 24h light
N-limited P-limited N-limited P-limited
Max Carbohydrates 838,056 432,131 641,310 | 662,382
concentration [mg/L]
Max PHBs
) 61,614 76,361 51,635 104,234
Concentration [mg/L] 04,23
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In the case of carbohydrates a maximum is achived at day 12 with 12h ligh cultures and at day 8 in
the case of 24h light cultures. In the case of PHBs in the 12 h cultures a maximum is not reached, so
probably a highest concentration of PHBs can be achived if the experiment is maintained for longer.
In the 24h light culture a maximum has been reached at day 8, after that day the PHB levels become
stable. In the case of carbohydrates the culture conditions that get a highest accumulation levels
are 12h light and nitrogen limitation. For PHBs 24h light and phosphorous limitation are the
conditions that get highest accumulation levels. It can be said that the nitorgen limitation seems to
enhance the carbohydrates acumulation more than phosphor limitation. However, phosphor
limitation seems to enhance the PHBs accumulation. The role of PHBs in cyanobacteria is not really
clear as these microorganisms lacks of a complete tricarboxylic acid cycle, so depolymerization of
PHB can play only a minor role for energy production [16]. As explained in 3.2 different metabolic
explanations has been found for why either nitrogen or phosphorous limitation conditions can
enhance PHBs accumulation. It seems that the effect of nitrogen and phosphor is specie dependent.
In this case it seems that the decreas in ATP due to the phosphor limitation and the surplus of
reducing power generated has a highest effect on the PHB accumulation that the inhibition of the
aminoacid synthesis due to nitrogen stravation. However, the inhibition of aminoacid synthesis

seems to be more determinant for the carbohydrate accumulation.

Finally, in order to choose the best working conditions some key performance indicators (KPI) has
been defined. A key performance indicators are a set of quantifiable measures that indicates the

performance over time of a process. The defined KPIs are the following ones:

e Environmental index: In this case inorganic carbon has been added in the form of
carbonate because there was not a CO; injection system available. However, it must be
remembered that CO; can be used instead of carbonate as an inorganic carbon source and
instead of chlorhydric acid in order to control the pH. For that reason it is important to
know how much inorganic carbon (CO,) is consumed. With that index it can be
approximately seen the capacity of each system to convert CO;into other interesting cell
constituents and thus it can be observed how good the system conditions are as a carbon
capture and storage (CCS) technology. The environmental index can be computed as

follows:

Environmental index [%]

Inorganic carbon added [%] £q. 26
- -100

Final conc PHB [%] + Final Conc Carbohydrates [%]

e Economic index: it is impossible to have a culture of 24h using natural light, so it will be

necessary to spent some energy to illuminate the culture at least 12 hours per day. In order
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to see If the money wasted in illumination is economically reasonable this economic index

was used. The economic index considers the benefits of selling the PHB and biodiesel

produced without taking into account the extraction and biorefinery costs as they will be

the same for all the culture conditions. The economic index can be calculed with the

following equation:

Economic index [E]

kg _ € kg
= conc PHB [T] - Price PHB [k_g] + Conc carbohydrates [—]

€
- Price carbohydrate [E] — 60W - 2 - illumination hours [h]

- Price energy [

kWh

€
]

(Eq. 27)

The concentration of either PHB or carbohydrates refers to the final concentration minus

the initial concentration. This is done in order to put all the concentration with the same

base reference. As if you start from a higher base it is really probable that you get a higher

final concentration.

The considered prices are the following ones:

Table 17. Considered prices for the economic index

Bioethanol price 0,41 €/kg | http://bit.ly/2p7cRFO
PHA price 5,00 €/kg | http://bit.ly/2q241e2
Energetic costs 0,10 €/kWh | http://bit.ly/1CK8QD2

Finally, the values get for the indicators are summarized in Table 18:
Table 18. KPI results

Environmental index [%]

144%

214% 195%

223%

Economic index [€/L]

3,839-10*

4,194-10* -2,225

2,224

The culture conditions that allows a highest carbon fixation is the 24h light limited from phosphor.

It also seem that the P-limited cultures are more efficient in the carbon fixation and conversion into

profitable components. Looking the economic index it can be clearly seen that expending extra

money in illumination does not compensate the benefits generated by selling the components. The

culture conditions that generate more benefits is the 12h light limited from phosphor.

Finally, after analysing all the obtained results and taking into account the KPIs. It can be said that

in this case the optimal cultivation conditions found are 12h light with phosphor limitation.
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Although the 24h light P-limited culture has a highest carbon conversion efficiency, the value from
the culture with 12h light is really similar. Furthermore, using just 12h illumination makes this type
of culture suitable for external cultivation, making sun the sole energetic source necessary. Even
though the N-limited culture is capable of accumulating more carbohydrates the economic benefit
that generates the PHB selling is higher than that from carbohydrates, so at the end it is preferable

that PHBs concentration to be as high as possible.

7.2.2. Selection of cyanobacteria

In the used system there is a huge competence between different microorganisms born in
wastewater, such as cyanobacteria, green algae or protozoa. To produce more PHB it is interesting
to have a culture dominated by cyanobacteria, as they are the unique ones capable of accumulating
PHB in such conditions. For that reason 4 reactor operation have been set in order to best select

cyanobacteria. The reactor operation tried are presented in Table 19:

Table 19. Colour code and characteristics of the different analysis done

] HRT: 10 days
Continuous
SRT: 10 days
) ) HRT: 10 days
Semi-Continuous
SRT: 10 days

Sequencing batch | HRT: 2 days
reactor 1 (SBR1) | SRT: 10 days

Sequencing batch | HRT: 2 days
reactor (SBR2) | SRT:5 days

In the previous experiment it was observed that 12h light culture with phosphorous limitation are
the preferable cultivation conditions. The effluent of the high rate algae ponds is rich in nitrogen
and scarce from phosphorous. So small phosphor charges could be achived and at the same time

the production of PHB and carbohydrates can be joined with the wastewater treatment.

In this experiment daily microscopic observations have been done in order to observe which of the
systems have more cyanobacteria. In Table 20 there are some relevant microscopic images done
during the experiment. Two types of microscopes have been used in this experiment. The optical
microcop and the fluorescence microscop. The fluorescence is used to detect cyanobacteria as they
have phycocyanin pigment which emites fluorescence when iluminated at 650 nm. In Table 20

there are the pictures of the microscopic observations. The black and white images correspond to
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Table 20. Microscopic observations

Day

1

2

3

6

7

8

10

15

Continuous

08/03/2017

Semi-
continuous

09/03/2017

10/03/2017

14/03/2017

13/03/2017

$

15/03/2017
- ?.

22/03/2017
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The microscopic observations show that firstly the cyanobacteria percentage was low. The main
cyanobacteria species found are Aphanocapsa sp. and Croococcus sp. In the next experimental days
the cyanobacteria population increases in all the systems, being the continuous reactor the one
with a higher percentage. From day 4 to 7 the population of cyanobacteria in the SBRs systems
decreases and the culture starts to die. Protozoa appear in these systems. In the case of continuous
and semi-continuous culture the cyanobacteria presence remains at around a 30% of the culture
population. This percentage is maintained till the end of the experiment. However, the green algae

Scenedesmus sp. population increases in these reactors.

From day 7 to 16 the cyanobacteria population in the continuous reactor starts to increase being
the system with a highest population of cyanobacteria. In the case of semi-continuous reactor the
percentage of cyanobacteria remain constant although the Scenedesmus population increases. In
the case of SBR reactors there is an increase of the presence of flagellated microorganisms (bacteria
and protozoa). The cyanobacteria percentage is really low. SBR 1 is the SBR with a higher percentage

of cyanobacteria.

At day 16 due to a problem with the acid dosage in the continuous reactor the pH decreases to 2.
In this moment the majority of the microorganisms in this culture die. At this point this system
cannot be anymore compared with the others. However, 2 days after normal pH is recuperated the
culture recovers its green colour and the green algae becomes the main microorganism,
demonstrating their survival capacity. In the case of semi-continuous reactor Scenedesmus sp.
population follow their grow taking finally the place of cyanobacteria which decreases in quantity.
In SBRs the cyanobacteria population follows decreasing becoming less than a 5% of the present
microorganisms. There are almost no Scenedesmus present in those kind of reactor, however, the

presence of other green algae species is really high.

As a sum up it can be said that semi-continuous and continuous reactors are the ones with a higher
quantity of cyanobacteria. Semi-continuous system is able to maintain a high presence of
cyanobacteria during all the experiment. However, at the end of the experiment the scenedesmus
sp. present in this system starts competing with the cyanobacteria for the culture dominance.
Protozoa have been observed in all the reactors, although its presence is higher in SBRs.

Cyanobacteria presence in SBRs is really low.
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In the next graphics there are the chlorophyll and volatile suspended solids results.
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Figure 51. VSS and Chlorophyll results for SBR1 system Figure 50. VSS and Chlorophyll results for SBR2 system

Figure 52, Figure 53, Figure 50 and Figure 51 show that chlorophyll and VSS have approximately the
same tendency which means that an increase on the VSS is caused by an increase in the
photosynthetic microorganisms. The VSS and Chlorophyll remain more or less constant in all the
cultures except for the SBR1. In SBR1 there is an increase in the VSS and the chlorophyll. No increase
in the cyanobacteria population has been observed in the microscopic analysis, so that rise can only

be explained by an increase in the green algae population.

Some of the microorganisms present in SBRs are eliminated with the supernatant (see Operation
of the photobioreactors). It is found that this quantity is around a 14% in SBR1 and a 15% in SBR2.

This is a quite small quantity which can be neglected when computing the solid retention time.
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In this experiment it is required to coordinate the wastewater treatment with the production of
PHBs and carbohydrates. So, the culture medium is not an artificial medium as in the previous
experiments otherwise it formed for water from the ponds and digestate from the anaerobic

digesters. For that reason it is important to study the nutrients present in the culture

Table 21. Summary of the nutrients present in the culture

Continuous

Semi-Continuous

Lv- PO;* [mg/d-L] 0,098 0,098 0,492 0,492
P-PO.* [mg/L] 1,001 £ 0,755 1,234 +0,627 1,165+ 0,737 1,067 + 0,559
TAM [mg/L] 5,419 £ 3,450 4,096 + 3,004 3,710+ 2,475 2,821 +£1,919
N-NO; [mg/L] 3,625+ 1,190 3,893 + 1,807 4,536 + 2,742 7,258 £ 4,560
N-NOs [mg/L] 7,748 + 1,566 11,679 + 3,593 9,234 +3,173 10,343 £ 3,809
TNsoluble [Mg/L] 25,112 £ 2,55 33,173 £3,411 40,973 £ 4,507 46,790 + 3,818
N/P 25 27 35 44
TOCsoluble [Mg/L] 50,676 £ 6,274 46,984 + 5,002 54,067 £ 11,839 | 49,546 + 155,985
IC added [mg/L] 150 300 50 50

In Table 21 there is a summary of the most important nutrients present in the culture. In the case
of phosphor it can be seen that the mean values are pretty high in all the cases. No limitation of
phosphor is obtained by using water from the ponds. This predicts a low accumulation level of PHB
and Carbohydrates. As seen in [3] volumetric loads of phosphor >0,28 mg P/d-L lead to low
cyanobacteria concentrations and green algae dominated cultures. In the case of SBRs the
phosphor volumetric load is much higher than 0,28 mg P/d-L. This can explain the low presence of
cyanobacteria in this systems. A solution to reduce the load of phosphor in those reactors could be
increase the HRT. If a higher hydraulic retention time is implemented the daily introduction of
phosphor in the reactor will be reduced as less volume is replaced every day. There is also a high
quantity of dissolved organic carbon in all the systems. This high presence of solved organic carbon

may allow protozoa and heterotrophic bacteria living in this medium.

In SBRs although their amount of photosynthetic microorganisms is higher than in continue and
semi-continue reactors the inorganic carbon consumption is much lower. That indicates that
cyanobacteria and green algae have not a good access to inorganic carbon. It is probable that the
selection of cyanobacteria in SBRs would work better if a lower SRT is applied. Lower SRT will lead
to lower organic charges, eliminating thus the presence of heterotroph microorganisms and

allowing a better access to nutrients by cyanobacteria.
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Finally, the PHB and carbohydrates accumulated by these cultures have been studied. In Figure 54

and Figure 55 there are the obtained results:
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Figure 55. PHBs concentration during the experiment Figure 54. Carbohydrates concentration during the experiment

Table 22. Maximum concentration values

Continue

Semi-continue

SBR1
SBR2
P-limited 12h light

Max PHA [mg/L] | Max Carbohydrates [mg/L]
2,03 78,77
2,29 62,97
6,59 140,40
2,26 123,91
76,361 432,131

Table 22 shows that the culture that accumulates more PHB and carbohydrates is SBR1 which have
a solid retention time of 10 days. As previously observed this reactor is the only one that have a
growing tendency in both VSS and chlorophyll. This tendency can explain the increase in the
carbohydrates content, as if microorganismspopulation increases there will be more
microorganisms accumulating carbohydrates. In the case of PHB there is an unexpected peak at day
17. Microscopic observations show that SBR1 is the SBR with a higher cyanobacteria content, which
can explain that this reactor had a higher PHB concentration than SBR2. However, Semi-continuous
reactor has a higher quantity of cyanobacteria, so this accumulation peak can only be explained by

the presence of heterotrophic bacteria.
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Although SBR1 is the one with higher accumulation amounts, the maximum achieved
concentrations are much lower than in previous experiment as seen in Table 22 . This is because of
the fact that cyanobacteria start to accumulate when the culture is completely depleted from
phosphor [16]. If water from ponds wants to be used as culture medium a previous phosphorous
elimination process should be done. New technologies that use nanocomposite magnetic particles
functionalized with ZnFeZr-adsorbent are being investigated to efficiently and inexpensively

eliminate and recover phosphates which can be afterwards used as fertilizers [73].

Finally, the maximum PHBs accumulation levels obtained in all this project have been compared
with the ones obtained under photoautotrophic growth conditions in other articles. Table 23 shows
that the dry cell percentage found in this project when using an artificial culture medium is around
the ones obtained in other articles. It should be notice that the other articles use cultures formed
by a unique cyanobacteria strain. So there are no other species competing by the nutrients.
However, in this project the used biomass is formed by wastewater-born species, therefore there
is a huge competition between cyanobacteria and other microorganisms, such as green algae. For
that reason it can be concluded that the obtained results with the BG11 medium are pretty good in
comparison with other articles. Nevertheless, the % obtained when using water from the ponds is
much lower than in other articles. For that reason, more research is needed on how to eliminate
cyanobacteria competitors. An improvement of the wastewater treatment process is also necessary
in order to completely eliminate the phosphor present in the ponds effluent, to reach high

accumulation levels.

Table 23. Comparison of the dry cell weigh % accumulation of PHBs

Dry cell weight % medium Reference
Mixed culture (SBR1) 0,50% Ponds Effluent This project
Mixed culture (P-limited o K;HPO, free BG11 . .
12h light) >,62% medium This project
Spirulina platensis 6% Artificial medium [31]
Mineral medium
Spirulina maxima 1,2% devoid of [16]
phosphorous
Nostocmus- 0 NaNOs free BG-11
corumNCCU- 442 6,44% medium 371
Synechococcus NaNOs free BG-11
10
sp. PCC7942 % medium [74]
Aulosira fertilissima 6,4% BG-11 Medium [75]
Synechocystis sp. PCC 0 K;HPO, free BG11
6803 11,2% medium [76]
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8. Environmental analysis

The production of PHA by wastewater born cyanobacteria is in general an environmentally friendly
process as the whole process is capable of consume CO; while they treat water without using any
chemical, accumulate PHB and carbohydrates which are also economically and environmentally

interesting products.

Although the general process is environmentally friendly, it should be remembered that there
always exists a risk for the manipulator since wastewater which can contain pathogen
microorganisms are treated. Furthermore, the chemical analysis done to control the culture use
some dangerous substances, both for the environment and human health. For that reason some
rules should be followed to avoid accidents and cause the minimum damage to the environment.
This part summarizes the security rules and the precautions that should be followed in order to

avoid possible laboratory accidents:

e Usethe personal protective equipment (PPE), nylon gloves, laboratory glasses and lab coat.

e Correct labeling of the prepared solutions, products and ongoing experiments.

e Do not eat or drink in the laboratory.

e It should be known where are placed the emergency systems: extinguishers, showers, eye
washes.

e Maintain clean and ordered the working space. In this laboratory as microorganisms from
waste water are used it is necessary to clean the laboratory tables with bleach twice a
week, in order to avoid contamination of the samples and human infection by pathogen
microorganisms that could be present in wastewater.

e Clean your hands after working in the laboratory. This rule is very important to protect you
against possible infections due to pathogen microorganisms from wastewater.

e Before using a chemical substance the safety data sheet should be read. All the substances
should be stored and manipulated as indicated in the safety data sheets (Annex 3)

e The substances that emit toxic vapors should be manipulated under fume hoods. In this
project this should be done for the following analysis:

o Carbohydrates analysis as concentrate sulphuric acid is used.
o Ammonia analysis due to phenol.
o COD due to the potassium dichromate and sulphuric acid.
o PHB quantification analysis due to chloroform.
e The generated residues should be deposited in the appropriate drum, for their subsequent

treatment.
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9. Conclusions

From the bibliographic review carried out and the experimental results obtained in this project the

following conclusions can be deduced:

e The conventional wastewater treatment consist of 4 stages: pre-treatment, primary
treatment, secondary treatment and tertiary treatment. High rate algae ponds (HRAP) can
be used as an alternative secondary treatment. They are simpler and cheaper than

activated sludge.

e Cyanobacteria are prokaryotic microorganisms capable of accumulating
polyhydroxybutyrates and carbohydrates under photoautotrophic conditions. It has been
found that nitrogen limitation changes the metabolism towards lipid and carbohydrates
accumulation. Furthermore, the reduction of the amino acid synthesis causes the
remaining NADPH to be converted into PHB. In the case of phosphor limitation it has been
found that low levels of inorganic phosphor enhance glycogen accumulation. Moreover,
the phosphor limitation causes a surplus of NADPH that is thought to turn on into PHB

accumulation.

e There are two different types of photobioreactors: open and closed. Open ones are
cheaper and easier to maintain. However, they suffer from contamination. On the contrary,
the closed photobioreactors can be easily controlled and they reduce the contamination
problems, but they are more expensive. Closed reactors can be operated in different ways:

Continuous, semi-continuous, batch and sequencing batch reactor (SBR).

e The 30L photobioreactor is able to eliminate contaminants present in wastewater as it
eliminates a 65% of the total inorganic nitrogen and a 70% of the phosphor. However, to
substitute conventional wastewater treatment by this process it is necessary to eliminate
the photobioreactor biomass by decantation. Cyanobacteria are able to grow in this kind
of systems by using wastewater contaminants as a feed. The main problem is the
competence with other microorganisms. To reduce it, low phosphor charge must be

introduced.

e Nitrogen limitation enhance glycogen accumulation and phosphor limitation enhance PHB
accumulation. 24h light and phosphor limitation is the system which reach higher PHB
concentrations (104,23mg/L). Nevertheless, the economic KPI indicates that the generated
benefits do not compensate the 24h illumination costs. Therefore, the optimal cultivation

conditions are phosphor limitation and 12h light.
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e The reactor operation that produce a higher increase of cyanobacteria presence are semi-
continuous reactor. Sequencing batch reactors seems to have a high potential in the
cyanobacteria cultivation. However, lower solid retention times should be applied to
reduce the organic charge and thus decrease the presence of heterotroph microorganisms.
Furthermore, an extra process stage is necessary to limit the phosphor from the ponds

effluent, thus high PHB and glycogen concentrations will be possible.

e Cyanobacteria culture is a potential feasible method in the waste water treatment that
provide PHB and glycogen as subproducts with possible worthwhile cost-benefits in the
application to biodegradable plastics and bioenergy production if an adequate

development is achieved.
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10. Economic analysis

10.1 Materials and equipment costs

The materials and equipment costs refers to all the equipment, reagents and material used to realize
all the experiments and analysis. It was divided into fungibles, reagents, laboratory equipment and
reactors. For each of these categories an approximate shelf life has been established in order to

compute the inversion amortization. The amortization can be computed as:

€ _ Adquisition costs [€] (Eq. 28)
ear'  Shelf life [years]

Amortization [y

All the prices for the material and equipment costs were taken from Fisher Scientific catalogue except

in the case of the reactors.
10.1.1. Fungibles

The UPC Manual de gestié economica [77] defines as a fungible anything that is consumed with it use
or which have a shelf life lower than a year. In Table 24 there is the fungible material used in this
project:

Table 24. Fungibles costs

Fungibles

Material Characteristics Quantity unit price (€/kg) Total price
5mL 500/bag 1 82,4 82,4
Electronic pipete Tip
1000 pul 1000/bag 1 20,27 20,27
Ependorf tub 1000 units/bag 1 36,8 36,8
Glass pasteur
] 1000 units/bag 1 42,81 42,81
pipetes
Storage plastic 500 mL 10
3 46,8 140,4
bottles units/bag
Microscope slides 50 units 2 5,25 10,5
Microscope glass
100 units 1 8,7 8,7
coverslips
100 mL 10 4,194 41,94
Beakers 150 mL 3 4,69 14,07
500 mL 1 6,95 6,95
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Plastic beakers 500mL 3 3,55 10,65
Filter flask glass 2L 2 91,36 182,72
Burete 25mL 1 46,9 46,9
25mL 1 7,175 7,175
Cylinders 50mL 1 11,385 11,385
100mL 1 7,9 7,9
50 mL 5 6,97 34,85
100mL 1 7,03 7,03
Volumetric flask
500mL 1 15,2 15,2
1L 1 22,875 22,875
Erlenmeyer 100mL 10 4,903 49,03
9x130 mm 1 2,44 2,44
Microespatula
spoon shaped 5x9 1 4,26 4,26
Spatula
mm
en forma de
1 1,83 1,83
cuchara 5x130
Pliers 1 16,63 16,63
Water wash bottle 500 mL 2 4,95 9,9
Acetone flasks 250mL 1 9,0375 9,0375
Cubetes Optical glass 2 56,95 113,9
Xeringe 0,5mL glass 1 153 153
25mL aforate 1 9,05 9,05
Pipette
50 mL aforate 1 11,05 11,05
TOTAL 1131,66
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10.1.2. Reagents

The reagents costs are the costs of buying the substances necessary to do the analysis and prepare the

culture medium. No amortization was considered in this case, as the reagents will be completely

expended during the project.

Table 25. Reagents costs

Reagents Characteristics Quantity | unit price (€/kg) | Total price (€)
NaNO; 1L 1M 1 28,04 28,04
K:HPO, 250g 99+% 1 24,2 24,2
MgS0,-7H,0 500 g 1 441 44,1
CaCl,-2H,0 500 g 1 171 17,1
Citric acid 250 g 99% 1 15,2 15,2
Ammonium ferric citrate green 16,5-18,5% Fe 250g 1 27,9 27,9
EDTANa; 1L0,1M 1 45,16 45,16
Na,COs 500 g 99,6% 1 26,6 26,6
H,BO3 500 g 99,6% 1 24,6 24,6
MnCl,-4H,0 100 g 99+% 1 15,7 15,7
ZnS04-7H,0 500g 99% 1 27,2 27,2
Na;Mo04:2H,0 100 g 98% 1 27 27
CuS04-5H,0 500g 1 23 23
Co(NO,),-6H,0 25g 98% 1 26,8 26,8
Potassium dichromate 50g 99,5% 1 12,7 12,7
Sulphuric acid 1L 95-98% 1 72,21 72,21
Ag,S04 1L 10g/L 1 82,5 82,5
Chlorhydric acid 1L 37% 1 29,9 29,9
Acetone 2,5L extra pure 1 59,45 59,45
Magnesium carbonate 500g extra pure 1 27,5 27,5
Sodium nitroprusside 100g 1 64,7 64,7
Sodium citrate 500g 1 15,9 15,9
Sodium hydroxide 1Kg 1 21 21
Bleach 5L 1 1,19 1,19
ammonia 1L 25% 1 27,25 27,25
Heptadecane 100mL 99% 1 86,1 86,1
Chloroform 500mL 99+% 1 37,15 37,15
Phenol 500g 99+% 1 32,5 32,5
TOTAL 942,65
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10.1.3. Laboratory equipment

The laboratory equipment are all the instruments and machines necessary to do the analysis. These

equipment is considered to have a long shelf life of approximately 10 years.

Table 26. Laboratory equipment costs

Laboratory Equipment

unit price
Material Characteristics Quantity (€/unit) Total price (€)
Model AGE 4 238 952
Agitator i i
g RT Basic Magnetic ) 136 272
Stirrers
Digester ECO25 1 1065 1065
Anion Dionex ICS 1500 IC 1 14999 14999
chromatograph
G4350A AGILENT
gas chromatograph 7820A GC SYSTEM 1 12841,5 12841,5
H ®
TOC analyser ;"“'t' N/C® 2100/2100 1 12000 12000
Polytron KINEMATI.CA 2500E 1 1337 1337
Homogenizer
Oven Memmert™ 400 x 560 1 2152,22 2152,22
720mm
Muffle Thermolyne 2,1L 1 1350 1350
pH electrode 5 157 785
pH measurer 1 444 444
pH controller 4 1320 5280
conductivity meter | Hanna Instruments 1 373 373
Nephelometer 1 885 885
Dissolved oxygen 1 860 860
electrode
Sorvall™ ST 8 4 x
. 145mL (with TX-150
1 2081 2081
Centrifuge rotor), 6 x 50mL (with 08 08
HIGHConic lll rotor)
DQO reader Range: 0 to 150mg/L 1 790 790
1~T™ B 1
Microscope M.Otlc A3 .0 1 1922 1922
Trinocular Microscope
Fluorescence OXION OX.3067 1 6406,95 6406,95
Microscope
Lenovo Ideapad IP700-
Computer 15ISK, 17-6700HQ, 8 GB 5 744 3720
RAM, GTX 950M
Spectrophotometer 1 12195 12195
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Analytic Balance Max 210g 1 1235 1235
Peristaltic bombe Fisherbrand™ FH10 18 740,52 13329,36

TOTAL 97275,01

10.1.4. Reactors

This part includes all the reactors andponds costs. The reactors are expected to have a long shelf life of
approximately 10 years.

Table 27. Reactors costs

Reactors

Material Characteristics Quantity | unit price (€/kg) Total price (€)
3L vertical column PBR Methacrylate 4 175 700
30L Photobioreactor Methacrylate 1 116 116

Fl Bl
3L Vertical column PBR lamp | T €X© Sobremesa Blanco 8 42,54 340,32
Junior + 2 Halogen bulbs

30L Photobioreactor Lamp 1 146 146
High rate algae ponds 1 455 455
TOTAL 1757,32

10.2. Human resources

The human resources consider that in order to realize this project 1 project manager, 1 technical
engineer and 1 laboratory technician are needed. The costs of hire those employees have been
provided by GEMMA group administration. Finally, in order to compute the budget required for
human resources during the seven month that the project last the following computation should be
done:

(Eq. 29)

€
Personal costs [€] = Personal costs [E] - Dedication[h - person]

Table 28. Personal costs

Human resources

Position Personal costs (€/h) Human resources (Hours-person) | Personal costs (€)
Technical engineer 10 800 8000
Project manager 48 10 480
tztc’ﬁ ;?;Oar: 26 320 8320
TOTAL 16800
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10.3. Water resources

In this part the water costs resulting from the use of water for the analysis and reactor refrigeration
and material cleaning has been considered. Two different types of water has been used, tap and
deionized water. The water quantity used comes from considering 12L of tap water used every day for
the reactor refrigeration and material cleaning and 3L of deionized water daily used for the analysis

and material cleaning.

Table 29. Water costs

Water Water quantity used (L) Water cost (€/L) | Total Costs (€)
Tap water 1680 0,003 4,8
Deionized water 420 0,4 168
TOTAL 172,8

10.4. Energetic costs

The energetic costs has been computed by considering the hours that each equipment has been in use
during the seven month of the project, the power that each equipment consume and the electrical
energy price. In this case considering that all the equipment can be connected at the same time the
power that should be contracted is 8,12 kW. The price of the kWh found for this contracted power is
0,124 €/kWh (http://bit.ly/2geRDmv). So, the formula used to compute the energetic costs is the

following one:

€
Energetic costs [€] = 0,139 [m] - Equipment power [kW] - hours inuse [h]  (Eq.30)

Table 30. Energetic costs

Energetic costs

Material Characteritics Quantity | in use hours (h) | Power (W) | Costs (€)
Microscope Motic™ BA310 1 70 50w 0,43
Fluorescence Microscope | OXION OX.3067 1 28 100 W 0,34

Model AGE 4 5300 40w 26,29
Agitator

130 x 30 x 65 mm 2 280 5W 0,17
Digester 1 280 400 W 13,89
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Anion chromatograph Dionex ICS 1500 IC 1 700 1100 W 95,48
G4350A AGILENT

gas chromatograph 1 800 1500 W 148,8
7820A GC SYSTEM
multi N/C®

TOC analyser 1 420 1000 W 52,08
2100/2100 S
KINEMATICA

Polytron 2500E 1 14 500 W 0,87
Homogenizer
Memmert UN160

Oven 1 5300 22W 14,46
400 x 560 720mm

Muffle Thermolyne 2,1L 1 42 1520 W 7,92
Hanna

pH controller 4 5300 100 W 65,72
Instruments
Sorvall™ ST 8 4 x

Centrifuge 1 42 310 W 1,61
145mL
Lenovo Ideapad

Computer 5 800 500 W 49,60
IP700-15ISK

Spectrophotometer 1 190 30W 0,71

Analytic Balance Max 210g 1 14 4W 0,07
Fisherbrand™ FH1

Peristaltic bombe 0 18 98 250 W 3,04

Halogen bulb 8 3600 60 W 26,78

Fluorescent bulb 8 1120 36 W 4,99

Reactor bulb 1 2600 600 W 193,44

TOTAL 706,64

10.5. Total costs

Finally, with the shelf life of each of the categories the amortization of those equipment for 7 month

has been computed. In Table 31 there is a summary of the total costs for each of the categories after

taking into account the amortizations:
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Table 31. Summary of the total cost for each category

Category Costs [€]
Fungibles 1131,66
Reagents 942,65
Labgratory 5674,38
equipment

reactors 102,51
Human resources 16800
Water costs 172,82
Energetic costs 706,64
TOTAL 25530,66

Figure 57. Distribution of the costs

M Fungibles
W Reagents
Laboratory equipment
M reactors
B Human resources
W Water costs

M Energetic costs

In Table 30 it can be seen that the total quantity budget is 25530,66€. Figure 57 shows that a 65,8% of

the budget is destinated to human resources and a 22,2% to laboratory equipment. The other costs

are much less important.
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Annex 1: Numeric results

Al.1. 30L Photobioreactor

O

Table 32. Turbidity, dissolved oxygen and pH results

Day = PBR
Turbidity oD pH

[1 ] [UNT] [ Img/] [ [
1 52 7,88 7,77
3 48 10,60 7,79
4 60 14,40 8,10
7 76 11,35 7,69
8 197 8,80 7,81
9 152 11,60 7,92
10 185 7,10 7,20
11 192 8,02 7,54
14 167 9,10 7,46
15 127 8,10 7,80
16 199 8,34 7,96
17 223 8,70 7,80
18 308 9,80 7,72
21 212 8,48 7,74
23 271 6,60 7,73
24 364 7,20 7,49
25 357 7,58 7,65
28 332 7,66 7,46
29 360 7,76 7,69
30 558 8,38 7,69
31 414 9,45 7,80
32 511 7,68 7,44
35 360 7,80 7,47
36 341 8,86 7,30
37 338 6,80 7,46
39 291 7,83 7,40
42 423 6,40 7,03
43 296 12,33 7,49
44 355 9,38 7,44
45 375 9,32 7,55
46 - 10,80 7,64
49 362 10,69 7,56
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50 433 3,71 8,25
51 981 13,65 7,79
52 795 8,14 7,40
53 459 9,88 7,50
91 362 -- 7,62
92 763 - 7,62
93 714 7,32 7,64
94 401 7,61 8,62
95 472 8,95 8,12
98 369 7,42 7,84
99 319 8,81 8,22
100 473 9,68 8,21
101 407 - 8,24
102 411 8,19 9,99
105 340 10,35 9,57
106 434 9,94 9,21
107 367 9,57 8,12
108 -- 9,21 7,90
109 379 8,18 8,12
112 367 7,07 7,95
113 -- - 8,19
114 358 8,15 8,05
115 504 8,03 -

116 469 7,91 8,00
119 347 8,48 8,63
120 382 8,40 9,66
121 419 8,41 9,54
122 350 8,57 8,57
123 294 8,31 9,80
126 314 8,10 8,10
127 -- 8,13 9,02
128 313 8,28 9,26
129 331 8,05 8,89
130 678 7,70 6,86
133 -- 8,53 8,53
134 556 7,93 7,93
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Table 33. Total and volatile suspended solids results

Da Reactor feed PBR
TSS VSS TSS VSS
[-] [g/L] [g/L] [g/L] [g/L]
1 0,259 0,196 0,068 0,072
8 0,285 0,235 0,327 0,308
15 0,412 0,328 0,317 0,283
23 0,436 0,337 0,311 0,261
29 0,459 0,379 0,817 0,640
36 0,595 0,495 0,411 0,337
45 0,396 0,341 0,348 0,309
51 0,508 0,416 1,105 0,857
93 0,515 0,413 0,643 0,541
107 0,375 0,416 0,367 0,300
115 0,311 0,273 0,782 0,609
120 0,361 0,283 0,359 0,280
122 0,291 0,256 0,448 0,361

Table 34. Chlorophyll results

Day Date
2664 1647 1630 Va Vm Ca Camean
[-] [-] [nm] [nm] [nm] [nm] | [nm] | [nm] | [nm] | [mL] | [mL] | [mg/L] | [mg/L]
0,024 | 0,121 | 0,070 | 0,059 | 0,097 | 0,046 | 0,062 | 5 6,9 | 0,778
1 | 11/10/2016 0,682
0,025 | 0,105 | 0,082 | 0,060 | 0,080 | 0,057 | 0,045 | 5 7,3 | 0,587
0,010 | 0,286 | 0,113 | 0,071 | 0,276 | 0,103 | 0,215 | 5 6,7 | 2,310
9 | 19/10/2016 2,094
0,011 | 0,242 | 0,096 | 0,061 | 0,231 | 0,085 | 0,181 | 5 6,9 | 1,878
0,001 | 0,126 | 0,042 | 0,031 | 0,125 | 0,041 | 0,095 | 5 6,6 | 1,069
16 | 26/10/2016 0,973
0,001 | 0,113 | 0,038 | 0,029 | 0,112 | 0,037 | 0,084 | 5 7,2 | 0,877
-0,010 | 0,094 | 0,028 | 0,020 | 0,104 | 0,038 | 0,074 | 5 6,9 | 0,846
23 | 02/11/2016 0,581
0,050 | 0,090 | 0,034 | 0,026 | 0,040 | -0,016 | 0,064 | 5 7,8 | 0,316
-0,030 | 0,155 | 0,048 | 0,031 | 0,185 | 0,078 | 0,124 | 5 7,4 | 1,393
28 | 07/11/2016 1,335
-0,040 | 0,133 | 0,042 | 0,027 | 0,173 | 0,082 | 0,206 | 5 7,5 | 1,277
0,003 | 0,259 | 0,080 | 0,050 | 0,256 | 0,077 | 0,209 | 5 7,4 | 1,958
29 | 08/11/2016 2,177
0,005 | 0,276 | 0,087 | 0,053 | 0,271 | 0,082 | 0,223 | 5 6,4 | 2,396
-0,002 | 0,174 | 0,053 | 0,032 | 0,176 | 0,055 | 0,142 | 5 7,2 | 1,382
36 | 15/11/2016 1,437
-0,002 | 0,196 | 0,060 | 0,035 | 0,198 | 0,062 | 0,161 | 5 7,5 | 1,492
-0,092 | 0,009 | -0,060 | -0,061 | 0,101 | 0,032 | 0,070 | 5 7,3 | 0,782
45 | 24/11/2016 0,869
-0,097 | 0,023 | -0,060 | -0,070 | 0,120 | 0,037 | 0,093 | 5 7,1 | 0,956
-0,005 | 0,367 | 0,105 | 0,060 | 0,372 | 0,110 | 0,307 | 5 7,3 | 2,886
51 | 30/11/2016 3,322
-0,003 | 0,448 | 0,130 | 0,073 | 0,451 | 0,133 | 0,375| 5 6,8 | 3,757
93 | 11/01/2017 | 0,000 | 0,173 | 0,052 | 0,036 | 0,173 | 0,052 | 0,137 | 5 6,9 | 1,420 1,319
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0,001 | 0,162 | 0,047 | 0,033 | 0,161 | 0,046 | 0,129 | 5 7,5 1,218
-0,009 | 0,193 | 0,066 | 0,048 | 0,202 | 0,075 | 0,145 | 5 6,4 | 1,771

100 | 18/01/2017 1,652
-0,056 | 0,135 | 0,013 | 0,002 | 0,191 | 0,069 | 0,133 | 5 7 1,533
0,001 | 0,123 | 0,031 | 0,023 | 0,122 | 0,030 | 0,100 | 5 6,6 | 1,054

107 | 25/01/2017 0,957
0,003 | 0,108 | 0,025 | 0,016 | 0,105 | 0,022 | 0,092 | 5 7 0,859

Table 35. Alkalinity results

DE VR Reactor feed PBR
[-] [mg/L] [mg/L]
1 216 65
3 184 80
8 178 151
10 182 151
15 196 154
17 192 159
23 214 150
25 224 147
29 227,8 176
31 244 158
36 248 116
43 226 234
44 84 219
45 120 199
50 800 407
52 90 370
92 202 220
94 202 180
99 310 164
101 302 160
106 298 174
108 290 181
113 290 181
115 292 185
118 274 192
120 252 205
125 280 194
127 264 182
132 276 206
136 282 179
142 258 148
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Table 36. Ammonia results

Pond effluent Reactor feed ‘ PBR
Day Date
FD ‘ Ammonia abs Ammonia ‘ abs FD Ammonia

(-] (-] [-] [[1 | [mg/L] [-] [] | [mg/L] [-] [-] [mg/L]

1 11/10/2016 0,115 1 0,129 0,044 50 2,229 0,343 1 0,402

8 18/10/2016 | 0,129 1 0,146 0,069 50 3,723 0,019 1 0,015
11 21/10/2016 | 0,089 1 0,098 0,073 50 3,962 0,104 1 0,116
15 25/10/2016 | 0,089 1 0,098 0,105 50 5,874 0,042 1 0,042
17 27/10/2016 | 0,126 1 0,143 0,082 50 4,500 0,031 1 0,029
23 02/11/2016 | 0,059 1 0,063 0,122 50 6,890 0,312 1 0,365
25 04/11/2016 | 0,138 1 0,157 0,162 50 9,280 0,056 1 0,059
29 08/11/2016 | 0,629 1 0,744 0,100 50 5,575 0,074 1 0,080
31 10/11/2016 | 0,134 1 0,152 0,137 50 7,786 0,157 1 0,180
36 15/11/2016 0,151 50 8,622 0,209 1 0,242
39 18/11/2016 0,092 50 5,097 0,030 5 0,139
43 22/11/2016 0,142 50 8,085 0,142 1 0,162
45 24/11/2016 0,122 50 6,890 0,090 1 0,100
52 01/12/2016 0,109 50 6,113 0,223 1 0,258
101 19/01/2017 0,236 51 13,975 0,064 2 0,137

Table 37. Anions results

Pond

Nitrites [NO;] N['It‘rg:_';s N- NOs Orth°["|’:;‘°;_"]’hates P- PO
[mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
11,109 3,381 72,759 16,429 4,371 1,425
5,855 1,782 65,570 14,806 3,381 1,103
3,248 0,989 64,908 14,657 0,000 0,000
4,684 1,426 77,842 17,577 3,418 1,115
2,832 0,862 69,023 15,586 2,548 0,831
2,292 0,698 76,124 17,189 4,389 1,431
2,020 0,615 97,294 21,970 4,023 1,312
3,796 1,155 91,246 20,604 5,388 1,757
2,478 0,754 75,172 16,974 7,201 2,348
3,850 1,172 148,674 33,572 7,450 2,429

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’'Enginyeria de Barcelona Est

97




Report

Reactor feed

Nitrites [NO;]  N-NO, N[':g:_‘i's N- NOs orth°[f;§!‘]'hates P- PO

[-] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
1 5,486 1,670 67,551 15,253 2,140 0,698
3 5,486 1,670 30,250 6,831 6,951 2,267
8 4,233 1,288 70,804 15,988 2,970 0,969
15 3,053 0,929 64,567 14,580 3,826 1,248
17 3,687 1,122 65,384 14,764 2,118 0,691
24 2,147 0,653 66,197 14,948 3,248 1,059
31 2,502 0,761 102,329 23,107 4,928 1,607
36 3,602 1,096 112,683 25,445 6,736 2,197
43 5,070 1,543 122,565 27,676 6,145 2,004
101 0,000 0,000 62,840 14,190 5,605 1,828
134 5,186 1,578 70,340 15,883 6,121 1,996

PBR

o . Nitrates Orthophosphates .
Nitrites [NO;] [NOs] [F; 043_? P- PO,

[-] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
2,162 0,658 12,930 2,920 0,000 0,000

0,000 0,000 22,202 5,013 2,064 0,673

1,473 0,448 11,407 2,576 0,000 0,000

17 1,548 0,471 10,241 2,312 0,000 0,000
24 5,006 1,524 34,360 7,759 2,218 0,723
31 1,682 0,512 72,400 16,348 3,383 1,103
36 2,711 0,825 65,919 14,885 2,982 0,972
43 2,534 0,771 57,849 13,063 4,332 1,413
101 0,000 0,000 62,624 14,141 0,000 0,000
134 5,316 1,618 37,041 8,364 0,000 0,000
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Al1.2. 3L Vertical cylinder reactors

Al1.2.1. Optimal nutrients and light conditions for PHB and carbohydrates accumulation

Table 38. Dissolved oxygen results

12h light | 24h light
N-limited | P-limited ‘ N-limited P-limited

Day DO DO DO DO

[-] [mg/L] [mg/L] [mg/L] [mg/L]
1 6,63 6,68 7,60 7,63
2 7,00 7,48 8,12 9,12
3 6,50 7,20 4,83 8,81
4 6,24 6,38 7,28 9,74
5 5,63 6,21 7,07 7,14
8 5,34 6,19 6,73 6,46
9 5,99 6,50 7,35 8,86
10 5,90 6,60 9,57 6,56
11 6,06 6,61 6,92 5,97
12 6,17 5,80 6,14 9,61
15 6,54 6,53 6,19 3,72
Mean 6,18 6,56 7,07 7,60
interval 0,28 0,27 0,71 1,09

Table 39. Total and volatile suspended solids results12h light experiments

12h light
N-limited P-Limited
Day =l
TSS VSS TSS VSS

[-] [g/L] [g/L] [g/L] [g/L]
1 0,445 0,323 0,387 0,343
3 0,571 0,544 0,676 0,648
5 0,718 0,664 0,683 0,659
8 0,738 0,696 0,857 0,804
12 1,121 0,947 1,201 1,182
15 0,829 0,762 1,328 1,226
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Table 40. Total and volatile suspended solids results 24h light experiments

24h light
N-limited P-Limited
Day
TSS VSS TSS VSS
[-] [g/L] [g/L] [g/L] [g/L]
1 0,422 0,355 0,422 0,355
3 0,843 0,722 0,846 0,726
5 0,763 0,752 0,928 0,834
8 1,023 0,971 1,835 1,628
10 0,951 0,856 1,586 1,409
12 0,971 0,905 1,439 1,286
15 0,946 0,865 1,436 1,384
Table 41. TOC results
24h light 12h light
N-limited P-limited N-limited P-limited
TOC TOC . TO0CcC = TOC |
[-] [mg/L] [mg/L] [-] [mg/L] [mg/L]
1 86,31 94,54 1 79,58 78,08
172,37 153,41 3 41,56 57,64
197,55 215,62 5 65,53 117,80
245,50 408,14 7 77,47 146,95
10 231,37 377,25 9 129,80 216,41
12 211,00 404,28 12 191,37 293,38
15 203,75 368,13 15 167,71 331,16
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Table 42. Inorganic Carbon results 12h light experiment

12h light
N-limited | P-limited
Day Date —
[-] [-] [mg/L] [mg/L]
1 30/01/2017 3,40 2,78
1,01 30/01/2017 153,40 152,78
1,5 30/01/2017 72,02 79,63
2 31/01/2017 73,88 75,65
2,01 31/01/2017 223,88 225,65
2,5 31/01/2017 92,53 107,21
3 01/02/2017 102,50 98,96
3,01 01/02/2017 252,50 248,96
3,5 01/02/2017 158,94 177,51
4 02/02/2017 174,50 158,60
4,01 | 02/02/2017 | 324,50 308,60
4,5 02/02/2017 231,55 204,02
5 03/02/2017 220,90 191,50
5,5 03/02/2017 178,32 147,26
7,5 05/02/2017 80,51 41,08
8 06/02/2017 120,90 89,63
9 07/02/2017 82,25 23,88
10 08/02/2017 66,38 66,37
11 09/02/2017 41,96 23,46
12 10/02/2017 31,19 0,00
12,01 | 10/02/2017 131,19 100,00
12,5 10/02/2017 76,30 50,00
15 13/02/2017 68,29 22,62

Table 43. Inorganic Carbon results 24h light experiments

24h light
N-limited = P-limited

Day Date ]

[-] [-] [mg/L] [mg/L]

1 16/01/2017 38,07 40,88
1,01 16/01/2017 138,07 140,88

2 17/01/2017 0,29 1,51
2,01 17/01/2017 150,29 151,51

3 18/01/2017 8,78 10,83
3,01 18/01/2017 158,78 160,83

4 19/01/2017 19,46 17,80
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4,01 19/01/2017 169,46 167,80
5 20/01/2017 39,07 63,83
5,01 20/01/2017 189,07 213,83
6 21/01/2017 48,83 26,14
6,01 21/01/2017 198,83 176,14
8 23/01/2017 186,70 39,64
8,01 23/01/2017 186,70 189,64
9 24/01/2017 126,90 14,92
9,01 24/01/2017 126,90 164,92
10 25/01/2017 122,50 40,24
10,01 | 25/01/2017 122,50 190,24
11 26/01/2017 97,87 77,05
11,01 | 26/01/2017 247,87 227,05
12 27/01/2017 179,40 117,90
12,01 |27/01/2017 179,40 267,90
15 30/01/2017 99,99 107,40

Table 44. Carbohydrates results

12h light 24h light
N-limited P-limited N-limited P-limited
— Day
mg/L mg/L  mg/t | mgL
1 26,018 30,483 1 70,44 95,93
1,5 76,576 47,308 2 118,86 127,58
2 196,084 86,551 3 203,92 166,33
2,5 135,725 109,795 4 175,62 134,89
3 115,377 66,862 5 131,27 214,41
3,5 135,236 64,134 6 374,40 386,81
4 144,668 114,689 8 641,31 552,07
4,5 289,991 124,345 9 464,72 496,49
5 249,408 112,236 10 335,99 472,93
5,5 375,600 124,978 11 386,03 479,51
7 338,846 156,156 12 391,03 662,38
8 371,633 120,999 15 463,11 585,27
9 348,670 169,944
10 472,091 163,119
11 595,917 127,137
12 838,056 432,131
15 430,112 321,478
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Table 45. PHB results

12h light 24h light
Day N-limited | P-limited Day N-limited P-limited
mg/L mg/L mg/L mg/L
12,304 16,346 1 24,308 23,712
18,312 22,460 2 32,966 39,224
2,5 27,855 29,277 3 45,745 38,555
3 29,932 30,499 4 32,516 51,040
3,5 27,874 25,202 5 29,882 34,674
4 29,875 27,308 8 40,590 104,234
4,5 28,677 32,015 9 51,635 90,145
5 34,427 26,906 10 47,121 68,564
5,5 30,970 23,679 11 46,088 72,447
7 29,278 31,275 12 51,187 64,147
8 41,590 29,443 15 49,953 66,351
9 48,911 47,198
10 41,253 42,627
11 52,501 46,341
12 61,614 64,584
15 55,957 76,361

A1.2.2. Selection of Cyanobacteria

O

Table 46. Volatile and total suspended solids results

Day Continue  Semi-Continue SBR1 SBR1 ‘

TSS VSS TSS | VSS | TSS | vss Tss  Vss |
(1 | [g/L] | [g/W] | I[g/L] | [g/1] | [g/L] | [g/L] | [g/L] | [g/L]
1 |0,267 (0,207 | 0,267 | 0,207 | 0,267 | 0,207 | 0,267 | 0,207
3 |0,341|0,241| 0,373 | 0,269 | 0,383 | 0,273 | 0,488 | 0,337
6 |0,403|0,315]| 0,279 |0,175| 0,175 | 0,129 | 0,297 | 0,219
8 [0,389|0,229 | 0,360 | 0,315 | 0,445 | 0,400 | 0,843 | 0,596
10 | 0,256 | 0,212 | 0,451 | 0,425 | 0,660 | 0,513 | 0,708 | 0,624
13 ]0,133 /0,193 | 0,312 | 0,388 | 0,693 | 0,204 | 0,626 | 0,652
15 ]0,220 | 0,215 | 0,452 | 0,404 | 0,891 | 0,620 | 0,644 | 0,500
17 ]0,301 /0,259 | 0,521 | 0,451 | 1,021 | 0,785 | 0,776 | 0,584
20 | 0,428 0,357 | 0,548 | 0,459 | 0,959 | 0,749 | 0,636 | 0,504
22 0,589 | 0,299 | 0,421 | 0,376 | 0,960 | 0,781 | 0,551 | 0,477
24 |0,333 /0,295 | 0,551 | 0,407 | 1,049 | 0,792 | 0,712 | 0,557
27 |0,336 0,303 | 0,551 | 0,443 | 1,213 | 0,913 | 0,500 | 0,435
29 |0,675|0,615| 0,476 | 0,417 | 0,996 | 0,691 | 0,645 | 0,511
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Table 47. Chlorophyll results

Continue Semi-Continue ‘ SBR1 SBR2

Day [mg/L] [mg/L] [mg/L] | [mg/L]
1 0,633 0,633 0,633 | 0,633
3 0,520 0,718 0,741 | 0,859
5 0,279 - 0,269 | 0,151
7 0,529 0,613 0,619 | 1,051
10 0,255 0,533 0,977 | 0,965
13 0,388 0,775 1,045 | 0,947
15 0,381 0,361 1,347 | 1,053
20 0,125 0,406 1,322 | 0,560
22 0,174 0,456 1,889 | 0,962
27 0,422 0,727 2,501 | 0,876
30 0,813 0,754 2,819 | 1,066

Table 48. Anions results

Continuous

Nitrites Nitrates Orthophosphates

no] VN9 nos) Aeg [I:o;]’
[-] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
1 14,679 4,468 22,185 5,010 0,000 0,000
3 9,934 3,023 49,071 11,081 0,000 0,000
6 16,932 5,153 54,863 12,388 0,000 0,000
8 17,900 5,448 56,081 12,663 0,000 0,000
10 2,169 0,660 30,112 6,799 11,482 3,744
17 6,868 2,090 23,947 5,407 0,000 0,000
20 | 15,060 4,583 22,403 5,059 0,000 0,000
21 | 15,869 4,830 24,754 5,590 - -
24 | 22,479 6,841 34,977 7,898 8,074 2,633
27 | 15,469 4,708 30,408 6,866 5,974 1,948
32 0,000 0,000 32,010 7,228 5,254 1,713

Nitrites Nitrates

no] VN9 inos
[-] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
1 14,679 4,468 22,185 5,010 0 0,000
3 12,785 3,891 55,723 12,583 0 0,000
6 23,928 7,282 81,706 18,450 5,899 1,924
8 21,869 6,656 101,704 22,965 0 0,000
10 3,788 1,153 88,592 20,005 0 0,000
17 | 37,525 | 11,421 0,000 0,000 0,000 0,000
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20 | 10,718 3,262 40,427 9,129 5,176 1,688
21 9,402 2,861 52,726 11,906 7,594 2,476
24 5,83 1,773 44,00 9,936 6,59 2,149
27 0,00 0,000 47,62 10,754 6,25 2,037
32 5,66 1,722 39,78 8,983 7,55 2,461
SBR 1
Day [ \\[iifi{=5] _ | Nitrates _ | Orthophosphates
no,] VN9 nosp NG PO
[-] [mg/L] | [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
1 14,679 | 4,468 22,185 5,010 0,000 0,000
3 9,260 | 2,818 68,759 15,526 0,000 0,000
6 50,759 | 15,448 | 63,565 14,353 0,000 0,000
8 0,000 | 0,000 0,000 0,000 0,000 0,000
10 0,000 | 0,000 0,000 0,000 0,000 0,000
17 | 21,399 | 6,513 33,469 7,558 11,101 3,620
20 | 15,764 | 4,798 53,820 12,153 0,000 0,000
21 | 12,496 | 3,803 45,969 10,380 6,068 1,979
24 | 18,607 | 5,663 42,468 9,590 6,627 2,161
27 6,084 | 1,852 71,389 16,120 7,357 2,399
32 0,000 | 0,000 27,320 6,169 4,905 1,600
SBR 2
Day [\l . Nitrates . Orthophosphates
Nnor) | VN9 nos  NNOs [I;of![])

[-] [mg/L] [mg/L] [mg/L] | [mg/L] [mg/L] [mg/L]
1 14,679 4,468 22,185 | 5,010 0,000 0,000
3 10,124 3,081 77,607 | 17,524 0,000 0,000
6 54,811 | 16,682 54,445 | 12,294 3,806 1,241
8 0,000 0,000 0,000 0,000 0,000 0,000
10 0,000 0,000 0,000 0,000 0,000 0,000
17 | 35,014 | 10,656 | 53,736 | 12,134 0,000 0,000
20 4,552 1,385 85,971 | 19,413 3,830 1,249
21 | 12,496 3,803 45,969 | 10,380 6,068 1,979
24 | 14,800 4,504 44,600 | 10,071 6,230 2,032
27 | 16,771 5,104 42,227 | 9,535 6,166 2,011
32 | 23,459 | 27,731 | 91,117 | 20,575 6,471 2,110
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Table 49. Total Ammoniacal nitrogen results

Day Continue  Semi-Continue SBR1 SBR2 ‘
[-] [mg/L] [mg/L] [mg/L] [mg/L]
1 1,390 1,390 1,390 1,390
3 3,505 8,249 7,496 4,796
6 5,887 0,697 5,489 1,872
8 1,521 0,470 2,979 0,075
10 4,640 0,948 0,016 0,016
17 2,860 0,587 9,540 2,024
20 6,433 0,784 0,099 0,267
21 17,498 2,908 11,607 11,368
24 0,105 2,322 1,987 2,728
27 15,336 13,256 0,207 4,401
32 0,434 13,447 0,002 2,095
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Continuo

Table 50. TOC, IC, TC, TN total

Semi-Continuo

[-] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L]
2 | 125,40 | 21,98 | 147,40 | 47,89 | 155,50 | 24,12 | 179,60 | 54,19 | 161,80 | 30,08 | 191,90 | 56,09 | 184,80 | 33,36 | 218,10 | 61,83
7 | 280,90 | 39,60 | 320,50 | 54,13 | 368,80 | 7,39 | 376,20 | 72,11 | 275,70 | 84,20 | 359,90 | 78,11 | 366,90 | 71,28 | 438,20 | 84,98
9 | 275,60 | 25,07 | 300,60 | 4,98 | 378,40 | 35,17 | 413,60 | 67,51 | 373,20 | 33,27 | 406,50 | 81,42 | 443,20 | 34,95 | 478,20 | 85,18
14 | 284,10 | 17,00 | 301,10 | 48,61 | 391,70 | 19,79 | 411,50 | 70,66 | 450,10 | 37,27 | 487,40 | 87,61 | 465,30 | 30,88 | 496,20 | 91,01
16 | 274,70 | 6,03 | 280,70 | 46,40 | 363,00 | 16,75 | 379,80 | 60,68 | 403,40 | 95,47 | 498,80 | 94,16 | 390,90 | 105,00 | 495,90 | 87,73
22 | 318,00 | 14,83 | 332,80 | 59,70 | 393,80 | 24,60 | 418,40 | 66,70 | 434,10 | 52,86 | 487,00 | 113,10 | 42,66 | 66,64 | 489,20 | 86,30
29 | 356,70 | 13,97 | 370,70 | 54,87 | 418,40 | 11,82 | 430,20 | 58,13 | 407,60 | 36,38 | 444,00 | 104,10 | 441,60 | 45,61 | 487,20 | 83,40
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Table 51. TOC, IC, TC, TN soluble

Semi-Continuo

[-] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L] | [mg/L]
2 | 20,00 | 26,21 | 46,21 | 3535 | 21,38 | 21,23 | 42,61 | 3522 | 23,34 | 23,48 | 46,81 | 31,41 | 24,40 | 26,43 50,83 | 35,69
7 | 71,52 | 39,68 | 111,20 | 32,63 | 48,15 | 5,84 53,99 | 45,63 | 119,00 | 73,91 | 192,90 | 57,16 | 65,21 | 59,24 | 124,40 | 57,49
8 | 57,72 | 30,93 | 8865 | 2562 | 47,71 | 169,42 | 67,13 | 43,22 | 83,72 | 50,52 | 134,24 | 54,40 | 62,62 | 42,58 | 106,67 | 56,28
9 | 43,92 | 22,18 | 66,10 | 18,61 | 47,26 | 33,00 | 80,27 | 40,81 | 48,44 | 27,13 | 75,57 | 51,63 | 60,03 | 25,91 88,94 | 55,06
13 | 46,12 | 20,72 | 66,84 | 20,39 | 43,88 | 7536 | 69,25 | 36,62 | 44,50 | 27,52 | 72,02 | 47,54 | 50,03 | 24,55 76,08 | 51,81
14 | 4832 | 19,26 | 67,58 | 22,17 | 40,50 | 17,72 | 58,22 | 32,42 | 40,56 | 27,90 | 68,47 | 43,44 | 40,03 | 23,18 63,21 | 48,55
15 | 50,33 | 62,32 | 62,64 | 22,55 | 41,49 | 66,70 | 58,18 | 31,49 | 48,47 | 103,16 | 101,64 | 41,27 | 45,78 | 105,79 | 101,56 | 48,95
16 | 52,33 | 5,37 57,70 | 22,92 | 42,47 | 15,67 | 58,14 | 30,56 | 56,37 | 78,42 | 134,80 | 39,09 | 51,53 | 88,40 | 139,90 | 49,34
17 | 51,36 | 73,73 | 7509 | 26,22 | 48,11 | 65,79 | 63,89 | 30,93 | 54,16 | 53,49 | 107,66 | 37,72 | 54,18 | 76,46 | 130,60 | 46,92
20 | 50,39 | 42,09 | 92,48 | 29,51 | 53,74 | 1590 | 69,64 | 31,30 | 51,95 | 28,56 | 80,51 | 36,34 | 56,83 | 64,51 | 121,30 | 44,50
22 | 61,42 | 1425 | 7567 | 2813 | 62,08 | 19,20 | 81,28 | 29,43 | 42,32 | 41,95 | 84,27 | 33,41 | 4504 | 5523 | 100,30 | 46,51
23 | 51,37 | 59,03 | 60,40 | 25,16 | 57,02 | 63,37 | 70,39 | 27,92 | 4584 | 31,88 | 77,71 | 33,07 | 45,07 | 49,65 94,73 | 40,65
27 | 4131 | 3,81 45,12 | 22,18 | 51,95 | 7,53 59,49 | 26,41 | 49,35 | 21,81 | 71,15 | 32,72 | 45,10 | 44,06 89,16 | 34,78
29 | 63,37 | 13,16 | 76,54 | 20,14 | 52,05 | 10,76 | 62,81 | 22,46 | 48,93 | 28,21 | 77,14 | 34,45 | 47,79 | 36,93 84,72 | 38,55
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Table 52. PHBs results

Day Hrte | SBR1 SBR2
Continue
[-] [mg/L] [mg/L] [mg/L] [mg/L]
1 0,781 1,147 0,757 0,512
2 1,035 0,713 1,202 0,603
7 1,523 1,092 1,135 2,181
9 1,589 1,321 2,092 2,257
14 0,461 1,667 4,440 1,278
17 0,567 0,859 6,590 1,881
21 2,035 2,290 2,259 1,394
23 1,497 1,173 2,259 1,316
28 1,207 0,987 2,766 1,303
30 1,814 1,275 2,611 1,352
Table 53. Carbohydrates results
Day Continue C:::r:;e SBR1 SBR2
[-] [mg/L] [mg/L] [mg/L] [mg/L]
1 30,468 34,377 25,577 23,915
2 28,326 33,199 23,397 41,128
7 78,773 39,746 32,192 53,651
9 48,452 58,475 90,792 123,906
14 17,461 41,838 101,891 42,124
17 24,356 62,973 140,404 63,237
21 57,005 43,921 121,940 53,254
23 72,872 53,398 112,521 73,957
28 57,126 47,554 139,559 59,280
30 57,826 44,667 79,965 51,169
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Annex 2: Reactor plans
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A2.2 3L Vertical cylinder reactors
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Annex 3. Safety data sheets

A3.1. BG11 Broth
Material Safety Data Sheet
Version 5.0

Revision Date 0172012
Frint Date 020772014

1. FRODUCT AND COMPANY IDENTIFICATION

Product name : BG11 Broth
Product Numiner T T3B1G
Erand o Fluka
Suppller - Sigma-Aldrich
3050 Spruce Strest
SAINT LOWIES MO 63103
USA
Telaphons o +1 E0-325-5832
Fax o +1 EB00-225-5052
Ememency Pione # (For  ©  (314) T76-5555
b supplier and
|
Preparation Irformation : Sigma-Aldrich Corporation
Prochuct & - AITEEIC3E Fegion
1-500-521-8
L HEZERDE INERTIFICETION
Emergency Overview
O5HA Hazards
Coodizer, Hamnful by Ingestion.
Targst Organa
Eload, Cantral nanvous system
GHS ClasamMcaton

Coddizing iquids. (Category 3)
Skin kriiation (Cabegory 2
Eye Inftation {Caegorny 24)

=HS Labsd slamsents, Incuding precautionary statements

R

Signal word Waming

Hazard statementys)

H2T2 May Intensify fire; ceckdisar.

HI1E Causas skin Imtation.

HI1G Causet 52Mous eye Imtabon.

Precautionany sEtements)

P20 Keen!Sione away from clothing' combustiie matenals.

P305+ P35 #P338 IF IN EYES: Rirse cantiously with water for several minuiss. Remove contast enses,
present and easy o do. Confinue rinsing.

HMIS Cla=sification
Haalt hazard: 1
Chronilc Health Hazarg: -
Flarnmabiitty: 1]
Phiyalcal hazaros: 1
NFP& Rating
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Haalth hazard: i
Fire: o
Reactivity Hazard: 1
Special hazand - oX
Pofantial Health Effects
Inhalation May be hamul if Inhaled. May cause respiratony tract imitasion.
Skin Harmmful If absorbed through skin. May causa skin imtation.
Eyas Klay cause eye ImisEton
Ingestion Harrrul I swaliowad.
A CONMPOSEITIONNTRFORMEATION OF TRGRELVENTS
SMOMMS © B Green Medum
| Component [Crzszhcation [Concanzason
Sodium nitrats
CAS-NO. TE3 1004 T S0l 3, ACUIE Tox 4, 5N | 10- 30 %
EC-ND. 231-554-3 IMt. 2 Eye Imit. = STOT SE 3
HZ72, H31E, H319,
Ha3s

For e full 121t of the H-Statements and R-Phrases mentioned In this Section, see Section 15

4 FIRST AlD MEASIRES

Goneral advice
Consult a physician. Show this safety data sheet o the doctor In attendance Move out of dangermus anea.

If Inhalad
If bresaied In, Mowe person Into Tresh 3. If not breathing, give arimclal respiration. Consuit 3 physician

In cass of akin contact
VWash off with soap and plenty of water, Consult 3 physiclan.

In casa of #ys contact
Finse Moroughly with plenty of water for at least 15 minuiss and consutt a physkdan.

If awallowsd
Never give anyming by mouth o an unconssious person. Rinse mouth with water. Consult a physician,

5. FIREFIGHTING MEASURES

Condiions of Mammeabiiity
Mot flammabis of combusTbie.

Sultable axtinguishing media
Uise water spray, alconoi-resistant foam, dry chemical or carbon dickige.

Special protective squipment for rsfighters
Wear s=if contained breahing apparatus for fire fighiing if necessary.

Hazardous combusion products

Hazardous decomposion products fommed under fire conditiors. - Sodum cddes, nirogen aides (NCx), PoEssium
ouddes, Magnesium oeide, Sulphur oddes, Carbon oxddes, Ammonia, non mddes, Calclum osdde

Hazardous Secomposion products formed undisr fire conditions. - Sodum oddes

Further informnation
Likse water spray to cool unopenad containers.
B ACTIDENTAL RELEESE MEESORES

Personal pracautions
Lz personal protective equipment. Avid Dreaming wapors, mist or gas. Ensure adequate ventlation. Evacuale
personnE to safe areas.
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Envircnmental precautions
Do nid fied product enter drains.
Misthods and materials for contalnment and claaning up

Contain spilage, and then coliect wil an eectncaly protected vacuum deaner or by wet-brushing and place In
container for disposal accoming to local reguiations (see section 13)

T. HANDLING AND STORAGE

Precautions for safa handing
Avoid contact with skin and eyes. Avold inhalation of vapour or mist
Kieeg away from sourcss of ignition - Mo smoking. Keso away from heat and sources of ignion.

Condiions for aafs storaps

Keep container tightty ciosad In & dry and well-venilated place. Containers which are openad must be carefuly reseaied
ard kapt upright fo prevent leakage.

Recommended storage temperature: 2 - 5°C

hygroscopc: MOlEUre Gensiive.

8. EXPOSURE CONTROLEPERSOM AL PROTECTION

Cantains no sussEnces with occupational exposuns lImit values.
Personal profective squlpmsnt

merﬂmmmmuﬂmmngmmmmaem Lse 3 Tul-face respiraton with mult-purposs

comisination (US) or type ABEK, (EN 14357) respirator canriiges as a backup 1o enginesring controis. If the
respiraor |5 the soie means of protection, use a fulface supplied ar respirator. Use respiratons and components
tessted and approved under approprate govemment standarts such a8 NIDSH (UIS) or CEN (EU).

Hand profection
Hande wih gloves. Gloves must be ed prior o usE. USE proper removal bechinkgue (without toucsing
giovE's outier sUrtace) 1o avold skin wim this product. Dispose of contaminated gloves after use In

3ccormiance win apoicable laws and good Iabomiony pracices. Wash and dry hands.

et safety glasses Use aquipmant for eye protection tested and approved under apprprats
govermment standands such as NIDSH (US) or EN 166(SU).
Skin and body progection

Compiete 5uR protecting against chemicals, The type of profective aquipment must be selected acconding o the
ConCENration and amount of e dangemus substance at the spectic workpiace:

Hyglana maaaurss
Hande In accorance with good Industrial hyglene and safiety practice. Wash hands before breaks and at the end of
workday.
5. PHYSICAL AND CHEMICAL PROPERTIES

Appaarance
Form quid
Cailour yellow

Safoty data
pH no tata avallake
Meiting no data avallabie
pointTreezing poi
Eailing poirnt no data avallable
Flash point no tiata availabie

Igriton temperatue  No data avallanie
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ALRckgnison no fata avallabie
temperature

Lower explosion Imit  no data avallable
Upper explosion Imit  no data avallable
W amOUr prassure no data avallanis

Denshy 1.12 giom3
Water soluiliy no data avallabie
Parition coeficient  no data avallable
M-octanoiwater

Ralathve vapor no 0Ea avallabie
gensty

O no data avallabie

Cdour Threshold no 33 avallahs
Evapration rEe no 33 avallanes

T STASIOTY AND REACTIVITY

Chemical stabiltty
mummﬁmm

Poealbllity of hazardous reachions
no data avallabie

Conditions to awold
Exposure to molsiurs.

Materials to avold
Strong oddzing agents
Hazandous decomposalion

Hazammmusnmpml Lt Tormed under fire condtions. - Sodum ceddes, nirogen cddas (NOX), Potassium

mddes, Magnesium e, Sulphur oddes, Carbon owdes, Ammonia, non oxioes, Calcum ade
Hazammﬂmpuaﬂmplmmmadumnrem-“njunm
Diher decomposkion products - no dats avallable

T TR OEIC AL INFORMATION

Acuts toxlcity
Owal LDS0
Inhalafion LGS0
no data avaliabie

Darmnal LIS
nodata avallabie

Oher Information on acuts toxlciy
nodata avaliabie

Zkin corresiondmitation
no daiz avallabie

Sarlous aye damaps'ays Imitation
Eyes: no data avallablie
Raspiratony or akin sensftization
no data avallabie

Garm cell mutagsniciy
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Carcimogeniclty

LARC: Mo component of this procuct present at levels graater than or equal to 0.1% Is identifed as
probable, possibie or comfirmed Fuman cancinogen by IARC.

ACGIH. Mo component of this procuct present at levels graater than or equal io 0.1% Is identifed a5 3
carcinogen o polential caminogen by ACGIH.

NTF: Mo component of this procuct present at levels graater than or equal o 0.1% Is identiied a5 3
krown oF antiipatad carcinogen by NTR.

OSHAT Mo component of this procuct present at levels graater than or equal io 0.1% Is identified a5 3
CATINOgEN O polential caminogen by OSHA,

Raproduciive toxicity

no data avallabie

Teratogenicily
no data avallabie

Specific targst organ toxicity - singls sxposuns (Ghobally Harmonlzed Syafsm)
no data avallabie

Specific targst organ toxicity - repaated axposurs |Globally Hammonlzed Systam)
no data avallabie

Aspiration hazarm

no data avallabie
Puotential haalth sffects

Inhalaton May be hamiul Finhaled May cause respimtony tract inftason.
Ingaation Harmful i swallowad.
Skin Harmmiul i abeored through skin. May cause skn imtEtkon.

Eyas May cause eye Imitaion.
Slgns and Symptoms of Exposurs
Tothe best of our knowledge, the chamical, physkal, and toxcological properties have not been horoughiy Investigated.
Synergietic sffects
no data avallabie

Additional Information
RTECS: Mot avalaiis

12 ECOLOWSICAL INFORMATICN

Todcity
no data avallabie

Parslatences and degradabiliity
no data avallable

Bloaccurnulatve potential
no data avallabie

Mokl ity Im =il
no data avallabie

PET and vPwB as=assmant
nio daia avallabie:

Other adverse cffects
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no data avallabie

TEINEPOEAL CONGIDERATIONS

Product
MIHEMIMWWWWNM&MMWNMME&IH ni 35 this maberal
is highiy fiammabie. Offer SUPILE and non-recydlable soiLbions 10 3 llkensed dsposal company. Contadt a fcensed

professional wasie disposal sendee o disposs of this matenal,
Contaminated packaging
Dispoee of 35 unussd product

14, TRANSPORT INFORMATICON

DOT [US)
UN numiner: 3139 Class: 5.1 Packing group: Il
Proper shipping name: Cxidzing lquid, .05, [Sodum ntrate)

Pmil:ﬂlnl'ﬂ-.':ﬂ-l:ﬂl'EIEl'IIH-l:l

MDG

UN numiner: 3139 Class: 5.1 Packing groug: | EMS-ND: F-A, 50
Proper shipping name: OXIDIENG LIGUID, MN.0.S. | Sodum rEte:-

Marne poliutant: Mo

IATA
UN numier: 3139 Class: 5.1 Facking group: Il
Proper shipping Name: Oxkizing lqukd, Lo.5. {Sodum nitrate)

15 REEULATORY INFOSRMATION

O3HA Hazards
Chdclizer, Hamul by Ingestion.

SRS 302 C
SARA T Mo chemicais In this materal are subjiect o the reporiing requiremants of SARA Tithe I, Sectlon 302

SARA 313 Components
Jm&i&ﬂﬁmmmnmmﬂahm; ical components with inren CAS rumbess that excesd he threshold
(D& MInimis) reporting kevels estabilshed Dy SARA Tibe NI, Sacton 313,

S4RA 311512 Hazards
Feachity Hazan, Acse Haafth Hazand

Massachusetts Right To Know Componsnts

CAS-MO. Rasision Caie
Zodum ritrate TE3-98-4 19930424
PannEyivanks Right To Know Componsnts
CAS-MO. Rasision Caie
Wialer TTi2-18-5
Ammaonium ror Il cirate 1185575 19550424
Sodum ritrate TEI1-99-4 19550424
Mew Jerasy Right To Know Componsnis:
CAS-MO. Rawision Oaie
Waler TT32-18-5
Sodum ritrate TR31-98-4 19930224
Callfornla Prop. 85 Componsents

This product does not contain any chemicals known o Hate of Calfiomia o cause cancer, birth dedects, of any oiher
reprocuctive hanm.

15 OTHER INFORMATION
Text of H-codafs] and R-phrass(s) mantionsd in Secton 3
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fcyte Toe Aoae ooy

Eye lmt. Eye Imitafon

HZT2 K3y Intensity fire; Dxldiser.

H3n2 Harmiul I swaliowed.

H315 Causas skin Imfiation.

H319 Causss serlous eye Irfision

H33s hay cause respiraiony Imfizion

oz S0, solds

KN Imit = |

STOT SE Speciic tanget organ bomicity - single expasuns
Further infomaticn

Copyright 2012 Sigma-Aldrich Co. LLC. License granied o make uniimited paper coples for Infemal use only.
The above Information s belleved %o be comest bt does not purport o be all Inciusive and shall be usad oniy a5 a
guide. The Iformation In This document ks based on the present state of our knowiedge and Is applicable to the
product Wim regand to appmpriats safety precallons. It doss not represent any gquarantss of e propertiss of e
product Sigma-Aldnch Corporalion and s AMilaies shall not be held llable for any damage resuling from handing of
frOm contact with Te above poauct. Sea WA SigMa-aidrch.com anior the reversa side of Involce of packing sip for
adtional iams and condiions of sale.
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A3.2. Potassium dichromate

PMERRCK

SAFETY DATA SHEET
according to Regulation (EC) No. 1907/2006

Rovsion Date 18102018 Vanion 13.1

SECTION 1. identfication of $he substanca/mbdure and of the companylundertaiing
1.1 Product identfler
Catalogue No. 108852
Froduct namo Potassium dichromato oryst. extra pure

REACH Rogistration Number 01-2118&548782.22. XXX
CAS-No. 1778.60.5

1.2 Relovant idontifod usos of tho substance or mixture and uses advisod againat

Identitod usos Materiaia for use In tochnical apploations
For addtional Information on uses ploase refer 10 the Merck Chomicals

portal fwww.merckgroup.com).

1.3 Dotalis of the supplier of the safoty data shoet
Company Morck KGaA * 54271 Dammatadt * Gormany * Phone:+46 8181 72.0
Roaporasiblo Departmont EQ-RS * o mal: prodsafoddmerckgroup.com

1.4 Emergency Selaphone Ploase contact the regional company reprosentation in your country.
number

SECTION 2. Hazards idantfication
2.1 Clasaification of the substanco or mbdure
Clasafoation (REGULATION (EC) No 12722008)
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BAFETY DATA SHEET
acoording o Fegulation (EC) Mo, 190772006

Catalogun Mo N
Froduct nama Polasaium dofromaln orgsl. mdra purn

Cnddizing sold, Category 2, HER2

Aowie towicity, Cabegory 3, Owal, H3

funie tootofty, Category 2, Inhalaton, H330

funie tootolty, Category &, Darmal, H312

Skin oorosion, Category 18, H14

Roapratory sonsitisation, Calogony 1, HI34

Skin sersfisaton, Category 1, HAT

Gormn oall ractagenicity, Calogory 18, H340
Carcinogerioky, Calogony 1B, HES0

Roproducive iowoky, Calgory 1B, HIS0FD

Spocific target ongan fomicity - sngls sposuns, Calpgony 3, Rospiabory sysiom, HI35
Spocific tanget ongan todcity - repedind moposure, Category 1, HATE

Aouis aquatic toxicly, Catogory 1, H400

Chrorio squato foocity, Cafegony 1, H410

For thi full fost of the H-Statemants mendonad in Tin Seotion, soo Secton 15,

22 Labal alsmants

Labaling (REGULATION (EC) No 12722008)

SLH® G

Sigral wond
Dangar

Haran satemants

H340 May causs geneda detect.

HASD May caums canoo.

HABOFD My damago fortilty. May damago T wnborn ohikd.
HEFTF May intonsify fire; coddizor.

H30A Tiootc B swallowsd.

H3AZ Harmiul in contaot with skan.

H314 Causos sovers skin bums and oye damage.

H T May causs an alleegic skdn reaction.

H330 Fatal d inhaled.

H334 May causs allergy or asTema symploms or breathing dificuties # inhaled.
HAAE May causs respirabory Emtation
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SAFETY DATA SHEET

according o Requlation (EC) Mo, 19072006

Catalogua Mo Rl

Froduc namo Polassiom dolvomaln orysl. dra porm

HAT? Causos damage boorgans through prolonged or repeabed ssposuns.
H410 Wory fodo o aquatic [Be with long lasting offects.

Procautionarny statements

Prossnniion

F2{1 Obtain special insinuctiors balon uso.

P2 Take ary precaution bo avoid mbang with combusabies, heavy-motal compounds, acids and
akale.

F271 Awnid rolssss o the amircnmant.

F200 Waar protecive gioves' protectise dothing! ey protection’ faon probeciion.

Fasporss

F3H + PX30 =+ FXX IF SWALLCWED: Rinsa mouth. Do NOT induce womiting.

FI2 + P352 IF 0N SEIN: Wash with planty of soap amd waier,

F304 + P3O IF INHALED: Romove wiclimi fo frosih air and kesp a1 resd in o position comioriabs for
braathing.

F305 + P31 =+ FXH IF IW EYES: Rirse caulousy with waier for sovoral minuies. Romows conlacd
koo, if presont and oasy o do. Contiress nnaing.

F308 + P30 IF axposod or concemesd: immadiately call a POSON CENTER or docion’ physician.

Raginiohed bo professional usan.

Pacisced inbaliing (5125 mi)

O LH®

B v
Cmnger

Marwr sl i

FOSD Vs oL AN

FOED Vs p coss pensiic efeci

O I Ry dmmags el Mayp cemegs e oonbom child

FOX Fuiwd F i bl

FOZT Toods B wvemlicessd

M2 Camss damags o orgams fircugh prolonged or secesiss] scposurs:
HOM Camss sescs mhin bums erd sye demegs

FOM Ve css sllsgy or s pymsoTs o bosa bung dMoobee f inhaied
F317 May cmss 5n slssgc skin esciion

FMeoedaewy s
a1 Oblmin szsosl eincicrs S@ios ms
FLBI Veamr roscie ploves
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SAFETY DATA SHEET
according to Regulation (EC) No. 1907/2006

Catalogue No. 104862
Product nameo Folasalom dohromato oryst. axtra puro

P00 4 PXX0 4 PO IF SWALLOWED: Mnse mocth Do NOT induce voming

P08 4 ST A PEBIF NLEYLES Mose cnstowmly Wi v 0 seversl minutes. Memows contect mmses. § presest
wnd sany © 2o Corfines twerg

P304 PS4 N NHALED ¥ oreathing & SMcUl semove vichm 1D Seah ar and beep of st it & position commicriatie
for smeattrg

302 4 P31 sepoasd or conowenec Gel medon asvew stisrton

Andiox-Na. 24002008

2.3 Othor hazards
Nono known.

SECTION A Compositioninformation on ingredionts

3.1 Subatance
Formuia KaCriOr CnKsOn (HIF)
Indax-No. 024.002.00.6
EC-No. 231.506.6
Molar masa 254 15 g'mol

Hazardoua components (REGULATION (EC) No 12722008)

Chamical Name (Concantraton)

CAS-No Rogntration number  Clasaifcaton

potassium dichromate (>= 50 % - <= 100 % )

Tes0s 01.2118858792.22.

2000 Onddizing sola, Category 2, H272

Acuse toxiclty, Category 3, H301
Aoute toxiclty, Category 2, H330
Aot toxiorty, Category 4, H312
Skin corrosion, Category 18, H314
Roapratocy sensitisation, Catogory 1, H334
Sion serasitsaton, Category 1, H317
Gorm coll mettagenicity, Catogory 18, H340
Carcinogenicty, Catogory 18, H3%0
Roproductive toxoty, Catogory 18, HI3GOFD
Spocific targoet organ socity - single expascre, Category 3, H335
Spocific target organ socity - repeatod axposure, Category 1,
HaT2
Ao aquatic touioity, Category 1, H400
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wastewater

SAFETY DATA SHEET

according io Regulaton (EC) Mo, 19072006

Calalogun N A2

Froaducl namo Polassiom doFromain orgsl. medra porn

Chromic aquato ioaciy, Categony 1, H410
M-Fachor: 1
Fuoir thi hull tmet of the H-Siatemanis man@onad in Tia Seatorn, so0 Secbon 15,

3.2 Mbdure
Mot applcabie

BECTION 4. First ald moasaros
41 Dwaoripion of firsd ald moasaros
Chanan aohiod
First akdar noods bo prodeat himesal.

Aflor inhalation: osh air |mmediaioly call n physician. B breathing siops: mmodiately apply
ardicial respiration, if nooessarny also coygon.

In came ol siin contact Take off immodiately all conlaminated clofing. Rirso siin s watee
shoveor. Call a physician immedaioly.

Afor oye contact rinso out with plarty of water. Immodiately call in opRthalmologist. Remove
oOriach ks

If svwinlorered: givn wakor bo drink (ber glasasos af moal). Soox madical adwos immodiabaly. 0
eucapbional casas only, B medcal car i nol avallaibio within ong hour, inducs vomibing (cnly in
prsOng Wi 2t whds svakor and Tully conscious), sdminster solivabed dharnoal (20 - 80 g ina
10% shumy) and consull a doctor as quickly &3 possible. Do not atbempt 1o neutralise.

4.2 Moat importand symptcma and ofiects, both acute and delayed
irftation and corosion, Alargio reactions, Cough, Shortneas of breath
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SAFETY DATA SHEET
according to Regulation (EC) Mo, 190772008

Catafogua Mo 02
Frodoct nama Polasaism dorromaln orysl. madra porn

Chroemium{ V1) & Righly touic. H B abscrbod wia bofh 0 lungs amd 0 gaasiroimestinal ract

Baoing strong cuidisers, chromatos! bichromains can causo buma and wicorations on the siin and
mucous mombranes and aiso IMRatons in e uppar respiralony tract. Poorly hoaling ukcom ooour
afor wound contact In predaposed parsons o substance rapidly lsads 0 sensREation and
alergic roactons of The respirabory tract sk of preumonia’] and damags %o nasal mucous
mombranes [undor given cicumstanoes porforation of the sepum). After swallowing sewons
symptoms in the gastroinestinal tract such as bioody darhoea, vomitng (aspiration
proumonia’], spasms, oroulaiony colllpses, untonsoinusnss, irmation of mathasmogiobin.
Ahsorption may rosut in hopato and ronal damage. inhalabio chromumiyl) compounds gave
olear ewidence I b cartinogenic i animal sxponmonts. Lothal dose (man): 0.5g. Antdotos:

oheiating agonts such as EDTA, DMPS (Demavak)

Fisk ol blindnoss!

4.3 indication of any immedate medical aiontion and apsscial treatmend ressdod
Carstully chean wounds and covor with shanlo dressing material.

BECTION & Firohighiing moasusrns
& 1 Esdinguishing moda
Setabde axtiguisiing moois
Uso astinguishing maasuna fad aro approphiais 1o koal croomsianoss and tho samounding
I FETr 1

Cdnsesalds aetviessniiing Ml
For this substanoambiurs no limiabons of sxdinguishing agonts ans gasen.

& 2 Epoolal hazards anaing from e substanon or mbdures
Mot comibaestibia.
Has a firs-promisting ofect dus o oo of cuygen.
dmbient fire may liboraio hazardoes vaposrs.

&3 Adwion for fralighiers
SO0 SITNOCTVE SQUENTIN Tor SreRgiaers
Stay in danger ansa only with seif-contained broathing apparatus. Provend skin contact by
kpaping a sate dslance or by woaring suilable profoctive cloffing.

Furhor Ffommalion
Frevont fine extinguishing water from contaminaing surfane waiter o the: ground waier sysiem
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SBAFETY DATA SHEET

according 1o Fegulation (EC) Mo, 190772006

Caftalogua Mio. Rl i

Product nama Polassium diohromain orysl. mira porn

SECTION b Accidenkal rolease moasrns
i 1 Pomonal procsutions, proinotive squipmant and smergancy procoduns
Advins for non-smargenay personnel Awnid genoration and inhalation of dusls in al
oircumstances. Avnid substanos contacl. Ersuns adequate vontlation. Evacuain tha dangor
ansa, channn omergency procodunes, consut an et

Advine for SMEFGANCY reapandom:
Protective squipmant ses sooion B

# 2 Ensiroremental procautions
DO niot lof peoduct anbor drains.

#.3 Maothoda and materials for containment and cleaning up
Cower drans. Colloct, bind, and pumg off spils. Obserse possible matenal restrictions [soo
soctions 7 and 10} Take up carofuly. Dsposs of property. Cloan up afiecind ama. Avod
gonoration of dusts.

& 4 Redernnoe o othor ssclions
Inidicaticers aboul wasin Foaimoni see sechon 134.

SECTION 7. Handling and shorags

7.1 Precautions for sale handing
A o St hanaling
Oibsarse labal precauticns.

Work uncdker hood. Do nol inhalo subsianoadmisduns.

Hong MOasues
Immediatety chango comaminaind ciothing. Apply prewontie skin prolooton. VWash hands and
fae afer working with sutstance.

7.2 Conditions for satn storage. inoluding any inoompatibifes

Floguiramans for SEVIGG SRS and’ Soiings
M matal containers.

SiNags aonoiions
Cry.
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SAFETY DATA SHEET
according to Regulation (EC) Mo, 1907/2005

Catalogue Mo 104852
Froduct nama Potassism dorromain oryst. osdra purn

Tightly diosad. Do not store rear combustibie maleriais. Kesp ooked up of in an arna aooossibie
onty to guaifiod or authonsed persons.

Focommendsd siorage bimparabrs sae product lane

T3 Spaaific snd uso(a)
Apart froem the esas menbonod in secton 1.2 no ofwer spoofo uses oo sipulaied.

BECTION A Exposusrn ooninokporsonal prodection
& 1 Conirol paramaters

8 2 Ewpcavure conirols

Enginsering moasuns
Tachnical massunes and aporoprials working cparatons shoukd D Qe oty over the wsa of
parsonal profoctive equipmant.

Soo sadotion .

Indistdual prodection messsunes
Protectiva clothing neads 1o e salsched soecificaly for the workplaos, dopanding on
conceniratons and quantities ol the Raeardos sutelandss handisd. The chamical resslarcs of

the protectie oquipment should be enguired @l the rospeciae supplior.

Evafacs profaaian

Tightly fling safety goggles

Hianey srofiaolicey

full oorisct
Gl mainnial: Faitrile nuinisn
Shotee thicknsss: 11 mm
Ereal throwgh ima: = M rrani

aspash conbaci
Skose mainnal: Fartrile nuinisn
Shotse thicknmss: 211 mm
Eraal throwgh ima: = 4D i
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

SAFETY DATA SHEET
according to Regulation (EC) Mo, 1907/2008

Caftalogun Mo. A0

Proadieol namea Polsssiom doFrnmaln orpml. medra prn

Thed prodective gloves 1o b used must comply with the specficatons of EC Directive
BSBHGEEC and T nedabed standard EMITL, for oxamplo KL 721 Domaink® L (full contacd],
BCL 741 Domaink® L (splash pondact).

Thes brasithnoisgh timas siolsd oboes wore daterminad by KOL in labormiong insts aoc. by ENITA
with samplos of the recommonded glovo fypea.

This recormmendation appios only bo the product stated in tho safety data shest<{> <> supplied
by us and for the designated wse. sWhen dissoking In Of mbing with ofer substances and under
oondifions destating from thoss stoied in EMNCY ploass oomiact the sappdier of CE-approsad
gowas {a.g. KCL GmbH, D361 24 Bohenmadl, Inkamat wst kolda).

e protocive equipmant
protectten chothing

Flospdaiory ST

resqpuired when dusis ans goeneraiod.

Rzoommandsd FHor bypa: Fiker F 3 (@co o DIN 3181 ) for solid and Squed partic e of ioxo
and weery G000 STk

T @niregesincasr has b ensune that mainbenanca, claaning and tesing of respiraiony proleoiwe
divioms ans carmisd out acoording bo tha irsinacbors of the produosr. Thess mossunes: hayss o D

propery dooumentod.

Environmantal axposure oondrols
O naot lof producd anter drains.

SECTION . Pirysioal and chemioal properties
EL1 Information on basio pivyaical and chomiocal proporties

Form crymialing
Cadnur RN
Cdour odourkess
Odour Themshatd %01 applicabdo
pH 38

at 100 gi
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SAFETY DATA SHEET

according to Regulation (EC) Mo, 19072008

Catalogua Mo 104062
Frodisct nama Polassism dofromaln orysl. aedra pormn
Maiting paint oa. Ml *C

Boling poinkboding rangs

Fash poink

Ewamscration rats

Flammability (solid, gas}

Lower sxplosion imit

Upper seplosion imit

Wapour presssrn

Fooiatten density

Walor solubilty

Partfticn oot n-
oolanoPwatar
furio-igniton inmporaiurs

Drscompostion lemperatrn

128

Mothod: OECD Test Guidaling 106

> 000
at 1.CH3 hFa

%01 appdicabio

%0 informadon ovil e,

ot auto-fammabds
Radatree sof- igniticn emperaturn 1or solids

Thao produed i@ mod Sammabiks.
Torsd M.1: Tost mathod for readily combusiibbs solds

&0t apodicablo

%01 appdicabio

%01 appdicabio

S0 informadion aviallebs,

ca. 27T giomi
al 20 C
Method: OECD Teat Guidoing 106

%0 informadon ovil e,

ca. 118 g
Mothad: DECD Test Guidaling 108

8o information oveallsbea.

%0 informadon ovil e,

(= W L R
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater
SAFETY DATA SHEET
acoording to Regulation (EC) Mo, 19072006
Catalogun M. Rl
Prioadiocl nama Polassiom dornmaln orysl. oeira pors
Visoosity, dynamic Mo informiadon oyl et .
Exploakn proportios Mod Classalind o Skt
Cradzineg peroportios The subslance of mcdern & clhasilied aa oodizing with the
cabagong 2.
8.2 Crthar daka
Ignition mparaiors Mot anodcablo
Bulk dansity 1250 kgimd
BECTION 10 Edaidiity and roacivity
101 Ftﬂh'lr

So0 wection 1005

102 Chemioal stabiliby

Thea product |5 chomically stablo undesr standard amibdent oondiions. (Foom emgsseotuns) -

103 Possibility of hazardous resctions

Rk of axploson with:

Ircn, magnesium, hydrazing and deraivees, hydroscplaming, ammoniuT rirats, Bonon, Aneda
anhydride, cxidsabie substancos, Reducing agents, sulphunc acid, sicon

ExcEmermmio raaition wiih:

anhydrides, phospiides, Sulphidesa, nirdea, Fluorins
Fisk of igrition or formation of inflammaibie gases of vapoun st

organic combustbie substances, giyoerol, Predonsd metals, hydrides, aliali compounds

dnadoan, with, sulphuno acid

Gononains dangerous gasas o fumes in contaot wath:

hydrochicna acid

104 Conditiors 1o avwald
i imformniatcin arssilabks
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SAFETY DATA SHEET
according to Regulation (EC) Mo. 190772005

Catadogun Ho. 085
Product nama Polassiom dofromaln orysl. odra pars

105 Incompatbie materiala
nid irlormmiarticn arwalabhs

108 Hazardous dotompoaifion producis
na imformirticn aealabls

BECTION 11. Tosoological information
111 Informaion on imdociogical afioot
Acute ol Euoly

LD&O Rat: 50,5 mgikg
DECD Tost Guidaling 401

Symptoma: H ngesind, sevore buma of T Mot and hiroat, 23 'well as o danger of parforaton

of tho oesoaphagus and Tw stomach.

AT ARSI oy
LICE) Rak 0, 0E) mgit; 4 A derbimisd
QECD Tast Guidading 4005

Symptoma: muccaal imtabions, Cough, Shorness of broa®, Possible damages:, damage of

respiraiony tract

ACute STl tody
LD&O Rat 1.7 mgikg
pUCLIDY

S imiiaian
FRabbi

Raauk C-ansns Durns.
OECD Tost Guidading 404
Causas bumes.

Eye imitadon

CALSOS SON0US yD damaje.
Risk of bindnoss!
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

SAFETY DATA SHEET
according io Regulaton (EC) Mo. 19072006

Catalogua No. Rl i
Froduct nama Polasaiom dofromaln orysl. medra purn

s
Sonsitisation fest [Magnusson and Klgmanl:
Fosuk posive

(PLCLID
Farloh tast: humae

Rosul posfve

(PLECLIO
May causs allorgy o asfvma symiploma or brsathing dificuiies B inhalked.
My causs an allegic skin neaoion.

T Ol e
Charoliceiafy &7 wling
Amos boal

Salmonedla fyphimurium

Rosut posive

iMatonal Tamockogy Program)
CarnACparmay

This information is not availatie.
Roprocuctive taaty

This information is not availatie.
Ty

This information is not availatie.

LR wfaents

Carcinogonciy:
May causs canoer,

Mutagoniony:
My calsmes gorein dedecis.
Termlogoriaty:

May darmiags the unbom chid.
Foproductive toscty:

My damiags ferdlicy.
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SAFETY DATA SHEET
according to Regulation (EC) No. 190772008

Catalogun Mo Rl
Froducl nama Folosaism doiromaln orysl. mira parn

Speciic tgar arpan fodclly - Singhe SXPOSLE
My Calms rospirabory imbaton.
Targel Organes: Roapiradony 5yeshm

SOOCC SGaF SAPAN IR - ARG BXDOSAAD
Causes damage io omgans through prolonged o repeabed axposuns.

Aspianon haran
This information is not avallabie.

11.2 Furthar infommation
Chrcenium{'v1) i Righly ook, His abscrtod win bof S lungs and e gastroimsstinal ract.
Boing atrong owdisers, chromalos! biofromaios can oees bums and wosraticrs on tho skdn and
munoss mombranes and aiso iriatons in o uppor respirmiony trect. Poorly healing ulcers ooour
aflwr woarsd ool In predispcsed pomons T subsianoo rapidly kada 1o sonsfsadon and
alliorgio roaciona of T respirabory tract [nak of proumonia®] and damages o reesdl s
maNmbranas [undor given ciFouTedanoss. porhorafon of the sepdum). Afler syallowing Soens
gsympioms in the gasiroiniestinal traol =uch as Doody damhoesa, vomidng (aspirton
proumonial], spasms, crouloiony collapan, unoonsoiousress, imation of masthaomogkobin.
Absorption may rosult in bepeto and renal damage. Inhalable dhromiom{yT] compounds e
chear ewidenca I bo Darninogon in animal exponmons. Lothal doso (many: 053 Anbdotes:
ohedativg sgeris such @ EDTA, DMPE [Demaraaki)

Criher dangerncus proportios can not b solded.
This subsiance should bo handked with particular cane.

BECTION 12 Ecologioal Information

121 Taodcity
Towichy &3 Bsh
LICS0 Lepomis macroohinas [Bluegill surdshj: 0,131 mgd; 95 h
[Exinmal MESD0E)
Towichy £ daphnis and ofhar aguatc invartabrates

Immaobization EC50 Daphnia magna [Wirlor Ainajc 0,62 mgi; 48 &
QBECD Tosd Guideding AL

Towicty & algae
ECH Psaudokrchnenada subcapiats jgreen algas): 2 mgl T2 h
(Eximmial MECE)
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

SAFETY DATA SHEET

according to Regulation (EC) Mo, 1907/2006

Catalogun Ho. A Db

Frosdicl namda Polassiom dorromaln orysl. oidra DO

ICED Chionalla vulgars [Frosh wader aigaa): 0,15 - 0,58 mgh; G h
ILECLID)

Toaicly &3 Daaend

microdox ins! EC50 Fholobaoisriom phoaphomsum: 58 mgit 32 min
Tomicily £ =0 fChnonis Bkl

MOEC Fimaphakes promalas (laTesd minnosic S mgdl; 7 d

{Exinmal MEDE)
TowcRly £ Saphnia and oifor Squatc verisbratas (Chomnk ooy
NOEC Daphnia (warler fisa): 0,016 - 0,064 mgi; 7 d
{Exinmal ME0E)
122 Ponistonoe and degradability
Biodogracaty

T mathods for dolomining the bicdogical degradabiity ars nct applicabils 4o nonganio
U banoes.
123 Bioacoumulative potantial
Bloaooumasiion
Bicoonoanirabon facior [BCF): 17,4
Cincorfrynaes mykiss (rainbos o]
(Eximrmal MEECE)

124 Mobiity in sl
M Imlormation arsaliaba.

12E Reauls of PET and vPvE sassaamend
PETWAVE asnesamin not awalabls &3 chomical salaty assessTant not requinsdinot conduchod.

128 Othor adverss ofisck
DCiz=changs into T srieirnnmiam mst b ewoedad.
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SAFETY DATA SHEET

according to Regulaticn (EC) Mo, 190772006

Caftalogua Mo et i
Procduct nama Potassiom dorromaln orysl. mdra porn

BECTION 11 Disposal oorsiderations

FeEsa frEaimaeT Mo

Soo wew. retrologsik com fior prooesses regarding the retum of chamicals and containens, or
ooniact L T i you have furfher quostions

BECTHON 14, Trammport Infcrmartion

Land tramapart (ADREID)
14.1 PN prsmiber

14.2 Proper shipping nama

14,3 Class

14.4 Packing group

14.5 Environenentally hazardous
14.8 Spocial procautions for

Turirsdd resririoSoin Do

Intand walorway franspor [ADN)
Mot refewant

Air tranaport (LATA)
4.1 LN renibser
14.2 Propar shipping nama

14,3 Clasa.

14,4 Paciing group
4.6 Emiromementally hazardous
14.8 Spocial procastions for

Soa tranaport [MDG)

134

LR 3G

TOXIC 30LI0, OXEIONNG, NLO.S. (POTASSILM
MCHROMATE]

61(5.1]

]

s

]

LI G

TOXIC 30U0, OXIDEMG, N.OS (POTASIIUM
CHROMATE]

5.1i(5.1]

]

s

(g .=]
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater
SAFETY DATA SHEET
according 1o Requlation (EC) Mo, 19072006
Catslogun Mo A0=HE2
Prioadscl namia Porlassium dofrnmaln oryal. medra Do

4.1 LN rirnier
14.2 Propar shipping nama

14.3 Class
14.4 Packing group

UN 3006
TOXIC S0UID, OXIDIZNG, N.O.S. (POTASSILUM
DICHROMATE]

6.1 (5.1)

Il

14,5 Emvircmmentally harssdous  yos

14,8 Spocial procautions for

usinr
Emsl

FiG

F-b S0

14.7 Transpoet in bulk @coceding to &nnox B of MARPOL TA7TE and the IBC Code

Mot ravam

SECTION 15 Rogulatory Inloemation
15.1 Safety, health and anvirenmental reguiaSonsSogisiation spocific for T substancn or mbdure

EL ragudations
Magor Accident Hazard
Logisiaton

Oocupatonal restrctons.
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SENVEEC I
ACUTE TO0C
H

Cuantiy 1: B
Cuantfy & ANt

SENEECT N

CEEIDLANG LICUIDS aMD 300105
o

Cuantiy 1: B

Cuantfy &2 S0 E

SENEECT N
ENVIRONMENTAL HAZARIEE
|

Cuantfy 1: 100t

Cuantfy &2 S0 E

Take note of Dir 54/3WEC on the protection of young pecpio at
work. Obsonn work rostrichions regarding matemity proloction in
accordanos to Dir SABSEEC or strictr natonal rogulatons when
appiicabio.
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SAFETY DATA SHEET
according to Regulation (EC) Mo, 190772005

Cataloguo Ho 0B
Frioducl nama Potassiom dohromalo orygl. adra purn

Regulation (EC] Mo 1ANE on substances Tiad  nod roguisted
dap kate T oTonG Laor

Regulation (EC] Mo B50°4ME of T Eurcpaan rexd reguiatod
Fariamant and of tha Council of 25 Apnl 2048 on

parsistant organio pollutants and amanding
Directrsa FHA1FEEC

Subsianoos of wory high oonoem (SWHC) This produci dos oDniain substanosss: of
wary high conoesm amoording 1o Regulabon
{EC) Mo 100N [REACH], Arichs 55
aizxoen tho respoective regulatory
conosniration limd of & 0.1 % fefed.
Coriaing:  peolsssium dichromatbe

3BT R ation
Siorage dass 518
142 Chamioal Saloty Assoasmant

Foir this mududachmmﬂnhtyunmlwumtunnudml.
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater
SAFETY DATA SHEET
according i Regulation (EC) Mo, 19072006
Catalogun Mo A0SHE
Procducl namia Polasaiom doFromaln orysl. meira purs

BECTION 14 Othar information

Fuil tmet of H-Staferments roforod 1o under sectors F and 3.

HEFE Wy indzresity fing; ooddizer.

HEH Tizeda i srev oo,

HE1E Hamiul in oontect with skin.

HX14 Coumss snne akin buma ond e damaga.

HEIT Wary caiesa an alergd Skin roecbon.

HEND Fatal § inhaliod.

HEM Wy canea aliergy or amthma symploms or broathing diffioufoes if
inhiaked.

HER ey CaiEd respirTiony imiaton.

H340D Wy ool gonotc doloots.

HRND oy’ LIS D0

HREFD Wary damagao Tortikty. May domago e uniom child.

HIT2 Causes damags 1o sepans throsgh peolonged of rapaaind
PO,

H4E) Wary howio 1o aquatic Ho.

H410 Wary howic 1o aquatic Ho wiE long lesting ofiecin.

Training advics

Prowide adequain indcrmation, insinection and training for operaiors.

Labading

SELH®S

Slgral wovd
Danger

Haranr statemants

HEEE My inbonaihy fine; coddizor.
HAA Toodc H swallovesd.

H31Z Harmiul in contacd with skan,
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BAFETY DATA SHEET
according o Fegulation (EC) Mo, 190772006

Catalogun Mo 104862
Froduc nama Polasasism doiromaln orygl. aedra porm

H14 Causos sovens skin bums and sye damage.

HM T May causs an allergic skin neaction.

H330 Fatal d inhaked.

H4. May cause allergy o asTvma Symphoms or breathing dificuiies @ inhalod.
HAAE May cause rosparabory imbation.

H340 May cause geret dedech.

HASD May cause canoor.

HAE0 May damage fertlity or the unbom child,

HTE Causoes damage bo organa through prolonged o repoabed euposuns.
H410 Vary imdo 10 aquatic [be with kong lasting offoots.

Procabionany statements
Prassnonion

F21 Dbiain special instnuoticns. belone uso.

P2 Take any procaution to avoid mbang with combustbies, hoavy-motal compounds, acids and

alale.

F273 Awnid rolsase 1o tho smironmant

F280 Wear protoctive glowes’ prodectise dothing! eye prodection faon probection.

Fnaporss

Fi1 + FX30 = FEX IF SWALLOWED: Finsa mouth. Do MOT induce vomiting.

P32 + P352 IF OM SKEIN: Wash with plenty of soap and waler.

F3{4 + P340 IF INHALED: Romove wictim 50 frosh air and kosep at st in a positicn comiortabile for
braathing.

F305 + P351 =+ FXEE IF 1N EYES: Rinse caulously with water for several mircies. Remowe comact
lorsoa, if present and oasy 1o do. Continus insing.

P304 + P30 IF axposed or concemasd: immodiately call a POISON CENTER or docion’ physician.

Furthar information

Faatricted by professional usars.

Kary or legond to abbreriations and acromyms used in $ie satoty data shoot
Usod abdervations and aoromymes Gan b inoked up at wwss wikipsdia ong.

Fagional roproseniaton
This information is givan on the authorised Saloty Data Shoot for your oountry.

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’Enginyeria de Barcelona Est

138



Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

SAFETY DATA SHEET

according o Fegulation (EC) Mo. 190772006

Catalogun Mo plen i)

Friodoecl nama Polassbo daoFromain oryal. dra purn

T inEsremien el el i b o e Sreeeey atels o o baeeieahe I chevolerman e oesoiley’ sl
o o B anperniete et oo, 8 obee ey ceprema S SUCETES o ey arpeien o B ovakec?
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A3.3. Sulphuric acid

(F) Fisher scientific

Part of Thermo Fisher Scientific
SAFETY DATA SHEET

Craation Dats 12-Moy-2010 Revicion Dads 10-Jan-2007 Aevicion Humber 4
1. ldentification

Product Hame Sulfurlc Acid [Gerbar)

Cat Ha. : Sa1Te-4

EW NORYTTG Hydrogen suffais; Wiriol brown ol ; O of vino

|RsH T Ml LI Laborainry chemicalks.

Usas adwiced agalnc Kz Inforation avalabe

Detalis of the cuooliar of the caloty dain cheat

COETIDETY Emmergenay Telephions Humber

Asier Soentic CHEMTRECE, Inside the LESA: B0~ 245300

Ome= Reapent Lane CHEMTRECE, Culshde the USA: D01-T03-527-3887

=air Lawn, MJ 07210
Tl 201] Tee-T100

| 2. Hazard(s) identification

Chaepifeation

This chemical s considemsd hazardous by the 20412 OEHA Harard Communication Standam (29 CFR 199001200
Exin Comosionimiation Calegory 1 A

Ferious Eye DamapeSye Imiation Catepory 1

Epeecific trpet omgan towciy (singls exposure) Cal=gory 3

[Targed Cegans - Respiainy sysism,

Laibe] Elsrmenic

Elgral Wond

Danger

Hazmm Siatsmeshc
o seyere shin ms and eye darage
Nay causs respirabory riaion

OO

Precautisnay 3ttsmenic
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Fulfuric Ackd (Gerbear) Resicion Date 10-Jar-2017

[Prewamiion

Do ek breathe dustTumes/gas mistfmpors/spray

'iesar probecihve giovesiprobective dothing'eye protecionTacs protection

Winsh txoe, Fands and any exposed skin thoroughly after hamding

Ulse only ouidoors or in & wel-wentlsi=d arsa

[RsGponcs

immedatsly call a POISOM CENTER or dochonpiysician

Iindhalakion

F INHALED: Remowe viciim o fresh ar and kesp 3t rest In @ posiion comforiable for breathing
Ekin

IF (O SR (or Fairc Taios off Immesdiabedy sl contaminat=d ciothing. Finse skin Wil wakerss hovwer
Wish contsmirashed clothing befons reypss

Eyec

F [N EYEE: Rinse caulousy with waier for seseral minuies. Rerove contact kenses, 1 present and sasy o do. Continee: finsing

limepesciion
F SWALLOWED: Rinse mouth. 00 MOT Imduce vomiting

Etorage

Siore locksd up

Siore In 3 wel-yentiahed piare. Keen oontsiner Sghtty dosed

D pesgal

Dispose of contenb/oontainer o an aporoved waste dispesal plant
Hazanis not otherwice olaccified MO

WARTING! This poduc] contains 3 chemical Enown inthe Skl of Callomia o couse Canoer.
IUbnireegem Eiurbs ToodoFy

3. Composition | information on ingredients

Component CAI-No Wiedght 5
Eaifuric &cid TEEL-53-5 50-582
Wiaker TT32-185 2-10
4. First-aid measures
Beneral Advios Show this safety daba shest o the docior in attendsnos, Imredisbe medical atiention 1
reguinesd
Ewe Tt Rirse s dlahedy with plenty of walker, aiso under ihe syelds, for ot esst 15 minutes.

Immedisbe medical abendon |5 reguined

Skin Conmtaot Wash off immediziedy with plenty of waber for at l=ast 15 minuies. Remose amd wash
oontaminated chiofing befores re-use. Call & phyrsician e dlkabedy,

Inhalaticn Ifincé breathing, ghve arificial respirafion. Remaove Fom exposare, le down. Do mob use
mouth-o-mouts method T yWoim ingesied or nfsked the: substamce:, give arificial respiration

Wit the aid of & poschist mask =quipp=d wTh & one-way vaivse or other proper nespiraiory
medical device. Call a physician Immediaiey.

limepesciion O not Imcuce vomiEng. Clean moath with water. Meser give anpthing by mouth o an
unconscious. person. O:all a physican Imeed ey

Boct Important cympiomciefisoic  Causes bums by all Exposure moulss. Froduct is 3 comosive madterial Use of gasiric
rvape or emesks |s confraindicaled. Posshie perforaion of siomach o esopragus. shouid
be InvesSgated: Ingesion causes sevens Swedling, severe damapes o Fe deloale Sosus
and danger of perforaion

e bo Phyclolam Treat symplomadcaly
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Sufurc Ackd | Gertsr] Revicion Dats 10-Jan-2017

5. Fire-Tighting measures

Sulabis Extinguiching Medla COy, dry chemical, dry =and, aloohosresistant foam.

Unicuifizhis Extinguiching Medla 0O HOT LESE 'WATER

Flach Faolmt vt appdcaie

Mt - Mo irforrmadon avaliabie
BAarnigriticn Temperathas M Imiormation avallabie
Explotion Limbs

Lpiper Ko dala roalkabe

Lorwer o dain avalabis

EenciteTy to Machankoal Impsat o mremadon 3l labe
Senciheity to Statls Dicchanges Mo informmaon aval kb

Epeoiflo Harsrds Sricing from the Sheeniboal
Treerral decomposton can =i o reease of imiating gases and vapors. The procuct couses burms. o sypes, skin and masoous
mEmbranes.

Harasrdows Combuciion Producis

Bufur owides Hydmgen

Protective Equipment ard Precautione for Firefighies

Az In any fne, wear sef-contained bresthing apparahes pressure-derand, BEEHANICEH (approved or equivalens) and Tl
probecive gear. Themal decomposbon can ead o reiease of imialng fases and vapors.

. =
Hmath Flarmmai | iy Inciably Fircloal hazandc
3 a 2 ]
6. Accidental release measures
Perconal Presautions Ercurs adaquans vantiaton. Use pesonal profecive eguipmeant. Svacuate parsonne i
e areas. Keep peopie sy Fom and wopeired of spllisak,
Environmental Precustions Srcakd niot b= rejeased iAo e snvionment

ettende for Contalnment and Clean Scak up Wi Inert absorbent material. Kesp in sulabie, dosed confalmers for disposal
hp

7. Handling and storage
Hamdlirg Bl personal protechive squiprent. Do nof get in eyes, on skin, oF on dothing. Use oniy
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater

Sulfuric Ackd {Garbar]

Revicion Date 10-Jan-2017
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Pariflon oosMolent n-ootanoleater Mz dat avalabie
Safpdgnition Temperabans Mo Irfommation asalkabbs
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Sulfunc Ackd |Gerbar) Rewicion Dabs 10-Jar-2017

Hazsmdous RAsactions: Fone under rommal processing.

| 11. Toaxicological information
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£4 - Mol Clsrmifiabve s Humen Carcnopan

A3 - M Sussected a1 @ Human Dacisapen

Mutaganis Effsots iz IrrioerTranar el
Reprodisotiey Effsoic iz IrrPoerrm oo aveailabee
Developmantal Effsoic Mo Information avallabée:
Teratogeniafty Mo Information avallabée:
ETOT - cinghes axposurs Respiratony sy shem
ETOT - repaated axpocuns e known

BAgpiration hazard Mo information avallabes

Eymplomne [ efMeots both souts and Product s a comoshees malendal, Use of gasiic lavags or emesls |5 confraindoabed.
delayesd Proessibie perforaiion of shomach or esophagus should be ireeshigabed: ingeston Caeses
seyvere sarsling, severe darmage o the dedcale tmsue and dangesr of periorabion

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’Enginyeria de Barcelona Est

144



Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater

Sulfuric Ackd (Gerber)

Fewicion Dby 10-Jan-2017
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Sulfuric Ackd |Gerbear] Reviclon Date 10-Jan-2017
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AU - il cales @ subsiarcs exemel from reperEng unrde Bw inseniory Updale Hulk, e Partal Updaling of the T20A Ireen oy’ Dala Base
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Sulfuric Ackd {Gerbar) Revicion Date 10-Jar-2007
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16. Other information

Prepansd By Reguiaiory ASars
Themma Fisker Soienific
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A3.4. Silver sulphate

A3.3 Siver suiphate

Silver Sulfate
Safety Data Sheet
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Silver Sulfate

Safety Data Sheet
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Silver Sulfate

Safety Data Sheet
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Silver Sulfate

Safety Data Sheet
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1z Persblence ard dog radabil Ty

Sl v r Sk | 1070 26 8]

'preie-oe W-d degedubly | mict entwtdwhied
123 Blosroumula®yve po b Bel

St Suilabe | 10704 26-5)

BLF i 1 28 Onoottynchun ryides- & d ol 2870
Homrumuister soferri el Mol sutnblahed
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Silver Sulfate

Safety Data Sheet
wecording to Fadarnl FagimierWol 77, Fo. 500 Mondey, Barch 38 2TH T | Fuise snd Aegaaions

(FES MobiiBy [n ol
hio e diiorml nfo-mekon oy siebe

128 Crfnt ] wentna efiect
Efect on prorm e

L isformlion o Ao rol s o B emromant

13 ‘Whiabs reatmen| meBods

‘Finwie depowsl recommasdeicm ¢ D i @ e ORI eccordencs wiE Iooallnalonml segubiions . Diesoma aff
cosierisizontare B comply WS o, shele aed federal reqpuisSesm
Ecology - wente mutm-uts . A relewss o e EviromecE
FrUpecd i BN IR ] = e
In ecoordenos with AT
Tramupad documanst Smericton ¢ UNEIT Ermeronmentaily acerdous substences, solid, nos (S sulfate], % 11
Ukd-pi=DOIT) ¢ UKSEET
a7 Froper Shicpi-g Mame . Ervronoerteily heserdous substenors, soid nos
Departeen! of Treesportabon (DOT) Haeand L - Gl B - Msceliaseoos Sarardoos raderial 28 SFR 1T 0
e
Hisurar s iabrals (00T ) C W - Dl U | W sl reeouns deae et s e e
ﬂl‘h,
i
LaT Symboks L e deel e SN eguring s technaesl nema
Packing group |B3OT) ol - e Changer
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater

Silver Sulfate
Safety Data Sheet

nccording 4= Facers Regheter ) Vol 77, Mo, 50/ Mondey, March 260 2017/ Rules and Regatvions

DOY Speche Provisbons (48 CFR 172102}

DOT Packagng Excaptons (40 CFR 173 cx3)
DOT Packagog Nom Sulk (48 CFR 175 2xx)
DOT Packageg Bulk (40 CFR 178 xx3)

DOT Quwtty Lintwtions Minsenger sroreftng
MO CFR 17327

DOY Qumstty UrrdnScrn Cargo srcrw®t andy (49
CFR 15 TS)

DO Vessel Stowage Locwtion

Adanons! lnioe maSon
Other Informuetion

AR
ho wddone sformaton wweisbie

Teansport by sea

No sddiione sformeton wesiutse
Alf transpoet

No wddione rformeton wsiaise

# - A crardous scbadence Bl i not w hezedous wesds sy be shgped unde: the shipoing
description "Other reguisted substences, hgud or solld, nos”, we sppropciete In sdditon o
wod muterien, speciel provialon BS54 soplies.
148 - This description rmary be Uused for & madecsd thet poses & haswrd 1o the esvironmest but
doen not meet the defintion fr » hesrdous wisde or # haterdous substance, us defined in
M Bof o ter, o wry d cless s Sefsed v Part 1773 of s subchapter, it s
dewigraind e srvieonmentady fazwrdoos by Be Competest Authortly of he country of osgs
el o dentinedon,
235 - Mrtres of solkds thet wre nof scbject 1o this subchagter wod envirosemenrtely hetwdous
begacis of solkds My Se chessfied w “Ex dy Sacowrdoos sutndencen, sold soa”
UNSOTY wed rrasy be Temaporied under Bis ety provided Buere & 20 free bgud visbie of the
S the muderie & lceded or &f he Ime e peckagng of Bunapod unk i cowed. Esch
Earmgort and must be leeicroc! when used s bulk peckagng.
AN12 - Notwithatandng he quertly krits shown is Column (94) snd (9] %o Sis enty, S
folowng |BCs we smthorlies for remspoteton sbowd msenger and cwge-orty secreft Euch
1BC ey not meceed & maxirum set guertty of 1 000 kg
w Netsd 11A, 11E, YIN 204 218 and 21N
b Foghd plasicn. 1101, 1THZ 2141 wnd 2142
¢ Compoalte with pleaic rner recectecie. YTHET 15HE2 2THET wnd 21H22
d Fbetoerd 110
e Wooden: 105, 110 wnd 11F (it imer keers)
f Flactie 1342, Y3HS, 134, T3S 1502 130N 1304 T5MT end TIN2 (Aectie SCs must be
w-prool end water resdaten! o most be #1190 with w w®-procl end welsr restatent lner)
£54 - Cpandop, sift-proct nel cems e wiee sthorzed
168 - Acthorzed 1BCs Netsd (1A, 118 1IN, 214, 218 21N, 314, 318 end 31N}, Rgs
phamtics (TIHT, 1002 241, 21H2 S1H1 and $1H2), Corpoaite (V1HZ1, 19022, 21421,
21HE2Z, SIHZT wnd STHEZ). Fiberbosd (11G), Weoden (11C, 110 end 11F), Flaxisie (1341,
T2 19, 1M 1305 TS, 18D TALS YELA, NN or TIND)
IS - Flaxble [BCx must be wf-proof and walarcosatae! or must be Mied wih & sfiproof end
wntnr - oosstart iner.
N2U - A SMT mudiowed pacer bag b sshorieed ¢
115178274 8¢2) Noerad TTA VSN
THSS - Tha portabie tank madracton sssigeed for this substance spoites o graruee wnd
powdered solcx and o solids which ere fled sod dacherged st terperises sbove Bel
meting polst which are cooled end Pempored s & sobd s Sold substences Yemaported
o affered for Tunapoct sbove thet malteg pordt we suthorzed by Bemporteion i sortadle
brtks confonming o e pr of porteble Sk rndruction T4 S wobd sctadunces of
packing grop 11 or T for scild sutadances of pecking group 1, usiess & teck with more

e nts for e shal thokness, muccmum slowsbs working cresscte,
prescwre-rebef dovices or HoBom oufiets sre wsngned i which caee the more stngen ! terk
Imatructon and specisl provisdors stuell wpply. Filling Srtts must be in sccordunce with portatie
btk special provasdon TS Scide meeting e defniion of en seveted emrpersture mutessl
must be wpoted n d wis he spobcatie reguirements of this subchaster
145
ns
40

No et

apotied n & -] wport vehice

No et

A - The materiel may be wiowed “on deck” or “onder deck”™ on s cwrpa vessel wod 0
peasnge’ vassel

No scppemertary Dictmation evebedle
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Silver Sulfate

Safety Data Sheet
wecording ta Facernl Fagimier Vol TT, R, 550 Mondwy, Barch 351 303 ( Fulss and Rsgeadons

181 US Federal regulafons
Slver Bulale | 10254-26 5]
Linbad on B Lisied States TSR (T oodc Subebinoss Contol Ac) ivastony
e T P T e e | imrrediste (o) Rasih e

182 Intemational regulsbiom

CAMADA

Svar Sullale | 10254-28 81
Linted on B Canecias D8 (Dometic Sumbanom L)
N o Peation | e E. - Cormossn Matessl

E U gulaSoms

Cligacation mconding & Regalition [EC] Mo 12722008 [CLF

bt o
ClasMeallon sooonding 1o Direcl ve 758 EEC o FFHNEELDT
teot o o e
182l HaSonal regulafong
| Savar Sullate |10254-28 51
| Lisbe on Ew U srmeciar DL | ingraient Desdcmrs Lty
185 US Siade fagulaons
ko eddfiomal nformebon & aiEbe
SECTION 16 Other iInformation
L ieforrmdion Mom
Full teat of H-ohrases see sscSon 18
Sl Sovdw 1 Harardoos o e squelc sraronmen! — Lovle Hared, Category ©
Sl Chrane | Harardoos o e susic srvroneen! — Uhresic Aesad, Celegoesy
1
Eve Dam 1 Sarious pya cempmieys o iulos, Celegony 1
Shin i 2 HEin cormminirriaion, Delegory &
HE1S Lmcnes skin i risafics
H318 L ETiTUN aFr e ga
it ] lulﬂ I:ll:bEHI-
10 Mary zak = equeic He with keg | aFohs
HF P& bt Saoars 2= imerse or oebrusd ecooere could Case oy

reapacisbon o oesitle reskdosl oy onless prooel
maddicel sfnbon = gves

WF P& fira haraed O - M e et will sob buss

HF PE rascidty O~ Mormily slebin sves orefer e mpowre condibom,
e @e e reectve wth weter

HRIS 111 g

ot 2 Moderate Haterd - Tamporary of Srd injefy Sy oo
Flurrrruabil#y 0 Ml Hatwed

Py 1 Miskrol Hasard

Pormonal Frolecion E

S0 UG fGHS HerCom 30T

A P Pl N ] N e S D] 0 0] ) Dk I O ROC T A el TR ] O Y oS okl | e el e el 0 ST ksl TR W sl o Pl
S (Tl al Nl ST N O Pl EaT R N (il e
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

A3.5. Chlorhydric acid

- I.I -l : 4-“
A MTON i —

SAFETY DATA SHEET

[1. Identincation

Prodwed ideniifier: HYDRCCHLORIC ACID

Other msans of [dantifoation

Sy YmG: Kurabc Acid, Hydrogen Chioride, Aqueous
Prodwed Mo 9385, 9535 2185, W28, V18T, WIOTE, WOO1, §300, 3524, TS5, HEEE HEET, HE 18, 5851, 20D,
EB14, 2636, 251Z, S500, 9E25, SEAT, B5E], SLid §530 SS3S S530, 9839, 36T, HE13, ITHAG, 26408 ST,
HEA3

Ragcmmandesd wee and rectriotcn omn uce

Rsoomemen ded uca: Mot aalable.
Rectrichonc on ues: Mok knoen.

Manufarbarsriimporisr SupplierDicirbutor Information

Manufsefurar
Company Mame- Axaninr Performance Miaberisis, ImC.
Addrens: 3477 Comporyie Farosay, Sub= 200
Cenber Valley, P& 15034
Ted=phone:
Cusiomer Senvioe: B55-282-5567
Fan:
Conbsct Ferson: Emviroamental Health & Safety
-l Irtofhavanormiaterists com
Ermsrganay belephoms nuemnbar:

24 Hour Emengency: SOE-859-21S1

Chemirec: BOO0-424-3300

[2. Hazardis] IdentifNcation

Hazard ClaccHaoation
FPhycloal Hazarde

Comoshe b metaks Cabegory 1
Haalth Hazandc
Acuie fodoty (Cral) Cabegory 4
Bkn CormosiondimEa@ion Cabegory 1
Sefious Eyve CamageEye Inrkafion Cabegory 1
BpecHic Target Organ TowcEy - Cabegory 3
Bingl= Exposur= {Inhakafon - vapor)
Labisl Elemisnbc
Hazard Eymbsoil:
Elgnal Waord: Danger
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AAMNTONR

Yersion: 4.0
Revision Dade- 0Z-02-2045

Hazard Statement:

Precautionary
Etatsmand

Prevention:

Cihar hazarde whioh & niod
recult Im GHE olaccioation:

kay be comoshie o mebis.
Hamful ¥ swalowed.
Causes savens skin bumes and £y damage.

kay causs respirabory ritation.

Feem only In onginal container. Wash Toroughly after nanding. Co not
breathe dustSume'gasimistvaporssoay. Lise only cutdoors of In a3 well-
wvernidlabed ares, e probective gloyvesprobecthie dothing'sye
probeclioniTace prolecion. Do not =at, drink or smoke when using this

product

Abzort spllages o prevent maberial damiage. |15 SWALLTWED: Rinss=
mouth. Do NOT Imduce vwormitineg. IF O 3KIN (or Fair]): RemovwsTak e off
mmediaiely al contaminaled cothing. Rinse skin with waber'shower_ \Wash
contaminated cothing befor= reuse. IF N EYES: Rinse cauloushy i
waksr for several minubes. Remove contxct lenses, T present and =asy io
do. Combines rnsiag. IF MHALBD: Remove victim o fresh ar and =g at
restin a postion comécriable for breaiing. Immediately call a PCIBON
CENTER or doctorpiysician.

Stone locked up. Siore ina wel-venizied phoe. Kzep con@imer tighty
closed. Sloe Ik comosve reslsiand contaieer with & resisiant inner lieer.

Dispose of conbkenis'\conainer io an appropriai= treaiment and disporsal
Taclity In accondamce with appilcable ws and regulations, and product

characterstics af Gme of disposal.

Hone.

[3. Compoeltiondnformation on Ingredisnts

M Iburss
ComETion nama CAE .
Chemloal ldenitty =nd eyron nurnk Condent in parosnt (585
HYDROCHLOS IS ASID TeaT-00 20 - 40r%

" Bl coroeni-atiors Be peTect by wsghl onsss rgrediisnd i e g Gas concenaeions erson zeroent by wshurs

[£. First-ald measures

Genaral Infornaticn:

Irsg et

Ekin Conkaod:

156

Gt medical advice/afendon Fyou Teel urweell, Show @is safely daés shest
o the doctor In ai=ndance.

Cal a physidan or polson confrol cemier Immedisbety . Do mof iInducs
wvormitimg without advice from polson oonirol cemter. B womiting ccowrs, keep
head iow 50 thal stomach content doesnt get IRso e lungs.

kove to fresh abr. Call a physician or polson conrol cenber mm ediabsdy.
Apply arificial respirafion I vicim s not breathing B breathing ks diTcul,

ghve oNygeEn.

Immediabety flusk with plenty of waber for ot east 15 minubes whil=
removing contamiinabed clothing amd shoes. Call @ physican or polson
Cconirol oemiesr mmediakely. Wash comiamisabed ciothing DEfore reuse.
Desiroy or thorowghly dean confaminated shoes
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater

Yersion: 4.0
AVANTOR Riewision Date- 02-02-2045
Ews nontaot Immedabety flush with plansy of water for ot =ast 15 minutes. B sy fo do,

remove contac lenses. Call & physidan or potson contnod cenber
mrmecliately. Inocase of irfiation froe alrborme seposoure, move b fresh air.
Gaaf medical atisntion Immedabety.
Mocd Imporiant cymptomeisteots, aouts and delayved
symiptome: Causes sayers skin and ey borms. Harmful B sweallowed.
Indloaticn of Immadiate meadcal sttendlon and cpeclal treatmend nesded

Treatment Treat symiplomadcaily. Symphorms may be delayed.

5. Fire-nghting measures

Eenaral Firs Harzandc: Mo dats avallabde.

Suitabile jand uncutabds) sxdinguiching meadla

Eultable sxiirguiching The product 5 nomr-oombusile. Use fire-sxinpuishing medis appropriai=
reedla; Tor sumoarsding malerials,

Ursulakbds sxiingulching Mons ErcewTi
resed la:

Epaalfic hararde arlcimg from Fire or eyresshee heat may procduce hazasndows decormposition products.
the ohismioal:

3 paolal protective squipment ard precautions. for firsfightsre

Epaaial fire Sighting kiove contaimers froes ne area 1 pou can do so without sk Use waber
[l Sa 1T g . spray b keep fire-ssposed containers ool

Epaoial prodeotive squipment  Firefighisrs must e sndan profscte squiprent nduding STame
fioir fire-flighbenz - retardand coat, helmet with Tace shisid, gloves, rubber boobs, amd In
Encinsed spacss, SCEA

(6. Accidental releass measurss

Perconal precsuticne, Wendlake closed spaces before emizrdng them. Kesp unauthorized
prodective squipmand and pesomis away. Evacusis ares. Keap upwing. See Sachon S of Fe S0S
BEMargamoy proosdunss: for Pesonal Profeciive Equipment. Do not ouch daresged oomiaimers or

splled maberial uniess wearing appopriabe profecie dothing.

Mathods and matsrial for Meulralz= wikh [Ime or sods axsh. Absorb spll & wermlog B or other nert
pondainmeent ard clsaning mai=rial, then pisce In & conimsr for chemical wasts, D= far afed of
um: krper spdll for aber recovery and disposal.

Kotfoaton Frossdurss: Irrformn authorities. Flanps amounbs ane evobeed.

Envircnmanial Fraoastions: Do not confsminals waier sources. or sewer. Frevent Turdher l=akage or

spllage B safe o do s

7. Handling and storage

Prepsuticns for cafes hardling: Do not =at, drink or smoke when using B product. Do mof gt In =yes, on
skin, on cloffing. Wash fands Foroughly afi=r handling. Do not breaihe
dusifume/gasimisthaporsispray. Use caution winen adding @his malerial b
waksr,
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ANCANTOR

“Wersion: 4.0
Revision Dabe: 02-02-2045

Condfions for cafe chorags,
Inaluding any
Inacemipatibil e

Kmap comaimer tghtly chosed. Slons ina wel-aeriiaied phsos . Lnsuiabhs
containers: metals.

[8. Exposure controdaipersonal protaciion

Control Paramabers

Coaupaticnal Expocurs Limitc

Chamikoal Iﬁl'l'l't.'h' Ty Expzsum LimE Vs Sourcs
HY DL DIDE SO0 Callirg T zam LS. SCHH Threshot Limd Vshses (22071)
Cad Tima = =om Fagnd | US. MOSH Pookel Gads = Chemcal
Huw=u rein. (2201 R
Cailing L ==m T mgind | LS. OSHA Teble 2-1 Limis f=r Bl
Conimrrmn 555 CFIE 100 0. 10008 G SY0E
Cading L =om Fmgind | US. OSHA Teble 2-1-A (2259 0T 90 0100
(TR

Appropriabe Ensglr-=img
Controk

Nodats avallabie.

Imediwidizsl protegtion mescurss, cuoh ac perconal prodeotive squipmand

Saresral Information:

Eymitans probeotlon:

EIm Prodsotion
Hard Frotsation:

Crihese
Roscpiratcry Protection:

Hyvglars mpscUursc:

Caoaoad general vendlation fypically 10 ar changes per hour) shouwld b= wsedl
Vendlafon rades showld be maicked o condions. I applicabls, pse
process Enoooures, ool exust veriibfion, or ofther snginesning coniroks
1o mamzain arbome evek belos recormrmemded srpooures ImEs. H
exposune [mits e not been esiablished, man@in arbome =vels b an
srceptabls Evel An eye wash and safely shower must be avallable in the
rrediaie work anea.

Wear safiefy glasses with side shisids (or popgles| and a Tao= shisid.

Chamical resistant Qloves
Wi=ar sulisbie protectve dothing amd gioves.

I enginesning confrols donol maRiain arbomne concentrabons be ko
recommendsd saposare ImEs (wiere apnicabie ) or i &R sCrepiabie evel
[In couniries when sgposure s e not besn =stabdshed), an
Apnoyed respiraion musst be worm. Ar-purying respdrator Wi an
appropriale, government approved (where applcable), alr-purifing ber,
cariridge or canisier. Comtack Bealith and safely professional or
manufachurer for specfic Rformation.

Frovide syswach sixbion and safety shower. Obserde gond Imdusiral

hyghene practices. \Wash hards before breaks amd mmedisbely afer

handing the product. Do mof =t In =yes. Wash contamirabed dothing
before rewse. Dionot get this matedal in oniact -l skin.

[9. Physical and chemical properties

o 1 AT
Phiyeioal ciats:
i
Color
WO
Didor thrachodd:
BH:
EaRing polrifreszing polnt:
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Liquid

Liquid

Coloriess

Fungent

o ity arvalakie.

0.1 (1 M aquecess. solubion)
-35 "G
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater
Yemion: 4.0
AWANTONR Reyision Date- 02-02-2045
Initial E=olling point and Dolling rangs: 4="C
Flach Polmt: Mo appdicabie
Evaporation rais: B0 clata avalable.
Flammeabllty isolld, g MNo dafts arvalabhs.

Uppearilower it on Sammablily or sxplochye Imic
Flammebiity [Imf - uppar 5] Pado ik avamlabds
Flammeabllty [Imf - lowar [5%]: Pdo dlata aremlabi.
Expdocivs [Imit - uppsr (5] Mo dats avalisbie.
Exploches [Imi - lower {3): Mo dats aealbabie=,

VaAPOr DreGLEUrs:; 141 kPa
Vapor dameity: Mo Ot aamlable.
Foslathes demciy: 118 (20 T
Sodublityilec)
Solubdify In waier Solubie
Eolubdifty {othar): Bdo diats avalabie.
Pariition coeMmoEsnt (n-cotanowaber): o dlana aeslabie.
Sarbedpniton tsmperaturs: Mo daty wealable.
|Cumezarim i H oy b s rartuane - Pado ik avamlabds
WisoocHy: Pdo dlata aremlabi.
[10. Stability and reactivity
Reaatizfy: Reacts violent iy wih srong alkalires subsiamcss.

Chemiloal 3tabllty: Waizral |5 stable under mormal condBons.

Poceibdify of Hazardous
RaaationeG:

Harardous polymerizaticn Joes not DCCur.

Condilons fo Avold: Ayoid moniact Wi strong reducing apenis. Erong apidizing spents. Contad

Wi alkals
Ircompatibla Materals: Acids Amires. Alkales. Metais. Reducing agents. Oxidizng spents.

Hazardows Desompocition
Frodusic:

Chicrire. Fiydmgen chioride By Fealing and fine, Comoshve waDOrsigases
may b forrmed.

11. Toxlcologleal Information

Information cn llkely routes of axpocurs

Ingection: Harrul ¥ swalowsd.
Inhaation: Causes sevens bums.

Ekin Contaot Causes sevens shin bumes.
Eyw oorrtaot: Causas sarious ey darmape.

Information on toxleologioal sfMeobs
Anuts toxloity (lct all poccibds routes of sxpocurs]

oral

Producd: ATEmlx (Ratl 581 maig
Deesrerial

Produsd: Mo dak avallabie.

5 paoified cubsianos{s):
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YVersion: 4.0
AVANTOR Revision Date 02-02-2045
HYDRCCHLORIC LD S0 (ASoase o 1,445 mgikp
ACID
inhalation
Produsod: Mo data avallabie.
Epaolfed cubsianosic]:
HYDROCHLORIC ACZID L S0 (sSoase, 1 hic 1108 ppm
L E0 (R, 1 B 3124 ppom
Repaated Docas Toaxloty
Produssd: Mo daka availabie.
Skin Corroclon/imiation
Pre=duat: Causes seyvers skin bumes.
Saricuc Eys DamagsEye Imiaticn
Pre=duat: Causes sariours mye damps.
Recpiratory or Skin Senciization
Produssd: Mot 3 skin sensitaer,
Carolncgenlatty
Pre=duat: This sulrsSsmce has ro eviderce of arcinogenic properbes.

I&RC Moncgraphs on the Evaluastion of Caminogenk Ricks fo Humans:
Mo camdinogenks comporenis denifiasd

U%. National Taxloology Program [NTF| Raport on Carolnagens:
Mo carcnogenkc comporents. Henified

US. 3EHA Epeciloally Regulaied Subsiancss (38 CFR 18101001 1550
Mo cardnogenkc compoments. kensfed

Cengrry Sl Mutagenlafty

In wibro
Produscd: N mutsgenic comporents dentfed
Iin vhvo
Produscd: N mutsgenic comporents dentfed
Asprcduatise Tomlatty
Prc=duat: Mo comporents foxic o reproduciion
Epaoific Tanget Ongan Taxloly - Sirgle Exposans
Produat: Respiraiory ract imiabon.
Epaotfic Tanget Ongan Taxloly - Repaatsd Expocurs
Produssd: Hons krowr
Acpiration Hazard
Produat: Mot classiied
Crhar Effecds: Hons krowr

[12. Ecological Informaticn

Evobtaxluty:
Soubs hazards fo the aguatlo snvironsnent:
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater
SeErsion: 4.0
AUANTOR Revision Date: 02-02-2045
Fikch
Produsd: Ko data avallabie.

Epaolfed cubsianosc):
HYDROCHLORIC ACID

Aquatio Inverisbrates
Produscd:

Epaoified cubsianoscl:
HYDROCHLORIC &CID

LS 50 (iestem mosguitcfish (Gambusia affinis), 56 hic 252 mal kMotalty

K daka availlskie.

LT B0 (iGneam or Europssn shors crab (Carcinus masnas), £8 B 240 mgh
Moriaisy
LT S0 (iComemion shiimp, samd shrimp (Cramgon crangon ), £3 ;260 mgi
Moriaisy

Chronlo hazands fo the aquatio snvironensnt:

Fich
Produwsod:

Agquatio Invertsbrates
Produsd:

Tomlity o Aguatis Planic
Produscd:

Parcictsncs and Degradablity

Elodagradaticn
Prodwscd:

BNCOD Ratio
Produwsod:

Eloaoourmulative Potamtal

Ko data availakie.

K data avadllakie.

K daka availlskie.

Expecisd fo b readlly bindegradable

Mo daty availlabde.

Elosonosntration Fasdor [ESF)

Produwsod:

Mo data avallabde on bioecoutation.

Partiion Coaffolent n-cotancd | water (kog Fow]

Prodss: M data avaliaos,
Mobillty In Bl Thee prochect ks waber sobubde and may spread In saier sysi=ms.
Criteer &idhwerncs EMeois: Large amounts of B prosduct may a®sct the addEy (pH-facion) in water with
posskde risk of harmha =Meds 1o agualic Grganksms.
[13. Disposal conslderations |

DiGpocal Incnsstionc:

Crontaminated Faoieaging:

Discharge, treatment, or dispcsal may be subjert o ratonal, staie, or ool
Evwes. Simce emptesd comiaimers refain procdoct residue, follow [abed warmings
even after contaimer ks emplied.

Mo daty availlabde.
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AWANTOR I;.EET;H:;'.EEM: O2-12-2045
[14. Tranaport Information
OoT
LN Fiarmbser UM 1789
LN Proger Shippineg Marme: Hydroshloric acid
Transport Hazand Classies)
Classies g
Labeis) s
Packimg Sroup: Il
karine Pollutant: o
IG5
LN Fiarmbser UM 1789
U Proper Shippineg Mame- HYDRCCHLORIZ: AZID
Transpot Haard Cassies)
Classies s
Labeis ) =
EmiZ Mio.: -4, 22
Packing Sroup: I}
Fdarine Follutant: Bdn
LATA
LN Fdimibear UM 17ES
Proper 2hipping Mame: Hhdrochioric acid
Transpot Hamand Classies):
Classiess | =
Labesdis - g
Farne Pollutant: Bo
Packimg Sroup: Il

[15. Reguiatory Information

Us Fedaral Ragulaticnc

TECA EecHon 12[b) Export Motification {40 CFR 707, Bubpt. D]
UE. OEHA Spscifloally Ragulated Bubctarcec (28 CFR 1810.10049-1068)

Mone presant oF Nons presant in regulatsd quanSbes,

CERCLSA Hazandouc Eubctamss Lict (40 CFR an2 4]
Reporabie quanihy: S000 [bs.

HYDROCHLORIC ACID

Supsrturd Amandmenic and Reauthorization ot of 1TREE {TARA)

Hazard oxtsigoriec

E.‘H:U:e (Immedabe) Dﬂhrl:-rll:-:l:l!lﬂ:.'l:'l:l] DF.‘-E- DF!I:HI:I:I'M- D Fressumre Genembng

EERA 302 Extremaly Hazardowe Subctanos

C heaeniload] Idsntdy R& Threchadd Plannieg Euantly
HYDRCECHLCRIC A00D E000 Ebs. E00 k.
EERA 304 Emargensy Felsscs Hotfoaton
C heaeniload] Idsntdy R&
HYDRCECHLCRIC A00D E000 Ebs.
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C eaemiload kdenksy Theashald Planning Guandthy
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Chsam Alr 8cd (CAA] Secton 112[r] SAccldental Relsacs Prevention (40 CFF 83.150)
HYDRCOCHLORIC ACID Threshoid quantty- 15000 lbs
HYDRCCHLORIC ACID Threshokd quesntity: S000 bs

UE Etats Regulations

UE. Calfomila Proposklon &£
MO Imgredient repuiaied by TA Frop BS present

UL, Hew Jercey Worker and Communily Righi-fo-¥now Lot
HYDROICHILORIIC ACID .= ]

UE, Maccashucedic ATH - Subcianos Lict
HYDRCCHLORIC AT Lisied

U%. Penncyivanda RTE - Hamardous Subsianoss
HYDRCCHLCRIC ACID Listed

UL, Rheod® lelard RTH
HYDRCOCHLORIC ACD Lisfes

Inventory Statusc:
Australls ANGS: oni o Imi complance with the imrenbory
Canada DEL Invveniony Lisk oni o Imi complance with the imrenbory
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EX ELIMNCE Lisk Kot In complance wih the mvenbory.
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China Inv. Existing Chemical 3ubstances: oni o Imi complance with the imrenbory
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Frilppines PICCS: oni o Imi complance with the imrenbory
UE TECA Innremiory, O or Im complance with the prrenboey
Mew Zealand inrrenbory of Chemicals: oni o Imi complance with the imrenbory
Bwitreriard Corsolidabed Invenion: Kot in compliance Wi the Imentory.
Japan IEHL Listimg- Kot In complance wih the mvenbory.
Japan Phamaoopossia Listng: Kot In complance wih the mvenbory.

16.0thar Information, Inciuding date of preparation or last revision

HFF & Hazard 1D

. FlammabilLy
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Wersion: 4.0
AVANTONR Rsyizion Date- 02-02-2045
Healn
R eaciivity
Sr=Cia harsrd.
Hazard rafing: 0 - BMinkal; 1 - Sight 2 - Moderate; 3 - Serious; 4 - Seves
lewe Dabe: 02-0=2-2015
FRewlelon Dabs: Mo daia arvallabie.
Varcion ¥ L0
Furtrer InToamation: Mo dats avallabie.
Dikcolabmer: THE INFORMATION PREBENTED IN THIS MATERIAL 3AFETY DATA

CHEET (MEDEE03) WAS PFREFARED BY TECHNICAL PERZONMEL
EWIED O DATA THAT THEY BELIEVE IN THEIR GO0 FAITH
SUDGMENT BB ACCURATE. HIWEVER, THE INFORMATICN FROVIDED
HEREM IZ FROVIDED "AZ 13,° AND AVANTOR FERFORMANCE
MATERIALS MANED AND GIVES NO REFRESENTATIONS OF
WARRANTIER WHATZOEVER, AND EXFREZELY DISCLAIME ALL
WARRANTIER REGARDING BUCH INFORMATION AMD THE FRODUCT
TOWHICH IT RELATEE, WHETHER EXPREEE, WFLIED, OR
ETATUTORY, INCLUDENG WITHOUT LIBMITATHON<= <= WARRANTIEES
OF ACCURACY, COMPLETENEEE, MERCHANTASILITY, HON-
INFRINGEMENT, FERFCRMAMCE, ZAFETY, SUITABILITY, STABILITY,
AND FITHEESE FOR A PARTICULAR PURFOSE, AND ANY WARRANTIEZ
ARG FROM COURSE OF DEALING, COUREE OF PERFORMANCE,
OR UBAGE OF TRADE. THEE MED3r203 12 INTEMDED OBLY AZ A
EUI0E TS THE APPROFRIATE PRECAUTEONARY HANDLING OF THE
MATERIAL BY A FROPERLY TRAINED FERZON USING THIS FRODUCT,
AND |E NOT INTENDED T BE COMPREHENEIVE AZ TO THE MANNESR
AND CONDITIOME OF UEE, HANDLING, STORAGE, OF DEEFOZAL OF
THE PRODUCT. INDIVIDUALS RECEIVING THIZ MEDEE0DSE MUST
ALWAYE EXERCIZE THEIR CW™N INDEFENDENT JUDGMENT I
DETERMINING THE AFFROFRIATENERE OF EUCH IZZUES.
ACCORDMGLY, AVANTOR FERFORMANCE MATERIALE ASZUMER NO
LIABILITY WHATZOEVER FOR THE LBE OF OR RELANCE UFON THIES
INFORMATION. MO SUGEESTIONT FOR UEE ARE INTENIDED AZ, AMD
HOTHIMNG HEREMN ZHALL BE COMETRUED AZ, A RECOMMEMDATION
TO INFRINGE ANY EXISTING PATENTE OR TO WIHCLATE ANY FECERAL,
STATE, LOCAL, OF FOREIGH LAWE. ANVANTOR FERFORMMANCE
MATERIALE REMINDZ YO0U THAT IT 1B YOUR LEGAL DUTY TO MAKE
ALL NEORMATHON N THIE MEDEE0S AVAILABLE TO YOUR
ENFLOYEEE.
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A3.6. Potassium dichromate

Potassium Dichromate
Chern  Safety Data Sheet
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Potassium Dichromate

Safety Data Sheet
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Potassium Dichromate
Safety Data Sheet
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Safety Data Sheet
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Safety Data Sheet

moording ta Facer Fagmier, Vol 7T R, 55 Mondwy, Barch 399 30HT ( Fulsa and Asgeasons

Wty T . Mo Seie evslsble
Winrmity, Shyrarmic . Bo dute wemluble
Erciowwe propa-io . Mo dete wvelebls
(iditisg proparion ¢ My istermdfy e, coddinern
Exolowwe bmin . Bo dute wemluble

| &2 Cffand bnPo rmabion

hio e dfiomal informskon oy eiebie

SECTION 0 Stablifyandreacthity |
LA Hmactislly

Thermal Ssorowton genentm ;| Commeye s

oz Chemical slabiily

Wy ne-wify §or, cakdcmr

R Poxad bily of hida rdous reBons

it muiabinshed

iLER CordiBona b awikd

Uirect sumbight. Exasely iph o low lemperstus s, Hest Soarks Userhasbng . Ope- fema
10E Inompabibe matedalis

Lrgene oompoends. Shong ediccing egenis. metehs. combosbble meterieks

106 Hatardouss deconpoiilon products.
Lot heasriesl chesmiem

LN Infrimation on ko loological offects

Aoste oty ¢ Oral Towic H meiloesd. Dol Harmfal in contect with s, Infaleion: Fatel B nfaied
muliw

LEF 0 ol il 2L Mok

LEFS 0 dacruml ratsbi 1150 s

LD ntwtubos sul (imgl) 0.8 mgidh

ATE US jaral) 28 (00 mpihg bady walght

ATE US (dermmal) 11580000 mglhg body weight

ATE 1% g | B30 00 ppevith

ATE US {vazos) 068 mgAe

ATE LI (gl miwd] .06 mgie

Sion commakoslirribaian . s savers side buces and aye dersge.

i 4 ¥% aoketon
Serioos pve carmegel it on . Mol clessifed

pHt 4 5% aokefon

¢ g cocne miler gy of Eslhre spmoloms of Brealhing ot § nfeled. My case an
il g ki cpeciice

Fsssparatory of sids sermrksatian

wrm owll mutsoercrly o May causn geradc dofchs

Loty o Nay closn CaErom

Aeproducve oty ¢ Wi derreage Terblity of tha usbaim child

Sonctiic barget crgan fanicly [uingle mposural ¢ Mol cssifed

Somciic barpef e foaicly [repeates o s demnge o orgers | Mdrays, Reer, Sin) Broogh proleeged or repesied sxpomra
L R

Emsiraion hatard Mol esied

Potenttall &dverse Buren beslh ofechs wnd : Bemed on avaliebie dute, S Ceicabos oSteris e ol met. Hermful in conbect welS mkin
wprlomm T oodc H sy lowasl

. Mary cocse wilerpy o sl apmciome o brasiing f®iouftes B nteled ey cane
wilr g wide ceecos

Syrmlzmeimuries st mhelad on

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’Enginyeria de Barcelona Est

169



Annexos

Potassium Dichromate

Safety Data Sheet

mording fa Fasieral Pagimier ! Wol 7T, Moo 257 Mondey, Earch 238, 20HZ ¢ Fulses s Asgasrdons

Syrolomuinprieos sfer skin conted . Repasisd acoomre o e oslerisl can resul! in alsocpbion Bhrougt akin ceosing skgrificet
haslth hatard Hermful s contec wih Ede

Syrolomuinaries sfter sye contec o Canses waricos sye damege.

Syrelmeinuries sfte ngesto- . Toxiz M eealloseesl Swloeeng o wrall guarbty o B mereesl wdl cesul! inossticos tealh
e

Ecciamy - waler ¢ Wy e o soul e e wth lon g lesing ek
Prasskam Dichromaie J

o 1 S mgh 8 he.
ECS3 Duphria 1 14wl 24 br.

Prrewiemcn a-d deged ey IH-Hllﬂ-ul:I
125 Blodciumulave pobm sl
Pofasabim Dieteomats (T7T8-5049)
Beosccurmuiates ot ol | Mot wwtmblubed

L imformmarion o A ol mase o B erraconmant

‘it depossl recsmmaedsiom . Dempose 0 o sate e N Eec s deree vl oo el ona ceguleions Liscosa ol
costenisic ortare B comply Wi ool wisle ard ledensl reguisSors.

Bl imlormston : Heardous wesde Sus o poleriisl rsk of pioson

Eomdapy - weete mete - o Raved rol ease i e oerrconmant Hesardous el due o ey,

i 0 | b [
In scoordence with OAT

Trarsped decumest SmeTrictos ¢ NS0T Ouidising solid, fork, suou [Potemsum dictronate), 5.1, 01
Uk-Be{BOIT) ¢ LINCHET
Pezpar Shupzng hame (DO T) . Omidsing sobd, oo, sooo
Depaitment of Treesportsbion (DOT) Haterd LR e Gl 51 - Chddiver 40 CFR 173128
&
Hrard bebs (OOT) ¢80 - Oeaditer
8.1 - Polscn inhaiation hacard
A,
A A
¢ i
"*a/ LY
LOT Bymbois L |l FEN mgueng B {echnesl nema
Packing group [T £l - Medum Changed

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’Enginyeria de Barcelona Est

170



Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Potassium Dichromate

Safety Data Sheet
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A3.7. Sodium Nitroprusside

Sodium Nitroprusside
Chermn Safety Data Sheet
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Sodium Nitroprusside

Safety Data Sheet
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Sodium Nitroprusside
Safety Data Sheet
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Sodium Nitroprusside

Safety Data Sheet
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A3.8. Sodium Citrate Dihydrated

Sodium Citrate Dihydrate
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Sodium Citrate Dihydrate

Safety Data Sheet
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Safety Data Sheet
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A3.9. Sodium hydroxide

Material Safety Data Sheet
Sodium hyvdroxide, solid, pellets or beads

ACCE 21300

Section 1 - Chamical Prodoc and Compam Identification

MSDS Name: Sodium hredrowidie, solid, pellets or beads

Catalog Numbers: S715930, S719%0-1, £71991, 571952, 571993 SF1%53-1, 571953-2, £71993-3
C71993-4, STRE0S, BPAS9-212, BPISS-500, BW13S80500, BW1358350, BW1ISEIS00, S318-1,
S318-10, S318-100, SI1L-3, SI18-3LC, S31B-5, 5318-50, S318-500, S318-500C, S320-1, S%20-10,
£320-3, S3X)-50, SAX0-500, SE12-3, S612-50, S812-5000LE, S613-10, S613-3, S613-50, S613-500LE

Synonyms: Caustic soda; Soda lye; Sodium hydrate; Lye
Company Identification:
Fizher Scientific
1 Reagent Lane
Fair Lavwn, B 37410
For information, call: 201-796-7100
Emergency Number: 201-F56-F100
For CHEMTRELC assistance, call: 800-424-5300
For Intermational CHEMTREC assistance, call: 703-S27-3E07

Section 2 - Composition, Information on Ingredients

CAS#? Chemical Name Percent EINECSELINCS
497-19-8 Sodum carbonate <3 207-338-8
1310-73-2  |Sodim hydrowide 95100 215-183-3

Hazard Symbols: C
Risk Phrases: 15

Section 3 - Hazards Identification

EMERGENCY OVERVIEW

Appearance: white. Danger! Corrosive. Causes eye and skin bums. Hygroscopic,
May cause severe respiratory tract irritation with possible burns. May cause
severe digestive tract irritation with possible burns.

Target Organs: Eyes, skin, mucous membranes.

Potential Health Effects

Eye: Causes eye bumns. May cause chemical conjunctivitis and comeal damage.

Shinr Cavse= skin bums. May cause deesp, penetrating wicers of the skin. May cause =kin rash (in
milder cases), and cold and dammy skin with orancsis or pale colar.

Ingestion: May cause severe and permanent damage to the digestive tract. Cause< gastrointestinal
tract burng. May cause perforation of the digestive tract. Causes sewere pain, nausea, wvomiting,
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diarrhea, and shock. May cause comosion and permanent tissue destruction of the esaphagus and
digestive tract. May cause systemic effects.

Inhalation: Irritation may lead to chemical pneumonitis and pulmonary edema. Causes severs
irritation of upper respiratory tract with coughing, burns, breathing difficulty, and possible coma.
Causes chemical burns to the respiratony tract

Chronic: Prolonged or repeated skin contact may cause dermatitic. Effects may be delsyed.

Section 4 - First Aid Measures

Eyes: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Get
miedical ald immediatehy_

Sldin: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while
rernowing contaminated dathing and shoes. Get medical aid immediately. Wash dothing before rewse.
Ingestion: If swallowed, do NOT induce vomiting. Get medical aid immediatedy. IF victim is fulby
cormtious, give a cupful of water. Mewer give anything by mouth to an unconscious person.
Inhalations Ef inhaled, remowe to fresh air. If not breathing, ghve artifidal respiation. If breathing is
difficult, ghve oxygen. Get medical aid.

Mobes to Physician: Treat symptomatically and supportively.

Section 5 - Fire Fighting Measures

General Information: A< in any fire, wear a sif-contained breathing apparatis in presure-demand,
MSHANIOSH (approved or eguivalent], and full protective gear. Use water spray to keep fire-exposes
containers cool. Use water with caution and in flocding amounts. Contact with maisture or water may
generate sufficient heat to ignite nearby combustible materials. Contact with metals may evolve
flammable hydmogen gas.

Extinguishing Media: Substance is nontombustible; uvse agent most appropriate to extinguish
surrounding fire. Do NOT get water inside containers.

Section & - Accidental Release Measures

General Information: Lise proper personal protective equipment a5 indicated in Section 8.

Spills fLeaks: Vacuum or Sweep up materal and place into a suitable disposal contadner. Avaid munofi
into storm Sewers and ditches which lead to waberwsays. Oean up spills immediately, ohserving
precautions in the Protective Equipment s=ction. fwold genesrating dusty conditions. Provide
wentilation. Do not get water on spilled substances or inside containers.

| Section 7 - Handling and Storage

Handling: ¥ash thoroughly after handling. Do not allow water to get into the container because of
wviodent reaction. Minimize dust generation and accumulation. Do not get in eyes, on skin, or on
clothing. Keep container tightly dosed. Avold ingestion and inhalation. Discard contaminated shoes.
Use only with adequate wentilation.

Sborage: Store in a tightly dosed container. Store in a oool, dry, well-wentilated area away from
incompatible substances. Keep away from metalks Cormoshves area. Keep aeay from adds. Stone
protected from moisture. Containers must be tightly dosed to prevent the comeersion of NaOH to
sadium carbonate by the 002 in adir.
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Section & - Exposure Controls, Personal Protection

Engineering Controls: Facilities stoning ar utilizing this material should be equipped with an eyewaszh
facility and a safety shower. Us= adeguate general or bocal exhaust ventilation to kesp alirborme
conteEntrations below the permissible exposure limits

Exposure Limits

| Chemical Name | ACCGIH | NIOSH | (OSHA - Fimal FELs
|  Sodimncarbomate  |none listed | none lisied | nome liseed
| Sodimbydosdde |2 mem3 | Nmem3iDIH | 2memiTWA

OSHA Vacated PELs: Scdium crbonate: Mo O5SHA Vamted PELs ane listed for this chemical. Sodium
hydmdide: C 2 mgfim3

Personal Protective Equipment

Eyes: Wear chemical goggles

Shin: Wear appropriate protective gloves to prevent skin exposure.

Clothing: ¥Wear appropriate protective clothing to present skin exposure.

Respirators: & respirstory protection program that mests OSHA's 29 OFR §1910.134 and AMNSE Z28.2
requiremients or Eurcpean Standard EN 149 must be followed whenever workplacs conditions warmanit
& respirator's use.

Section 9 - Physical and Chemical Properties

Physical Stabe: Solid

Appaarance: white

Odor: Odorless

pH: 14 (5% ag =oin)

Vapor Pressure: 1 mm Hg @739 deg C
Wapor Density: Mot available.

Evaporation Rate:Not available,

Wiscosity: Mot available.

Buoiling Point: 1350 deg C @ 760 mm Hg
Freezing/Melting Point: 318 deg C
Autoignition Temperature: Mot applicable.
Flash Point: Mot applicabde.
Decomiposition Temperature:iot available.
NFPA Rating: (etimated) Health: 3; Flammability: O; Reactiviby: 1
Explosion Limits, Lower:fot availlable.
Upper: Mot available.

Solubility: Soluble.

Specific Gravity fDensity2.13 gfomi
Molecular FormulahaoH

Molecular Weightz40.00

Section 10 - Stability and Reactivity

Chemical Stability: Stable at room temperature in closed containers under normal storage and
handling conditicns.
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Conditions to Avoid: Mokture, contact with water, exposwre bo moist air or water, prolonged
ENpOSUreE to air.

Incompatibilities with Other Materials: fcids, water, flammable lquids, organic halogens, metals,
aluminum, zinc, tin, leather, wool, ntromethane.

Hazardouws Decomposition Produects: Toxic fumes of sodium oxide.

Hazardous Polymerization: Will not ooour.

| Section 11 - Toxicolegical Information

RTECS#:

CASSE 4597-19-0: V2050000

CASSE 1910-73-F: Wa4adohoo

LDSO LCS0:

CASe 497F-19-4:

Draize tect, rabbit, epe: 100 mgf24H Moderate;
Draize test, rabbit, eye: 50 mg Sevens;

Dralze test. rabbit, skin: 500 mg/24H Mild,
Inhalation, mowse: L0 = 1200 mgfm3f3H;
Inhalation, rat: LESH = X300 mg/m3fEH;

iOral, mouse- LDSD = &600 mgikg;

Oral, rat: D50 = 4090 mgfg;

CASe 1310-73-2-

Draize test, rabbit, epe: 400 ug Mild;

Draize test, rabbit, eye: 1% Severs;

Draize test, rabbit, eye: 50 wgf24H Severs;
Draize tect, rabbit, eye: 1 mg/24H Sevens;
Draize test, abbit, skin: 500 mg/24H Severs,
Carcinogenicity:

CASE 497-19-8:- Not lsted by AOGIH, 1ARC, NIOSH, NTF, or OSHA CASE 1310-T73-I: Not listed by
ACGIH, [ARC, MIOSH, NTE, or OSHAL
Epidemiology: Mo information avallable
Teratogenicity: Mo information avallable
Reproductive Effects: Mo information available.
Mewrotoxicity: No information avallable
Mutagenicity: Mo information available.

iOther Studies: See actual entry in RTECS for complete information.

| Section 12 - Ecological Information |

Ho information available

| Section 13 - Disposal Considerations |

Chemical waste generators must determine whether a discarded chemical & cassified as a hazardous
waste. US EPA guidelines for the classificstion determination are listed in 40 OFR Parts 261.3.
ddditionally, waste generators must consult state and local hazardous waste regulstions to ensune
complete and accurate classification.

RCRA P-Series: None listed.

RCRA U-Series: None lsted.
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| Section 14 - Transport Information |

| USDOT | IATA | FRIDADE | IMO | Camada TDG
SODIUM
. ) SODIUM
Shipping Name: ED%GJEIBE HTTRONTE
| Hazard Class: |8 [ @3
| UNNumber: |[UNIE23 UN1E23

| Packing Gromp: [T | il

| Section 15 - Regulatory Information |

US FEDERAL

TSCA

CASE 457-159-B & listed on the TSCA inventory.

CASE 1310-7F3-2 is listed on the TSCA imventory.

Health & Safety Reporting List

Hone of the chemicals are on the Health & Safety Reporting List.
Chemical Test Rules

Hone af the chemicals in this product are under & Chemical Test Rule
Section 12b

Hone of the chemicals ame listed under TSCA Section 12b.

TELA Significant Mew Use Rule

Hone of the chemicls in this matenal have a SHUR under TSCA,
CARA

Section 302 (RO

CAtg 1310-73-2: final AQ = 1000 pounds (454 kg)
Section 302 (TPQ)

Hone af the chemicals in this product have a TPOQ.

SARA Codes

CAS & 497-19-8: scute. CAS £ 1310-7F31-2: acubte, reactive.
Section 313

Ho chemicals are reportable under Section 313

Clean Air Act:

This material does not contain any hazardous air pollutants. This material does not contain any Class
1 Ozone depletors. This material does not contain any Class 2 Ceone depletors.

Clean Waber Act:

CaSE 1310-73-2 is lested as a Harardous Substance under the CWa. None aof the chemicals in this
product are lsted as Priority Pollutants under the OWA. None of the chemicals in this product are
listed as Toxic Pollutants under the CWA.

DS A;

Hone of the chemicals in this product are considered highly hamardouws by CEHA

ETATE

CASeE 497-159-B s not present on stabe lists from A, PA, MM, MA, FL, or N1

CAS# 1310-73-2 can be found on the followedng state rght to know lists: California, New Jersey,
Florida, Pennsyhrania, Minnesota, Massachusetts.

California Mo Significant Risk Level: None of the chemicals in this product are lEted.
European/International Regulations

European Labeling in Accordance with EC Directives

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH
Escola d’Enginyeria de Barcelona Est

190



Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Hazard Symbaols:
L

Risk Phrases:
R/ A5 Causes severe borns.

Safety Phrases:
£ 26 In case of contact with eyes, rinse immediatehy

with plerty of water and ssek medicl advioe

S 377359 Wear suitable gloves and eye/face
pratectian.

£ 45 In case of acddent or if you feel unwell, sesk
miedical advice immedistely {show the label where
poessible]).

WEK (Water Danger/Protection )

CASs 407-19-8: 1

CaAS# 1310-73-F: 1

Canada

CAS# 497-19-8 is listed on Canada's DEL List. CASE 497-19-8 is listed on Canada's DSL Lst. CaS#
1310-73-2 ik listed on Canada's DSL List. CAS# 1310-73-2 i lsted on Canada®s DEL List.

This product has a WHMIS da=s=ification of E.

CAS# 497-159-8 is lsted on Canada's Ingredient Discloswne List.

CaS# 1310-73-2 & listed on Carada’s Ingredient Disdosure LSt

Ewposure Limits

CACE 1310-73-2: OEL-ALUSTRALLA:TWA 2 mg/m3 OEL-BELGIUM:STEL 2 mg/m3
OEL-DENMAREK:TWA 2 mgim3d OEL-FINLAND:TWA 2 mg/m3 OEL-FRANCE: TWA 2 mg
{m3 DEL-GERMANY : TWilk 2 mg/m3 OEL-JAPAN:STEL 2 mg/m3 OEL-THE NETHERLA
HDS:TWA 2 mgfm3 OBL-THE PHILIFFINES:-TWA 2 mgfm3 OFL-SWEDEN: TWA 2 mg/
m3 OEL-SWITZERLAND: TWA 2 mg/m3;5TEL 4 mg/m32 OEL-THAILAND:-TWA 2 mgfm3
OEL-TUREEY: TWiA 2 mgfm3 OEL-UNITED KIRMGDOM: TWA 2 mgfm3; STEL 2 mgfm3
OEL IN BULGARLA, COLOMBLA, JORDAN, KOREA check ADGIH TLY OEL IN NEW
ZEALAMD, SINGAPDRE, VIETHAM ched: ACGE TLV

Section 16 - Additional Information

MSDS Creation Date: 127131957

Revision #4 Date: 8/0172001

e vt alres & beiiewsd B De adforalte nd rirsient B Bl Avirrrddion: cormsvibly avibilabie &5 . However, e i
A elrmingy of mendinbiddity or Sy Sber mirivily, Exprei Or Mpded, wll neged 1 Su firaliee. dnid we desure Ao
NdBAR Y e Provn B oo L sicakl ma e B cwn rivestigatiors & dede i e scllatillep of B nSveesalion By Bl
Pl Bouy puninmes, 1n i el Shind Fieber b NEive v sy ST, idhse Or daiages O dnty Mhind piindy o for oal ol o
drry Seeal Madfned, ickisnibal Snequenital or eramigiliry SEmEs, Mowsoewr kg, Svet F FEer b Do advined of U
PRty OF St dimges.
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A3.10. Bleach

- @mmw SAFETY DATA SHEET

lcculng Dats  Jaruary S, 2015 Faviclon Dabs  Jume 12, 2045 Fediclon Humbar 1

| 1. IDENTIFICATHON OF THE SUBSTANCEIPREPARATION AND OF THE COMPANYIUNDERTAKING |

Produgt e ntifer

Produsst Nams Choroxs® R eeQ Ll ar-E a0l
it mresane of ldenioation

EP& Fagiciraton Mumibsr EE{3-100

Raoommandsd ucs of the chemisal and reirictions on uGs

[Fosod s nadbadd] LGE Housshold dsimfecting, santizing, and laurdny beach
Lcac adviced agalnct Mo imformaton e allabye

De=tallc of the G of e data chsst

Suppiler Sddrecs

The Cloma Cormipamy

1221 Broadesy

Cakkand, OA 52512

Fhomes: 1-510-Z71-T000

[E rmsrigeeni oy bedapbeDins riuimibser

Emergenioy Phors Humb-t For Medcal Emergencies, call  1-S00-445-9014
For Traresporiafion Emerngencies, cal Chemirer  1-S00-422-5300
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Ll e i Meg ular-Easch, Hervtsion Dafe Jor 02 2002

2. HAZARDS IDENTIFICATION

Claccoaton

This chemical ks considensd haramiows by the 2012 CSHA Herard Communication Eandard (29 CFR 1951001200].

|2n Comoslondmiation C-ategony 1
[Sericus = damageieye iImiabon Cafepory 1

GHE Labsl slsments, Inoluding precsuiionary tabsmesnbs

Emarpendy Doy by
Elgral word Canigsr
Statemenic
sEvene ckin bums and ey damage
SEOUS By damspe
BSppearanos Clear, pale yeloe Phyeioal Stabe  Thim lhouikd Cador Bleach

Pregautionary &tabsmente - Pressnbion
\Akaesh faoe, hands amd amy =xposed skin Sormoughly after hamdling.

W=y prolecive gioves, probecive cioihing, face profschion, amd eye prolechion @uch as satety glasses.

Precautonary Stabaments - Fac poincs

Irrmeaciabedy Call & polsn CEier OF chochor-

H owaloast Finse mouth. Do NOT Induce womiting.

I om Shimi jor Padrlc  Take off immesiatey &l comtaminated cofming.  Rinse skin with e,

\Wexsh confaminaied ciobthing befons reuss.

Hirhaied: Remosss peErson 1o fresh ar and kEep cormforabie for breathing.

Specfic treatment (see suppiemental Srst ald insruciors. on this Bbel).

Hin syes  Finse cautiously wilh waler for several minubes.  Femove oontact lenses, Fpresant and sasy o do.  Continue nnsing.

Siore incked up.

Preaautionary #tabsments - Digooeal
Dispoese of ooniemts in accordance with all applicable Tederal, siate, and ool reguisbions.

Hazarde not cfherwics olacsHed [HHCE
Afthough noft sypeecied, heart comdifons or chronic respiraiory probiems such & asiea, chronic bronchibs, or cbsiructee lung
dis=ase may be aporaaied by exposuns o high concenrations of wapor or mist

Produci contains a skong oxidizer.  Always fush drains before and affer use.
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Ll e Megula-Elesch, Heviskon Date Joms 00 2000

Unkmswn Toxl
Kol spplcable.

Caher Indormnation
YWery ovic D aqualic [B= wilh long esting =Secis.

REacE wih other fousEhold chemicals such &5 indef bonsl Cleaners, rust FrEmovers, ackds, of products conbaining Smmonia D produce
hazmrdous imiating gases, such & chiorirs ard e chionnabed compounds.

| 3. CONMPOSITIONINFORMATION ON INGREDIENTS |

Cheenilcal Hames CALHo Weight % Trades &soret
Sodium ypochioni= Test=2-9 5-10 '
" The =xact perceniage (oomcenmadon] of composBon Fas besn withheld a5 & rede seoret.

4. FIRST AID MEASURES

Firet ald misacurss

Zeerveral Addwios Cal & potson coninol cemier or docior iImmediaiely for reafment advice. Show this safety
dats st o he dodior In aRendance.

Ey= Coniact Holkd =y= open and rinse shoaly and genthy with water for 15 - 20 minubes.  Remoes contac
benses, I presenl, afber the st © minwies, Fen continue Ansing e, Call 3 polson oo
e o doscior for ireaiment sdeioe.

Ekin Cuoarvtaod Taks= off confamirabked ciothing. Finse skin Immedbely with penty of waber for 15-20
minuies. Call & polson combrol oenfer or docior Tor reatment adwios.

Imbealation Mowe o fresh ar.  H breathing s a®ecied, call a docior.

Imigea oo Have person sip & glassfil of waber 1 abke o swalow. Donot induos womiSing uni=ss ioid Bo
do 50 by a polson coninol cemier o docior. | Do nol igive: aything by mcath o an
UnOoNECioUSs person.  Call 3 poison conbd oenfer or dochor Imrmedialely for mestment
e,

Profmotion of Firct-akden: Aunid contact with siin, eyes, and cdothing.  Use personal profecive squipersnt & reguirsd

Weear personal probective: cloiining (see sechion B)
Moct important cymptome and affecic, both acubs and delayed
Moct iImportant Eymphome and Euming of =yes and skin.
Effaoic

Imadlilcation of ary Immadlate medioal ab=riion and cpeolal raaiment mesded

Miobe bo Phyclolan Treal syrpiomaticaly. Fobable mucosal damage ray conraindoabs e use: of gasiric
5
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Clome i Meg ulan -Elasch, Wordtsbon UDafe Jor 107 2005

3. FIRE-FIGHTING MEASURES

Euttabds Exdinguiching Mesdla
Lise xfnguisting measures that ane approprate o local dreurshross and the surmounding emdronmeant

UnguSiable Extinouiching Madia

CALTHON:  Use of waber spray when fighting fire rmay be inefTicent

Epaaific Hararde Aricing froen the Cheniloal

This product Cares barms B0 myes, shin, and mucous membranes.  Themal decompos Bon can elsacs sodum chiorais and
Irining Qaoss A vapors.

Explocion Dt

Esnciivity io Meobanloal npaot  Hone

Eancitvity fo Statls Dicohangs Hone.

w0 L) L e g RMTTETE T D Ee it e I TS TS
A5 In any Tine, wear seif-oontained breathing apparatus pres sure-demand, MSHAMDEH [approved or equivalens) and full probeciye
e

6. ACCIDENTAL RELEASE MEASURES |
Peronal pracautions, probsotive souiperent and STeEgeE Y [Prossiurs G

[Pergoinal Pregauticrns Aovoid comtact wilth =yes, skin, and ciothing.  Ensurs adequate ventiaton.  Use personal
pro=cive squipment asrequired.  Forspillks of muitipls prodecs, responders: showld evalumis
the MEDS s of the pmduck: for inoormpatibiity with sodus hypochionte.  Breaiting probecion
shiouid b= worm In enciosed andior pooriyFvendioisd aneas untl Fera assessment

oormpl =i
Cribesr informaton Refer o probecive messares Eshed In Sacfions 7 and 8.
Emvironmenial orsaution
Emvironmemtal Frecsutions Thils product ks ioxic bo fish, aguatic imeerisbrates, oysiers, and shrimp. Do mol aliow prosduct

by emier siorm drains, ks, of stneams.  Ses Secion 12 for soological Informabon.

artheodn Tor Sl rame mt Prevent furier sakage of spdiage I sais ioodo so

Eathode Tor Caning Up Abesort amd conbinerzs.  Wash residual down o saniary sewer.  Conbach the saniary
treairnent faciEy In advance D assune Abdity b process was had-down makeial
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Cloroei Meg ular-Elaach, Herdision Uate Jors 1025 2005

[ 7. HANDLING AND STORAGE

Preaautions for cafs handling

Handllrg Handie In acoordance: wih gocd Indusirial Frgiene and sty practice.  Awold contact with
=kin, eyes, and cdothing. Cko meol =2, dink, o smake when wsing this product.

orage Ehore away from childreni.  Reciose cap Eghty after =ach wse.  Slore this product upright In
3 ool dry ares, ey o dirsct sunilight and Featl o svoid deberioraBion. (Do not
comaminate food or feed by siomape of this product

Imsaoamp-akibdes: Frosd ubs Todef bowd Claaners, Rest rmovers, acids, and producss oonEining s=monia

| A. EXPOSURE CONTROLS/PERGSONAL PROTECTION

Condrod parametsre

Expocurs Guldsinss

Chamical Kars ELCCHH TLY DOSHA PEL RILEH 1OLH
H“};’ﬁ???:"“h MHone Nom Nomm

ALGH LY. Aswacen Cooferesre of Covemrrevelsl indusinsl Hypenie’s - Jhreahold Ll Velw, COAS FEL  Uoogprefional Sefely and Heallh
Adrmevriraios - Yarmmenbis Sooomew Lenda. WOSH LAH  immechsls!y Ceopemus o Le or Heslh

Apcecdiate enginesring sondrolc
Emm Eaureg Bl

Eyemxsh siyfons
Vendaton sysi=ms

Indiiwidual protecion meacurss, cuch a6 pereonal profeciive sgulpensnd

EyaFaos Proteation I spiacies ane [kely oo, Wear safely gasses Wil sde shislds (or goggkes ) or Tace
shilsidl

Zkin ared Endy Protection Wear nubber or neoprens gioves and protectve diothing such as long-siesyed shirk

Recpiratory Prodesobion I iriation = ceperienced, MEDEHRMEHA approassd nespdraimny probechion shcukd be weorm.

Posttye-pressurs suppdied A respirabors may be nequirsd for high airbome contaminant
concenirations.  Respiratory protection must be prosvided In accodance with cument ocal
reguiations.

Hyyghsne Baas: ures Hande In accondance with gocd mdusial Fysgiens and syiefy practice.  Wiash hands afer
direci coniacE. Do nof wear product-roniinabed ciothing for prolorged periods.  REmose
and wash comtaminasted clofhing befors e-use.  Donot sat, dink, or smokes winen wsing s

product.
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Clhoro e i Beg uban-Eleach, Herébilon Uafe Jorm U015 S00S

A PHYSICAL AND CHEMIC AL PROPERTIES

Phyckal and Chemical Propertisc

Phyckoal Stade Thiri liguid
ADpaarans Clmar Oudlor Elmach
Caodior Pale yellow Chdor Tharschiokd Mo riorraton avalabie
Property Yol ust Femarks Mathod
pH ~12 Mome kmown
Mefing Treezing poind Mo daly arealacie More ko
Biodlingg peoiind § Dol lIng ramgs Mo daby s s Moris krioaen
Flach Foint Mot Sammabie Hore krown
Evaporaticn rats Mo daly arealacie More ko
Flammabiitty {colld, gac) Ho dats ardallabies Mo koW
Flammabilty Limits In &
Uppar flammabilty Hens Wo daby aeall s Morme ko
Lovwer Mamenabdity Imitt Mo daky areallabie Mome kmown
WV apor precuns Wo daty aealabee Morme ko
Wapor denciky Ho dats ardallabies Mo koW
Epeoific Cravity ~1.1 More ko
Wader Zolubdity Eoiubds Morme ko
Solublitty In other colvents Mo daly arealacie More ko
Parttion cosfMoknt: r-ootanolwatertdo daby aealabee Morme ko
Butoigniticon bemiparabors Mo daby e ik MoreE ko
Decompos o femperatans Mo daly arealacie More ko
Elrsmatio vicoosy Mo daly arealacie More ko
Oymamio NO dat ardalanee MOriE Friae
Enploctes Mot expioshe
Crldizing Propartec Mo clala Fealacis
Deher Indommagion
Epftandrsg Poind Mo daia rdalabies
VOO Conbend (%) Mo dal aealabie
Partiols Sine Mo dal aealabie
Particla 3izs Dictributicn Mo dal aealabie

| 10. STABILITY AND REACTIVITY |

Feacts wih ofher household chamicals such a5 ol bowl cesmers, nest remosvsers, acds, or products containing ammonks b procuce
oo Imtsing gases, such as chionine and other chiorinated compouns.

iThemibcal ciabiify

Shabie under recoemended siomge cordBons.

Pocslbiky of Hazardous Faaotions
None under normal processing.

Londifons to avold
Bone known based on fomaton suppled.

Iric-seripatibls rrsisrialc
Tiodi=t b Ceaners, nust remossers, acds, and products: conisining ammonia.

Harandous Deom pocttion Produsts
Mone knoen bazad on fomration suppled.
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Tl i Moy ulan-Elasch,

Herebisbon Dafe  Jorm U2 2005

. TOXICOLOGICAL INFORMATION

Informmakion on [lesly rowbss of SxpoGuns

Product Information

Inhalatham Expoesune o wapor or mist may erityks respirebory ot and caese coughing.  infaksbon of
high concenbaions may CauseE pulmorary soema.

Ep= Conimok Comoshve.  Blay Cause sepere damags o epes,

Siin Contaod Way couse seyens mitation o stin.  Proiongsd contact may cause bums D skn.

Inpaction Ingeston may CHUESE bums o gastoiniesinal tract and rspirabony T, nousea, vomitng,
and disrhes

Comipanest bnfcemation
Chemikal HaTn LESS Dl L D8 (Dt vl LEED Inhalaticn
m"‘,'t'n'.l"_&::'_”'"_"' ECREHT rragegg () w00 g | Fabbit

Informakion on toalookogloal affesic

Eyrniprboms

Kay cause radness and Earing of the syes.  bay calss bums b eyes,  May cause redness
or burmes 1o skin.  Inhaiabion may causs coughing.

Mo Imformadon avallshés

Mo Imformadon avallshée.

Caro reog e koly Thee table bedow mdcales wheiher each apency has Isk=d any ngredent 35 & cacinogen.
Chemical hame ACIEA WHT TP LS HA
Hodum hryeoch ke ——
PR30 Liesip 3 - -

[ARLD fniwnallone’ Agency for Messarch on Canow)]
Caroue T - ol Ul safale ar o CGaronogeescly T ST

Asprodusatve Toxlorty
ETOT - clrsghs: @D LN

ITOT - repaated sxpocurs

Chronla Toxlolty
Tamst Crpan Effscic

Acpirafon Hazard

198

MO Imformaiion avealbahdee.

Mo Imformaion avalbahde.

Mo Imformaion avalbahde.

Carcinogenic podeniial k= unkrown.

REspiraiory syshem, sees chin, gasidriestinal bt (G

Mo Imformesdon avalkshée.
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Clhoroei Meg ula-Blesch, Warviskon LUale Jorm 0 200C

Murresrinel mascunes. of boxkolty - Prosduot Information

The folkowing walues ars caloulated baced on chapier 3.1 of the GHE dooumant

ATEmIx joral)

EL o'k

ATEmIx {Inhalation-ducimich
S8 gL

| 12, ECOLONGICAL INFORMATION
Enuh:-:l:lnnl_'l::

Wiery iDuic o agquatic e with long Esting =M=z

This produwct |5 fowic b fsh, squatc inverisbmtes oyshers, and shrimp.  Donot allow product io anber shoem draies, lakes, or shesms

Pomicisnos and Degmdabiliy
MNo Indormration e,

Elcagourmrilaticn
Mo infomation aeallabie,

Cribwr aedwaree affsobs
B0 Infomation areallabie.

13. DISPOSAL CONSIDERATIONS

Dils | methaede
Dispoz= of In accomiance with all appdicabie federal, staie, and kocal reguistions. Do rot contamirate fod or feed by disposal of Bis
o ore Fud

Coniaminatsd Faskaging
D not reese empty containers.  Dispose of In accondance wih all applicabie fegdeml, stabe, and local reguiations.

F

14. TRANSPORT INFORMATION

DOT Mot restrick=d

T3 Mot resirici=d for noadl or irall.

ICAT Hol resinck=d, as per Special Frosision AT9T, Emrironenially Hazsedows. Eubshanoe
Eyraption.

IATA Mot resiric=d, as per Special Prosvision ATS7, Emvironrrenially Hassrdows Subsianoes
Eyrepbior,

JMDGARD

Mot Fesiriced, & per IMDG Code 21027, Marine Folutant smepbion.
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15. REGULATORY INFORMATION

Chemical Imsntorss

TECA Al cornponents oF this procuct sne &ier on e TS0A Bib) Inveniony or othersiss sxempt
Troemn isting.

DELHDEL All componenis are on the CEL or NDSL

TSCA - Unded Hieies | ool Substenom Condrel Aol Ssclon 35 Imeeniory
OEUNDSL - Camwciian Cormanic Su babanom Lol Tdor-Lio rmesie Subwbences Lt

LL5. Fadaral Ragulstions

EARA I1E
Section 313 of Tie W of Fe= Supeifund Amencmenis and Resuthoresion A of 1355 (BARAL  This product does not contain amy
chemicals wihich are sulbjiect b e reporting requirements of the At and TRe 40 of e Code of Federal Repulatons, Pat 372

EARA F115312 Hazard Cadsgorias
BAnubs Healh Hazand
Chronla Health Harand
Frs Hazand
ZJudden Feleacs of Praceurs Hazard
Resottes Harard

FEFEG

Chaan Watsr Aot
This product contalns the folosing subsianoes which are reguiabed poluianis pursuant D Te Clean Waler At (40 CFR 122 21 and
A1 CFR1224Z)

WS - Meporlable S - Hatardous
Choamical Harm Crusar Sack CWHA - Teale Pollotants | CWAS - Priod by Polulants -
HBodium hyeoch iole
100 I X
JTHE-ED0
CERCLA

Thi= material, a= suppled, confairs o or more sutesianoes reguisisd as & hamamdous. substanoe under the Comprehens e
Emiironmental Respons: Compensadon and Labiity Aot (CERCLA) (40 CFR 302

Chenizal Kane Hatasdois Subdlanom Hds |00 St """"'"-"!:"’""“""""“‘ [
Bodun hypocdiosie i s _ Rech 108 b fnal 3
FEAE g R 454 g el AT
EF& Satsment

This chemical s & pesiicide product regisiersd by the Environmental Proiection Agency and s subject o cesiain akeing

refuirermisnts under federal peslicide law.  These reguiements difer from fe classification oriera and hazand information required
Tor safehy dats sheets and for workpiace abels of non-peshcide chemicals.  Foliowing ks the hazand nfomation as requined o e
pechicice ahed

DANGER: CORROENE. Causes mevershie spe darroage and skin bums.  Harmful T osalowsd. Do nol g=f In=yes, on
shin, oron clothimp. Ao protecthe epesear and rubber gicesss. when hamding @ils product.  Wash thomeaghly with soap
and water after handing and befons safing, drinking, chewing gum, using obsoom, or wesing the resiroom.  Awoid breathing
WOpors: and L only In o weleentiahed s
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oo i Meg ular-Elesch, Hirébklon Dabe Jors 02 200E

Us State Requiations

Callfornla Propocon &5
Thils product does not contsin amy Froposion &5 dhemicals.

.3 Elats Right-tou¥nos Regulstons

Chemical Mams Wew Jorsay | Mossechusetts | Pennsyivania | Hhode lsland Nl
m“l:“m"":'f_:_"u“ E i x ®
ST me x X .

Intemsthonal Reguiadons

Canada

WHEIE Hazsnd Clacc

E - Cormoshve material

16 OTHER INFORMATION

HFFS Hewtth Hazsrd 2 Flammabiltty C Imctabdiy O Phycioal and Cheamioal Harsyde -
HMIZ Health Hazard 3 Flammaltdity O FPhyclsal Hazard 0 Pemconal Prodection
Prepared Ey Product Siesardship

23 British American Bhwd.

Ladmam, MY 12110

1-800-572-5501
Ravichon Cube June 12, HHE
R#vicion Hols Revision Sacion 14.
Rafenerims 10361 B33 159

e w o A e

T Infsrnaticn providesd in thic Zafety Data & haet o careot o the bt of our knowisdgs, Informaton and BslieT i thes
dabe of Fr publlcation. The IndornaSon ghen ks decigned only a6 3 guidanss for cafs handling, ucs, prosecoing, ciorags,
trancportation, dicpacal, and refasce and 16 nok 1o bs osnckdensd § warmanty of qualiy cpecifioation. The Infoemation
redabe ondy bo e cpsoflo material decignatesd and may niot be valld for cooh materisl sesd In oombinaetion with any othsr
matsriais of In any prooecs, unless o peoified in the ted.

Emd of 3afeaty Data 3nest
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A3.11. Ammonia

Safety Data Sheet IXOMm
H. IDENTIFICATION OF THE MATERIAL AND SUPPLIER |
Product Hame: AMMONIA - AQUEOUS SOLUTIONS (10% - 35%)

Cribesr marmes{c]: A amrona; Ammonlur ydnoside sohubon; Armmordum hydraie; Ao smmonks 1Z25%;
AT ammona 255 AQus amronks 32%; Ammonia agueous: soiution 2%

Feoommandsd Uss of the Chamioal Texes manutsciuns of rayon, rubber, fertlieses refrigerstion, comdensation

ardd Ractrictions on Uce polyersation, pramracsuticals. ammonks soaps, lubdcants, Ink manufachues, amiosives,
Ceramilcs, deierpents, food addiives, housshold Ceaners.

Supplisr lwom Opemaions Phy Lid

AEN- 1 sD0 =512

Etrwed o drecs: Le=ved B, 1 Bichokson Stresi
Exest Bebcume Vichorts 3002
Australa

Tl pheiniss Ui +&1 3 55805 3000

Emangency Taksphonse: 1 800 033 111 [BLL HOURE)

Flsss armare pou (vl b Be miaioss of s Selely Usts Sheet sl ool in Be "Ufer [sformeion” seclion &t Be nd of ths Deie Sheet

. HAZARDS IDENTIFICATION |

ClassMed 35 Dangenus Goods by the oriterta of the Austrailan Dangerous Goods Code (ADG Code) for Transport by
Rpad and Rall; DANGEROUS GOODS.

Tris maiafal s hazardous acconding to Safe Work Austala; HAZARDOUS CHEMICAL.

Clazsifcation of the chemical:
Hiin Corrosion - Sub-catsgory 10
Epectc bnget ongan foncty (singie SXpoTUrE] - Calegory 3
Arue Aquatc Towichy - Cabegory 1

HEFE Coanmes severe skin bums and ey damage.
H335 May cause respiraiory Imibtion.
00 Very owc fo aqustic e

Precauticnany Sbtement|c):

[Precwambhon

FZ80 Do nof breathe mist, vapowrs, spray.

F254 Wiash Rands thoroughly ater Fanding.

FZ71 Use pniy oubdnors or In 8 wseniiaed anea.
F27T3 Awoid relexse o the snvironment

FZE0 Wear probecive gioves | protechive cofihing | eye proiection [ fsos probechion,
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater

Safety Data Sheet IXOM

[FsGores

F3M=FI30+P331 IF SWALLOWED: Rirse moufi. Do MOT mduce wmiing.

F303=F351+P353 IF OM SKIN [or hair): Tase of immedaisy all contaminated oofing. Rinse skin with waiens hower,
F321 Speciic reatment (S22 First Ald Measunes on Safety Cals Shest).

FI53 Wash contamirabed clothing bedons -

FIlE-+F340 IF INHALED: Remove person bo fresh air and kesp comiorable: for breathing.

F31Z Call a PO N CENTER o docioripigsician I o Tes] urmeeil.

FIlE=F351+P3EE IF IN EYES: Rins= causbioushy with waker for several minuiss. Femores oontact enses, B pressnt and sasy Bodo.
Comtinue rimsing.

F310 Immeadiaiely cal a POESON CENTER of docinripitysician

F391 Colect spilage.

Eborage:
FEO3=F232 Sore In & wel-ventiisd place. Keep conbairer bohbhy ciosed.
F20E Slore lockssd up.

Dicpccal:
FS01 Clspose of confenis and con@airer In accondancos with local, regioneal, rabonal, int=mabonal reguiabions.

Pol=ons Schaedula [SUSMP): S0 Polson.

B. COMPOSITION AND INFORMATION OM INGREDIENTS

[Components CAS Numiber Proportion Hazard Codec
= T13-185 - -
Bmmonta, aguecus solution 1335216 10-35% H314 H335 H400

H. FIRST AID MEASURES |

;grmmne.mm.a Polsons Imformnatian Camire (e.g. phone Austalla 1371 1.26] Mew Z2aland 0300 762 Te0) or a
or.

Inhalation:
Aemowe vicm from anea HM—MEMWEM. Remove mmlﬂm’ll’q anid loosan
remalning coming. Allow patient o 355UMe MOs! cOmTonabie posiion and Keap wam. Keep at res untl fully
recovered. If patient Snds breathing dMcult and develope a biuish dscolouration of the skin (which sUgQests a lack of

coygen In the blood - cyanosls), ersure Arways are ciear of any obstrucson and have a DEFSON give DHygen
Tmgh 3 face m..ﬁmﬁ'aﬂlhuzl mﬂﬂmﬂpﬂmtﬁnﬁ%&aﬂim Saek eyl

Skin Contact:
If 50t on lamge areas of skin or halr, Immediately drench Wil running waker and remove dothing. Confinue to wash
skin and halr with pienty of water and 50ap If materal 15 Insolubie) Untl advised 1o stop by Te Poisons Information
Centre or 3 doctor.
1 eyee. o

eyes, hoid eyeilds apart and flush the eye conBnuousty with running wates. Conbinue flushing unil advised to stop
by 3 Pois0ns IMommation Cantra oF 3 Soctor, of for 3 ieast 15 minuss.

Ingestion:
Immediataly Anse mouth with water. I saaliowed, do MOT Induce vomiting. Give a glass of water. Seek Immediate
medlcal assistanss.

Indicaticn of Inmediate medical attenthon and special tragtment nesded:

Treat & . Can causs comeal bums. Following severs exposure, the patient should be ket under
medical superddsion for af least 28 hours.
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Safety Data Sheet
Y IXOM

. FIRE FIGHTING MEASURES |

Sultabile Extinguishing Media:
MOt COMDUSHDNE, however, If matenal is Involved In 3 e use: Fine waker spray. normal foam, dry agent (caron
dicodoe, dry chemical powser).

Hazchem o Emergency Acfion Code: 2R

Specific hazards artsing from tha chamical:
Mor-combusibie material. May Torm fiammable vapour mixures wit air. Avoid all igrition sources. Caution shoukd be
axarcinad whan l:fEﬂ“'gE[EI?}EWIﬂI’IE’E Of EEEsiE, mmmﬂ'ﬁdMHﬁmm‘ﬂ-
In Me heat space.

Special profeciive squipmsnt and precauticns for firs-figivbers:

Ammonia: mmnmsmm—mmh:r at or abowe TEO ™C, are nirogen and waber with small amounts of
nitrogen dloudde and ammonium nitrate. Ammonia decomposes Into flammabile hydnogen gas at approdmatery 450
"C. May form flammable mitures in air. The presance of ol or other combustibie ITE'E-HEI will Increase the fire

hazard Fatalaties have ocoumed 36 a result of e exploshse nawre of the ammania gas. If imived In 3 fire, keep
containers cool with waler spray. I safe to do so, remove containers from path of Sre. Fire-fightess to wear full body
prosecive dothing and sef-contained breathing apparatus. Corsider evaciation.

6. ACCIDENTAL RELEASE MEASURES |

Emergency procedures/Environmental uthons:
Ciaar anea of al unproiecied parsonnel. nmmmmmwmmﬁmmmmm
SMEgErcy sendces.
Parsonal precautonsfProfeciive squipmsntMethods and materials for containment and cleaning wup:
Silppery when spiil. Avold acokdents, ciean up Immediately. Wear proteciive equipment to prevent skin and eye
mmw Wiork up wind or Increase vendlation. Condain - prevent nun off Indo drains and

[l Ea'dﬂtclrﬂfhmm:-. Meuralise resldees with dliute acid. Coledt and seal In

propery labalied containers oF drumes for dsposal.

[[-. HANDLING AND STORAGE |

This maienal ks 3 Scheduled Polson S6 and must e stored, maintzined and usad In accordance with the relevant
rEgQUiETons.

mmmw
Avoid SKIn and eye contact and Dreathing In vapaour, Mists and Aerosols, Keen out of reach of chilkdran,

Conditiens sor safe storags, Including any Incompatibl it
“Sa0re In cool place and out of dinect suni mmmmmwmumxumm.

Siore away $om Incompatbie materss In Section 10. Keap containars when not In use - chéck
FEquary fiF leaks

iB. EXPOSURE CONTROLS/PERSONAL PROTECTION |
Conrod Parameters: Mo va for this speciic matenal by Safe Work Australia. However, Workpiace
EXOSUIE mmdaﬁjs:-rnmmfd o =

Ammonia Bhr TWA = 17 mame {25 ppm), 15 min STEL = 24 mgéme (35 ppm)
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Safety Data Sheet
Y IXOMm

HA& publishad by 32 Work Australla Workplace Edpleure Sandands Tor Alrbome Contaminants.

TWA - The ime-weighted average alrnome concentration of 3 panicular sUDsEnce when calculated over an
ight-hour working day, for a five-tay working week.

STEL {Short Tern Exposure Limit) - e arbome concentralion of 3 parbicular substance calculaled a5 3
tme-weighted average over 15 minutes, which should not be enceaded 3 any Hme during a noamal eight hour work
day. According to cLTEnt knowiedge this concenTaton should Rether IMpalr the heaith of, Ror cause Undue
discomior fo, hearty all workers.

Thesse Wikplace Expesure Standards are guides to be used In the control of ocupational heaith hazands. Al

contamination shouid be hﬁlmaEnEJaEEmE These ERpEUre SLaNEarts
shoukd not be LEed 35 fine dividng Ines sdfe and dangesrous concantrations of chemicais. They ame not 3
measure of relathve todciy.
Approprate sngineering confroks:

Ensure ventliaton ks adeguate and that air concentrations of components are commiled baiow quoted Workpiace
Exposure Slandands. Kesp containere closad when not In use.

If In the handling and appilcation of this materal, safe exposure lievels could be exceeded, the use of engineering
COMIiS SUCh 35 10cal eXnaus? ventiation must be considersd and the resuts documented. If achieving 53 EXPOSLIE
levels does not require engineening controis, then a detalled and documented risk assessment uEIng the reievant
PerEona mmmq% Fefer o PPE 5ection below) 35 3 basls must be camied out 1 detemine the

mirimum PPE requirements.
Indbidual profecion messurees, such 38 Personal Protective (PPE):
The sdiection of PPE |5 dependiem on 3 detalled risk assessmeniL sk asELEEMENT Should consiger the Wik

shhuston, the physical Torm of the chemical, e randing mehods, and ervinonmenial faciors

OWVERALLS, CHEMICAL GOGGLES, RUBEER BOOTS, AIR MASK , GLOVES (Long), APRON.
* Mot required If wearing air supplied mask.

ﬁ *% *@
VWi2ar overals, chemical goggies, Tull fce shiskd, elbow-iEength IMpenVious Qoves, Spash apron of equivaient
chemical Impenvious cuter gament, and rubber boots. LUise with adequate ventilation. If detenmined by a risk

assessment an Inhalation sk exists, wear an ai-supplied mask meeting the requirements of ASINES 1715 and
ASNZS 1715, Always wash hands before smoking, 2ating, drinking or sing the tollet. Wash contaminated ciothing

and ofher profective equipment betare S10Mge of Fe-LEe.

B. PHYSICAL AND CHEMICAL PROPERTIES |

Physdeal stats: Liguid

Ciodoaur: Codouriess

Ohdour N

Odour Threahold: m pﬂﬁﬁenmy; 0.7-55 P (recogniton .
Sodublitty: Miscinie In wates.

Specific Gr [L538-0.52 @20°C
Mﬂw?ﬂﬂaﬂtﬂﬂ—lt 0 @z
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Safety Data Sheet IXOMm

Vapour Pragsurs (20 *C)- £.5-10.5 pal
Flash Point [*C): MNOL aplcatie
Flammabilllty (%) 16-25

Temparaturs (*C): Mot apoilcabie
‘¥ Wil 3tlle Iy Violume: 100

Bodling Pol =Ck: 18-37
: 11.7 (1% agueous solution)

HO. STABILITY AND REACTIVITY

Reactivity- Raacts violently wilh ackds.
Chamical stabllity: Iy fam explosive - m‘mmmm ard nypochiontes.
Possibility of hazardous Compsive to copper, nickel , Bn , Zinc, and their alkoys .

raaciona:

Conditions to avold- Awold exposure 90 heat. Awoid exposure to light

Incompatible materas: Incompatible with perniddes , metal saits, acids , and reducing agents

Hazardous decomposition Hydrogean.
products:

H1. TOXICOLOGICAL INFORMATION

Mo adverse health effess expected If the product |5 handied In accordance with this Safety Dala Sheet and the
product [abel. Symploms or effects that may anse I the product ks mishandled and ovETEXPOSLIE DCCUrS e

Ingestion: Swalowing can result In nausea, vomiting, diamhoea, abdominal paln and
chemical bume to the gastrointestingl ract

Eye contact & Eevere eyve Imiant Comsive 10 8yes; CONtac: can Ccalse comeal bums.
Contamination of @ye can resull In pemmanent injury.

Skin contact: Contact with skin wil result in severe Imitagon. Comesve 1o skin - may cause skin
bums.

Inhalation: Ereathing In mists or aemesois will produce respiratony Imiation. Inhatation of high

CONCENTAToNS May resuit In Shortness of breath, chet paln, Sevese heatache
and lung damage incuding pumonary oetema. EMects may be deiayed.

Acute toxicity:
Oral LDSD (/). 350 mghg (1)

Chironic efMacta; Chmonic exposune to ammonia may cause chemical pneumonitis and kidney damage.
|‘|2. ECOLOGICAL INFORMATION

Ecofoxicity ATt coMaminating wWaterways.
Squatic foxlciy: Tokc bo aquatlc onganisme.
95hr LC:SD [rainbow trout): 0.53 mgiL {for ammonia) (2)
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Safety Data Sheet IXOM

[i3. DISPOSAL CONSIDERATIONS |

Disposal mefhods:
o Waste Management Authortty. Dispose of confents and containes In accordance with local, regional, rational,
Intemational reguiations.

H4. TRANSPORT INFORMATION |

Rowad and Rall Transport
ClassMed as Dangerous Goods by the oriterta of the Ausirailan Dangerous Goods Code (ADG Code) for Transport by
Road and Rall, DANGERCUS GOODS.

LM Mo P T
Tranapaort Hazand Class: & Comoshe
Packing Group: 1]
Pmaﬂ I'-Earmu' AMMONLE SOLUTION
Hazehem or Emargamyﬂ:lm P
Coa:
Marins Transport
ﬂaﬂﬂﬂaﬁrﬁﬁ oriteria of the Intemational Mantime Cangemnus Goods Code (IMDG Code) Tor
GEH-:]LLEDEDG l: )
LN Ho: x72
Tranapaort Hazand Class: & Commsive
1]

éﬂ IHarms or SMUMORLE, SOLUTION
Taﬂmm Harns:
MO EMS Firs: F-&
M5 EMS Splll: =B
Al Transport

ClassMed 35 Diangerous Go00s by the orterta of the Intemational Alr Trarsport Association {LATA) Danganus Goods
Requiations for Tansport by air, DANGEROUS GOODS.

UM Mo X7z
TI'E'I:B-'E“ H-Eﬂ'ﬂﬂl-miﬂ:: & Comoshie
1]
Pmﬁﬂ I.hy-m-m' AMMONLE SOLUTION

H5. REGULATORY INFORMATION

Clazsification:
This materdal ks hazandous according (o Safe Work Ausials, HAZARDOUS CHEMICAL.
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Safety Data Sheet IXOM

Sub-categany .
Speciic target ongan oadaty (sngle exposure) - Category 3
Acune Anuatic Toudcty - Caegory 1
Hazard Staternentia):
H314 Causes severe skin bums and eye damage.
H335 May cause respl Imttation.
H4D0 VEry imic o aquatic [He.
Pod=ons Scheduls [SUSMP): o6 Poison.

Al the cmnsiiuents of this material are listed on the Ausiailan imeentory of Chemical Subsfances [AICS)

H6. OTHER INFORMATION
%ﬁ %Tmmmmmm. Ed. D. Swest, US Dept. of Health & Human Services:

{2 In: "The Dictionary of Substances and thelr E¥ects’. Ed Gangaill 5. Roval Sockety of Chemistry, 1998,

This safety data sheet has bean prepared by nom Operations Pty Lid Toxcology & SDS Services.

Reason(s] for saus;
Allgrment ta GHS requirements

THis S0S SUTITETSSS 10 0UF best knowiedge at the date of Is5ue, the chemical health and safety hazands of the
material and general quidsnce on how o s3aly handle the materal in the workplace. Since lxom Coerations Py Lid
camnot anticipate or control e condtions under which e product may be usad, 2ach USEr MUSt, prior bo usage,
355655 A CONMTDl the Nsks artsing fom fs use of the matenal.

I ciartfication of furher Information Is nesded, the wser should contact thelr [xom repEREentaive of bom Cperations
PRy Liri at e contact detalls on page 1.

hﬂnw Lids eaporsibllty for the maberial 35 soid |5 subjed 0 the i=me and condifons of 5ale, a3
af Iamumrq:mrequest & =
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
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A3.12. Heptadecane
SIGMA-ALDRICH

2 e T e

SAFETY DATA SHEET

Wiershon 5.4
Revision Dl DEE0OHE
Frint Dale 12022044

1. PRODUCT AND COMPANY IDENTIFICATHIN

11

12

1.3

14

Product Igentifiers
Product name Z HEptﬁdEEﬂFrE
Product Mumiser - 128503
Brand - Aldrich
CAS-NO. - B2OTET
Ralgvant Identifed uses of the substance or mixture and usse advised agalnat
Igantinad uses . Laboratory chemicais, Manufacure of sunsiances
Datalls of the supplier of the safety data sheet
Cmpay . Sigma-Aldrich
3050 et
SAINT LOUIS MO 63103
USA
Telaphone - +1 BD0-325-5832
Fa . #1 BD0-325-5052
Emargancy talephons numbsar
Ememgancy Phone 2 . [314) TTS-ES5S

2. HAZARDYS IDENTIFICATION

21

23

Clasaiication of the substancs or mixturs

GHS Classification In actordance with 23 CFR 19190 (3SHA HCS)

Aspiration hazard |Caegory 1), H304

For The full text of the H-SEtements mentioned In Tikls Secion, see Sedion 16

GHS Label sdements, Including precauticnarny statements

ren &

Signail waird Dianger

Hazamd sigiemsnt]s)

H3= K3y be tatal f sasliowed and emers alnvays.

Precautionary sialementis)

P301 + P310 IF SNALLOWED: iImmedately cal 3 POIS0N CENTER or docion’
clan.

P Do MOT Induce womiting

Pdns Shore locked up.

P01 Disposa of contents/ container $0 an approved wasie aisposal plant.

Hazands not otherwiss casalfied [HMOC) or mod coversd by GHS - none

3. COMPOSI TIONMINFORMATIION ON INGREDIENTS

31

Substances
Fomuia . Cyytag
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Moiecular Wedght D 24047
CAS-MO. T B2E-7E-
BC-a. > 211084

Mo Ingredients are haranious accondng 10 OSHA cfera
MO COMpONEnts neat to be distiosed accordng 1o the appilcable reguiabions.
For me full fe of the H-Statements mentioned In i Sacton, see Section 16.

4. FlraT Al MEASUIRES

41 Description of Arst ald maasuras

Ganaral advice
ConsUl & pinslcan. Show this salety daia sheet 1o the dochor In aisndance.

I¥ Inhled
If Dreahied In, MOVE Person Into resh air. I not treaming, give artifcal respiration. Consut 3 physidan

In ca=a of skin contact
Wash off with saap and plenty of water. Consuit a physidan
In casa of eye contact
Flush eyas with water a5 a precaution.
I ewallowed
D0 NOT INducE vOrmitng. MNever give aryming by mouth to an uncnscEous person. Rinse mouth with water. Consut 3
PrIySican.
42  Most important symptoms and effeciz, both acuts and
The most Important known symgtoms and effiects are described In the labeling (see secsion 2.2) andfor In sacfon 11

43  Indication of any immsdlats medical athantion and special treatrment nesded

no data avalabie

B FIREFTGHTING MEASDRES

51 Extinguishing media
Sultable sxtinguizhing media

Use water spray, alcohoi-resistant foam, dry chemical or caroon dicxdde.
52  Speclal hazants ansing from the substance or mibdurs

Carbon ouddes:
53  Advice for Nrefghters

WNEAr seiT contained breaning 3pparatus for e SgREng If Necessary.

54  Further Infommation
ro data avalabie

E. BLCIDEMTAL RELEASE MEASURES

E1  Personal precauSons, protective squipmsnt snd smergency procedurss
Lise personal protective equipment. Avoid breathing vapours, mist or gas. Ensure adequate ventiaton. Evacuate
mmﬁgjﬁemnseema.

E2  Emvironmental precautions
Prevent further Ieakage or spilage IT 53fe o 90 50. D0 not et product eer drains.

£.3  Mathods and materials for contalnment mclﬂaainqup
Soak up with Inert absoroent material and dspose of a8 waste. Kesap In sultabée, Cdosed comalners for
dsposal.

64 Rafensncs to other ssctons
For dispoesal se= s2cfon 13,
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wastewater

T. HAHDUMNG AHD STORAGE

1

T2

T3

Precautions for sats

Aynid contact with skin and eyes. Avold Inhalation of vapour or mist

Moma measures for preventve fire protection.

For precarions see section 2.2,

Conditions for aafe storags, Incudng any Incompatibiiiies

Keep container Bghtly closad I a ary and wedl-ventiated place. Containers which are openad must be carefuly
resealed and Kept upnght 1o prevent leakage.

Specific end usejs)

Apart from the uses mentioned In section 1.2 no ofer speciic uses are stpulated

8. EMPOSURE CONTROLESPERSONAL PROTECTICN

8.1

Conirol paramstars
Components with workpliacs confrod paramestsrs

CaontzEing no sUBSEances With oecupalional expesure it valss.
Exposurs conirols

Appropriaie enginearing conrols
mn aczoriance with good Indusrial ygiene and safety practice. Wash nands before breaks and at the =nd of

Personal proteciive sguipment
Face snizid and satety ﬁ-ma’lmr tegiaa and approved under Apomprate
gmmmmmmmm;; mcﬂ uch'EH?E
Skin protection

Handle with gloves. Gioves must be Inspacied prior to use. Lise proper giove removal technique (without
fouching glove's outer surface) to awoid Skin contact with Tis product. Dispose of contaminated gioves anter

USE In acconiarce with applicabic [aws and good Bboratary practices. Wash and dry hands.

Full coniact

Watanal: Mirle nubber

Klinimum 3ysr hickness: 0.2 mm

Break throwgh fme: 430 min

Maanal tested Camatrikd (KCL T30 § Aldrich ZE77447, Sire M)

Splash contact
Material; Mitrie nuboer

MAnimum Layer thickness: 011 mm

Braak through Sme: 30 min

Material tesied Dermaiie (KCL 740 / Aidrich ZET7272, Stze M)

data source: KCL GmbH, D-36124 Elchenzell, phone +49 [D)5659 57300, e-mall salesgid.de, test mathod:
EN3T4

If used In solution, of mixed win other substances, and under condifions which dier from EN 374, contact the
suppiler of the CE approved gloves. This recommendation Is advisony ol and must be evaluated by an
Industrial hyglenist and safiety officer familiar with Te specific stuation of antidpatad Use Dy O cusiomess. It
should not be constnued as oferng an approval for any speciflc use scenark.

Body Protection

Compicte sult protectng against chemicals, The fype of protectve equipment must be selecied accondng 1
the concentration and amount of the dangerous substance at e specific worplace.

Ftaapiat-:nrp'nuﬂm
rizk assessment shows air-purtying respiralons are anonoonate use 3 full-face respirabor wil muti-
bination L= ABE{EHI-E-H. Dackup o nesTing conl
W-E%m'mimm“““ Sratectan, LE2 5 Rl oot SUPOHER o rEopiDr LSE Ieiimo

components tested and approved under apononate govemment standards such 3 MIDSH (US) or CEN [EU).
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Control of environmental exposuns
Prevent further leakage or spllage If 53 1o 00 50. Do not let product emer drairs.

5. PHYSICAL AND CHEMICAL PROPERTIES
8.1  Information on baskc physical and chemical properties

3) Appearance Fo liguid
Colour, colouriess
b) Odour no data avallabie
£) Odour Threshoid no data avallabie
d pH no data avallabie
&) ﬁrgpum*rraaang Melting pointrange: 20 - 22 °C (68 - 72 "F)- It
f) Initial boling pointand 302 "C (576 "F) - It
poiling range
g) Flash point 143 *C (300 °F) - closed cup
h) Evapouration rate no data avallabie
) Flammabiity jsobd, gas) no data avallable
i Uppaniower no data avallabe
Ve I
k) Viapour pressure 1 hPa {1 mmHg) at 115 °C (232 °F)
i Vapour densty 8.3-[AIr=10)
m) Relative density 0.777 gimiL at 25 °C (77 °F)
m)  Waber solublity no tata avaliabie
o) Parttion coofMcient n-  no data avallabie
octanniwater
Pl Auto-igniton no data avallabie
= =Tl |
9 Decomposiion no tata avaliabie
r Viscosity no tata avaliabic

5) Expicsiveproperies  no data avallable
fj Cwidlzngproperies  no data avallabie
32  Other samsty Information

Reiaive vapour densly .3 - (AIr= 1.0}

10 STABILITY AND REACTIVITY

101 Raacivily
no data avalkabie

102 Chemical
Habie under reommended SorEge condtons.

103  Posslbllity of hazardows reactions
ro data avalisbie

104  Condithons to avodd
ro daia avalabie
105  Incompatible matsrials
Sirong aeddizing agentsSirong oxdlzng agents
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106 Hazandous decomposition
Other decompasition products - no data avalabie
I e event of fire: ses section 5

1. TOXICOLGECAL INFORMATION
111 Information on toedeodoglcal aecis

Acuie toodcty
mo data avalabie

Inhalation: no data avaliabie
Cemnal: no daia avalable
mo data avalabie

Skin cormeslondmtadon
ro data avakabie

Serlous ays damagpsiays Imitadon
mo data awvalabie

Raspiratorny or akin ssnstisation
mo data avalabie

Garm cadl
no data avalkabie

Carcinogenicity

IARC: Mo component of this product present at levets greater than or equal to 0.1% Is inenited as
mmﬂmmmmm&nmuﬁc =

ACGIH: Mo component of this product present at levels greater than o equal to 0.1% s ioentted as a
caminogen or podenial candnogan by ACGIH
MTP: O component of this product present at levals greater than or equal to 0.1% s identted as a

known o articipated cancinogen by NTP.

OSHA Mo component of this present at levels greater than or equal to 0.1% Is identified a= a
cardrogen of potental carcinogen by CSHA. ? =

Raproductive ooty

mo data avalabie

mo data avalabie

Spacific targst organ toxlcity - aingls sepoEUns

mo data avalabie

Specific tomlcity - repeatad &

b e pesiE

Aspiration hazand

no data avalabieThe substance of mixiure s knoam 1 CalEe human aspiraton oty hazards or has to be regarded
& If It causes 3 human asmration toxicity hazardl

Addiional Information
RTECS: MIESS0000

Tnﬂ‘ehestu:l'mrlrm.ll-eﬁge the chemical, physical, and oxieoiogical properiies have not been Momughiy
Tnﬂ‘ebeﬂ-:l‘mrlrmll-e-:lge the chemical, physical, and taxicological properties have not been thoroughiy

Investigated.
12 ECOLOGCAL INFORMATION
121 Tomcity

Mo data availabie
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122

123

124

125

128

Annexos

Perslstenca and degradabiitty
ro data avalabie

Eloaccumulathve potential
ro data avalabie

Mcblitty In 2ol
o data avaliable

Rasults of PBT and vPvE aasasament
PETA™VE assecsment not avallabie as chemical safely assessment not requiredinot conducied

Other adwerse sifacts
rio data avaiabls

T3 DISPOSAL CONSIDERATIONS

131

Waste treatment mathods

Prosiuct

Offer SIpiUS and non-recyciable soiutions 1o a llcensed disposal company.
Contaminated packaging

Dispose of 35 unusad product

14. TRANSPORT INFORMATION

DO [US)
Mot dangernus goods

MOG
Mot dangerous. goods

LATA
Mot dangerous. goods

15 REGILETORY TRFORMETION

SARA 302
SARA 302 No lzaks In this material are subjed 1o the reparting requirements of SARA TiRe M, Secion 302

SARA 313
SARA 313 This material does not contain any chemical components with known CAS numbers that exceed the
threshold {De Minkmis) reporting levels established by SARA Tite I, Secton 313,

SARA 3111512 Hazards

Mo 3ARA Hazards

Masaachusstis Right To Know Componsnts

MO COMpONEnts are subject 1 the Massachusets Rignt to Know Act.

Penneylvanla Right To Know Componsnts

CAS-HD. Rasision Date
K-Hepladecane E29-T5-7
Maw Jerssy Rigint To Know Componsnts

CAS-HD. Rewision Date
N-Heptadecane EZ9-78-7
Califormia Prop. 65

This producs dioes nat contain any chemicals knoan i Siate of Calfomia o cawse cancer, birth defess, or any obher
repnaductive hamm
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16, OTHER INFORMATECHM
Full teet of H-Statements refemed fo under ssctions 2 and 3.
H304 My b Tatal 1T swallowsd and enters alraays.
HMIS
mmmlm:t 0
Chmnkc Health Hazard:
Flarmmaniity: 1
Phiysical Hazam 0
HFPL Rating
Health hazant O
Fire Hazamd: 1
Reacthity Hazand: 0
Further Infommeatican

Copyright 20114 Sigma-Akirich Co. LLC. License granted to make unimited paper coples for intemal use only.
The aoave formazon i befleyed 1o be com=ct but doss not purart 1o be all Incsive and shal be used ony 35 3
guide. The Informasion In this document ks based on the present state of our knowiedge and is applicanie in

product Wil regand to appropiats safety precautons. It doss not represent any quarantas of e proparties of the
proguct. Sigma-Aldrich Corporation and s AMiates shall not be held llabie for any damage resuiing Som handing
or from contact with the above product. Sea www, com andvor the reverse side of Involce or

o au prod Zezu shgma-adrcn. packing
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A3.13. Chloroform

Data Sheat
acoording fo 29CFA1910/1200 and GHS Rew. 3
Effective date : 02.12.2015

Page 1of 8

| Chiorotorm, Reagent Grade

|m1:mdhm-ﬂd&lw

Pre=dusct nams : Chloreform, Reagent Grade
MarufacturerSupplier Trode name:
Marufacturer/Supplier Article number: 525248

Recommerided wses of the product and uses restrictions on use:
Marufacturer Detalls:

anquaFhoenin Scientific
9 Barmhart Drive, Hanover, F& 17331

Supplier Detaits:

Fisher Science Educabon
L'-}d'ﬂ-l.'# ortwe, Rochesher, NY 14624

Emargancy telaphons number:
Fisher Sclence Education  Emergency Telephomne No.: B00-535-5053

|SECTION 2 : Hazards identification

Classification of the substamce or mixture:

Health hazard

Specific target ongan bomicity following repeated exposure, category 1
Seproductive bocity, category 2

Carcincgenicity, category 2

Nrrifrt

Arute foocEy (o, dermel, inhalabond, cahegory 4

Sirin FTEation, cabegory &

Eye Irritation, cabegory 24

e
Arute fmocEy (orad, dermal, inhalabon), category 3

Aoufte toaicity « Oral - Aoube Tox. &

Anute towicity - Inhalation - Anste Tow. 3

Shon oormeslongdd mitation < Sidn TR 2.

Serous Eye Domage/Eye imitation - Eye Imit.
Caminogemicty - Lanc, 2

Reproductive Toxiclty - Repr. 2

Specific target organ tnwic ity < Repeated exposune < STOT AE 1

Signal word -Canger

Hazard statemants:

Harmiul (f swallowed

Caumes Son imfabon

Caumes senous ey ImTtakion

Tomdc o inhalked

Suspected of causing cancer

Suspected of damaging fertiity or the unbom chiid
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wastewater
Safeky Data Sheeat
according o Z9CFAL1S10/1200 and GHS Rev. 3
Effective date : 02.12.2015 Page Zof &
Chilorotorm, Reagent Grade

Causes damage to orgars through prokonged or repeated Enposuns

Frocauthsnary stabomsents:

if medical advice ks needed, favve product container o label at hand

Keep out of neach of childnen

Read label before use

Do miot handie unbl all safety precautions heve been read and undershood
Obtain spedal instructions before use

#pnid breathing dustSume)gasimistfapoursispray

Lise oniy mutdoors of in 2 wel-ventilsted area

Lise personal protective equipment 25 requined

Wash sidn thonoughly after fending

Do miok s, drink or smoke when wsing this product

Wear protective glovesiprobective clothingeye protection’tace probection
Call 2 POISON CENTER or doctorphysician

Iif shin irmtation cocurs: Get medical adviosfattenton

IF SWALLDWED: Call 2 POISDM CENTER or doctoriphysician if you feel umeel
IF INHALED: Resmowre wictim bo fresh air and keep 2t rest in 2 position comiortaibie for breathing
IF exposed or concemed: Get medical advice)attention

Get Medical advioefattention if you feel unwell

Specific treabment [see suppiemental first ald irstnuctions on this abed]
Rinse mouth

Taire off contaminated clothing and wesh bedore rewse

IF IN EYE%: Rinse cautiously with water for several minutes. Semove contact lenses if present and easy to do.
Conbnue nnsing

If eye imitation persists get medical advice/attention

IF 3N SKIK: ‘Wash with scap and water

Store in a well venblated place. Keep container tighty chosed

Store locied up

Dispose of contents and container a5 insmacted In Secbon 13

othar Mon-GHS Classithcation:
WHMIS
eyl % O2E
MHFFATHMIS
Haalth E
Flamsmahility ﬂ
Physical Hazard [[T]
Persanal X
Protection
NFP& SCALE (04 HMIS RATINGS (048]

|SECTION 3 | Compesition/information on ingredients
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Safety Data Sheeal
asccording to ZOCFRLS1OVII00 and GHS Rev. 3

Effective date | 02.12.2015 Page Jof B
| Chireterm, Reagent Grade
Ingrediemnts:
CAS B7 b3 Chigrodoem 100 =
“ementages are Oy weight

|SECTION 4 : First ald measures |
Description of first ald maxsures
After inkialafion: Locsen Cotfing 35 necemsany and posion indhvedual ina comioiable posibon. Move exposed
fo fresh ar. Ge arricial respimbon Fnecessary. B beatting is arifioot gyve oopgen.Get medical assistance 8
cough or otfer symptoms appear. 20 NOT use mouth-fn-mouth resusctation
After shin comtact: Fnsefiush exposed soin gently L=ing soap and water for 15-20 minutes. Seek medical
aZrace it discomiort or rmEabon porssts.
After aye contact: Fofed unexposed ey RirseTush exposed eye|s] gently usimg water for 1530
mirrdtes. lemoye contact lersles] & abée bo do =0 during nnsing.Seck medical attention it inmabon persists or §
concemed.

After swallowing: R irse mouth thomughiy, Do not mduce womdbing. Seck medcal attention i irmtkaton,
dscomiort, or womiting perssts. Mever ghae amything by moakh to an unconscious person.Call Potson Conbrol

mameedl abety

Most important symptoms and efftects, both acute and delayed:
Aspiration hamrd. May cause central nensous sysberm efiects. May ause gastmintestre! inmabon, nausea,
womiting and dizhea. (mitabon- 3l oubes of exposure. May cause ImRation of resporatory tract. Inhaiaton may
cause central nervous system efiects. Headache Shortness of breath.;Possible cancer hazand. Tumongenic
efiects hawe been repored in expenmental animals. May cause adverse [er and kidney efects. Centra
reErvciEs syshem dsorders. Candiovascular, Presxisting eye dsorders. Edney dissnders. Liver disonders. Skin
dmorders

Imdication of any immedinte medical attention and special treatment nesdesd:

T seoxing medical athenbon prowide S0 document bo pir= can. Physician shoud treat syrmptomiatically.

SECTIOM 5 ! Firefighting measures

Extimguizhirg media
Suitabls sxtinguiching sgests: Lse water, dry chemical, chemical foam, carbon doxide, o aicohol-mesistant
o

For safety reasons ursaitable extinguishing agemts:

Spacial hazands arzing from the substance or mixbare:
Thermal decompcesition can kead to release of imitating gases and vapors Sight re hazard when subjected to
Figh haat

Advica for Arefighters:
Protective squipmaniz Wear profect e eyeware, ghoves, and Ciotfeng. Refer to Section 2 Use NIOSH
approved respirabony probeschonibrealfing apparatus.
Agditional Imfermation |precaotions]: Avod inha ng gases, homes, dust, mis, vapor, nd aemses. A
contact with sian, eyes, and chothirg.

SECTION & 1 Accidenial nelease measures

Fersonal precautons, proftectiae equipmant and eamergency profedures:
reun adequate ventlabon. Ensare that air-handing systems are operational.

Errvirommantal precautions:
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Safety Data Sheet
aoording fo 23LFALS10VI200 and GHS Rev. 3
Effective date : 02.12.2015 Pape 4of B

Chiorotorm, Reagent Grade

Should not be released into environment. Frevent frmm readting drans, Sewer, or Watensy.
Methiods and materal for containmient and cleaning wp:

‘Wear profectwe eyeware, gioves, and ciothing. Refer to Section B.AMWays obey locad reguiabons Containertoe
for disposal. Reter to Sechon 13,4 necessany use traimed response stadt or confractor. Evaouste perzonned to
saile areas. Keep n sukabke chossd containgrs for disposal.

Reference to other sections:

SECTHDN 7 1 Handlirg and storags

Frecauticns for safe hardling:
Avoud contact weth skim, eyes, and clothing. Follow good Fyglene protedures when Randing chemical materals
sefer to Sechion H.Follow proper degpeosyl metivods. Refer to Sechion 13.00 mot eaf, drnk, smoke, or use
personal products when handing chemical substances.

Conditions for safe storage, including any incomipatibil fes:
Sore in a3 ool hocation. Esep away from fcod and beverages. Probect from treezing and physical

damage. Frovide wenblation for containers. Eeep oontainer tightty sealked Shore amay from incompabble
matenals

|SECTION & 1 Exposure controls/personal protection

Comtrad Faramaebers: 67466-3, Criomdcen, ACGE TLY: 49 mgimd
67 :G66-3, Ohiomdcemm, OSHA FEL: 240
G67466-3, Origmdoen, OSHA PEL 30 ppm Celling: 240 migim3 Cellng
G7466-3, Crigmdormm, ACGH TLY TWALD ppm TWA
G67466-3, Chigmodorm, MIOSH REL Ca 5T 2 ppmi (.78 mg'ma3 ) El-minute
G67:b6-3, Crirmdoem, MEOSH [DUH: Ca 500 pomi

Appropriste Enginassring confrols:  Emergency eye wish fountains and sateby showers should be avalable
the immediae wonity of uss or kanding. Provede exhaust ventlation or
other enginesnng onbros to keop the arbome conceniTations Of vagor
ared mists below the applcatde workplaoe exposure |limEs [ Dooopational
Expomure Limits-0ELs] Indcated abone.

Resplatory protection: Kot requined under rormal condBions of use. Whene risk assessmeent
chiyes, airparThying Fespirabors are appenprabe wse a full-face parbcie
resperator Gyps MLOO (US) or bype P23 (EN 143] espiaior arndges 25 3
bacloup o engineenng conirois Wihen recessary use NIDSH approved
breatfung equipmeni.

Protection of skin: Seiect ghowe mabenal iImpermeable and resstant bo the substance Seledt
glove materal based on rmbes of dfuson and degradation. Dispase of
ontaminated gioves 2Ser LS In accordance with appicabie ws and
good laborabony praciices. Lise proper glove remeoval technique wishout
‘touching outer surtace. Avokd sdn contact webh used gloves. Wear
proteciive clothing.

Eye profecidon: Wear eguipment for eye protecthon kested and spprowved omder
approprabe govemmeent standands such 2z 8ICSH (LUS] or N
1GG{EL. Satety glamses or goggies are appropnabe eye protechon.
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Effective date : 02.12.2015

Safety Data Sheet
accordineg o 29CFRLYLINLI00 and GHE Few. 3

Page Sof 2

Chloroferm, Reagent Grade

General hygienic measwnes:

Pertorm routine housekseping. Wash hands befone Dreairs 2nd at the end

of work. Avokd contact with Sidn, eyes. and cobvng. Bedore wearing wash
contaminabed cholfing.

|SECTION 5 : Physical and chemical properties

Appmarancs (physical Clear Liguid Explosion limi lower: Mot determimed
shavte, color]) q Explosion limE upper Nof determimed
Didair: Ammabc Chicrotorn Odor | Vapor pressung 213 mbarig 20 °C
Ddor threshold: Mot debermiined Vapor dersity 412 |Ar=1.0
pH=-valua: Mot debermined Ralative dersity Mot determimed
MefingFreezing poimt: | &H3°0 ) S145F Solubilities: Slighitly solubie
Boilimg point'Eodling BO%S 615 14009 Partiion coafhiclemt (n=
ranga: 142 7F rianol water]: Nk et
Flash pint | closed AutoiZeli-ignition
cup): Mot determined temper:t . Mot diete rminsd
. & (2T a]) FaTabd ) d )] Y
Evaporation rate: 1106 [Bubyl Acetate = 1.0) 2907
P CEutyl o | o pera o
a. Kinematic Mot
Flammahility ) diebermired
solid,g si: Mot debesmmdned Viscoshy: b D - Mot
determimned

Demsity: Not detemined
Specific Gravityzl.220

SECTION 10 : Stabiiity and reactivity
I

Reactiviifyz Nonreactye under nommad condibons.
Chamilcal stabillty=Stable unider normal condibons. Light sersihee

Possible hazardous reactions=¥one under normal processng.

Conditlons to asold:incompabble matenals.Excess eat

Incompatible matenalsalic metals, STong crEtics and oxidTes
Hazardows decompasition prodwcts i ides of sodiom. Bmts very toxkc fumes of chionne amd phiosgens gas

SECTION 11 : Texicadogical information

Aqwte Toxiorty:
Oral [T = ] 050 oral-rat: B95mgikg
Chiromic Toxh: fhy:
lath My cause adverse lver efiecks. May cause
o . Brpt-d Sverse ndney efiects

Corroslon Irmitation: Mo addibona inbomrmasion

Sensitization

I S0 20d Eionad Inforrmation
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Safety Data Sheet
sccording to 23LFALS101I00 and GHE Rew. 3

Effective dabe : 02.12.2015 Page Gof 2
| Chioretorm, Reagent Grade

Simgle Targat Organ (5TOT]: Nz 3o infnremat o,

Humigrical Measores: S0 addforad imhorrmesk o

Formbie Cancer hazand besed on besis with
aboratory animals. Tumarigenic effects

CarcinogeniCiny: Feave e reporbed inexpenmental
animals..

OsHA- Carcimogen (BT-bh-3)

) Mutagenic effects Fave ooowmed in
Fingeaicity expenmentad animas

Expenments have shown neproducine
fmwic £y eflects on aborinny animais.
Reprodecive Toxkcity- Developmentad effects feve orosmed n
expenmental animais. Teratogenic effeds
Feawe ooowmed nexperimental anrmais

|SECTIOM 12 : Ecological information

Ecofoxicity Persistence ard degradability-

Elgaccumulative potertial:

Mubility in sadl kog Fos: 2

Othar sdverse affects: Chioroform has modembe acwee and chromnc oxicRy to aquatic [te, especialy brtte mobs
and chmomoscmal damage

SECTHDM 13 : Disposal considerations

Waste dizposal recommendations:

Contact a loersed profesmonal waste disposal seraoe to dspose of this materal LS. - ACSA (Sesource
Conseragbion & Recovery Act) - U Senes Washes - Acutely Toxic Washes & Other Hazardows Charactenstics
waste number Ul44 (Chiceoorm) . ULS. - AORA (Sesource Consersabon & Recowery Act] - Bams for Listing
Apperedod ¥ Included noweste streams FO24, FOES, FO3S, KDOS, K00, KD1S, K020, EDQ1, K029, ED73, K116,
L1493, E£150, €151, 158 |(Ovomdormy) . U.5. - RCRA |Resourme Corsemvation & Recoveny At - D Semnes Washes
Max Conc of Contamimants tor the Tox Creractensbc £.0 mg'l reguiabony kevel | Ohionodonm ) . (Dispose of empty
containers a5 wriksed product. Product o comamers must not be disposed with household garbage. i & the
mespons bty of the washe generabor to proporty characterse all washe materialks sccording o appiicabie
megulatory entbes (LS L00FRA6E 11). Chemical waste gemeraiors must defmmone whether a decanded
chemical B dassihed & 4 azardous waste. Chemical washe generators midst also onsat oo, regonal, and
mational hazandous washe reguabons. Ensure omplete and scoorabe Cass Boation

SECTHON 14 : Transport information

LIM =M o s r
1888

UH proper shipping nama
Fotsonous maberiad, Chiomdcmm

Transport hazard class|es )

= Class!
- B Toxk substances

Facking group:|
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Annexos

Safety Data Sheet
acoording to 2CFALS10I00 and GHS Rew. 3
Effective date © 02.12.2015 Page Tol 2

| Chiorotorm, Reagent Grade

Emvironmeantal hazard:

Transport In bulk:
Special precastions for user:

|SECTION 15 : Reegulatery information

United States (USA)

SARA Section I1LALT [Specific toxic chamical Mstings):
Aoube, Chronic

SARA Section 313 |Specific toxic chemical listimgs):
E756-3 Chioroforrm 0.1 % de minimis conoeniration

RCRA [hazardows waste code):
E7:66-3 Chioroform washe codel 1044

TSLCA [Toxic Substances Combrol Act):
Al ingredients are bsied.

CERCLA [Comprehensive Environmental Response, Compensation, and Liability Act):
E7 663 Chioroform

Propesition &5 |Califemia)

Chemicals known to Cause Cander:
&7 -3 Chiongform

Chemicals known to ause reproductive toxicity for females:
None of the mgredients i |ished

Chemical known to casse reproductive toxiciy for makes:
None of the ngredionts s |ished

Chemicals known to (ause developmenial toxiciy:
E7 -5 3 Chionoform

Canada

Canadian Domsestic Substances List (DSL):
Al ingredients are bsted.

Canadian HFRI Irgredient Disclosure lst [limit 0.1%):
E7 -5 3 Chionoform

Canadian HFRI Ingredient Disclosure list (limit 1%)
None of the gredicnts i lished

SECTION 16 : Other information

This product has been classihed in accordanos weith hazand criberta of the Conbrolied Products Seguabons and B
5[0 contains all the Infoemation requined by e Confrolled Products Aeguisbons Mote:. The responsibilty to
provide 3 =aie Workpiaoe nemains wikh B wser. The wser should consder the heath hazands and safefy information
ontaned hemnin a5 3 guide and should ‘Tke those precautions requinsd In an mdvide) operation bo instnoct
cmpkryess and develop work pracboe procedures for 3 sate work envinonment. The rformabon conkaned henesn is,
o e ezt of our knowiedge and belef, aocuate. However, since the condibons of handlrg and w=e are Seyond
OUF Coniol, W make mo guarsnies of nesults, and assume no Babirty for damages incurmed By the wee of this
material. it 15 the responsbity of the wser bo comply weth 2 applcabie lFws and egulabons applcatie bo this
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater
Safety Data Sheet
acoordine] o 2OCFALSLIN1200 and GHS Rew. 3
Effective date : 02.12.2015 PageZof 2
Chiloroterm, Reagent Grade
material.

GHE Full Text Fhrases:

Abbreviations and aoronyms:

INDG: Interreaticrel Margime Code for Dangemous Goods

LATA: Inbernational Ar Transport Association

GHE: Gliohaly Hemonzed System of Cassfication and Labelling of Chemicals
ADGH: American Conferemcoe of Gowermmenia| Indusinal Hyglenists

CAZS: Chemical Abstracts Service (dhision of thie Amserican Chemical Society]
NFFA: Mational Fine Frobechon Assodabon [LISA]

HMIS: Hazardous Materdalks identification System [LEA]

WHHIZ: Woriplace Hamirdous Matenals information System [Careda )
OINEL: Diprhved Mo-ERect Lewel |RESCH)

PHEC: Predichesd Bio-Effesct Comopntrafion {AEACH]

CFR: Code of Federal Reguiations (US4

SARE: Suporund Amendments and Aeauthorzafion &ct [LISA]

RCRA: Respurce Corssensation and Secovery Ak (USA)

TRCA Towk Substamoes Conbrod Aot [LISA)

H7R: Nabonal Pollutant Sefease Imeerfory (Canada]

0OT: US Deparbment of Transportabon
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Annexos

A3.14. Phenol

Safety Data Sheat

according to 29CFA1S10/1 200 and GHS Rew. 3
Effective dabe : 01.28.2015 Page 1of 8

| Phenol, Lab Grade, |

|SECTION 1 : Identification of the substance/mixture and of the supplier |
|Priced wct nam Phienal, Lab Grade,
MarufacturerSupplier Trade name:

Marufacturer/Supplier Article number: 5254632

Recommended wsas of the product and restrictions on ose:
Manufacturer Detalls:
AquaFhoentx Scientific, Inc
9 Bamhart Drive, Hanover, P4 17331
(i rb1l
Supplier Details:
fisher Sclence Educabion
GTT1 Siver Crest Aoad. Nazareth, FA 18064
(T80 T1954
Emmrgancy telephones number
fisher Science Education  Emengency Telephome No.: B00-535-50583

|SECTION 2 | Hazards identification

Classification of the substamce or mibxture:

o
Arute towicity (oral, dermal, inhalabon), categaory 3

Cormoshee
Sirin cormoson, cabegory 13

Health kazand
Germ cell mutagenicity, cabsgory 2
Specific target organ boxicity following repeated exposure, @begory 2

Aryfte T, 37

Skon Coer. 18

Muta. 2

STOTREZ™

Hazands Mot Otherwise Dassfied - Combustble Dust

Signal word -Danger

Hazard statemants:

Towic f swallowed

Towic in contact with skin

Causes severe skin bums and oye damage

Tomic i inhaled

Suspected of causing genetic defects

May cause damage to ongans through profonged or repeated exposure
Frecauticnary statements:

f medical advice s necded, bewe product container or labed at fand
Keep cut of reach of children
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Safety Data Sheet
acoordineg o 28CFRLS1L200 and GHS Rew. 3
Effective date : 01.28.2015 Page Zof 8

Phanad, Lab Gradae,

Aead e betone use

Obtain special instrucbons before wse

Do mot handie unbl all sadety precaubons Feve been read and undershood

Ayod breathing dustSumegasimisthapoursispray

Wash sidn thorcughly after famding

Do mot eaf, drnk or omoke when using this product

Use onfy ufdoors oF In 3 wel-ventilied sea

Use personal protecinee equipment 2z requined

Wear protecitee glovesiprobecinee clothing/oye profection’iaoe protechon

Call = AHS0N CENTER or doctonphysiclan /B you heel umsel

IF INHALED: Resmove victim bo fmesh air and) keep at rest in 2 posibon comiortaibe for breathing
IF exposed or concemed: Get medical advicefathention

Col et ol L

IF SWALLCRWWELDE Rinse mouth. Do ROT Induce wvomEing

IF O SKIN for Fair]: RemovelTake off immediztely all contaminated ciotfing. Finse siin with wabter'shower
IF IN EYES: Rinse caubousy with waber for several minubes. Semowe coniact kenses & present and easy o do.
Conbnue rnsng

Immediabely call a POISON CENTER or doctoripirysican

Specihic measures [see suppiemental first aild Fstructions on this label)

AemowveTake off immediaéety all contaminated cothing

Wash contaminabed clothing Dedone newsme

IF SWALLIAWWELD: immiedabesy call 3 AOS0N CENTES or doctonphysican

Shore locioed up

Dispose of contenks and container bo 20 approved washe dsposd plant

Combustible Dust Hazard: -
May form combustble dust concentrations in & [during processineg |

Oither Mon-0HS Classificaticn:

WHMIS
HFFAHMIZ
Haalth
Flamamahiliby
MFPE SCALE (D] HMIE RATINGE (D-8]

SECTHON 3 1 Composition/information on imgredierts

Ingredients:

CAS 108952 Prenol 100 %
fercentages are by weight

|SECTION 4 ! First ald measures
Descrption of first ald messures
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Annexos

Safety Data Sheet
scoording B0 ZSCFRLIS10L200 and LHS Rew. 3
Effective date : 01.20.2015 Page 3ol 2

Phencd, Lab Grade,

After inkialation: Move exposed mdendual bo fresh air. Loosen dothing as necessany and postion indvdual im
2 cormforanie pogbon. Seck medical advice F dscomhort or intabon perssts_o Dreathing dficult, gave copgen.

After sidn comtact: Wash afected area with soap and water. Rinssfush exposed skin gently using water for
1%:20 mirerfes. Seek medical advice & dscomiort or irtation persists.

After aye contact: Freted urexposed eye. Rirseffiush exposed eyels) gently using water for 15-20 minutes.
SeEmove contact kensies) f able o do S0 dunng rirsineg. Seek mmedaks medical atbention or advioe.

After swallowing: Firss mouth thomagny. Do not iduce vomibng. Haee exposed mdvidasl drnk sips of
water. Seek medcal alfenbon & rrEabon, discomiort or vomitng persists.

Most important symptoms and effects, both acute and delayed:
rrtation, Nausea, Hesdaohe, Shoriness of breath.;

Irdication of any immediste medical athertion ard special treatmeant needed:
1 seciing medical attenbon, provide 506 document bo physoan.

SECTION 5 : Firefighting measures
Extimguizhing media
Satable sxtinguizhing sgemts: If in kboratory seting, folow labombory fine SUppression procedures. LUse
aprnipriate fre suppression agents for adjacent comibustible matenals or sowres of ignibion
For satety reasons ursatable axtinguishing agemts:
Special hazards arising from the substance or mixore:
Combuston products may incude carbon codes or ober ook vapors. Thermad decomposton can lead to
melease of Imtating gases and wapors Avosd generating dust; Pne dust dsperzed in &r in sufhicent
concenbrabons, and in the presemce of an ignibion source & 4 potential dust explosion hazand.
Adbwice for firefighters:
Protective squipmant: Use NI0SH-apnnoved respirabony protectonibneathing appartus.
#Additional infermation (precawtions): Move produd con@ines away from fire or keep ool with water
Spray &5 a probectve measure, where feasibie.Use spark-prood tooks amd explis ionprool equipment.

|SECTION & : Accidental release measures

Personal precautions, probectve equipment amd emengency proieduness:

'Wear protectve equipment. Use spark-procl foois amd exploson-prool equpment. Lise respirabory probectyve

devire agairet e efiects of fumesidustiaemsal. Keep unpobecied persons away. Enoure adeguate wenblabon.
Erviromnmsntal precawtions:

~revent from reaching drains, sewer or wabenwary . Collect conkamimabed sod for charecterzation per Seckon 14
Mathiods and materal fer containmient and cleaming wp:

1 im 3 laboratory setting, follow Chemical Hygiens Plan procedures. Flace into property labsled containers for

meoovery of dmposal. I necessany, use tained response shafficontractor Dust deposis should not be aliowed o
acrumal gbe on surfaies, a5 these may 1o an expasye mibhore: ey ane relesased into B abmissphene in
suthicent concentrabion. Avoed dispersal of dust in the air [Le., clkearng dust urfaces with compressed ar.
Coled: solids in powder form using saouwam wikh (HEPA fiker]

Reference to other secions:

SECTION 7 : Handlirg and storags
Frecautions for safe handling:

Minmize dust genembon and acosmaiabon. Wash fends afer handling. Soutine Rousskeeping shouid be
nstiuted fo srsune ot dusts do mod sooormaaiabe on porfaces. Follow good hygeere procedures wisen Fandling
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in

wastewater

Effective date : 01.28.2015

Safety Data Sheet

acoording fo ZOLFALS10LI00 and GHS Rey. 3

Page 4 of 8

Fhened, Lab Grade,

chemical materals. Do not eat, denk, smoke, or use personad products when Fandling chemical substances. if
n 3 laboratory setbing, foliow Chemical Mygiene Plan.Use only in well ventiabed areas Avoid contact with eyes,

skon, and ciothing.

Conditions tor safe storage, including any incompatibilfes:

Provide ventilation for conkainers. Avoid storage near extreme heat, ignition sources or open fame. Shore awary
from: foodstutfs. Store away from oxideing agents Store in oool, dry conditions in well sealed containers. Store

WEh ke hazams

SECTHON & 1 Exposare comtrolsipersonal protection

Comtrad Parameters:

Appropriate Enginesning controls:

Respiratory protection:

Protection of skin:

Eye profeciion:

Gereral hygieni measunes:

108-895-3, Fhenol, ACGH TLY TWA Sppm

108953, PFhenol, NIDSH TWA 19mgima

Emergency eye wash fountains and satety showers shoukd b avalabie
thie iImmedizie oty of wssTandlirg Provide cxfeuest ventl lation or
other enginecring conbs to keep the arbome comcenirationes O vagr
or dusts (frtalreserabke) befow the applicable workplace expasure Bmits
|Cocupaticnal Exposune Limigs-050s) indicabed above Lss under a fume
hood, It s recomemended Bed ol dust conbrod esgquipment such as local
exhaust ventiabon and matenal transport sysbermes eolved inhandling
of this product confain explosion nel kel senks or an EXNpiosion SUpEnesson
ST o & conpgen defckent o iommeni. Ensune that dust-hand lng
myshems (Such a5 eoraust ducts, dust colieciors, vessels, and professing
pJupment] are desgned ina maaner to prevent the escape of dust inko
the wonc anea [Le., Ehere s no keakage fom e equipment).

Use swiabie respimabony protective desvioe when high contentrabons ans
present. Use sutabie respimatory protective devioe when asmosH or mist
ks formesd. For spells, resporatory proteciion mey be adwvesabie.

Thee giowe meatenal Fas bo be mpermeaables and resistant fo the

thie ubsiance b preparabon being wsed/landied.Selkechion of the glove
matenal on considermbon of e penetrabon bmes, rates of diffuson and
thie degradabon.

Salely glacses with sde shiekds or goggles.

Tiee wERual precautionany measures ¢ to be sdhoned to wisen hand bing
chemicals. Keep away Fom food, beverages and feed sources.
Immedabey remove all solled and confamineied cothing. Wash hands
besoine Dneaks and at e end of work. (0o not Inha ke

gasesifume sidustimestivaporiacrsols. Awodd conbact with the oyes and
L

|SECTION 3 : Physical and chemical properties

Appearamcs [pysical Explosion limit lower: Hot Determined
state, color) Clear, moloness Y35, | gy ptosion limit upper- | Sot Determined
Odor: Disintectant odor Vapor pressune: 0.4 miter @ 20 °C
Odor threshold: Mot Determined Vapar density: az
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Annexos

Safety Data Sheet
according fo 29CFALS10F1200 and GHS Rew. 3

Effeciive date ; 01.28.2015 Page Sof 2
Phenal, Lab Grade,
pH-valua: h Relatine density: 1m0 ge'omd
¥ 4350 1033
Meing'Freazing poirt: .J:l.,. E“= Sizlubdlties: Materal & waber solbie.
Ballimeg point Bodling 1EFC F 359.6°Fg 760 Partiton coeffcient m-
ranga: TETIEg octain watber | sk Dgtpmmine!
Flash paint (Closed - qma g Auto'Selt-ignticn
cupl: rasCi114.2"F temperature: Mot Determined
) Decomposiion
Evaporation rate: Nobt Tebermined temperature: Not Debermined
& EinematcNot
Flammability . Debermined
Flamimalie Wiscosiy:
| sadid gasecus): oL Oymamic: Mot
Debesmnined
Dersity: Not Determined
|5EEI'H]-H 10 - Stmbility and rescivity
Reactivity:
Chemical stabillibySNo decomposibon tused and shored accordimg Eo specihcations
Possible hazardous meactions:
Conditions to awoldiStore away from ceid (zing 2gents, strong acds or beses.
ImeCom peati Bbe aterialdsStrong acids. Stmng hases.
Hazardows decomposition productsCarbon conides (00, T02)
SECTION 11 : Texicodogical Intermation
Acwte Toxicrty:
Oral 317 migiteg LO50 rak
Inhalation 16 mgumiE LS50 rat
Chiromic Toako By Mo 230 5onal mfomakbon.
Corroslon Irritation: No addibona inhorrmation
Sansitization N addiiore) imfoirereak o
Simgle Targek Organ (STOT): No addfiored Imborrmesk ko
Humgrical Measures Nio addiore! imhorrmesk ko
Cancinogenicioy No addfiored Inborrmesk ko
Mutz-genicity: mi Witro fests showed mutagenic effeds
Expenmeents hawve shown reproductnae
Repraductive Texdcity oKy efecs on laborsiory anmais

|5H.‘I'H}H 12 : Ecoleglcal informnation

Ecofoxicity
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
wastewater

Safety Data Sheat
scoording fo 29CFRLS107L 200 and GHS Rew. 3
Effectve date : 01.28.2015 Pagebol 2

Phanal, Lab Grade,

LS50 - Lewciscus idus |Godden orfe): 14.00 - 2500 mal - 455
ECS50D - Daphinla magna |Water flea) - 26 mall - Z2 5
ECS0 - Chizrella vulgans (Fresh water algae) @ 370.00 mgi - 56 h

Persistence and degradabllity: Aeadiy bindegradan =
Bioac cumuiative potential: Mot Boaccumulatee.
Mobility in sodl:

Other adverse effects:

|mu:mm

Wacte dizposal recommandations:
Froducticontainers must not be desposed bogether with fowseihold garbage. Do not aliow product bo reach

SEmDQE SYShEm of open waker. It is the responsibilty of the waste generator to property charactenze all waste
matenals acoording o applcabée reguabony emtiies (US S0LFAZEL. 111 Consult rederd stated provinoial amd
incal reguiabons reganding the: proper disposal of waste material that may incorporate some amount of this

product.

SECTHON 14 © Transport information

LN -Humkbsar
1671
UN proper shipping name
“renid 5ol
Transpaort hazard class|es)
g Class:
« 7 B Towk substances
Facking group:|
Erviromnmental hazard:

Transport i buwlk:
Spacial precartions for user:

|mu=wﬂ.1lhi-m-:hn

United States (USA)

SARA Section F1L30TZ (Specific toxic chamical Mistings):
Acute, Chronic

SARA Section 313 |Specific toxic chamical listirgsi
108-9%:2 Phenol

RCEA [hazardows waste oode )
108-9%:2 Phenol

TSLA [Toxkc Substances Comtrol Act):
Al ingredients are bsted.

CERCLA [Comprehensive Environmental Response, Compensation, and Liabiliy Act):
108-9%5:2 Phenol 1000 ks

Froposition 65 |Calitemial):
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Annexos

Safety Data Sheat
acoording o 29LFALY10200 and GHS Rev. 3
Effective date : 01.28.2015 Page Tof 2

Phencl, Lab Grade,

Chemicals knowr to C3uSE Cancar:
Maone of the mgredionis is |ished

Chemicals known to camse reproductive toxicity for females:
Mone of the ingredionts is listed

Chemicals known to casse reproductive toxicity for makes:
Mone of the Ingredients |5 |ished

Chemicals known to cause developmenial toxiciy:
Maone of the mgredionis is |ished

Canada

Canadian Domsestic Substandes List (DSL):
Al ingredients are bsted.

Canadian HFRI Ingredient Disclosure list (limit 0.1%):
Maone of the mgredienis s |ished

Canadian NFRI Ingredient Disclosure ISt (limit 1%):
108-9%-2 Phenol

SECTION 16 @ Oibwer information

This product has been classihed in accondanos with hazard orterta of the Controlied Products Seguiabons and B
50% comtains all the Riormabon reguinesd by e Confroded Products Regulabions. Nofe:. The responsibilty to
provice 3 sade workpiaos remains with B user. The user should consder the heath hazands and safefy information
conkzined henzin asa guide and should ke those precaotions requined inan indaidod operation bo insinact
empkoyess and deselop Wk practoe procedunes for 3 safe works environment. The nfommabon contaned heren 15,
o e Dt oot ur knonkedge and) belef, accuraie. However, since the condrbons of handlng and u=e are beyond

DU ool we make no guarsntee of nesults, and assume no labirty for damages incumed Dy the wse of this
matertal. it |5 the respons bty of the user bo comply weth 2/ applcabie [aws and regulabions applcabée bo this
material.

GHS Full Text Fhrases:

Abbreviations and aOnGnyms:

INDG:: Interadicnal Martime Code for Dangenus Goods

PMEC: Predichesd Mio-Effect Comopniraticn {AEACH]

CFR: Coade of Federal Regulationes [L15A)

SARA: Supertund Amerdmients and Reauthorzation Aok |LISA

RCRA: Resooroe Corsenation and Secoyseny At (USA]

THCA Towk Substamoes Conbrod Ack [LUSA)

HFRL: Nabonal Pollutant Seleass Imverfory (Canada]

OOT: US Departmient of Transportabon

|&TA: Inbermabonal Ar Transport Azsocabon

GHE: Giobaly Humonzed System of Cassfication and Labeling of Chemicals
ACEH: Amenican Comference of bovemmental iIndustnal Hygiensts

CAS- Chemical Abstracs Serdos (drision of the Amencan Chemical Sociehy]
NFFA: Nabonal Fine Probechon Associabon [LSA)

HMIS: Hazardous Materials deniification System (LUSA]

WHMIS: Workplace Hamardous Matenals Information Sy=tem | Carada )
DHEL: Dirnwed Mio-EResct Lewed |SESCH)

Effective date - 01282015
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Effect of nutrient limitation and light in the production of polyhydroxybutyrates and glycogen by cyanobacteria cultivated in
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