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Abstract
The object of this study was to investigate the formation of PCDD/F during sintering iron ore. The investigation aimed at the understanding of the PCDD/F formation pathway from PAH, to aid in the strategies which may be used to decrease the emission of the PCDD/F from the sintering process.
Polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans (PCDD/F) are halogenated aromatic hydrocarbons which are highly toxic and widely distributed environmental contaminants. There are many pathways for the creation of dioxins in different types of industry. In this research, interest is in iron ore sintering where PCDD/Fs are created in combustion processes. 
In order to achieve repeatable results many tests were undertaken on the sinter pot, which is a laboratory scale of sinter bed. A constant condition of operating the sintering process is necessary to produce stable and repeatable quality of sinter and to achieve repeatable emission of PCDD/Fs. The emission samples from sinter pot were extracted and cleaned up, and then analysed for PAHs and PCDD/Fs presence. Results from sinter plant analysis and laboratory tests provide the opportunity to understand the mechanism of PCDD/Fs formation. These results were supported by the use of molecular modeling techniques, which provided a mechanism for the examination of the most probable formation pathway from reagents through intermediates to final products.
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Chapter 1
Literature review: Dioxins (PCDD/Fs) Formation during thermal processes
[bookmark: _GoBack]1. Introduction
This chapter concentrates on the formation of dioxins (PCDD/Fs). Understanding of dioxins formation has become a major target to reduce their emission. There are many possible pathways for the formation of dioxins, but none of them are fully understood and described in detail and there is much speculation about the formation and degradation processes in different areas of industry. 
In steel industry, formation and emission of dioxins and other toxic substance are strongly connected to the sintering process. Changes in the sintering process affects not only the quality of the sinter, it also has an effect on the amount of toxic substances emitted into environment. The size of pellets, permeability of the sinter bed, moisture present in the bed, catalysts present, inhibitors present, fuel type, and composition of raw materials are parameters which are important for the sintering process as well as formation of dioxins, SOx, NOx, CO, and CO2. It is necessary to prevent toxic emissions but changes in these parameters cannot be allowed to affect sinter formation.








2. Reactions in the sinter bed
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Figure 1.1 Typical sintering bed (Xhrouet C. et al. 2003)
 The sintering bed consists of a gas phase and multiple solid phases. The solid phase includes: iron ores, coke, limestone and other minor additives. Each solid phase has a different particle size and chemical composition. Ignition of the solid phase by a gas burner starts the process: solid material experiences drying, coke reactions, limestone decomposition or reduction of the iron ore. In large scale sintering, multiple kinds of reaction act as one reaction which changes with temperature gradient. In all the mass of reactants, heat and mass exchange between the solid and gas phase occurs. During thermal reactions there is observed a geometrical change which is a very important parameter in the model. The bed height and porosity affect the changes of the particle size during combustion. All physical properties present in the sintering process should be modeled carefully because they can significantly influence the combustion process and quality of the sintered ore (European Commission 2000). To understand and optimize control these parameters Yang et al. (2004) developed a mathematical model. Mathematical modeling uses many equations which describe individual processes which take place in the sintering bed including conduction, heat transfer from other solid phases, convective heat transfer from gas phase, radiation, heat of various reactions, and heat loss by release of gas produced by reactions, volume fraction of each phase, pressure difference, heat and mass transfer. 
In the sintering bed are two parts of reaction: solid-gas and gas-gas. Coke combustion and limestone decomposition are the major solid-gas reactions in an iron ore sintering bed. The combustion of solid fuel can be classified into drying, pyrolysis and coke reaction. Because the content of coke in the sinter bed is very low, pyrolysis is not considered. In the gas phase are present both reactants and products. Solid-gas reactions are heterogeneous and can be classified as the oxidation and gasification. Gas diffusion and change of the particle size and lime stone decomposition are important solid-gas reactions. (Yang et al. 2004, European commission 2000) The most important parameters for the sintering process are the coke combustion rate, coke contents in the material and air suction rate. (Yang et al. 2004) 
Loo et al., measured the in-situ airflow rate through the bed before and after ignition. After many tests it was proved that reactive ores do not have a negative impact on the permeability of the flame front and the use of coarser coke improved flame front permeability. The resistance of the flame front is dependent on the applied suction across the bed. Three techniques were identified to generate single parameters, which could be used to assess the sintering ability of a sinter mix. (Loo et al. 2003)
Fuels also impact on the sintering of iron ore. The microstructure of the sinter strongly depends on the thermal level of the sintering process. The thermal parameters are determined by the presence of fuels in the raw mix. If the thermal condition is too high then columnar and dendritic types of calcium ferrite are formed, and when it is too low acicular calcium ferrites are formed. To stabilize the calcium ferrite and hematite phase Al2O3 and TiO2 are used.  (Pimenta et al. 2002) 
With progress in sintering time the sintering bed height is reduced and less agglomeration of granules occurs at the upper bed compared to the lower bed. Changes of the agglomeration of granules are progresses in time, as flame front. On the end of the sinter bed in all high bed are observed less agglomeration of the iron ore mix granules. On the lowest bed level, the carbon content increase in the raw mixture, because unborn carbon is drag by the hot air flow and is condense on coolest materials. In effect, increase higher maximum bed temperature and longer holding time at a high temperature. These lead to a larger melt fraction of the sintered materials. (Ramos et al. 2000) 
3. Polychlorinated dibenzo-p-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF)
3.1 Sources of dioxin emission

The PCDD/PCDFs are formed during various types of primary and secondary metals operations including iron ore sintering, steel production, and scrap metal recovery. (Buekens et al., 2007) The PCDD/Fs can be formed in most combustion systems. These can include waste incineration (such as MSW, sewage sludge, medical waste, and hazardous wastes), burning of various fuels (coal, wood, and petroleum products) (Buekens et al. 1999, Ruokojarvi 2000), other high temperature sources such as cement kilns, and poorly controlled combustion sources (fireworks, building fires, or burning any chlorine compounds) (Schatzwitz et al. 1994, Ruokojarvi et al. 2000). The PCDD/Fs can be formed as by-products from the manufacture of chlorine bleached wood pulp (USEPA 1996) and chlorinated phenols, e.g. pentachlorophenol (PCP) (Rappe et al. 1987, Oberg et al. 1992), PCBs, phenoxy herbicides (e.g. 2,4,5-trichloro-phenoxyacetic acid), and chlorinated aliphatic compounds (e.g. ethylene dichloride). Recent studies have suggested that PCDD/Fs can be formed under certain environmental conditions, e.g. composting (Siewers 1994) from the action of microorganisms on chlorinated phenolic compounds. Similarly, PCDD/Fs have been reported to be formed during photolysis of highly chlorinated phenol (Tysklind et al. 1993). Reservoirs are materials or sources which contain previously formed PCDD/Fs or dioxin-like PCBs and have the potential for redistribution and circulation of these compounds into the environment. Potential reservoirs include soils, sediments, vegetation, and PCP-treated wood. Recently, PCDD/Fs have been discovered in ball clay deposits. Although the origin of the PCDD/Fs in these clays has not been confirmed, natural occurrence is a possibility. (Rotard et al. 1994)

3.2 Properties and chemical structures

Dioxins are one of the most toxic chemicals known. In September 1994 the US Environmental Protection Agency (Brunner, 1994) describes dioxin as a serious public health hazard. The EPA report shows that levels of dioxin and dioxin-like chemicals have been found in the general US population that are “at or near levels associated with adverse health effects”. This report confirmed that dioxin is a cancer hazard to people, that exposure to dioxin can also cause severe reproductive and developmental problems and dioxin can cause immune system damage and interfere with regulatory hormones. Polychlorinated dibenzo-para-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) are compounds with similar chemical properties. Each compound comprises two benzene rings interconnected by oxygen atoms. In PCDDs the benzene rings are joined by two oxygen bridges, and in PCDFs the benzene rings are connected by a carbon bond and a single oxygen bridge, shown on Figure 1.2. (Brunner, 1994)
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Figure 1.2. (a) Dibenzo-para-dioxin; (b) dibenzofuran. (Altarawneh et al. 2008)

The environmental behavior of polychlorinated biphenyls (PCBs) can be related to dioxins physical characteristics. The PCBs, like dioxins, have a non-polar nature and they are strongly hydrophobic and thus strongly lipophilic. PCDD/Fs and PCBs exhibit a high predilection for smooth surfaces, and combined with their lipophilic and hydrophobic properties, this can explain their presence adsorbed on to soil and sediment particles. Low vapor pressures and high melting points are characteristic for solid organic PCDDs and PCDFs. They have a tendency for being strongly adsorbed on surfaces of particulate matter and are characterized by extremely low water solubility. With increasing chlorine content in dioxins, the water solubility of dioxin and furans decreases and the solubility in organic solvents and fats increase (Mackay et.al. 1992; USEPA 1978). There are 210 Dioxins (PCDD/Fs) including 75 polychlorinated dibenzo-p-dioxin (PCDDs) isomers and 135 polychlorinated dibenzofurans (PCDFs) isomers, shown on Table 1.1. 

Table 1.1 Number of various isomers of dioxins (Rappe, 1996)
	Number of chlorine atoms
	Number of PCDD isomers
	Number of PCDF isomers

	1
	2
	4

	2
	10
	16

	3
	14
	28

	4
	22
	38

	5
	14
	28

	6
	10
	16

	7
	2
	4

	8
	1
	1

	Total
	75
	135



For the calculation of their toxicity, the Toxicity Equivalent is used, expressed as TEQ ng/m3 as explained below. Dioxins are formed by several thermal and catalytic mechanisms. Formations of dioxins are most pronounced at 400-500°C from precursors and 300-350°C from de novo synthesis. Formation from precursors starts from structurally dioxin related compounds, such as chlorophenols, phenols, polychlorinated biphenyls, polychlorinated benzenes. De novo synthesis is based on a low temperature catalytic oxidation of carbonaceous or polycyclic aromatic structures. (USEPA 1994a)

3.3 Toxic equivalent PCDD/F

PCDD/F’s congeners with chlorine atoms in the positions 2, 3, 7, 8 are the most toxic, especially the 2,3,7,8-TCDD, which was released from the ICSEMA plant at Seveso, Italy in 1996. Figure 1.3 shows the most toxic dioxins.  
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Figure 1.3. The most toxicity dioxins. (Environment Australia, 1999)
 
To establish the toxicological effect of the dioxins present in the exhaust gases from an incineration plant, the “toxic equivalent” value was used, based on the comparative toxicity of each dioxin congener/isomer present in the gas. All toxic equivalence values are related to 2,3,7,8-TCDD which is assigned a factor of unity. The toxicity varies substantially among the different PCDDs and PCDFs, but only 17 out of the 210 PCDD/Fs congeners are toxic. The 2,3,7,8-TCDD is the most toxic congener, and by convention is assigned a toxicity rating of 1.0 called a toxic equivalent factor (TEF). The remaining 2,3,7,8-positional congeners are then assigned lower TEFs comparable to their toxicity, relative to that of 2,3,7,8-TCDD. The toxicity of any mixture of PCDDs and PCDFs, relative to 2,3,7,8-TCDD, can then be expressed by multiplying the concentrations of the 2,3,7,8-positional congeners present in the mixture by their respective TEFs. The resulting products for each congener are called toxic equivalents (TEQs). The TEQ of the mixture is obtained by summing the individual TEQ’s. While a number of toxicity rating schemes have been developed on a national basis, the scheme that has been internationally adopted is that of NATCO/CCMS (NATCO/CCMS, 1991), under which the TEFs are termed international toxic equivalent factors, or I-TEFs, shown on Table 1.2. (Ahlborg et al. 1992)



Table 1.2. Commonly used toxicity equivalent factors. (Hartenstein, 2003)
	Congener
	I-TEF
	WHO-TEF

	2,3,7,8-ClDD
	1
	1

	1,2,3,7,8-ClDD
	0.5
	1

	1,2,3,4,7,8-ClDD
	0.1
	0.1

	1,2,3,6,7,8-ClDD
	0.1
	0.1

	1,2,3,7,8,9-ClDD
	0.1
	0.1

	1,2,3,4,6,7,8,-ClDD
	0.01
	0.01

	1,2,3,4,6,7,8,9-ClDD
	0.001
	0.001

	
	
	

	2,3,7,8-ClDF
	0.1
	0.1

	1,2,3,7,8-ClDF
	0.05
	0.05

	2,3,4,7,8-ClDF
	0.5
	0.5

	1,2,3,4,7,8-ClDF
	0.1
	0.1

	1,2,3,6,7,8-ClDF
	0.1
	0.1

	1,2,3,7,8,9-ClDF
	0.1
	0.1

	2,3,4,6,7,8-ClDF
	0.1
	0.1

	1,2,3,4,6,7,8-ClDF
	0.01
	0.01

	1,2,3,4,7,8,9-ClDF
	0.01
	0.01

	1,2,3,4,6,7,8,9-ClDF
	0.001
	0.0001



The summation of individual TEQs for a mixture of OCDD and PCDFs is termed the international toxic equivalent or I-TEQ of the mixture. The World Health Organization has undertaken a recent revision of the TEF scheme. The proposed scheme includes coplanar congeners of PCBs within the overall TEQ scheme, by defining TEFs for 12 coplanar PCBs. The WHO–TEQ 12 PCBs of the sample would be represented by the summation of the products of the concentrations of 17 PCDD/Fs congeners by their respective TEFs. (Van den Berg et al. 1998)

3.4 Dioxins emission limits

The control of the release of dioxins to the atmosphere has become more widespread in time, with a consensus in Europe for an emission limit of 0.1 nanogram per cubic meter based on the TEQ value (0.1ng/m3 TEQ). 
Based on the EEC dioxins directive from 1989, many European countries have adopted the limit for PCDD/Fs emissions. For industrial incinerators and thermal processes the limit of PCDD/Fs emission is 0.1ng/Nm3 I-TEQ for large-scale plants. Most European countries have regulated the limit of PCDD/Fs emissions to 0.1ng/Nm3 I-TEQ. On 19th April 1996, the EPA proposed limits of dioxins emission for cement kilns and lightweight aggregate kilns burning hazardous waste. (European Commission 1994, Broker 1998, USEPA 1996) 

4. General information about PCDD/F formation

The formation of PCDD/Fs requires carbon, oxygen, hydrogen and chlorine, whether in elemental, organic or inorganic form. The carbon must assume an aromatic structure in the synthesis process, whether present in a precursor or generated by a chemical reaction. There are two main pathways by which these compounds can be synthesized: from precursors such as chlorinated phenols or de novo from carbonaceous structures in fly ash, activated carbon, soot or smaller molecule products of incomplete combustion. Under conditions of poor combustion, PCDD/PCDFs can be formed in the burning process itself. The mechanism associated with this synthesis can be homogeneous (molecules react all in the gas phase or all in the solid phase) or heterogeneous (involving reactions between molecules in the gas phase and the solid phase). PCDD/Fs can also be destroyed when thermal processes are operated at sufficient temperature with adequate residence time and mixing of combustion gases and waste or fuel feed. Use of a fast temperature quench and other known processes are necessary to prevent reformation of dioxins. Variables known to impact the thermal formation of PCDD/Fs include: 
· Technology, PCDD/Fs formation can occur either in poor combustion or in poorly managed post-combustion chambers and air pollution control devices. 
· Combustion techniques vary from the very simple and very poor, such as open burning, to the very complex and greatly improved, such as incineration using best available techniques. 
· Temperature - PCDD/Fs formation in the post-combustion zone or air pollution control devices has been reported in the range between 200°C and 650°C; the range of greatest formation is generally agreed to be 200°C–450°C, with a maximum about 300°C.
· Metals: Copper, iron, zinc, aluminium, chromium and manganese are known to catalyse PCDD/Fs formation, chlorination and dechlorination. 
· Sulphur and some nitrogen-containing chemicals inhibit the formation of PCDD/Fs, but may give rise to other unintended products. Chlorine can be present at organic, inorganic or elemental form. Its presence in fly ash or in the elemental form in the gas phase may be especially important. PCBs are also precursors for the formation of PCDFs. (European Commission. 2005)

4.1 The PCDD/Fs formation conditions
a) Reactants
For two major pathways of PCDD/Fs formation: via de novo synthesis which is the formation from macromolecular carbon structures; via precursors, which are formed from small organic molecules. A few carbon species are known to be sources of PCDD/Fs including activated carbon, 13C carbon, bituminous, coal, charcoal, residual carbon: in extractable and naturally present on fly ash, soot, and sugar coal.
The precursor groups for PCDD/Fs formation include:
(a)	aliphatic compounds: 2,3-dimethyl-1-butene and propene; 
(b) 	monocyclic aromatic compounds without functional groups: benzene; 
(c) 	monocyclic aromatic compounds with functional groups: benzaldehyde, benzoic acid, phenol, and toluene; 
(d) 	chlorinated aromatic compounds: ortho-, meta-, and para-chlorophenol,2,4,5-,2,4,6-, and 3,4,5-trichlorophenol, 2,3,4,6-tetrachlorophenol,pentachlorophenol,1,2,4,5-tetrachlorobenzene;
(e) 	anthraquinone derivatives: anthraquinone-2-carboxylic acid and 2,6 dihydroxyanthraquinone. 
There are many unknown different compounds in flue gases which contribute to PCDD/Fs formation in the post-combustion zone. (Hinton et al. 1992, Addink 1993)

b) Surface

The surface behavior of different materials, in addition to fly ash has also been investigated and these include Al2O3, AlO3SiO2, carbon, firebrick, glass wool, MgSiO2, MgAlSiO2, SiO2, SiO2NaOH. On most of these surfaces formation of PCDD/F’s from carbon is possible, but the presence of a catalyst is essential. (Shaub et al. 1985, Ballschmiter et al. 1988)

c) Chlorine Sources

Gaseous and solid compounds can be capable of providing the necessary chlorine atoms during the formation of PCDDs and PCDFs. Gases include HCl, Cl2 while salts such as KCl, NaCl can act as a chlorine source. However, some salts like: CuCl, CuCl2, and FeCl3 can act as a catalyst and as a chlorine source. (Addink et al. 1995)

d) Formation temperature

The gaseous PCDD and PCDF are thermodynamically stable in the temperature range between 250 °C to 450 °C. It has been reported that for different type of carbon are expected different optima of the temperature for dioxins formation. For example Hagenmeier et al propose that optimum temperatures for the formation of PCDD/Fs ranges vary: 300°C for charcoal on fly ash, 300-330°C for residual carbon on fly ash, and 350-375°C for activated carbon-fly ash. The second range of optimal temperatures for dioxins formation are observed at 470°C with residual carbon on fly ash, and detectable amounts of PCDD/Fs are formed even at 550°C. From phenol, PCDD/Fs formation on fly ash in the presence of HCl begins at 325°C with an optimum at 400°C. Maximum temperature of PCDD/Fs formation from o-chlorophenol is found at 450°C. From 2,3-dimethyl-1-butene on fly ash, the optimum temperature for PCDD/Fs formation was observed at 500°C. From propene on fly ash, the formation of PCDD/Fs lies at 576°C. (Hagenmaier et al. 1987)

e) Catalysts for formation of PCDD/Fs

CuCl2 and FeCl3 are found to be good catalysts for formation of PCDD/Fs from carbon. Catalysts for PCDD/Fs formation from phenol are CuCl, CuCl2, CuO, and CuSO4. NiO and Zn(NO3)2 are catalysts of PCDD/Fs formation from chlorophenols. FeCl3 are catalysts of PCDD/Fs formation from benzene. PCDD/Fs formation is promoted by carbon from pentachlorophenol. Formation of PCDD/Fs from coupling reactions of chlorophenates takes place on SiO2 and SiO2NaOH without the presence of a catalyst. (Stieglitz et al. 1990)

f) Oxygen presence

When a carbon-fly ash mixture is heated at 350°C in N2 pure atmosphere, no PCDD/Fs formation takes place, proving that oxygen is essential for PCDD/Fs formation from carbon (Addink et al. 1993). With just 1% O2 in N2 atmosphere the formation of PCDD/Fs begins. At 10% O2 and 90% N2, it is observed that 11 times more PCDFs and 3 times more PCDDs are formed (Dickson et al. 1987). Formation of PCDD/Fs from chlorophenols on fly ash is possible in N2 pure atmosphere, because the oxygen is present in chlorophenol molecule. Heating original fly ash or OCDD/OCDFs under a He flow on fly ash can produce dechlorination to lower chlorinated congeners. (Dickson et al. 1987)




g) Water presence

Stieglitz et al. has reported an increase of PCDD/Fs from carbon-fly ash at 300°C with water present (compared to experiments without water). There is no effect observed on PCDD/Fs formation when water is added using activated carbon on fly ash at 350°C. However, a shift toward lower chlorinated congeners for PCDD/Fs in the presence of water was observed. Jay et al. have reported a decrease of the total amount of PCDD/Fs formed in the presence of water with charcoal/MgSiO2/CuCl2 in air at 300°C. The presence of water stimulates the formation of PCDD/Fs from pentachlorophenol on fly ash in air at 300°C and a shift toward lower chlorinated congeners is observed. No influence of water was seen on the rate of dechlorination when dechlorinating OCDDs and OCDFs on Al2O3 in N2 at 275°C. (Stieglitz et al. 1990)

h) Role of gases in formation mechanisms

In most experimental designs to simulate the flue gas passing the collected fly ash particles in the post-combustion zone of an incinerator, a gas flow is passed over the fly ash bed. For the oxidative breakdown of carbon and subsequent PCDD/Fs formation the presence of oxygen is essential. Oxygen interacts with the Cu ions catalyzing chlorination of the macromolecule and probably reacts with particulate carbon sources. For some PCDD/Fs formation pathways the presence of O2 is not required. Oxygen is essential for chlorination through the Deacon reaction but not for direct chlorination through a surface-bound metal chloride, e.g., FeCl3. (Schwarz, 1991)

4.2 Reaction Mechanisms of PCDD/Fs formation

Schwarz has studied the oxidation of residual carbon on fly ash at 300 and 450°C, leading primarily (65-75%) to CO2 via the mechanism is shown on eq 1. It is possible that the formation of PCDD/Fs and other chlorinated organic compounds is only a minor pathway in the oxidative breakdown of carbon on fly ash. But only 1% of the carbon is converted to chlorinated benzenes and 0.01- 0.04% to PCDD/Fs.

 C + O2 → CO2		[1]

The following mechanism has been proposed for this reaction: 
a) formation of a copper chloride (halide) complex, 
b) ligand transfer of the halide to a carbon atom contained in a macromolecular structure, 
c) breakdown of the macromolecule into small compounds. 

Chlorination of the macromolecule occurs before oxidative breakdown into smaller molecules. PCDD/Fs formation from carbon on fly ash is possible with NaCl as a chloride source, but NaCl is only capable of chlorinating the macromolecular carbon structure not PCDD/Fs after its formation. With a higher gasification rate of residual carbon on fly ash PCDD/Fs formation increases, linking carbon oxidation with PCDD/Fs formation. (Schwarz 1991)

It is possible that DD/Fs or related structures already exist in carbon and that no free aromatic rings are involved in PCDD/Fs formation from carbon. Luijk et al., found PCDD/Fs formation from carbon-HCl without fly ash, the chlorination pattern of the PCDD/Fs formed pointing to chlorophenols as intermediates. Altwicker et al., and Luijk et al., found that the specific chlorination pattern disappears when 0.5% CuCl2 is added to the carbon. This can explain why such a mechanism is not operative on fly ash, as Cu concentrations are generally too high. These results show that more than one mechanism may exist for the formation of PCDD/Fs during de novo synthesis. (Schwarz 1991)

Propene can be a source of formation of both PCDDs and PCDFs on fly ash at 576°C as depicted in equation 2. The formation involves C-C bond formation, cyclization, aromatization, oxidation, and chlorination. (Schwarz 1991, Addink et al. 1995)

C3H6  PCDD/F		[2]

Chlorophenols can easily condense to PCDDs on fly ash but no PCDFs is formed, eq 3 below. In the example, the chlorination pattern of the phenol is retained in the PCDDs (leading to 1,3,6,8-T4CDD). Cu (I) has been advanced as the catalyst in a similar reaction: the condensation of a chlorophenol and a chlorophenolate, interacting with both molecules in a nucleophilic aromatic substitution reaction, the Ullmann condensation. (Addink et al. 1995)
 (
[3]
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In equation 4 it is shown that m- and p-chlorophenol isomerise easily to o-chlorophenol on fly ash.  For PCDDs formation the presence of an o-chlorine atom in the starting phenol is no prerequisite. (Addink et al. 1995)
 (
[4]
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At temperatures below 425°C, chlorination of DDs on fly ash with HCl proceeds via an electrophilic aromatic substitution mechanism, eq 5. Above 425°C the mechanism changes to a homolytic one, resulting in a different chlorination pattern. (Addink et al. 1995)
 (
[5]
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The homolytic mechanism has been proposed for the formation of chlorobenzenes on a fly ash model surface, CuCl2 /MgSiO2, eq 6. (Addink et al. 1995)
 (
[6]
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Equation 7 shows the chlorination on fly ash of 1,2,4,5-tetrabromobenzene - for this addition-elimination mechanism SNAr is proposed, yielding exclusively ipso-substituted products. (Addink et al. 1995)
 (
[7]
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In equation 8 is shown dechlorination/hydrogenation of OCDD on fly ash as an example of dechlorination reactions taking place on fly ash. Hagenmaier et al., have observed that DD/Fs is not the final product of dechlorination, but these aromatic structures are further degraded on fly ash. (Addink et al. 1995, Hagenmaier et al. 1987)
 (
[8]
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Toluene is converted to benzaldehyde on fly ash through side-chain oxidation; this reaction is followed by ipso-substitution to chlorobenzene, as shown in equation 9. (Addink et al. 1995)
 (
[9]
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4.3 Catalytic formation of PCDD/Fs

Investigation of catalytic processes involved in PCDD/Fs formation has focused on three different subjects: de novo synthesis from carbon, ring condensation of aromatic structures and chlorination/dechlorination. The ions Cu and Fe have been identified as catalysts in PCDD/Fs formation reactions from carbon. Cu ions are 25 times stronger as a catalyst than Fe ions. The Cu ions are only involved in the chlorination of the macromolecule, not in its oxidative breakdown. If the Cu ion concentration is increased during de novo synthesis there is observed a more than proportional rise of PCDD/Fs formation. In addition, CuCl2 has also been advanced as a dechlorination catalyst of PCDD/Fs already formed. Cu ions are capable of assisting ring condensation reactions from precursors. Cu (I) is thought to catalyze condensation of chlorophenols through the Ullmann condensation. The different Cu species have different catalytic potential, for example, CuO is better in promoting condensation of chlorophenols than CuSO4. Cu2+ is more effective in the condensation of chlorinated phenols than Cu (0) and Cu+. The catalytic potential of Cu (0) and Cu+ is nearly equal (Stieglitz et al. 1991). There are three major pathways for chlorination, as follows: 

a. Deacon reaction: involving formation of free chlorine on fly ash according to:

2HCl + ½ O2  H2O + Cl2

This reaction is catalyzed by various Cu species: Cu, CuCl, CuCl2, CuO, Cu2O, and CuSO4. Fly ash does produce Cl2: when passing HCl over the fly ash bed, around 1.3% is converted to Cl2. Born has found a lower conversion, 0.1%. However, oxychlorination of ethylene on fly ash yields 30-60 times more chlorinated product than Cl2 produced through the Deacon reaction.
b. Decomposition of metal chlorides releasing Cl2: on formation of Cl2 from a phenol CuCl mixture. The addition of HCl increases the yield of Cl2. In this system, Cl2 is formed via parallel routes of metal chloride decomposition and the Deacon reaction. 
c. Direct chlorination by metal chlorides: Schwarz proposed the mechanism for the formation of PCDD/Fs from carbon. FeCl3 is thought to be the chlorinating agent on fly ash, in an electrophilic chlorination reaction, the Fe3+ is reduced to Fe2+. (Stieglitz et al. 1991)

4.4 Formation of Dioxin in the sintering process

The dioxins in the sintering process are formed most likely from the concentration of precursors or by de novo synthesis. Previous studies investigate the intervention of precursor molecules in the formation process and they showed that in the raw material are present PCBs, chlorophenols and straight chain alkanes with 10-20 carbon atoms. Coke breeze and iron ores contain the PCBs and catalysts. The raw materials are stored on the blending stockyards where some possibility exists for contamination by PCBs from the ambient air. In the sintering process PCBs can be destroyed but probably most of PCBs travel with the flame front down to the windlegs and take part in the formation of dioxins. The criteria that are required for de novo synthesis of PCDD/Fs are: a solid carbon structure with an imperfect or degenerate structure which is present in used fuels (coke breeze), inorganic chloride (minerals in raw materials), copper or iron metals ions (iron ore), an oxidizing atmosphere and a temperature in the range 250-450 °C (needed in sintering process). All these parameters are present in the sintering process so that conditions can suggest that the dominant process in the formation of dioxins in sintering  is the de novo synthesis. (Fisher et al. 1998)
Kasai et al. (2001) studied the mechanisms of the formation of dioxins by de novo synthetic reaction in the drying zone in the sintering bed and diffusion into exhaust gases from the sintering machine. It is known that, in this synthetic reaction, carbonaceous sources, copper and metal catalysts accelerate the reaction of formation PCDD/Fs. Also studied was how dioxins are produced in the sintering bed and released into the sintering machine exhaust gases. Fisher et al. (1998) and Kasai et al., (2001) reported the phenomenon of the concentrative release of dioxins seen at the strand positions near the burnt-through point (BTP). It can be explained that dioxins formed in the sintering bed move downwards and are condensed in the cooler regions as the flame front descends. 
Kasama et al., (2006) analyzed the relation between the amounts of dioxins emitted from the stacks and the temperature of certain wind boxes. The gradient of the exhaust gas temperature is steep in each wind box which is located at positions of the strand. BTP is a point denoting the position of the strand when the burning of coke breeze is completed in the sintering bed. The wind box temperature is related to the concentrations of dioxins emitted from the stacks of the sintering machines. The concentration of emitted dioxins is higher when more BTP shifts to the raw mixture feeding side. (Kasama et al. 2006)
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Figure 1.4. Dioxin formations in the exhaust gas (Kasama et al. 2006)

In Figure 1.4 are shown the results of the exhaust gas measurement. The drying zone ended on half the length of the sinter bed and the exhaust gas temperature is around 100°C. Thereafter, the exhaust gas temperature keeps on rising slowly, and the wet zone almost disappears. The result of disappearance of the wet zone is that dusts ascend and the dioxins ascend. The combustion of the fine coke seems to have been almost completed before it reached the half of the sinter bed and can be read from the measured values of CO, CO2 and NOx. It may indicate that the coke combustion is incomplete and shows a high temperature zone expanded up to the hearth layer. The exhaust gas temperature rises slowly because heat is consumed by the hearth layer and the grate. The dust rich with Cl and dioxins is observed in the final stage of process. (Kasama et al. 2006)

There are two major pathways for dioxins formation in the sintering of iron ore:
1. Formation through precursors, e.g., chlorobenzenes and chlorophenols, having structural parts similar to dioxins, gas phase formation of PCDD/Fs (Bozzelli et al. 1996)
2. De novo synthesis by partial oxidation of carbon particle, e.g., “soot” formed as a combustion residue of organic compound. (Hagenmaier et al. 1987) 

These two pathways are important as macroscopic descriptions for dioxins formation in the iron ore sintering process (Kasai et al. 2001)

Formation from precursors
PCDD/Fs may form from precursor molecules, such as chlorophenol, chlorinated benzenes or chlorinated biphenyls. The PCDD/Fs formation from precursors is at high temperatures between 400°C - 750°C. The precursor molecules react catalytically with elements in the fly ash to produce PCDD/Fs. One of the most important categories of precursor compounds leading to PCDD/Fs formation is chlorophenols. Mechanistically, Tuppurainen et al (1998) has proposed different reaction schemes for PCDDs and PCDFs formation. These authors have suggested that PCDDs formation proceeds via the surface-catalyzed coupling of chlorinated phenolate anions, followed by oxidative ring closing. The role of the catalyst is to serve as electron transfer oxidants, which leads to the coupling of two aromatic rings. Dioxin formation is observed following HCl and Cl elimination reactions. The process is illustrated in Figure 5, where in this example 2,4,6-trichlorophenol reacts to form 1,3,7,9-TCDD or 1,3,6,8-TCDD. (Kasai et al. 2001)
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Figure 1.5. Dioxins formation from precursors (Environment Australia 1999)

To examine gas phase formation of PCDD/Fs thermo-chemical kinetic analysis has been used combined with thermodynamic properties. Bozzelli modeled the formation of PCDD/Fs and related reaction intermediates via the reaction of precursors including the addition of hydroxyl radicals. They studied the gas phase conversion of polychlorinated biphenyls, chlorinated biphenyl ethers and chlorinated dibenzofurans to 2,3,7,8 TCDD. The major finding from their work was to conceptualize the conversion of precursor species to PCDD/Fs from short chain chlorinated hydrocarbons, in the gas phase. The kinetic scheme shown on Figure 1.6, was developed to explain mechanistically the formation of polychlorinated benzene from relatively simple short chained chlorinated hydrocarbons, subsequently leading to formation of PCDD/Fs (Bozzelli et al. 1996).
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Figure 1.6. 	Possible pathways of formation dioxins from small chlorinated organic species. (Environment Australia 1999)

Experimental investigations confirm the theory of the mechanism of gas phase reaction pathways to PCDD/Fs formation in combustion processes. The gas phase formation mechanism contributes less than 10% of the total PCDD/Fs measured, although some authors have placed the gas phase contribution as high as 50%. The significant rates of PCDD/Fs formation are observed at temperatures greater than 600°C, much higher than the "temperature window" for catalytic PCDD/Fs formation. The fly ash can act as a catalyst in producing dioxins. The gas phase formation of PCDDs is in the same temperature range that catalytic reactions.

De novo formation
In the post-combustion zone de novo formation of PCDD/Fs can be separated into four different categories: 
o	from carbon on collected fly ash; 
o	from precursors on collected fly ash; 
o	from carbon on uncollected fly ash; 
o	from precursors on uncollected fly ash (Hagenmaier et al. 1987)
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Figure 1.7 	Phenomena and reactions occurring in the sintering bed. (Kasai et al. 2001)

Referring to Figure 1.7, under the combustion zone, being more than 1000°C is a wet zone, which contains some free water and is less than 100°C. De novo synthesis is between 200°C and 500°C and, part of the calcination zone is in this temperature range, but the retention time is very short. Dioxins form in the calcination zone and are vaporized by succeeding increase in temperature and flow down to the lower part of the bed, following the air flow. Carbon particles, a chlorine source and catalysts are indispensable to de novo synthesis. The main raw materials of sinter are: coke as a carbon source and iron ores as iron compounds. The iron ore shows some catalytic ability for dioxins formation but the catalytic effect is relatively smaller than copper compounds. (Jay et al. 1991)
Previous researches have reported that a precipitated dust of the sintering process has a potential for de novo synthesis. (Buekens et al. 1999)
Dusts formed in the iron ore sintering contain dioxins and also their precursors such as chlorobenzenes and chlorophenols. Using dust like recyclate and adding it into raw materials inevitably increases concentrations of dioxins and precursors. Most dioxins and precursors from raw materials are transferred into the outlet gas by evaporation in the sintering bed and trapped again on the dust particles. They are transported on the flame front and they may repeat such accumulation process and their concentration of the mixture will significantly increase.
Most dioxins initially contained in the raw materials are decomposed during sintering which can explain why use of recycle dust does not increase concentration of dioxins in the raw materials. 
De novo synthesis is promoted by the co-existing catalysts in the forms of metals and/or metallic compounds, such as copper and iron. Chlorides of metal have the ability to promote the reaction and act both as a source of chlorine and a catalyst. The major route of dioxins formation in the sintering plant is related to carbon particles in dusts. Kasai et al., during the test of a sinter-pot found that EP dust mixed in raw materials has a potential to form dioxins during sintering. EP dust is a mixture of the nucleated and condensed compounds from gas phase and fine materials spilled out from the sintering bed. It contains carbon particles, “soot”, and metallic compounds (oxides, sulphates, chlorides etc.) with a complex form. The dust forms not only at the end of sintering but also in whole sintering bed, and most of dust formed in the upper bed will be immediately trapped at the lower bed. The EP dust-like materials exist in any time in the bed just under the high temperature zone of sintering bed, and are heated up again by the descent of the heat wave. Crystalline structure of carbon particles, the concentrations of co-existing chlorine and catalytic elements are important factors in dioxins formations. (Kasai et al. 2001)

In Figure 1.8 is shown, the oxygen from air diffusing into pores of fly ash particles where it reacts with the imbedded native carbon. The native carbon is in intimate contact with catalytic sites that contain chlorine. Although the detailed mechanism of the reactions between oxygen, carbon and chloride salts is not yet well understood, it is known that the oxidation reactions are catalyzed by metals in conjunction with Cl transfer. A part of the PCDD/Fs formed diffuses to the gas phase, with the rest remaining in the fly ash. This is why fly ash often contains large amounts of PCDD/Fs. (Milligan et al. 1995) 
[image: ]
Figure 1.8. 	The de novo mechanism formation of dioxins. (Environment Australia 1999)

5. Degradation and reduction of PCDD/F in the sintering iron ore process

5.1 Inhibitors in fuels

Ruokojarvi et al.(1998), studied the effect of four gaseous inhibitors (sulfur dioxide, ammonia, dimethylamine and methylmercaptan) on PCDD/Fs formation. The concentration of dioxins was reduced by 42-78%. The reduction was tested using combustion of liquid fuels. Dimethylamine (DMA) has significant reduction of dioxins in the gas-phase and particle-phase. Tuppuriainen et al.(1999), studied the effect of two liquid inhibitors sodium ammonium hydrogen phosphate (NAHF) and urea (H2NCONH2)) on PCDD/Fs formation in the combustion process. Addition of urea shows higher effectiveness for reduction of dioxins than NAHF in both gas-phase and particle-phase. Samaras et al.(2000), has tested the addition of inorganic inhibitors S- and N- compounds directly into the fuels. Sulfur compounds significantly affected PCDD/Fs emission, reducing more than 98% of toxic dioxins.
In the sintering of iron ore, when the coke breeze was replaced with low volatile anthracite, this has a small effect on dioxins formation. The chlorine content in the raw sinter mix is strongly correlated with PCDD/Fs emission. This is a reason why Corus UK sinter plants reduce the chloride present from 350 mg/kg to less than 250 mg/kg. (Fisher et al. 2004) 
 The material highly contaminated by oil and chlorine was replaced by materials which have less of these substrates for dioxins formations. These materials have also been analyzed to assess the additional chlorine loading. There were many studies which reported the correlation between the total chlorine concentration in raw materials and dioxins formation. That can suggest that reduction of chlorine sources can affect the formation of dioxins in the sinter plant (Southern et al. 2000) 

5.2 Inhibitors in raw materials

Ruokojarvi et al.(2001), tested the effect of adding urea into the fly ash and addition of urea is correlated with the size of the particle fly ash. They find that the smallest particles play the most important role in PCDD/Fs formation mechanisms. That is because smallest fly ash has large surface area and after inhibition has greatest effect on total PCDD/Fs concentrations in flue gas. It is proof that formation of PCDD/Fs in fly ash is 10 times greater on smaller particles than on larger. This may explain the poor reduction of dioxins in the smallest particle size when the same amount of inhibitors is added as for high particle size. For smallest particles it is necessary to add 10 times more inhibitors to receive same results of reduction of dioxins. 
Kawaguchi et al.,(2002) studied the inhibitors for dioxins formation after adding aqueous ammonia solution or aqueous urea solution into the raw materials. There was observed a great reduction of dioxins after the addition of ethylenediamine, monoethanolamine and urea.  
Urea is used as a source of ammonia because it is stable and easy to handle and is available as a stable solid material (prills). The urea prills were added into the drum mixer and after with the raw mix on the sinter bed. Inside the sinter bed, close to the flame front, urea decomposed liberating ammonia close to where any de novo synthesis may occur. The presence of urea does not change the quality of the sinter but does have an effect on reduction of dioxins formation from the sinter plant. The presence of urea has also reduced the emission of SO2. (Southern et al. 2000; Anderson et al. 2003)

5.3 Adsorption materials

Ooi et al. studied the removal the vapour phase of PCDD/Fs by adsorption on polypropylene. This work has shown the removal potential of polymers which can be used like adsorbents of dioxins from waste gas stream. The optimum operation temperature of polypropylene for most effective desorption of dioxins is between 60-90°C but the temperature in sintering waste gases is around 130°C. At this temperature polypropylene is not that effective to remove the PCDD/Fs from gas phase because it is near the softening point of the polymer. (Ooi et al. 2005)

5.4 Electrostatic precipitator

The ESP is generally used to collect and control particulate matter that evolves during the sintering process, by introducing a strong electrical field in the flue gas stream. This, in turn, charges the particles entrained in the combustion gases. Large collection plates receive an opposite charge to attract and collect the particles as shown in Figure 1.9. 
[image: collplate]
Figure 1.9. Electrostatic precipitator (European Commission 2005)
Typical operational temperatures for electrostatic precipitators are 160-260°C. Operation at higher temperatures (e.g. above 250°C) is generally avoided as this may increase the risk of PCDD/PCDF formation.
At periodic intervals, the plates are rapped causing the particles to fall into hoppers. The particles collected during the particulate control process are then removed from the hoppers by a rotary screw conveyor. The removal efficiency was calculated based on the following: 

REESP% = (CIN − COUT)/ CIN × 100
Where:
· REESP is the removal efficiency for ESP (%),
· CIN is the PCDD/Fs concentration in ESP inlet flue gases (ng/Nm3),
· COUT is the PCDD/Fs concentration in ESP outlet flue gases (ng /Nm3). (Guerriero et al. 2009) 

The formation of PCDD/Fs formed downstream of the main combustion zones was also studied. The main target was to find the concentration before and after waste gas cleaning in an electrostatic precipitator and in certain wind legs underneath the sinter strand. The results showed that there is no significant formation of dioxin in the waste gas system and also that the formation of dioxins takes place within the sintering bed itself. 
There are few explanations of possibilities of formation of dioxins in the sinter bed, condensation on cooler particles and release into the combustion zone. The presence of dioxins in the gas and particulate phase has important implications for the emission of PCDD/Fs. To removal PCDD/Fs particles the electrostatic precipitator (ESP) is used but many tests have shown that the electrostatic precipitator is not that effective in collecting the PCDD/Fs in sinter plant emission as was expected. (Fisher et al., 1998)
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Chapter 2
Procedure for the sinter raw mix preparation.
1. Theory of pelletising
1.1 General information
In the pelletising process half the particles act as adhering particles and half act as nuclei particles. The pelletising is a function of the moisture available for granulation, which is the total moisture minus moisture absorbed by the sinter components. The amount of moisture absorbed depends on the ore type. Granulation effectiveness decreases with increasing amount of small particles (less than 2 mm) but increases as the mean size of these particles decreases. In the mechanistic model of the granulation process it is proposed that the granulation effectiveness is related to the strength of the adhering layer of small particles. This model can explain the relationships between granulation effectiveness and feed properties, and can be used as the basis of a mathematical model of the pelletising process. Pelletising of the sinter mix is a key step in the overall sintering process. The on-strand permeability and hence sinter strand productivity and sinter quality strongly depends on the size distribution of the granulated product. (Litster et al., 1988)
For pelletising, the contact angle of iron ores is an important parameter. In the steel industry, in order to form a sinter feed suitable for use in a blast furnace wet granulation is used to prepare a mix of iron ore fines, fluxes, and coke breeze. The pelletising is typically performed in a rotary drum using water as the binder liquid. Minimisation of the volume of water used during the granulation step is important for economics due to the associated energy costs of evaporation in the sintering step (Loo et al., 1996). One of the parameters that determine the amount of water needed during granulation is the contact angle. The increasing contact angle makes particles more difficult to agglomerate because it decreases the strength of the liquid bridges holding particles together (Iveson et al., 2004). The contact angle for porous particles, such as iron ore, will also influence the rate at which water is absorbed into the pores of the individual particles (Iveson et al., 2001). Absorbed liquid is unavailable to aid in the granulation process, but it still has to be removed by evaporation during the sintering step. The net effect of contact angle on pelletising of porous material is uncertain. Less interparticle moisture is required to form granules when the contact angle (better wetting) is lower. But lowering the contact angle will increase the amount of liquid that soaks into the pores of porous particles and this affects the amount of the liquid at the surface taking a part of granulation process (Iveson et al., 1998).
For the granulation process of a uniformly fine feed, kinetics are very important. The small nuclei are formed and coalesce with other nuclei and grow to larger pellets, these pellets continue to grow. For some materials, a maximum stable pellet size is eventually reached and no further growth occurs. Sinter feed granulation differs from pelletising of fines because of the very wide size distribution, in sinter there can be dust and as well particles up to 8 mm. If water is added rapidly, the fine material very quickly layers onto the larger nuclei particles and the coalescence of large granules does not occur. There are some studies of the effect of feed properties on granulation which have neglected kinetic effects. It was assumed, implicitly or explicitly, that a maximum stable granule size distribution had been reached. Some authors modelled granule growth assuming a coalescence mechanism and found continued growth for at least 10 min. In test in a laboratory drum it was found that mean granule size increased with time up to 12 min. After this time, the granule size remained constant. (Litster et al. 1990)
1.2 Mechanisms in pelletising
The principal mechanism in the granulation process is the layering of small particles onto pellets. In the first step, a layer of very small material attaches to the nucleus particle, and in the second step an outer layer is added which contains some larger sized particles, intermediate between very small material and nuclei particles. Litster et al. studied a range of intermediate-sized particles, and showed that some of the particles act as adhering particles and some act as nuclei. A partition coefficient represented the fraction of particles of a particular size, which act as nuclei. Litster et al. suggest that particles which act as nuclei will appear in granules of the same size fraction or the next larger size fraction due to the adhering layer of fines increasing the particle size by a small amount. (Litster et al. 1990).
1.3 Theory of contact angle
For measuring the contact angle of powders a variety of methods are available. There are four methods: measurement of the air pressure required to halt the capillary flow of liquid up a powder bed, measuring the height of a liquid drop on the surface of a presaturated compressed cake of the powder, measuring the rate of capillary-driven flow of liquid through a powder bed, measuring the equilibrium height that a liquid rises up a packed powder bed (Ennis et al., 1997). The Young–Laplace equation gives the capillary pressure difference generated by a fluid in a packed bed (Shaw, 1992). There is difference between the vapour–solid and liquid–solid interfacial energies. Vapour-solid must have a higher surface energy than the liquid-solid to perfectly wet a substrate surface. All liquids with surface tensions below solid critical surface tension of wetting will perfectly wet the surface (Shaw, 1992).
2. Introduction
Production of the granules is a very important step for the sintering of iron ore. During granulation, the raw materials form pellets where larger particles of iron ore are surrounded by layers of small particles of the raw materials and fuel. To produce a good quality of pellets, it is important to keep the correct proportion of small and large particles. Without granulation the raw material cannot be sintered. The raw material particles could be separated during transport into fractions, larger particles on the bottom, smaller above. This would produce a problem with flame front passing through the sintering bed and also with the permeability of the sinter bed. Granules solve this problems, with the flame front passing throughout the sinter bed/pot with a speed depending on air pressure and permeability of the bed/pot. 
Before the sintering process is started, the material has to be properly prepared for sintering. The industry scale of granulation is almost the same as the that for the laboratory. However, the difference is in the size fractions of pellets used, which is why the granulation cannot be just scaled. The size of the sintering bed/pot determines the range of pellets in certain size fractions. For example, a sinter bed 50 cm deep requires x mm sized pellets , where  2mm ≤ x  ≤ 8 mm, and a sinter pot 16 cm deep requires 2 mm ≤ x  ≤ 4 mm. Between industry and laboratory scale, the difference in granulation is also in the raw materials preparation method. In this project materials were received from Tata steel and the same raw materials are being used by the company. Raw materials are ready for granulation but only for industrial size pelletising drum. For use in the sinter pot, the raw material must be sieved to remove all particles larger than 4 mm. If the large particles are removed, the dust fraction drastically increases and must be reduced. Too high a mass fraction of the finest particles will affect granulation, and granules may grow too large for the sinter pot. To produce raepeatable quality of pellets, the fractional proportion of sizes in the raw materials needs to be as constant as possible.
3. Experimental 

3.1. Equipment

The granulation was carried out in 3 types of drums with diameter 19.5 cm and length 27 cm. First was used a ceramic drum without ‘arms’ inside, and subsequently, two other types with ‘arms’ (Figure 2.1). Drum 2 has 3 long ‘arms’ and each arm has a square cross section of 1 cm2 and with a 90° angle to the drum wall. This drum is good for mixing the material but not for making the pellets. In this drum type the ‘arms’ act like in the blender, lifting the material, and dropping it with the crashing of the pellets. Drum 3 has 3 long ‘arms’, where the arms have a triangular profile of height 0.5 cm and a 45° angle to the drum wall. This modification of ‘arms’ changes the height to which the materials are lifted and the angle of the rolling pellets. Formation of the pellets in Drum 3 is much more effective and repeatable.   
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Figure 2.1. Pelletising drums and rollers.
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)For the ceramic type of drum in Figure 2.2, the pelletising process was very difficult to control and to produce a repeatable size of pellets. Too high a speed makes the materials slide down on the wall of the drum without forming granules, as is proposed in literature on pelletising.
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Figure 2.3. Drum 2 with arms 90° angle arms

For Drum 2, shown in Figure 2.3, it is observed that there is the tendency to destroy the granules, due to the presence of the arms. For too deep arms, and with the wrong angle means that granules are lifted to a high level and dropped from a greater height and crushed. Raw materials are mixed in this type drum very well and granules grow slowly and are small.  
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Figure 2.4. Drum 3 with 30° angle arms.

In Drum 3 in Figure 2.4, the material was lifted gently by the arms, the raw materials gently rolled down the sides and the pellets grow up layer by layer, as depicted in Figure 2.5. This drum was therefore chosen to continue the granulation process in the next step of this project.
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Figure 2.5. Granulation inside the pelletising drum.

In each test the drums were properly sealed and isolated during pelletising, to prevent evaporation or addition of moisture from outside. This is important for the sintering process to keep constant the amount of moisture at all times.

3.2. Halogen Moisture Analyzer HR 83
For testing the moisture in raw materials, the Halogen Moisture Analyzer HR 83 was used, as shown in Figure 2.6. To receive the best results, the Standard Drying program and the optimal temperature for the test was set. 
The moisture test is very important for the sintering process and for dioxins formation, but moisture is also important for the formation of granules. 6.5% by mass of moisture is the optimal amount of water needed to form the correct size of granules and it is the maximum water that can be added into the sinter pot. Moisture of 6.5% is the sum of adsorbed moisture by raw material and water that needed to be added. (Litster el al, 1990) For pelletising it is better if the material is dry as possible before the granulation process, because adsorbed moisture by raw material does not then participate in granules formation and only external water need be used to form granules. Also, the more external water, the strength of the pellets increases.
For testing the moisture in pellets, the optimal drying program is the standard program operating with 108°C and the sample should be less than 10 g. If the mass of the sample is larger than 10 g, then the time of measurement becomes longer and energy consumption higher. Higher operating temperature plays a role when dusts are tested, but when using granules then high temperatures do not much change the time of water evaporation.
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Figure 2.6. Halogen Moisture Analyzer HR 83 with sample pan.
3.3. Method

To find the most effective granulation parameters, granulation was carried out with 3 different rotation speeds (X), 3 different rotation times (Y) and 3 different amounts of water (Z). The most preferred size range of granules is 4mm > x > 2mm, where x represent the size of pellets. To check the percentage mass of the produced granules, sieves with size ranges of 4mm and 2mm were used. The X, Y and Z parameters were used as follows:
X – rotation speed:
· 9 rpm
· 25 rpm
· 42 rpm
Y – rotation time:
· 10 min.
· 15 min.
· 20 min.
Z – water addition:
· 5.5% mass of raw materials
· 6.5% mass of raw materials
· 7.5% mass of raw materials

For each test 2000 g of mix material (4% coke breeze, raw material and water) was used. Before and after each test the moisture was analyzed using a dedicated Moisture Analyzer. To produce average values for each test, 3 representative samples were measured. The samples need to be well mixed before analyzing the moisture, because moisture in the sample may not be the same in all masses of the sample. 

3.4 Pelletising operation

1. Raw materials need to be sieved through the 4mm sieve, from which the biggest pieces are collected in the plastic bag (after crushing they can be used for pelletising). After the particles larger than 8 mm are removed the proportion of fines and large particles is unbalanced. Dust collected in the pan must be reduced. Reduction of the dust fraction is important for two reasons: firstlythe percentage for each size fraction must be at the correct level otherwise the size of granules will be affected (growing too large or too small), and secondly the fuel used also plays the role of dust, and to keep the correct size fractions in proportion, the fuel is added to replace the dust.
2. Sieved raw materials are mixed by a plastic spoon until the material is well blended and 3 small samples are taken to measure the moisture. 
3. Fuel is added into the raw materials (4% or 2% mass depending on the fuel type). 
4. To determine the required moisture addition, the measured moisture content is subtracted from the target moisture content and the difference is added into the sample.
MA = TM – MM   
TM – Target Moisture [5,5%; 6,5%; 7,5%], MM – Measured Moisture [1,4%; 1,1%...] (moisture adsorbed in the raw materials), MA – amount of moisture which needs to be added.
5. Mix Materials: 4% coke breeze or 2% carbon black or 2% graphite; 6,5% H2O in total moisture present in the raw mix; 89,5% or 91.5% raw materials. All components should be carefully blended; this is an important step in the pelletising pathway. If the raw mix is not properly blended, it may be that pellets will contain too much fuel or not enough. The same can be with water and others additives. 
6. 3 small representative samples are taken to check the moisture content (should be the same as the Target Moisture TM)
7. After confirmation of moisture, mixed materials are transported into the pelletising drum.
8. On the roller machine the pelletising drum with the sample is operated for 10/15/20 minutes, and rotation speed is selected as 9/25/42 rpm 
9. When the process is finished, 100 g of the sample is taken and sieved on 4mm and 2mm sieves. Each fraction is weighed and the percentage of pellets in each size is counted.  

4. Results

In this work, the main target was to optimise the pelletiszing of the raw materials for sintering in the sinter pot. Optimal granules size for the sinter pot purpose are between 2 mm and 4 mm and when this fraction is 60% of total mass or more. To produce optimal pellets, there were important parameters: moisture, rotation time and rotation speed. 27 tests were applied to find the optimal process for granulation. For each test, the samples were sieved using the 4mm and 2mm sieves and the percentage of granules of each size were counted. The results are shown in Table 2.1.








Table 2.1. Results from pelletising process.
	[bookmark: OLE_LINK1]
	% of mass of pellets 4mm>x>2mm
for Rotation speed =1
	% of mass of pellets 4mm>x>2mm
for Rotation speed =2
	% of mass of pellets 4mm>x>2mm
for Rotation speed =3

	
	Time = 1
	Time = 1
	Time = 1

	Moisture = 1
	32,3%
	38,2%
	29,9%

	Moisture = 2
	41,6%
	38,3%
	40,0%

	Moisture = 3
	41,0%
	38,1%
	39,9%

	
	Time = 2
	Time = 2
	Time = 2

	Moisture = 1
Moisture = 2
Moisture = 3
	43,2%
53,2%
53,6%
	50,0%
60,7%
60,0%
	41,4%
51,6%
50,8%

	
	Time = 3
	Time = 3
	Time = 3

	Moisture = 1
	42,1%
	49,5%
	38,1%

	Moisture = 2
	52,3%
	59,8%
	42,3%

	Moisture = 3
	52,2%
	58,9%
	50,6%



Optimal parameters, which were used in the next part of study, are shown in Table 2.2. For pelletising: these were 25 rpm rotation speed and times 15-20 minutes with moisture 6.5% and 7.5%. In this work the target is to optimize the granulation process for the sintering process. The higher amounts of water favour the formation of the biggest granules but it is not best for sintering, because of the increased energy needed to sinter the material. On this point the 5.5% level of moisture would be better for sintering but not for the formation of granules. Time plays an important role as well, because in time the particles grow to become larger.





Table 2.2. 	The optimal pelletising conditions using drum 3 with triangle arms of 45° angle to the drum wall.
	
	% of mass of pellets 4mm>x>2mm
for Rotation speed =2 (25 rpm)

	
	Time of rotation = 15 min

	Moisture 1 (5.5%)
	48,2%; 51,7%; 49,3%; 50,4%; 49,7%

	Moisture 2 (6.5%)
	57,9%; 62,0%; 60,6%; 61,1%; 58,3%

	Moisture 3 (7.5%)
	60,1%; 60,8%; 61,1%; 59,1%; 59,6%
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Figure 2.7. 	Granules used in the sintering process, 60% of the mass have size between 4mm and 2mm.

The size between 2mm and 4mm plays an important role for the permeability of the sinter pot. For the sinter bed it is the size between 1mm and 8mm. Granules used for sintering in the sinter pot cannot be too big or too small because it will affect the permeability of the sinter pot. The sinter bed is almost 3 times higher and 30 times wider than the sinter pot. This is a reason why in the sinter bed large size granules are acceptable, but not for the sinter pot. To produce good quality of the sinter, the size of pellets must be in range 2mm-4mm and mass of the pellets in this range should be 60% mass or more of all size fractions pelletizing raw materials, Figure 2.7. 

5. Summary

In this work the optimal pelletising process for growing the pellets was determined but it remains to be confirmed that these granules are optimal for sintering. In 15 minutes granules grow to a satisfactory size but the next condition to confirm is that these granules are also satisfactory for producing good sinter. 
	The low rotation speed (9 rpm) is not good for the quick formation of good sized granules, even with high moisture, probably because there is not enough energy to form bigger granules from accessible particles. However, with longer rotation times the pellets grow up to larger sizes and the formation of granules increases constantly. This provides one pelletising route which is good for sintering.
	 The medium rotation speed (25 rpm) is the most optimal speed for formation of good size granules, where big and small particles are not dominant in size. But with different moisture and time of rotation the resulting distribution in the size ranges are different (4mm>x>2mm). When less moisture is added, granules are not much bigger than 2mm and this is the dominant size. But with more moisture, an increase in granules with size close to 4 mm is observed. 
	When high rotation speed (42 rpm) is applied the granules grow bigger than 4mm. There is also observed the highest amount of fines, probably because there is too much energy and granules are crushed. 
	With a high amount of moisture, the granules grow faster, but too much water is not the preferred condition in the sintering process since high moisture is one of parameters which increases the emission of dioxins and the consumption of energy. This is a reason why control of moisture is important.
	The time of rotation is also linked to the optimum moisture content, and it is suggested that longer rotation time can reduce amount of moisture needed to form the pellets.
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Chapter 3
Sinter pot

1. Thermal processes during sintering

1.1 Physical properties

Physical properties: density, heat, thermal conductivity, diffusivity and viscosity of the solid component or gas species should be modeled carefully because they can influence the simulation results directly. They were obtained by summation of the properties of each component multiplied by its mass fraction. (Yang et al.2004)

1.2 Heat Transfer

In the iron ore sintering bed heat transfer is by conduction, convection and radiation including convection-radiation between solid-gas phases, conduction-radiation between solid phases, radiation between the solid particles and conduction in the gas phase (Yang et al.2004). In the sintering process, the energy can be passed in different ways: by radiation, by heat conduction in the solid phase; convective heat transfer takes place to the solid phase when energy in environment is transported from higher to lower temperature. (Mitterlehner et al. 2004) The total heat balance is a sum of energy produced by chemical reactions and energy flow due to phase changes, i.e. melting and solidifying of solid material or vaporization and condensation. (Mitterlehner et al. 2004)

1.3 Thermal Decomposition

Ca(OH)2 is formed in the bed in a strongly exothermal reaction when CaO reacts with condensed water out of the gas stream.  (Mitterlehner et al. 2004) 
Calcium carbonate is a part of the iron ore and is a main component of limestone. In iron ore other carbonates of metals are present, such as iron, magnesium and manganese. These chemical substances within the ore also decompose to CO2 and the corresponding oxide with rising temperatures. (Mitterlehner et al. 2004)  

1.4 Geometrical Changes

The solid-gas reactions cause the geometrical changes in the sintering bed. Combustion and decomposition decrease particles size of the coke and limestone but can increase particle size of the iron ore. Important parameters for behavior of sintering are: sinter bed height, bed porosity and particle size. The method of packing the materials and size of granules can strongly affect the sinter bed porosity and then affect the sintering quality. An important factor in the geometrical change is the generation of the internal pores, which affect the densities of the solid phases. Also the decomposition of limestone can affect the generation of the internal pores in the particles. (Yang et al.2004)

1.5 Vaporization and Condensation

At the beginning of the sintering process hot gas from the flame front is streaming through the packed bed. The cold sinter mix material below is heated by hot gas and therefore moisture is vaporizing out of the particles at a certain temperature. This temperature depends on the vapor pressure of water. When a particle in the bed reaches this temperature then some volume of water according to the heat flow between gas and solid is vaporized and the water content of the particle decreases. In the lower regions of the bed, where the gas stream is cooled down, steam is condensing on the particles and the water content of the particle is increased. Each particle in the bed can only hold a certain amount of water until this part of the bed is “over moisture”, i.e. pressure drop in this area increases dramatically, so that nearly no gas can be sucked through the bed anymore. Pressure drop across the sintering bed has a major influence on heat front propagation through the bed and should be carefully controlled. There are two different causes for this effect, concerning moisture level of the particles: firstly, condensed water that cannot be held by particles decreases voidage in the affected cell and secondly, height reduction of the bed caused by burden, suction and moisture also decreases voidage of the affected cells. (Mitterlehner et al. 2004)

1.6 Fuel Combustion

The essential provider of energy to assure the propagation of the heat front through the sinter bed after the ignition zone is a solid fuel for example: coke breeze. The presence of coke breeze is essential for peak temperatures and width of the heat front and therefore the amount of melt in the sinter bed. Combustion of coke breeze and oxygen is a heterogeneous reaction. In heterogeneous reaction systems, the kinetics of the reaction itself and as well mass transfer of reacting components can be the limiting factor in combustion rate. (Mitterlehner et al. 2004) 
Coke consists not only of pure carbon but there is present oxygen and hydrogen bound with carbon and in the combustion process all elements become released. Ash from coke breeze is assumed to be bound to the non-coke sinter material or to be either carried out of the bed by the gas stream. The void volume between non-coke particles grows as the diameter of a coke particle gradually shrinks with combustion. This influences the amount of gas that can be sucked through the bed by a reduced pressure drop in the cells with less coke. (Mitterlehner et al. 2004) 

1.7 Melting and Solidifying of Ore

The melting temperatures and the melting behavior of components (hematite, magnetite or iron) are known but for the pure components. The phase diagrams can show how the structure of the mixed components can change during the sintering process. To describe the melting and solidifying process in the sintering bed a two component system phase diagram is used. (Ramos et al. 2000)
2. Experiment
2.1 Equipment
The sinter pot presented in Figure 3.1 was used for sintering the raw materials. Seven thermocouples, six to measure the sinter pot temperature and one to measure the wind box temperature, were used.  
 (
Paper ring
) (
Air 
) (
Top part of the sinter pot with 6 thermocouples
) (
Bottom part of the sinter pot with 1 thermocouple
)
 (
Ignition hood
)
 (
Waste gas
) (
17 cm
) (
2cm between each thermocouple
)[image: DSCN0410.JPG]
 (
Paper column
) (
Perforated
 plate
) (
10
cm
) (
Fibre seal
) (
Metal ring
)

Figure 3.1 Parts of the sinter pot.
A number of components make up the sinter pot, and they must be connected together to work correctly. There are two main parts - bottom and top pot. The bottom one has one thermocouple which measures the temperature of combustion gases, whilst the top part has six thermocouples to record the change in temperature at different locations of the sintering process. The perforated plate is placed between the top and bottom parts of the sinter pot which prevents the material falling to the bottom part, but does not block the air flow. To prevent losing air suction pressure the paper ring is placed on the top of the perforated plate. On the perforated plate is placed the metal ring and then the paper column which holds the raw material. The two parts of the sinter pot are screwed on the flange and sealed using a glass fiber ring.
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Figure 3.2 The sintering equipment
Referring to Figure 3.2, sintering takes place in the sinter pot (1), the exhaust gases flow into bottom part of sinter pot and then into two pipes through the cooling system (2, 3). It is important to cool the gases here to prevent changing of dioxins structure. The exhaust gases are sampled at the end of the cooling pipes and transported into the gas analysers (4). Combustion gases then must pass the first water condenser (5), and then go into the dioxins trap (7), after passing the second water condenser (8) and into the pumps (9, 10) and then to exhaust.
2.2 Method
a) Operations for sintering in the Sinter Pot
· Gas analysers: CO2, CO, O2, SO2 
Turn on all analysers and wait until warmed up. If it is necessary, do zero check. Leave analysers with pumps off until sintering is ready to begin. Just before sintering begins, connect the pipe from the sampling gas filter to the gas analyser’s pipe. After sintering, disconnect the sampling gas filter pipe and turn off the gas analyser's pumps.     
· Sampling gas filter.
Turn on the sampling gas filter and wait until warmed up. Connect the pipe to the exhaust and place it out of the laboratory (out of the garage doors). 
· National  Instrument data acquisition and PC
Turn on the PC and signal cable interface box, start the software and open 1st or 2nd operational program.
· Propane installation
Open the propane bottle just before sintering, open 1st and 2nd security valve; do not change the pressure but leave as it is set. Close the 2nd valve after ignition. At the end of sintering close the propane bottle and empty gas pipes then close the safety valves.    
· Sinter pot
Check all connections with the signal cable interface box (thermocouples and pressure). Before sintering turn on the air pumps and vent all the installation (because some SO2 can be trapped in the pipes) then ignite the sinter pot. 
· Taking the sample:
To collect samples of sinter pot emission a PUF filter is placed in the PUF holder, which is referred to as a dioxins trap. The operator of the sinter pot should place the PUF using latex gloves. The PUF filter should trap most PAH’s, PCB’s and PCDD/F’s. All pipes before the trap should be rinsed with acetone to collect all emission (there may be some percentage of the sample).   
b) Materials for sintering
Before the start of ignition preparations are needed. The sinter raw materials have to be prepared in the same way in order to receive constant results. For raw materials: 2000 g of raw materials are used including, 4% coke breeze or 2% carbon black or 2% graphite, 6,5% water; when using alumina chips the 2000 g of material consists of these rather than iron ore and similarly includes 4% coke breeze or 2% carbon black or 2% graphite, 6,5% water. The prepared material is then pelletized for 15 minutes with speed 25 rpm. Before and after pelletizing the materials are checked for moisture. For testing moisture level, the Moisture Analyzer is used. 
Table 3.1 Typical chemical composition of the iron ore. (Umadevi et al. 2008)
	
	
	Iron ore %
	Limestone %
	Dolomite %

	Fe
	
	62.2
	0.62
	1.39

	SiO2
	
	3.5
	3.32
	9.75

	Al2O3
	
	2.3
	0.82
	2.29

	CaO
	
	0.1
	50.39
	26.5

	MgO
	
	0.01
	2.15
	19.32

	MnO
	
	0.04
	
	

	TiO2
	
	0.17
	0.03
	

	P
	
	0.052
	
	

	S
	
	0.006
	
	

	Na2O
	
	0.01
	
	0.01

	K2O
	
	0
	0.17
	0.22



In Table 3.1 are presented the typical composition of the iron ore used in the large scale sintering.
c) Sinter pot preparations 
Before the sinter pot is run the pipes should be cleaned up by brushing and after rinsing by acetone, when the prepared the equipment is ready to be put together in one piece. All parts of the sinter pot are connected; preparations to run the pot then begin. The paper ring is placed first, and after the perforated support plate, the filter (which will be between two parts of pot), ring with paper column, and then thermocouples are inserted. The thermocouples should be gently introduced through the paper column so as not to damage it (thermocouples and paper column). After that, the iron dust is introduced, which is put between the body of the pot and the paper column to prevent deformation of the sinter mix. On the bottom of the pot should be placed a hearth layer of iron ore chips. On top of the granule layer is placed a thin layer of coke breeze to aid with the ignition process.
d) Starting the sintering process 
The thermocouples and pressure detector should be connected to the computer. The propane gas bottle can be now prepared for use, with 0.2bar pressure. Before igniting the burner, the air suction fan should be turned on and the pressure drop should be on 45 - mbar. After 1-3 minutes the propane source is cut off and the pressure drop should then show 20-21- mbar. The propane bottle should be secured, and until the end of sintering process, the sinter pot should be all the time controlled by operator. 
2.3 Data Collection
a) Data collection system
Data collection is achieved using LabView software (Signal Express) which acquires data via a PC and data collection card. Data is displayed in real time during the course of an experiment. A junction box receives signals from the instrumentation around the sinter pot rig. Present instrumentation is basic and consists of seven thermocouples and a pressure transducer for flow rate control. Each thermocouple is amplified using a SEM203TC amplifier which drives a 4 - 20mA current loop. Signal voltage is collected across a 500  load resistor (as shown in Figure 3.3). The 4 - 20mA range corresponds to 0 - 1370oC.



Figure 3.3 Visualisation of connection thermocouple with detector.
b) Data collection procedure
	Seven thermocouples are placed inside the sinter pot and they send signal into the data collection card and then to the PC. Thermocouples are placed in the middle of the sample on different levels to read the thermal change in sintering material. The results are shown in real-time as a line chart where Y represents a temperature, X represent a time. Data sampling rate for temperature and pressure is 1 per sec. After the end of sintering all data is transported into Excel and a results chart is made.
3. Results
3.1 Sintered materials
The quality of sintered product depends on four major parameters:
· The total amount of energy added into the system (ignition time and propane pressure).
· The amount of water used to form the pellets.
· The pressure of air suction.
· The size of granules and pack granules in the sinter pot.
To set the right parameters for sintering on a laboratory scale many tests were undertaken. The final sinter iron ore should be the same as is achieved on the large scale. It is important to produce sinter materials in the same way as industry, because sintering conditions and formation of dioxins should be the same to receive useful results. The granules should form one piece of sinter. The sinter should be strong enough so as not to break easily but should not form an alloy. That is a reason why ignition time and pressure of propane plays important role. If is too long an ignition time or the suction pressure is too high then iron ores start to melt and form an alloy, but when ignition time or propane pressure is too low then there is no sintering. 
Water present is needed to form the right size of pellets but it changes the ignition parameters. There is a need to add more energy into sinter pot to receive good quality sinter when a high amount of water is present. 
A very important parameter is oxygen addition, which is controlled by air suction pressure. The presence of oxygen is necessary for combustion but the amount should be under control. If air suction pressure is to high then ignition time or propane pressure should be lower otherwise the raw materials starts melting not sintering. 
The last and important parameter is size and packing of granules. If the granules are packed too tight then it affects the air diffusion, but when too loose then the sinter is too weak. 
3.2 Sinter products and thermal behaviour of sintering
To improve the sinter pot operation skill and to determine the most repeatable results many tests were undertaken. The equipment had initially some defects: cooling components which did not work efficiently; a difference in diameter of exhaust pipes resulting in turbulent flow; the ignition method (hand bottle of propane used as a burner) and ineffective water traps. Unfortunately, not all of these defects could be easily fixed. Only the water trap and the gas burner were modified and installed. The major defect (exhaust gas flow) cannot be changed. Turbulent exhaust flow cause some problems with control of flame front progressing, which will be explained in details in this chapter. The air suction pressure is presented in this chapter in order only to explain the major effects of air pressure on the sinter. The pressure is a parameter helping the operator to control the flame front. The pressure cannot be taken as a indicator of sintering and repeatability of the process (it may be if there be a laminar flow of exhaust gases). Results presented in this chapter are typical for each group. The point is to present the important parameters for sintering and how it can affect the final product. Also for project purposes the process was set up as similar to the large scale as possible.  
a) Over sintering. Raw materials melts not sintered.
 (
Without coke breeze on the top of sinter pot
) (
With thin layer of coke breeze on the top of sinter pot
)[image: DSCN0218.JPG]
Figure 3.4 	Melting sinter 
In Figure 3.4 are shown 2 sinter product where more than 50% mass is melted iron forming solid and strong piece. In this process, the air suction pressure was too high at the beginning of process and the ignition time was long, whilst using constant moisture, granules size, and propane pressure. The temperature rises rapidly with high air suction pressure, as is shown on Figure 3.6. Granules of iron ore melt because there was a lot of thermal energy provided by the gas burner and the energy increases during sintering because of the large amount of oxygen available (high air suction pressure). Too high an air suction pressure or long time of ignition is bad for the sintering process. Usually on the top of the raw material is a thin layer (20 g) of fuel to achieve better ignition. It was a good idea when ignition of the sinter pot was by hand burner. The thin layer of fuel makes the flame front uniform. Later, when the gas burner was installed, the top layer of fuel was not necessary and, the burner ignites all of the surface of the sinter pot. 

Figure 3.5 	Typical temperature profile for melting sinter.
In Figure 3.5 only 3 thermocouples are shown, due to the thermocouple temperature limit being exceeded and causing possible damage. The first thermocouple reads very high around 1400 C° where iron ore starts melting. Fuel present in the granules is burned rapidly and increases the temperature during the whole process. Thermocouple no 5 shows a temperature over the 1400 C° and at 800 sec shows the effect of a damaged thermocouple.


Figure 3.6	 Air suction pressure during sintering process presented in Figure 3.5.
Referring to Figure 3.6, the air suction pressure read during sintering was high at the beginning of the process. The result of this is shown on Figure 3.5, where the temperature rises rapidly and stays very high in flame front. A large amount of oxygen increases the burning, with heat passing through the sinter pot evaporating water present in the granules, which ignite rapidly when the flame front arrives. This may be the explanation why there is high temperature when the air suction pressure reduced after 200 sec. 
b) Incomplete sintering. Raw materials not forming a sinter cluster.
 (
Sample 2
) (
Sample 3
) (
Sample 1
)[image: DSCN0222.JPG]
Figure 3.7 	Not complete sinter. 
In Figure 3.7 are presented typical sintering products when the condition of the process is poor. The ignition time and permeability of the sinter pot was different. The short time of ignition and granule compression affect the final product of sintering. Sintering of the raw materials takes place at the end of the process. And sinter product was weak except at the bottom of sinter pot where it was formed correctly. This process could be still accepted for the analysis of dioxins emission but probably it would be less comparable to an actual sinter bed.

Figure 3.8 	Typical temperature profile for incomplete sintering.
As is shown in Figure 3.7, sample 1 had the lowest sintered raw material. The temperature profile for Sample 1 is shown in Figure 3.8, where the temperature of ignition is very low, and for thermocouples T1 – T4, the temperature is below the sintering level with incomplete burning of fuel presented in the granules. Thermocouples T5 – T6 show temperatures which are good for sintering. Permeability of the sinter pot was low so the flame front cannot progress within the top part of the sinter pot. In the bottom part of sinter pot, where hot air dries the granules, the temperature rises and the material becomes sintered.  Similar results can be achieved for a short time of ignition, when other parameters are correct.

  
Figure 3.9 	Air suction pressure of sintering process presented in Figure 3.8.
In Figure 3.9 the air suction pressure was quite high at the beginning, but very poor permeability of the pot inhibits the progress of the flame front. During the process pressure is unstable, which may be due to the poor permeability and turbulent flow of exhaust gas.

Figure 3.10 	Typical temperature profile for not complete sintering.
The temperature profile in (Figure 3.10) for Sample 2, shown in Figure 3.7, is almost similar to the Sample 1. Ignition temperature is very low, for satisfactory ignition of fuels present in the granules. In this case, sintering of the raw materials starts earlier (from T4 to T6). However, results of sinter are similar for the same reason as Sample 1. 

Figure 3.11 	Air suction pressure of sintering process presented in Figure 3.10.
As shown in Figure 3.11, the suction pressure is higher at the beginning of sintering to ignite the materials at the surface, and after the burner is off, the pressure reduced to 20 - 30 –mbar.

Figure 3.12 	Typical temperature profile for not complete sintering.
In Figure 3.12 the temperature profile is shown for Sample 3. The first thermocouple T1 disconnected during the process but it is likely that the temperature range was similar as is shown by thermocouple T2. Again, low ignition temperature affects the sintering, but in Sample 3 the ignition time was longer. In effect sintering starts from T3 to T4. Good quality sinter is made at the deeper level corresponding to thermocouples T5 and T6.   

Figure 3.13 	Air suction pressure of sintering process presented in Figure 3.12.
As Figure 3.13 shows, the suction pressure is close to the previous samples, and similar during ignition and during the process. 
The incomplete sinter is the results of insufficient addition of energy to the pot, due to too short a time of ignition or poor access of oxygen (pot permeability). Sample 3, with the highest energy addition, shows almost a good quality of sintering. Many tests were undertaken to establish the parameters for sintering, where raw material is sintered properly. More thermal energy and a less packed sinter pot seem to be the key to achieving good results.
c) Good quality sinter. 
In Figure 3.14 there are 6 typical results for sintering in the pot. As in previous part (b), in this part consideration is given to pot permeability. To decrease the smallest pellets, the finest fraction of material is removed completely from raw materials using sieves (500 µm). Only added fuels had particle sizes less than 500 µm. The small size fraction of granules was not present, which drastically increases the permeability of the pot. To produce good quality sinter, only the ignition time is considered, and during the process, the temperature is controlled by air suction pressure.  Other parameters: moisture and fuel addition were kept constant.
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Figure 3.14 	The 6 sinters with different sinter quality 

Figure 3.15 	Typical temperature profile for samples where ignition time is 60 sec.
	Temperature profile for Sample 1 is presented in Figure 3.15. It is a typical temperature profile when ignition time is 60 seconds and with good permeability of the pot. Temperature increases rapidly and by controlling pressure stays above 1200o C and below 1500o C (sintering temperature window). As it shows in Figure 3.14 a large piece of sinter is produced, which cannot be crushed by hand, and requires a hammer. The very good quality of the sintered raw material starts from thermocouple T3 to T6. Figure 3.16 presents Sample 1 after crushing. Almost 80% of used raw material was sintered and forms good quality sinter. By this method, emission of PAHs and PCDD/Fs should be similar to emission from an actual sinter bed; where at least, the thermal processes are comparable from sinter pot to sinter bed.
[image: DSCN0356.JPG]
Figure 3.16 	Sample 1 after crushing.

Figure 3.17 	Air suction pressure of sintering process presented in Figure 3.15.
As shown in Figure 3.17, the air suction pressure at the beginning was very high in order to properly ignite the surface of the pot and was then reduced to control the flame front speed and intensity.

Figure 3.18 	Typical temperature profile for samples where ignition time is 55 sec.
	Figure 3.18 shows the temperature profile for Sample 2, and as in Sample 1, Sample 2 is well ignited and the temperature increases rapidly above 1200 °C.

Figure 3.19 	Air suction pressure of sintering process presented in Figure 3.18.
In Figure 3.19 are presented the variable pressure is the result of turbulent flow, and also there are instances where the operator closes or opens the valve to control the flame front progression.

Figure 3.20 	Typical temperature profile for samples where ignition time is 50 sec.
Referred to Figure 3.20 the sample 3 has a similar sinter product as Sample 2, but the product is weaker. However, it is likely that for the PCDD/Fs and PAHs analysis purpose it matches the required standard. Definitely, the sinter product starts from T4 toT6 and is good quality, and the emitted gases should be comparable to the other good quality samples. Figure 3.14 shows the Sample 3 as completely sintered, but examining the temperature profile it seems that the temperature was too low to form sinter. It is likely that thermocouple T1 was not in the middle of flame front, which can explain why the temperature is below 1200 °C.  


Figure 3.21	 Air suction pressure of sintering process presented in Figure 3.20.


Figure 3.22 	Typical temperature profile for samples where ignition time is 45 sec.
When the ignition time is 45 seconds, it creates a very poor flame front, as is shown in Figure 3.22 for thermocouple T1. In addition, the ignition pressure was too low to form the correct flame front and after increasing the pressure, the temperature increase as well. The strength of the sinter Sample 4 was on the acceptable minimum.     

Figure 3.23 	Air suction pressure of sintering process presented in Figure 3.22.
To achieve a uniform flame front, the pressure as shown in Figure 3.23 is reduced during ignition. However, the time for ignition was almost too short and the energy addition was on the border line of acceptability required to form good quality sinter.

Figure 3.24 	Typical temperature profile for samples where ignition time is 40 sec.
Figure 3.24 shows a temperature profile for sinter just below required standard. The sinter was weak, but still in evidence. However, Sample 5 did not reached the required quality standard. The mass of sintered raw materials was below 60%, and sinter could be cracked in the hand.

Figure 3.25 	Air suction pressure of sintering process presented in Figure 3.24.

Figure 3.26 	Typical temperature profile for samples where ignition time is 35 sec.
The temperature profile of Sample 6, presented in Figure 3.26 is a typical temperature profile for incomplete sintering. The thermocouples T2 and T5 are damaged during the process by cracking pellets, and are removed from the diagram. 

Figure 3.27 	Air suction pressure of sintering process presented in Figure 3.26.

4. Conclusion
Granulation of the same type of materials with constant amount of water to achieve similar granules size in the pelletizing process is one of the most important steps to produce reproducible results. 
Sinter production was examined in detail because it is important to achieve good sinter with reproducible results. This is a first step to achieve a good basis for the study of future dioxin generation.
A number of operational strategies have been investigated for the production of sinter. In one case the air suction pressure during ignition is high and between 40-50 -mbar and after ignition is reduced to 25 -mbar, and the ignition time is 1 minute, propane pressure is 0.1 bar, moisture is 6.5% and material is packed using the same packing density. Using this method requires good control in order to avoid melting and it is observed that small changes in ignition time (energy addition) can affect all of the process. 
An alternative method is using a lower air suction pressure during ignition (14 mbar) and thereafter a negative pressure of 22 mbar. In this case the flame front is more stable and moves at a constant rate to the bottom of the sinter pot. Results are repeatable and the operator can be sure that sintered material will be of the same quality. The reason for this better behaviour is due to the fact that the flame front which forms on the top of sinter pot is not drawn into the sinter pot and through the pore structure. 
In the first of these methods, the higher initial air flow rate also has the effect of drying the material, and when the flame front eventually reaches these areas, the lower moisture allows the temperature to reach higher values resulting in more melting. This effect is avoided with the lower initial air flows associated with the second method and the flame front is under better control providing more repeatable results.   
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Chapter 4
Sintering of the iron ore
1. Introduction
In this chapter, the results of sintering are presented for the three fuel types containing different types of carbon structures. The sintering process is carried out under the same conditions to compare the carbon structure influence on the formation of PCDD/Fs. During sintering of the iron ore there is a short time for the formation of PCDD/Fs. Below 300 °C, PCDD/Fs are not formed and above 800 °C they are destroyed. Only ahead of the moving flame front can PCDD/Fs be formed, after evaporation and drawing throughout the sinter with the exhaust gases. On the coolest layers of raw materials, PCDD/Fs are condensed and again released when the flame front approaches. Some PCDD/Fs, during the cycle of evaporation and condensation are caught by the flame front and destroyed, while others move with the flow through of the sinter pot/bed. With the flame front approaching, PCDD/Fs are formed from precursors or via de novo reconstruction. Different conditions (air pressure, density of the pot/bed, moisture) of the process may decrease or increase the formation of PCDD/F during sintering. The presence of inhibitors and catalysts also have an influence on the speed of formation of PCDD/Fs. Some authors have proved the formation from precursors as the most important pathway; others have demonstrated that de Novo formation is the major formation pathway. What is certain is that PCDD/Fs are formed in a wide temperature window in the sinter bed and in the exhaust where temperature is still high enough (when sintering is completed in the sinter bed and the flame front reaches the bottom of the sinter pot/bed and the exhaust temperature is still high enough to form PCDD/Fs). Also, formation may occur in the exhaust, where soot and dust retain high temperature in the wind box and act as a catalysts. In many publications, authors concentrate on formation during sintering on an industry scale and the priority is to reduce formation of the PCDD/Fs but to not affect the quality of the sinter. In this work, it was less important to study the sintering mechanism of iron ore and the influence of different types of solid fuel on the final product of the sinter. A major target for this work was to better understand the mechanism of PCFD formation during the sintering of iron ore and to test the influence of different carbon structures on the formation. There are some laboratory tests which show that PCDD/Fs are formed very fast from PAHs but the mechanism is not clearly understood (Iino et al. 1999). Fuel used for sintering in industry is coke breeze produced within and by steel industry, and coke breeze contaminated by many different carbon structures and metallic ions, which can act as catalysts. Coal is pyrolised where PAH rings grow in these conditions to form large aromatic clusters, and then materials are quenched where PAHs can be oxidized and reduced to smaller benzene ring numbers (Bohme, 1992). It may be that one of important and neglected parameters in PCDD/Fs formation are the PAHs present in the fuels used. In this chapter are presented temperatures profiles during the sintering process, exhaust gas composition and emission samples analysed (analysis results of the sinter pot emission are presented in the next chapters).  
To better understand the formation mechanism of PCDD/Fs during the sintering of iron ore and to rationalise the influence of different carbon structures on the PCDD/Fs formation, a series of experiments were designed using different carbon structure types (aromatic, aliphatic and crystalline, amorphous) as a fuel. The sintering operation and parameters chosen in this chapter were described in detail in Chapter 3. In the literature (European Commission review 2005) is a suggestion that carbon aromatic structures can increase the formation of PCDD/Fs during thermal processes. To investigate the influence of carbon aromatic structures during sintering, three types of fuels were used: Graphite, Coke Breeze and Carbon Black. 
All the sintering processes were carried out based on optimum parameters chosen after a series of pre-tests for each type of the fuel. 
At the end of each sinter pot run, samples for GC-MS and HRGC-HRMS were collected and stored in the refrigerator for future analysis.

2. Materials
2.1. Fuel characteristics
Carbon Black (99.9%) was obtained from “Alfa Aesar“ and Graphite (99.9%) from Sigma-Aldrich. Coke Breeze was provided by Tata Steel Scunthorpe Plant and is characterised in papers produced by the company (Ooi et al., 2008). Graphite (Gr) contains 99.9% pure aromatic carbon and is crystalline in structure. The graphite has a high surface area to volume ratio, material is finely divided which gives higher surface area Carbon Black (CBl) contains 99.9% carbon of amorphous structure containing aromatic and aliphatic hydrocarbons, and also has a high surface area to volume ratio. Coke Breeze (CB) is contaminated by oxidised metals and has an amorphous structure containing aromatic and aliphatic hydrocarbons. Net calorific value was measured for all the fuels at University of Sheffield, yielding the following values:
· Graphite 33 kJ/mol, 
· Carbon Black 32 kJ/mol, 
· Coke Breeze 28 kJ/mol. 
Because Graphite and Carbon Black were in the form of dust, it can cause some problem with permeability of the sinter pot. The size of the fuel particles affects the size of granules produced, and for fine dusts, the percentage of granules in the range 4>x>2 mm is reduced and this affects the permeability of the sinter pot. In this case, the air suction pressure during sintering must be greater or alternatively the smallest particles from the raw materials must be removed. Size division of granules for iron ore mix with addition coke breeze or graphite is in good proportions. The carbon black forms fewer layers on a single pellet, it affects the size of the pellets.
2.2. General raw materials characteristics
Sinter composition (per tonne) consists of the following (Production of Iron and Steel, March 2000, chapter 4, Table 4.1):
· iron ore 680 – 850 kg
· other iron materials 37-125 kg
· lime 0.5-14 kg
· limestone 105-190 kg
· additives 26-42 kg
· recycled materials 42-113 kg
· intern. return sinter after screening 230-375 kg
The different compositions depend on the steel producer. In this work the raw material was from Tata steel Scunthorpe steel plant.
3. Results and Discussion
The results presented show 5 tests for each type of the fuel: Coke Breeze (CB), Carbon Black (CBl) and Graphite (Gr). The sinter pot (presented in Chapter 3) simulates the sinter bed conditions for sintered raw materials. For each group of fuel a pre-test was done to establish the flame front. Small differences in the flame front progress is observed, because for each test there was a small difference in the amount of materials used (which affects the permeability of the pot) and, also in the  thermocouple positioning (the flame front may pass near the thermocouple). Temperature profiles are similar for all the results, however, there are differences in the gas emission profiles.
Figures 4.1 to 4.5 presented thermal profile of the sintering iron ore with coke breeze as a fuel. Coke breeze burn constantly and the flame front is easy to control. Flame front reaches the temperature of sintering (1200 °C), and not cross 1400 °C which is typical for this type of fuel and present by others Authors temperature profile is similar. (Kasai et al. 2001) 


Figure 4.1. 	Coke breeze, temperature profile, sample number 1.


Figure 4.2. 	Coke breeze, temperature profile, sample number 2.


Figure 4.3. 	Coke breeze, temperature profile, sample number 3.


Figure 4.4. 	Coke breeze, temperature profile, sample number 4.


Figure 4.5. 	Coke breeze, temperature profile, sample number 5.
Figure 4.6 to 4.10 presented the CO2, CO and O2 emission profile. The emission of CO2 is between 10 and 15 % and increase on the second half of combustion process. When flame front pass 3rd thermocouples and is in half of sinter pot. 

Figure 4.6. 	Coke breeze, gas emission profile, sample number 1.


Figure 4.7. 	Coke breeze, gas emission profile, sample number 2. 


Figure 4.8. 	Coke breeze, gas emission profile, sample number 3.


Figure 4.9. 	Coke breeze, gas emission profile, sample number 4.


Figure 4.10. 	Coke breeze, gas emission profile, sample number 5.

Figure 4.11 to 4.15 presented the SO2 emission and it is in up to 600 ppm. Only in sample 1 is below this range. 

Figure 4.11. 	Coke breeze, emission of SO2, sample number 1.


Figure 4.12. 	Coke breeze, emission of SO2, sample number 2.


Figure 4.13. 	Coke breeze, emission of SO2, sample number 3.


Figure 4.14. 	Coke breeze, emission of SO2, sample number 4.


Figure 4.15. 	Coke breeze, emission of SO2, sample number 5.
Figure 4.16 to 4.20 presented the temperature profile for sintering iron ore with graphite as a fuel. Temperature increase rapidly up to 1200 °C and on the bottom of the sinter pot (thermocouples T4-T6) reaches the temperature close to melting point of iron.

Figure 4.16. 	Graphite, temperature profile, sample number 1.


Figure 4.17. 	Graphite, temperature profile, sample number 2.


Figure 4.18. 	Graphite, temperature profile, sample number 3.


Figure 4.19. 	Graphite, temperature profile, sample number 4.


Figure 4.20. 	Graphite, temperature profile, sample number 5.
Figure 4.21 to 4.25 presented the CO2, CO and O2 emission during sintering iron ore. Characteristic for this fuel type is very high emission of CO2 which indicate on fast burning of the fuel.

Figure 4.21. 	Graphite, gas emission profile, sample number 1.


Figure 4.22. 	Graphite, gas emission profile, sample number 2.


Figure 4.23. 	Graphite, gas emission profile, sample number 3.


Figure 4.24. 	Graphite, gas emission profile, sample number 4.


Figure 4.25. 	Graphite, gas emission profile, sample number 5.
Figure 4.26 to 4.30 presented the SO2 emission during sintering process, and the emission level is close to 70 ppm. 

Figure 4.26. 	Graphite, emission of SO2, sample number 1.


Figure 4.27. 	Graphite, emission of SO2, sample number 2.


Figure 4.28. 	Graphite, emission of SO2, sample number 3.


Figure 4.29. 	Graphite, emission of SO2, sample number 4.


Figure 4.30. 	Graphite, emission of SO2, sample number 5.

Figure 4.31 to 4.35 presented the temperature profile for sintering iron ore with carbon black as a fuel. The temperature profile for this type of the fuel is just in range of producing the sinter. This fuel type require more energy for ignition, however, in the second half of sinter pot temperature increase up to 1400 °C.

Figure 4.31. 	Carbon black, temperature profile, sample number 1.


Figure 4.32. 	Carbon black, temperature profile, sample number 2.


Figure 4.33. 	Carbon black, temperature profile, sample number 3.


Figure 4.34. 	Carbon black, temperature profile, sample number 4.


Figure 4.35. 	Carbon black, temperature profile, sample number 5.
Figure 4.36 to 4.40 presented the emission of CO2, CO and O2. Only in sample 1 the emission of CO2 is below 10%, in the others samples (from 2 to 5) emission is higher and is close to 20%.  

Figure 4.36. 	Carbon black, gas emission profile, sample number 1.


Figure 4.37. 	Carbon black, gas emission profile, sample number 2.


Figure 4.38. 	Carbon black, gas emission profile, sample number 3.


Figure 4.39. 	Carbon black, gas emission profile, sample number 4.


Figure 4.40. 	Carbon black, gas emission profile, sample number 5.

Figure 4.41 to 4.45 presented emission of SO2 during sintering iron ore with carbon black as a fuel. The characteristic emission level for this type of fuel is 180 ppm.

Figure 4.41. 	Carbon black, emission of SO2, sample number 1.


Figure 4.42. 	Carbon black, emission of SO2, sample number 2.


Figure 4.43. 	Carbon black, emission of SO2, sample number 3.


Figure 4.44. 	Carbon black, emission of SO2, sample number 4.


Figure 4.45. 	Carbon black, emission of SO2, sample number 5.

Coke breeze sintering.
Coke Breeze (CB) is a good fuel, and is the basic fuel in this project provided by Tata steel. 
Emission of CO2 gives the information about the stability of the sintering process. The stability of the sintering process is also confirmed by the temperature profile and the mass of the sinter formed during the process. Emission values of CO, CO2 for Coke Breeze is typical for this type of fuel and reported by other authors (Kasama et al. 2006). 
The peak of emission of SO2 is the greatest when Coke Breeze is used as a fuel, and the range is between 500-600 ppm. The intensity of SO2 emission comes from the fuel type. It may be due to the presence of sulphur in the fuel, or different ability of each type fuel bonding sulphur to the carbon. In organic chemistry texs, where the major reaction of organic compounds (substitution and elimination) are well explained, substitution of sulphur to the carbon has a lower energy barrier than oxygen (McMurry 2004, 6th edition). It may be that more reactive carbon is present in the carbon black and graphite than in coke breeze. 
The sinter pot ignited under a lower air pressure. Ignition takes place over all the surface of the pot and forms a uniform flame front. At the end of the sintering process, a pressure drop is observed. Water present in the granules evaporated and condensed on the lowest layers of the pot and condensation of water reduces the porosity of pot producing the pressure drop observed.  
Carbon black sintering.  
Very high and rapid burning (shown in Figures 4.31 to 4.36) is a result of the size of the fuel and high surface area to volume ratio. The sinter pot reaches the sintering temperature just after ignition which affects the mass of sintered product, which is much higher than from sintering with Coke breeze used as a fuel. In the temperature range between 1150 – 1420 C° iron ore sinters and forms large agglomerates which are necessary in the next step of steel production. 
The very high emission of CO2 and CO may suggest that the Carbon Black (CBl) is burning rapidly and in almost all the mass. This could confirm the low soot production by this type of the fuel, and high consumption of oxygen during sintering. 
Emission of SO2 is at a characteristic point for this fuel and matches the time when the flame front reaches the wind box. The intensity of the peak of SO2 is between 160-180 ppm.
Because Carbon black is dusty, it causes some problems with permeability of the sinter pot. The size of the fuel particles affect the size of the granules, the percentage of granules in the range 4>x>2 mm is reduced and this affects the permeability of the sinter pot. To continue the sintering, the pressure of air suction must be larger in these situations.    
Graphite sintering. 
Similar to Carbon black, Graphite reaches the sintering temperature very quickly. Also graphite has a high surface area to volume ratio (this statement is confirmed by producer Sigma-Aldrich). However, Graphite is an agglomeration of aromatic rings arranged in crystalline order. The crystal structure is probably responsible for the slowest burning (not as rapid as Carbon black). It is possible that only on the surface of the aromatic cluster, can carbon react with oxygen in the burning process. Outer oxygen insertion mechanism into the aromatic cluster is explained in detail by Weber and his team (Weber et al. 2001). 
The high emission ratio of CO2 to emission of CO confirms completed burning.  
Emission of SO2 during sintering of raw materials with Graphite as a fuel is very low, it could be that because in the Graphite used, there is no sulphur present or during the process Graphite ‘consume’ sulphur (aromatics rings react with sulphur and bonding sulphur to the carbon) (McMurry 2004, 6th edition)
Table 4.1. 	Comparison of the maximum emission of SO2 during sintering.
	
	Max SO2 emission in ppm, Coke Breeze as a fuel
	Max SO2 emission in ppm, Graphite as a fuel
	Max SO2 emission in ppm, Carbon Black as a fuel

	Sample 1
	185
	63
	175

	Sample 2
	532
	70
	165

	Sample 3
	689
	80
	162

	Sample 4
	610
	89
	140

	Sample 5
	430
	72
	170



The lowest emission of SO2 is observed when Graphite is used as a fuel for sintering.
4 Conclusion     
Typically, for Graphite and Carbon Black, there are very high temperature profiles and rapidly moving flame fronts. It is the result of very small particle size of fuel and high surface area to volume ratio. The temperature reached a good level for sintering just after ignition resulting in a higher mass of received sinter product. This temperature profile is much higher than for sintering using Coke Breeze as a fuel. However, Graphite and Carbon Black makes the process less stable because controlling the flame front is more difficult. 
There are large differences in CO, CO2, and SO2 emission and O2 consumption for the fuels. High consumption of O2 and high emission of CO2 is compatable with a more intensity of flame front. Differences in SO2 emission may depend on the amount of sulphur in the fuel or reaction of the sulphur with carbon present in the fuels. Also, differences in the emission may suggest a different profile of emitted PAHs and PCDD/Fs for each type of the fuel.
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Chapter 5
QC training in clean-up samples, GC-MS analysis and HRGC-HRMS analysis
1. Introduction
In this chapter a procedure for the clean-up of  the samples is presented for GC-MS and HRGC-HRMS analysis of the sinter pot emission samples. The objective of testing Quality Control  (QC) samples was the training for this procedure. QC is a dust with a known amount of certain PAHs and PCDD/Fs. The analysis results using the analysis protocol were compared to the mean and standard deviation for PAH and PCDD/F of the standard samples. The level of PAH or PCDD/F must then be between the +/- standard deviation from the mean. The same procedure was then applied to the clean-up and analysis of the sinter pot emission samples.
2. Extraction of Quality Control 5 (known as QC5)
The balance zero must be checked, and then 10gr of QC5 are mixed well with 20gr of quartz sand. Quartz sand prevents QC5 from forming solid pieces and increases the surface for the extracted QC5 sample, so it is important to make a good blend of the sand and QC5. The quartz sand and QC5 are transferred into the small ASE vessel and then each vessel is spiked by the internal standard. Vessels are placed in the ASE as well as the vials (glass bottles) to collect the sample. One rinse must be done before sample extraction. 
Accelerated Solvent Extractor (ASE) 
The purpose of the accelerated solvent extraction (150°C for 12 min, 2000 psi) using a Dionex ASE 200 is to extract various matrices of samples such as soils, sediments, ambient, ambient air and stationary source emissions at high temperatures and pressures to increase the efficiency of extraction. Solvent is passed through which interacts with the matrices and extracts the PCDD/Fs, PAHs, PCBs as well as many other organic compounds.
Method:
Turn on the accelerated solvent extraction and open the gas valves to ensure that there is a constant stream of nitrogen flowing through the system. Using the arrows keys, go to option 3 (method editor) and press enter, use the numerical keypad. Save this method as method 1, and then press enter to go back to the main screen and go to option 1 (load method), and press 1 and enter to load method. Check that there is enough solvent in the solvent bottle (50ml is needed for one cell to be extracted). Empty the waste and rinse cells if needed into a waste solvent bottle. Load extraction cells (vessels) in the top part and labelled collection vials into the bottom part, one vial for each vessel. First a rinse must be performed - press the rinse button (to clean up the system). Press start to begin the extraction. Once the extraction is complete the vials can be removed and the sample can be transferred carefully into the correct evaporative tube (Zymark), each vial should be rinsed with methanol and rinsed with 5x5ml toluene using a glass syringe. The samples in evaporative tubes should be concentrated down to 0.5 ml then rinsed with 5x5ml toluene.
Vessel preparation:
In each vessel should be placed a filter at the bottom to keep the sample in the vessel. Before and after adding the sample it is good to check that the vessel threads are clean (one piece of quartz sand can affect the working of the ASE). As well the ID number of vessels must be writtening down. When extraction is finished, vessels must be emptied, washed by acetone then filled with quartz sand and re-extracted and again emptied. It is important to remove all organic components which were in the previous sample. After extraction, samples are transported into a 200ml evaporative tube. Vials (bottles) are rinsed with toluene (the same solvent as is used in ASE) and methanol to be sure the entire sample goes into the evaporative tube. Samples placed in the evaporative tube are ready for volume reduction. During reduction, 3x5 ml of toluene rinsing is applied, because when solvent volume is reduced the sample can stick to the evaporative tube walls, rinsing should transport the entire sample to the bottom of the evaporative tube. 
In this way, the prepared samples are ready to be split into 10% for PAH analysis.
3. 10% PAH split
Equipment preparation (all equipment mentioned below must be pre-washed with toluene to remove all organics and inorganics compounds present):
•	6x 200ml evaporative tube (with the sample),
•	6x pasteur pipette,
•	10ml flask,
•	6x 50ml evaporative tube,
•	Beaker for toluene,
•	Glass syringe for toluene,
•	Graduated pipette.
Method:
Reduced samples (0.5ml) are transported from 200ml evaporative tube by Pasteur pipette into 10ml flasks. To be sure that all elements of the sample go into the flask, the evaporative tube is rinsed with toluene, ultrasonic agitated and then solvent is transport into the 10ml flask until it reaches 10ml. The flask is closed and shaken to ensure good mixing. The flask cover is taken off and washed with toluene (if any part of sample sticks to the cover it will be returned into the evaporative tube). 1ml is transferred by graduated pipette into the 50ml evaporative tube (it is 10% of the sample volume) and the 9ml are transferred back to the 200ml evaporative tube. The flask is rinsed with methanol and toluene like all equipment which has a contact with the sample, the solvents and sample are collected in the 200ml evaporative tube and the volume is reduced. During reduction of volume 90% sample rinsing isare appliedy to concentrate the sample on the bottom of the 200ml evaporative tube.
4. SVOC (Semi-Volatile Organic Compounds) (Alumina Oxide columns for PAH fraction) 
Column preparation:
•	place a piece of wool on the bottom of the column (to prevent alumina oxide running through the column),
•	4 g of alumina oxide is transferred into the column,
•	place in the oven at 200°C for 16 hours.
Equipment preparation (all equipment mentioned below must be pre-washed with hexane):
•	hexane beaker, 
•	Glass syringe for hexane, 
•	Glass syringe for DCM,
•	DCM beaker,
•	50ml evaporative tube for waste,
•	50ml evaporative tube for sample,
•	10ml, 25ml, 50ml measuring cylinders,
•	6x 50ml evaporative tube for waste,
•	6x 50ml evaporative tube for PAH,
•	6x Pasteur pipette.
Method:
SVOC columns are pre-eluted with two steps: 15ml DCM, and then 15ml hexane. After pre-elution the waste beakers are replaced by 50ml evaporative tube for waste, then the sample is placed using a Pasteur pipette into the column as close as it is possible to the solid absorbent, then two rinses of evaporative tube (which contained the sample) with hexane (2ml and 3ml) are placed into the column the same way as was the sample. The column is eluted with 25ml of hexane and 5ml of 20% DCM in hexane. To collect the PAH sample, 50ml evaporative tubes are changed and the column is eluted with 30ml DCM. PAHs fraction is concentrated and transported to the analysis vessel.  

5. Results and discussion of PAH analysis
Figure 5.1 presents the PAH results from QC samples. Results are between the borders of standard deviation -2SD and +2SD. If samples will be below or above the SD borders the operator need repeat the test and prepare new batch of samples for extraction and clean-up. If the samples are in range of SD it means that operator make a good extraction and clean-up the samples without loosing any of it during the clean-up process. This is very important for analysis samples like dioxins where concentration is very low.
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Figure 5.1. 	QC5 batch results compared together (all 5 QC tests from 1 to 5) and presented witch standart deviation (-2SD and +2SD) concentration in µg/kg.
For PAHs: phenanthrene, fluoranthene, benzo(a)anthracene, benzo(b) flouranthene, indeno(123-cd)pyrene and benzo(ghi)perylene the standard deviation is very large (close to 500 units deviation range). For the other 10 PAHs, deviation range is very low (-2SD and +2SD). Differences between each samples are quite small. Mostly they have the same range of concentration, however,  QC3 has  the lowest concentration in all the PAHs analysed and quantified. Samples named as QC1, QC2, QC4, QC5 have a similar range of the PAH concentrations.
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Figure 5.2. 	GC-MS 16 PAHs results for tests from QC1 to QC5 (a)-e) ) plus blank test f), concentration in µg/kg.
Figure 5.2 presented the results of GC-MS analysys for PAH. Samples QC 1 to QC 5 are very similar, the difference may be because composition in QC is not constant in all the mass or operator loose some during clean-up process. Blank test do not have any QC in, there is just internal standard and pure quartz sand.

Table 5.1. 	Concentration of the individual PAH presented in µg/kg.
	
	Concentration (µg /kg)

	
	QC1

	QC2

	QC3

	QC4

	QC5

	Blank


	naphthalene
	6.0
	4.4
	4.5
	4.1
	2.7
	0.1

	acenaphthylene
	1.5
	1.4
	1.5
	1.3
	1.3
	0.1

	acenaphthene
	1.8
	1.4
	1.5
	1.4
	1.4
	0.0

	fluorene
	5.4
	4.4
	3.9
	3.8
	4.9
	0.2

	phenanthrene
	325.5
	313.4
	265.0
	294.7
	344.7
	2.9

	anthracene
	25.8
	26.0
	22.2
	24.3
	27.9
	0.1

	fluoranthene
	544.7
	545.7
	463.4
	531.4
	553.8
	2.7

	pyrene
	220.6
	221.7
	187.9
	215.8
	225.2
	1.8

	benzo [a] anthracene
	346.8
	353.0
	294.4
	335.2
	346.8
	2.3

	chrysene + triphenylene
	844.7
	847.5
	595.6
	677.5
	695.9
	0.4

	benzo [b + j] fluoranthene
	1802.2
	1872.9
	1537.2
	1801.8
	1831.4
	0.9

	benzo [k] fluoranthene
	404.1
	450.7
	367.2
	427.4
	449.1
	0.3

	benzo [a] pyrene
	265.0
	265.0
	216.1
	255.4
	263.8
	2.4

	Indeno [1,2,3-cd] pyrene
	1154.7
	1175.1
	1024.9
	1115.8
	1184.4
	0.7

	dibenzo [a,h + a,c] anthracene
	448.1
	458.9
	382.8
	457.5
	492.0
	0.2

	benzo [g,h,i] perylene
	1155.9
	1523.5
	1327.3
	1450.6
	1475.4
	0.5



In Table 5.1 are compared QC results presented in the Figure 5.2, the results are very close which is a prove for good repeatability of clean-up process. 
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Table 5.2. 	PAHs standard (µg/kg)1 compared to the QC5 batch analysis results.
	
	PAH for QC (µg /kg)
	PAH Standard (µg /kg)1

	
	AVE2*
	STD2**
	(AVE2-AVE1) /STD1***
	AVE1
	STD1
	RSD
	-2STD1
	+2TSD1
	-3STD1
	+3STD1

	Naphthalene
	4.3
	1.2
	1.5
	20.2
	10.4
	51.6
	-0.6
	41.1
	-11.1
	51.6

	Acenaphthylene
	1.4
	0.1
	1.2
	2.8
	1.1
	39.7
	0.6
	5
	-0.5
	6.1

	Acenaphthene
	1.5
	0.2
	1.1
	3.5
	1.8
	51.6
	-0.1
	7.1
	-1.9
	8.9

	Fluorene
	4.5
	0.7
	0.9
	8.3
	3.8
	46.7
	0.5
	16.1
	-3.3
	19.9

	Phenanthrene
	308.7
	30.4
	0.1
	293.5
	121.2
	41.3
	51.2
	535.9
	-70
	657.1

	Anthracene
	25.2
	2.1
	0.5
	20.7
	8.8
	42.6
	3.1
	38.4
	-5.8
	47.3

	Fluoranthene
	527.8
	36.9
	0.4
	490.5
	102.5
	20.9
	285.4
	695.6
	182.9
	798.1

	Pyrene
	214.2
	15.1
	0.2
	204.6
	40.4
	19.8
	123.8
	285.5
	83.3
	325.9

	Chrysene
	335.2
	23.7
	1
	379.5
	42.9
	11.3
	293.6
	465.5
	250.6
	508.5

	Benz(a)anthracene
	732.2
	110.6
	0.9
	835.2
	118.3
	14.2
	598.6
	1071.8
	480.3
	1190.1

	Benzo(b)fluoranthene
	1769.1
	132.8
	0.9
	1621.3
	157
	9.7
	1307.3
	1935.3
	1150.3
	2092.3

	Benzo(k)fluoranthene
	419.7
	34.9
	0.7
	365.9
	72.9
	19.9
	219.9
	511.9
	146.9
	584.9

	Benzo(a)pyrene (BAP)
	253.1
	21.1
	0.9
	231.7
	24.9
	10.7
	181.9
	281.5
	157
	306.4

	Indeno(123-cd)pyrene
	1130.9
	64.9
	1.3
	986.7
	109.9
	11.2
	766.9
	1206.5
	656.9
	1316.4

	Dibenzo(ah)anthracene
	447.8
	39.9
	1.9
	370.9
	40.3
	10.9
	290.2
	451.6
	249.8
	491.9

	Benzo(ghi)perylene
	1386.5
	147.9
	0.4
	1318.4
	172.1
	13.1
	974.3
	1662.5
	802.2
	1834.6




1 – PAHs standard was received from Tata steel.
* - average for QC5 batch (5 samples QC 1 – QC 5)
**- Standard Deviation for QC5 batch
***- Absolute Value for QC5 batch
Table 5.2 presented the PAHs standard (µg/kg)1 compared to the QC5 batch analysis results. These results are match the Tata steel standards which is means that the clean-up process was done correctly and the PCDD/F can be proceed in HRGC-HRMS analyse. 
6. Preparations/ clean-up of the samples for the High Resolution Gas Chromatography – High Resolution Mass Spectroscopy (HRGC-HRMS) analysis.
6.1 Multi-layer silica column
Multi-layer silica columns are stored in the fridge and are ready to use.
Equipment preparation (all equipment mentioned below must be pre-washed with hexane, the same solvent will be using during liquid chromatography, and it is important to have pure laboratory glass):
•	6x beakers for sample collection,
•	6x 200ml evaporative tube (with samples),
•	6x multi-layer silica columns,
•	Glass syringe for hexane,
•	6x reservoirs,
•	6x stop cock,
•	6x 200ml evaporative tube,
•	6x bridge (to connect the reservoirs with multi-layer silica column),
•	100ml cylinder,
•	Hexane beaker,
•	6x Pasteur pipette.
Method:
The multi-layer silica columns must be pre-eluted by 100ml of hexane (pre-elution is for saturated space of solid phase to prevent samples diffusing into it) this fraction is collected in a waste beaker. Beakers are changed (waste beaker on PCDD/F sample beaker). Samples are transferred into the column as close to the adsorbent as possible. The evaporative tube, which contained the sample, is rinsed by 5x5ml hexane, ultrasonic agitated and transferred into the column (it is important to do this because some of the sample can stick to the evaporative tube walls). Finally, all equipment which has had contact with the sample must be washed with methanol and the walls of the evaporative tube are cleaned up with cotton buds, all (solvent and wool) is placed in to the top of chromatography column. At all times, the level of solvents should be as low as possible to prevent expansion of the sample to the top of the column. The next step is to place back the container for solvent and to add 100ml of hexane to elude the column (hexane is the moving phase and silica is fixed adsorption phase). The next step is to add 75ml of hexane with the same purpose as previously adding 100ml of hexane. Collected samples in beakers are transferred into the clean evaporative tube. Beakers are rinsed 3x5ml with hexane and solvent is placed in the evaporative tube to reduce the volume. During reduction of the volume, 3x5ml hexane is required to concentrate the sample on the bottom of the evaporative tube.    
6.2 Florisil clean-up 
Preparing the column:
•	place piece of wool on the bottom of the column (to prevent florisil running through the column), 
•	1g of florisil transferred by funnel into the column,
•	Activating the column: 
- pre-wash with 10 ml DCM,
- place in the oven at 130°C for 16 hours.
Equipment preparation (all equipment mentioned below must be pre-washed with hexane):
•	12x 50ml evaporative tube (6x PCB’s/ 6x PCDD/F’s),
•	6x small reservoirs + 2,
•	2x 10ml, 25ml, 50ml, 250ml measuring cylinders,
•	2% DCM in hexane beaker,
•	DCM beaker,
•	6x florisil columns + 2,
•	Pasteur pipette,
•	Glass syringe for DCM, 
•	Glass syringe for hexane.
Method:
Florisil columns are pre-eluted with 10ml DCM and when the solvent goes through the column, 10ml of 2% DCM in hexane is added (the purpose for pre-elution is to saturate the solid surface). Waste beakers are replaced by PCB evaporative tubes (50ml) to collect the PCB’s fraction. Samples are placed on the top of the column as close as possible to the solid phase. The evaporative tube, which contained the sample, is rinsed 5x5ml with hexane to condense the sample on the bottom of the evaporative tube and transfer it into the liquid chromatography column. To collect the PCB’s fraction, the columns are eluted with 20ml of 2% DCM in hexane. The evaporative tubes are changed to collect the second fraction, PCDD/F’s. Florisil columns are eluted by 40ml DCM and the fraction of PCDD/F’s is collected. Different solvents dissolve and elute each part of sample; this is a good method to collect the expected fraction of the sample.








7. Results and discussion of PCDD/F analysis
7.1 Batch of 5 QC samples – High resolution gas chromatography and mass spectrometry (HRGC-HRMS)
QC1
a
b
Figure 5.3. 	HRGC-HRMS 17 PCDD/Fs results for test QC1 (a) concentration ng/kg (b) % contribution to total I-TEQ.
Figure 5.3 presented the HRGC-HRMS 17 PCDD/Fs results for test QC1 (a) concentration ng/kg (b) % contribution to total I-TEQ and these results are presented in the Table 5.3.
Table 5.3. 	Concentration of the 17 PCDD/Fs in the sample QC1. Toxicity of targeted PCDD and PCDF.
	2,3,7,8-chlorine substituted compounds
	Concentration ng/kg
	I-TEQ ng/kg
	% contribution to total I-TEQ
	WHO-TEQ ng/kg

	2,3,7,8-TCDD
	2
	2
	1.4
	2

	1,2,3,7,8-PeCDD
	12
	5.9
	4
	11.8

	1,2,3,4,7,8-HxCDD
	13
	1.3
	0.9
	1.3

	1,2,3,6,7,8-HxCDD
	26
	2.6
	1.7
	2.6

	1,2,3,7,8,9-HxCDD
	19
	1.9
	1.3
	1.9

	1,2,3,4,6,7,8-HpCDD
	149
	1.5
	1
	1.5

	OCDD
	279
	0.3
	0.19
	0.03

	
	
	
	
	

	2,3,7,8-TCDF
	53
	5.3
	3.6
	5.3

	1,2,3,7,8-PeCDF
	65
	3.2
	2.2
	3.2

	2,3,4,7,8-PeCDF
	149
	74.4
	50.3
	74.4

	1,2,3,4,7,8-HxCDF
	120
	12
	8.1
	12

	1,2,3,6,7,8-HxCDF
	116
	11.6
	7.8
	11.6

	2,3,4,6,7,8-HxCDF
	167
	16.7
	11.3
	16.7

	1,2,3,7,8,9-HxCDF
	52
	5.2
	3.5
	5.2

	1,2,3,4,6,7,8-HpCDF
	350
	3.5
	2.4
	3.5

	1,2,3,4,7,8,9-HpCDF
	51
	0.5
	0.34
	0.5

	OCDF
	123
	0.1
	0.08
	0.01









QC2
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Figure 5.4. 	HRGC-HRMS 17 PCDD/Fs results for test QC2 (a) concentration ng/kg (b) % contribution to total I-TEQ.
Figure 5.4 presented HRGC-HRMS 17 PCDD/Fs results for test QC2 (a) concentration ng/kg (b) % contribution to total I-TEQ. In Table 5.4 are presented results show in Figure 5.4.



Table 5.4. 	Concentration of the 17 PCDD/Fs in the sample QC2. Toxicity of targeted PCDD and PCDF.
	2,3,7,8-chlorine substituted compounds
	Concentration ng/kg
	I-TEQ ng/kg
	% contribution to total I-TEQ
	WHO-TEQ ng/kg

	2,3,7,8-TCDD
	2
	2.3
	1.4
	2.3

	1,2,3,7,8-PeCDD
	14
	7.1
	4.5
	14.3

	1,2,3,4,7,8-HxCDD
	15
	1.5
	1
	1.5

	1,2,3,6,7,8-HxCDD
	28
	2.8
	1.8
	2.8

	1,2,3,7,8,9-HxCDD
	21
	2.1
	1.3
	2.1

	1,2,3,4,6,7,8-HpCDD
	158
	1.6
	1
	1.6

	OCDD
	291
	0.3
	0.18
	0.03

	
	
	
	
	

	2,3,7,8-TCDF
	59
	5.9
	3.7
	5.9

	1,2,3,7,8-PeCDF
	68
	3.4
	2.2
	3.4

	2,3,4,7,8-PeCDF
	158
	78.9
	50
	78.9

	1,2,3,4,7,8-HxCDF
	124
	12.4
	7.9
	12.4

	1,2,3,6,7,8-HxCDF
	118
	11.8
	7.5
	11.8

	2,3,4,6,7,8-HxCDF
	182
	18.2
	11.5
	18.2

	1,2,3,7,8,9-HxCDF
	53
	5.3
	3.4
	5.3

	1,2,3,4,6,7,8-HpCDF
	349
	3.5
	2.2
	3.5

	1,2,3,4,7,8,9-HpCDF
	55
	0.6
	0.35
	0.6

	OCDF
	134
	0.1
	0.08
	0.01









QC3
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Figure 5.5. 	HRGC-HRMS 17 PCDD/Fs results for test QC3 (a) concentration ng/kg (b) % contribution to total I-TEQ.
Figure 5.5 presented HRGC-HRMS 17 PCDD/Fs results for test QC3 (a) concentration ng/kg (b) % contribution to total I-TEQ and the results are show in the Table 5.5.



Table 5.5. 	Concentration of the 17 PCDD/Fs in the sample QC3. Toxicity of targeted PCDD and PCDF.
	2,3,7,8-chlorine substituted compounds
	Concentration ng/kg
	 I-TEQ ng/kg
	 % contribution to total I-TEQ
	WHO-TEQ ng/kg

	2,3,7,8-TCDD
	3
	3.1
	1.9
	3.1

	1,2,3,7,8-PeCDD
	13
	6.5
	4.1
	12.9

	1,2,3,4,7,8-HxCDD
	16
	1.6
	1
	1.6

	1,2,3,6,7,8-HxCDD
	26
	2.6
	1.7
	2.6

	1,2,3,7,8,9-HxCDD
	21
	2.1
	1.3
	2.1

	1,2,3,4,6,7,8-HpCDD
	158
	1.6
	1.01
	1.6

	OCDD
	283
	0.3
	0.18
	0.03

	
	
	
	
	

	2,3,7,8-TCDF
	62
	6.2
	3.9
	6.2

	1,2,3,7,8-PeCDF
	62
	3.1
	2
	3.1

	2,3,4,7,8-PeCDF
	153
	76.6
	48.9
	76.6

	1,2,3,4,7,8-HxCDF
	123
	12.3
	7.9
	12.3

	1,2,3,6,7,8-HxCDF
	124
	12.4
	7.9
	12.4

	2,3,4,6,7,8-HxCDF
	186
	18.6
	11.9
	18.6

	1,2,3,7,8,9-HxCDF
	56
	5.6
	3.6
	5.6

	1,2,3,4,6,7,8-HpCDF
	359
	3.6
	2.3
	3.6

	1,2,3,4,7,8,9-HpCDF
	57
	0.6
	0.36
	0.6

	OCDF
	133
	0.1
	0.08
	0.1









QC4
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Figure 5.6. 	HRGC-HRMS 17 PCDD/Fs results for test QC4 (a) concentration ng/kg (b) % contribution to total I-TEQ.
Figure 5.6 presented HRGC-HRMS 17 PCDD/Fs results for test QC4 (a) concentration ng/kg (b) % contribution to total I-TEQ and the results are show in the Table 5.6.



Table 5.6. 	Concentration of the 17 PCDD/Fs in the sample QC4. Toxicity of targeted PCDD and PCDF.
	2,3,7,8-chlorine substituted compounds
	Concentration ng/kg
	 I-TEQ ng/kg
	 % contribution to total I-TEQ
	WHO-TEQ ng/kg

	2,3,7,8-TCDD
	3
	3.1
	2
	3.1

	1,2,3,7,8-PeCDD
	15
	7.4
	4.8
	14.9

	1,2,3,4,7,8-HxCDD
	15
	1.5
	0.9
	1.5

	1,2,3,6,7,8-HxCDD
	27
	2.7
	1.7
	2.7

	1,2,3,7,8,9-HxCDD
	20
	2
	1.3
	2

	1,2,3,4,6,7,8-HpCDD
	159
	1.6
	1.02
	1.6

	OCDD
	292
	0.3
	0.19
	0.03

	
	
	
	
	

	2,3,7,8-TCDF
	61
	6.1
	3.9
	6.1

	1,2,3,7,8-PeCDF
	68
	3.4
	2.2
	3.4

	2,3,4,7,8-PeCDF
	150
	74.8
	47.8
	74.8

	1,2,3,4,7,8-HxCDF
	128
	12.8
	8.2
	12.8

	1,2,3,6,7,8-HxCDF
	124
	12.4
	7.9
	12.4

	2,3,4,6,7,8-HxCDF
	183
	18.3
	11.7
	18.3

	1,2,3,7,8,9-HxCDF
	57
	5.7
	3.6
	5.7

	1,2,3,4,6,7,8-HpCDF
	363
	3.6
	2.3
	3.6

	1,2,3,4,7,8,9-HpCDF
	56
	0.6
	0.36
	0.6

	OCDF
	135
	0.1
	0.09
	0.01









QC5
a
b
Figure 5.7. 	HRGC-HRMS 17 PCDD/Fs results for test QC5 (a) concentration ng/kg (b) % contribution to total I-TEQ.
Figure 5.7 presented the HRGC-HRMS 17 PCDD/Fs results for test QC1 (a) concentration ng/kg (b) % contribution to total I-TEQ and these results are presented in the Table 5.7.



Table 5.7. 	Concentration of the 17 PCDD/Fs in the sample QC5. Toxicity of targeted PCDD and PCDF.
	2,3,7,8-chlorine substituted compounds
	Concentration ng/kg
	 I-TEQ ng/kg
	 % contribution to total I-TEQ
	WHO-TEQ ng/kg

	2,3,7,8-TCDD
	3
	2.9
	2
	2.9

	1,2,3,7,8-PeCDD
	13
	6.5
	4.5
	13

	1,2,3,4,7,8-HxCDD
	15
	1.5
	1.1
	1.5

	1,2,3,6,7,8-HxCDD
	25
	2.5
	1.8
	2.5

	1,2,3,7,8,9-HxCDD
	18
	1.8
	1.3
	1.8

	1,2,3,4,6,7,8-HpCDD
	149
	1.5
	1.04
	1.5

	OCDD
	263
	0.3
	0.18
	0.03

	
	
	
	
	

	2,3,7,8-TCDF
	55
	5.5
	3.9
	5.5

	1,2,3,7,8-PeCDF
	65
	3.2
	2.3
	3.2

	2,3,4,7,8-PeCDF
	137
	68.7
	48
	68.7

	1,2,3,4,7,8-HxCDF
	115
	11.5
	8
	11.5

	1,2,3,6,7,8-HxCDF
	115
	11.5
	8
	11.5

	2,3,4,6,7,8-HxCDF
	167
	16.7
	11.7
	16.7

	1,2,3,7,8,9-HxCDF
	50
	5
	3.5
	5

	1,2,3,4,6,7,8-HpCDF
	342
	3.4
	2.4
	3.4

	1,2,3,4,7,8,9-HpCDF
	51
	0.5
	0.36
	0.5

	OCDF
	126
	0.1
	0.09
	0.1








7.2 QC 1-5 compare and average.
In Figure 5.8 are compare the results of HRGC-HRMS 17 PCDD/Fs. As was for PAH results, the PCDD/Fs results are also similar to each other with very low differences. It is a prove that operator have done the clean-up process well and do not lose sample during cleaning up the samples. 

Figure 5.8. 	HRGC-HRMS 17 PCDD/Fs results for tests QC1-QC5 concentration ng/kg.









Table 5.8. 	Concentration of the 17 PCDD/Fs in the sample QC1-QC5. Average concentration for 5 samples, and standard deviation for 5 QC samples.
	2,3,7,8-chlorine substituted compounds
	QC1 con ng/kg
	QC2 con ng/kg
	QC3 con ng/kg
	QC4 con ng/kg
	QC5 con ng/kg
	Average con ng/kg
	Standard deviation

	2,3,7,8-TCDD
	2
	2
	3
	3
	3
	2.6
	0.55

	1,2,3,7,8-PeCDD
	12
	14
	13
	15
	13
	13.4
	1.14

	1,2,3,4,7,8-HxCDD
	13
	15
	16
	15
	15
	14.8
	1.10

	1,2,3,6,7,8-HxCDD
	26
	28
	26
	27
	25
	26.4
	1.14

	1,2,3,7,8,9-HxCDD
	19
	21
	21
	20
	18
	19.8
	1.30

	1,2,3,4,6,7,8-HpCDD
	149
	158
	158
	159
	149
	154.6
	5.13

	OCDD
	279
	291
	283
	292
	263
	281.6
	11.74

	
	
	
	
	
	
	
	

	2,3,7,8-TCDF
	53
	59
	62
	61
	55
	58
	3.87

	1,2,3,7,8-PeCDF
	65
	68
	62
	68
	65
	65.6
	2.51

	2,3,4,7,8-PeCDF
	149
	158
	153
	150
	137
	149.4
	7.77

	1,2,3,4,7,8-HxCDF
	120
	124
	123
	128
	115
	122
	4.85

	1,2,3,6,7,8-HxCDF
	116
	118
	124
	124
	115
	119.4
	4.34

	2,3,4,6,7,8-HxCDF
	167
	182
	186
	183
	167
	177
	9.25

	1,2,3,7,8,9-HxCDF
	52
	53
	56
	57
	50
	53.6
	2.88

	1,2,3,4,6,7,8-HpCDF
	350
	349
	359
	363
	342
	352.6
	8.38

	1,2,3,4,7,8,9-HpCDF
	51
	55
	57
	56
	51
	54
	2.83

	OCDF
	123
	134
	133
	135
	126
	130.2
	5.36



Table 5.8 presented the full batch samples of QC with average and standard deviation of the results. The difference of individual isomers are very low and it is acceptable. If there will be too large differences the operator need repeat all clean-up process, because the repeatability of HRGC-HRMS analysis of full QC batch is very similar suggest that the clean-up process was made very precise and it can be apply into the next step of analysis, which is the emission samples from sinter pot.  
7.3 Total concentration

Figure 5.9. 	Total PCDD/Fs concentration ng/kg for tests QC1-QC5.
Figure 5.9 presented the total dioxin concentration received from QC samples analysis. Totals concentration of isomers with the same number of chlorine atoms is also presented in the Table 5.9 for better view of the results. 









Table 5.9. 	Total PCDD/Fs concentration ng/kg for tests QC1-QC5.
	Total dioxin concentration
	qc1 con ng/kg
	qc2 con ng/kg
	qc3 con ng/kg
	qc4 con ng/kg
	qc5 con ng/kg

	TeCDDs
	99
	100
	103
	102
	95

	PeCDDs
	198
	208
	204
	215
	198

	HxCDDs
	353
	381
	367
	377
	343

	HpCDDs
	316
	334
	334
	345
	319

	TeCDFs
	1366
	1456
	1476
	1466
	1376

	PeCDFs
	1256
	1320
	1331
	1329
	1235

	HxCDFs
	1021
	1048
	1072
	1083
	994

	HpCDFs
	530
	533
	551
	558
	521



7.4 Internal Standards and recovery

Figure 5.10. 	Recovery concentration for samples QC1-QC5 in internal standards limit.
Figure 5.10 presented the recovery concentration for samples QC1-QC5 in internal standards limit. For better view the results are show in Table 5.10. If the recovery concentration will be above the maximum or below the minimum it will means that during the process of clean-up operator may lose the sample. Because the results of recovery standard are between maximum and minimum it is mean that process of clean-up was done correctly.

Table 5.10. 	Standards limits and % recovery for samples QC1-QC5.
	Recoveries of 13C-labelled compounds - Method EN1948
	QC limits
	% Recovery

	Quantitation Internal Standards
	min
	max
	QC1
	QC2
	QC3
	QC4
	QC5

	13C-2,3,7,8-TCDD
	43
	95
	57
	57
	60
	53
	60

	13C-1,2,3,7,8-PeCDD
	54
	108
	60
	60
	62
	55
	63

	13C-1,2,3,4,7,8-HxCDD
	49
	101
	62
	60
	63
	54
	64

	13C-1,2,3,6,7,8-HxCDD
	47
	102
	62
	59
	64
	55
	66

	13C-1,2,3,4,6,7,8-HpCDD
	54
	104
	62
	58
	62
	53
	63

	13C-OCDD
	49
	103
	51
	49
	51
	45
	54

	13C-2,3,7,8-TCDF
	42
	99
	58
	57
	59
	53
	61

	13C-2,3,4,7,8-PeCDF
	52
	110
	61
	60
	63
	56
	66

	13C-1,2,3,4,7,8-HxCDF
	47
	99
	58
	57
	60
	52
	63

	13C-1,2,3,6,7,8-HxCDF
	44
	97
	60
	58
	63
	52
	63

	13C-2,3,4,6,7,8-HxCDF
	49
	101
	63
	62
	65
	56
	65

	13C-1,2,3,4,6,7,8-HpCDF
	49
	103
	59
	59
	61
	53
	62

	13C-OCDF
	49
	102
	54
	51
	54
	47
	55



Table 5.11. 	PCDD/Fs standard (ng/kg)1 compared to the QC5 batch analysis results.
	
	PCDD/F for QC (ng /kg)
	PCDD/F Standard (ng/kg)1

	
	AVE2*
	STD2**
	(AVE2-AVE1)
/STD1***
	AVE1
	STD1
	RSD
	-2STD1
	+2TSD1
	-3STD1
	+3STD1

	2,3,7,8-TCDD
	2.6
	0.55
	0.24
	2.40
	0.80
	33.33
	4.01
	0.80
	4.81
	0.00

	1,2,3,7,8-PeCDD
	13.4
	1.14
	0.14
	13.18
	1.65
	12.50
	16.47
	9.88
	18.12
	8.23

	1,2,3,4,7,8-HxCDD
	14.8
	1.10
	0.58
	13.57
	2.13
	15.67
	17.83
	9.32
	19.95
	7.19

	1,2,3,6,7,8-HxCDD
	26.4
	1.14
	1.19
	23.07
	2.80
	12.12
	28.66
	17.48
	31.46
	14.68

	1,2,3,7,8,9-HxCDD
	19.8
	1.30
	0.93
	17.7
	2.26
	12.78
	22.23
	13.18
	24.49
	10.92

	1,2,3,4,6,7,8-HpCDD
	154.6
	5.13
	0.94
	141.67
	13.75
	9.71
	169.17
	114.16
	182.93
	100.40

	OCDD
	281.6
	11.74
	1.34
	248.16
	25.0
	10.07
	298.15
	198.17
	323.14
	173.17

	2,3,7,8-TCDF
	58.0
	3.87
	1.58
	50.16
	4.96
	9.89
	60.08
	40.24
	65.04
	35.28

	1,2,3,7,8-PeCDF
	65.6
	2.51
	0.88
	59.67
	6.74
	11.30
	73.16
	46.19
	79.90
	39.45

	2,3,4,7,8-PeCDF
	149.4
	7.77
	0.55
	140.67
	15.91
	11.31
	172.49
	108.85
	188.39
	92.95

	1,2,3,4,7,8-HxCDF
	122.0
	4.85
	1.56
	104.46
	11.23
	10.75
	126.92
	82.0
	138.15
	70.78

	1,2,3,6,7,8-HxCDF
	119.4
	4.34
	1.34
	105.30
	10.54
	10.01
	126.38
	84.21
	136.92
	73.67

	2,3,4,6,7,8-HxCDF
	177.0
	9.25
	0.96
	162.20
	15.47
	9.54
	193.13
	131.26
	208.60
	115.79

	1,2,3,7,8,9-HxCDF
	53.6
	2.88
	0.25
	51.46
	8.66
	16.83
	68.78
	34.13
	77.44
	25.47

	1,2,3,4,6,7,8-HpCDF
	352.6
	8.38
	1.14
	318.64
	29.76
	9.34
	378.15
	259.12
	407.91
	229.37

	1,2,3,4,7,8,9-HpCDF
	54.0
	2.83
	0.95
	48.45
	5.84
	12.05
	60.12
	36.77
	65.96
	30.93

	OCDF
	130.2
	5.36
	1.26
	113.95
	12.93
	11.35
	139.81
	88.08
	152.74
	75.15



1 – PCDD/Fs standard received from Tata steel.
* - average PCDD/F for QC5 batch (5 samples QC 1 – QC 5) 
**- Standard Deviation for QC5 batch
***- Absolute Value for QC5 batch
Table 5.11 presented the PCDD/Fs standard (ng/kg)1 compared to the QC5 batch analysis results. The results are comparable to the standards of Tata steel and it is a good practise which will be apply into sinter pot emission analysis.
8. Summary
Liquid chromatography as a clean-up process of the samples and gas chromatography as an analysis method of the samples used in the quality control (QC) match the high precision standards required. The purpose of the clean-up is to remove non aromatic carbon structures and collect only the chosen fraction of the sample. The method presented in this chapter will be applied in the clean-up and analysis of the sinter pot emission samples. All steps of the clean-up and analysis process were established and designed by Tata Steel and it is in agreement with European standards of analysis for PCDD/Fs.












Chapter 6
Results of GC-MS analysis of pure fuels and sintering emission
1. Introduction
The PAH samples are analysed using an HP 6890 gas chromatograph coupled to a HP 5973 MSD operating in selective ion monitoring mode (SIM). 1µl of the sample injected into the GC column by the syringe under a pressure of 8.01 psi. Solvent was Hexane; dimension of GC: length 60 mm, i.d. 0.25 mm, film thickness 0.25 µm. The samples are separated in the GC column as the individual PAHs, based on the boiling point of each component present in the analysed sample. Individual components are ionised in the MS by electron impact and accelerated in the magnetic field where the ions were separated according to their mass-to-charge (m/z) ratios.  
To better understand the formation mechanism of PCDD/Fs during sintering of iron ore, a series of experiments were designed using different carbon structure types for the fuel (aromatic, aliphatic, and crystal, amorphic). The sintering operation and parameters chosen for sintering emission analysis are described in detail in previous chapters. In the literature (Wilhelm et al., 2001, Iino et al. 1999, Weber et al. 2001) is a suggestion that a carbon aromatic structure can increase the formation of PCDD/Fs during thermal processes with oxygen present. To investigate the influence of carbon aromatic structures on the formation of PCDD/Fs during sintering, 3 types of fuels were used. 
· Graphite (Gr) with 99.9% pure aromatic carbon of crystal structure, graphite used has a high surface area to volume ratio(Sigma Aldrich);
· Carbon Black (CBl) with 99.9% pure carbon content, amorphous structure mostly containing aromatic hydrocarbons, the carbon black used has a high surface area to volume ratio(Alfa Aesar); 
· Coke Breeze (CB), amorphous structure containing aromatic and aliphatic hydrocarbons contaminated by oxidised metals (Ooi et al, 2008). 
The sintering of the iron ore mix was carried out to better understand the catalyst influence of iron ore on the formation mechanism of PCDD/Fs from aromatics. For each type of the fuel, 1 batch of 5 samples was sintered and emission samples taken. All the sintering processes were carried out based on optimal parameters chosen after the series of the sinter pot pre-tests for each type of the fuel.
2. The sample preparation for GC-MS (gas chromatography – mass spectrometry) analysis.
In this chapter two types of samples are presented and compared: one comes from the sinter pot emission, the second is from extraction of pure fuels. Emission samples contain only 2% or 4% mass of the fuel and samples of the pure fuels contains 100% mass. To compare the samples from emission and pure fuels, results analysis of the pure fuels was recalculated. Results for pure fuels were divided by 50 and 25 for 2% mass and for 4% mass fuel added to the iron ore mix, respectively.
To analyse the samples coming from the sinter pot emission and pure fuels the procedure applied was: 
· Emission samples. At the end run of the sinter pot, all parts before the PUF holder could have some sample absorbed on the tube walls, so these were rinsed by acetone and collected in a jar. The PUF filter was placed in a second jar using pincers, and both filter holder and pincers were rinsed by acetone and collected. In the organic laboratory, filters were cut, by a sharp blade, and placed, using pincers, into the extraction tubes. Before extraction starts, each individual sample was spiked with 10 µl of extraction standard. Acetone contaminated by the sample was placed in the zymark, the liquid concentration equipment. The extracted sample was dissolved in toluene and transferred into the zymark to concentrate. The samples from the PUF filters and collected from acetone rinsing of the sinter pot parts were put together and concentrated again in the zymark. 
· Samples of the pure fuels, were made by preparing 5 samples for each type of the fuel. 1 gram per sample was weighed and mixed with pre-extracted sand (to increase extraction surface and avoided formation of pellets), and spiked with 10µl of the extraction standard. After extraction, samples dissolved in toluene were concentrated in the zymark.
The prepared samples, both from emission and pure fuels were cleaned up in the SVOC liquid chromatography columns (more details are in the previous chapter ‘QC training’). The PAHs fraction was concentrated and placed in a small vessel used in the gas chromatograph and mass spectrometry analysis.   

3. Emission GC-MS analysis results for each type of the fuel and discussion
Iino et al. (1999), and Wilhelm et al.(2001), have presented in publications that PAHs are very good precursors for the formation of polychlorinated dibenzo-para-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) in thermal processes. It is claimed that almost 70% of dioxins formed de novo pathway may be formed from larger precursors during thermal processes, because the temperature window for dioxins formation is very narrow so formation from small particles is less probable than very fast oxidative degradation of large aromatics. So in this work the PAHs were taken into consideration as potential precursors for the formation of dioxins during sintering of the iron ore mix. 
To understand the mechanism of formation polychlorinated dibenzo-para-dioxins (PCDD) and polychlorinated dibenzofurans (PCDF) from PAH as a precursors it was important to know the amount of certain PAHs emitted during sintering of the iron ore mix. The chemical structures are presented on the end of this Chapter.
3.1. Graphite (Gr)
The emission of the PAHs during sintering of the iron ore mix with 2% mass graphite as the fuel is shown in Figure1 and the data are presented in Table 6.1. The emission of PAHs for each sinter pot run are presented as Gr1, Gr2, Gr3, Gr4, Gr5 and have close repeatability. 
The phenanthrene and fluoranthene are at the highest level of emitted PAHs during sintering. Anthracene, pyrene, benzo [a] anthracene, chrysene and triphenylene, benzo[b+j] fluoranthene also shows significant amount of emitted PAHs. There are a few papers (Iino et al. 1999 and Wilhelm et al. 2001) where those PAHs are considered as an important precursors for PCDD/F formation.     

Figure 6.1. 	5 samples of PAHs emission during sintering of the iron ore mix.
In the emission samples of sintered graphite, phenanthrene and fluoranthene are read as the highest level of the 16 PAHs analysed. That high level of the phenanthrene and fluoranthene could suggest that these PAHs are favoured in formation from graphite in thermal processes. Also other PAHs like: anthracene, pyrene, benzo [a] anthracene, chrysene and triphenylene, benzo[b+j] fluoranthene, seem to be also at a high level of emission during thermal processes.  
Table 6.1. 	Emission data for 5 sintering emission samples, average emission for 5 samples and standard deviation for each PAH.
	
	Concentration (µg/kg)

	
	Gr1 
	Gr2 
	Gr3 
	Gr4 
	Gr5 
	AVE
	STD 

	naphthalene
	0.02
	0.01
	0.02
	0.02
	0.03
	0.0
	0.01

	acenaphthylene
	0.04
	0.08
	0.1
	0.14
	0.31
	0.1
	0.10

	acenaphthene
	0.02
	0.03
	0.23
	0.11
	0.05
	0.1
	0.09

	fluorene
	0.07
	0.11
	1.44
	0.67
	0.15
	0.5
	0.59

	phenanthrene
	80.13
	79.01
	99.39
	101.05
	89.86
	89.9
	10.35

	anthracene
	15.63
	16.73
	21.78
	21.48
	21.94
	19.5
	3.07

	fluoranthene
	84.67
	90.12
	93.13
	97.46
	85.78
	90.2
	5.28

	pyrene
	23.71
	24.21
	24.68
	27.48
	24.08
	24.8
	1.52

	benzo [a] anthracene
	21.23
	21.85
	20.02
	24.79
	21.85
	21.9
	1.76

	chrysene + triphenylene
	24.31
	25.72
	27.36
	24.02
	24.41
	25.2
	1.39

	benzo [b + j] fluoranthene
	21.58
	21.08
	23.23
	23.02
	22.11
	22.2
	0.92

	benzo [k] fluoranthene
	7.01
	8.25
	8.22
	8.79
	7.63
	8.0
	0.68

	benzo [a] pyrene
	12.6
	13.34
	13.88
	12.95
	13
	13.2
	0.48

	Indeno [1,2,3-cd] pyrene
	10.87
	9.51
	10.75
	10.09
	10.8
	10.4
	0.59

	dibenzo [a,h + a,c] anthracene
	2.6
	2.2
	3.35
	3.34
	2.25
	2.7
	0.57

	benzo [g,h,i] perylene
	8.4
	9.12
	10.79
	9.65
	9.77
	9.5
	0.88



3.2. Carbon Black (CBl)
Carbon black (CBl) is used for sintering as a fuel with addition of 2% by mass. Because it contains different carbon structure types, the emission in the thermal process is also different. There is very low emission of phenanthrene and of the others PAHs, only 5 of the 16 PAHs are emitted in larger amounts.  Flouranthene, pyrene, benzo [a] anthracene, chrysene + triphenylene, benzo[b+j] fluoranthene are the PAHs emitted in the highest amount. It may by that formation of the smallest PAHs from the larger ones depend on the structure of the large cluster of aromatics.  

Figure 6.2. 	5 samples of PAHs emission during sintering of the iron ore mix.
The emission of flouranthene, pyrene, benzo [a] anthracene, chrysene + triphenylene, benzo[b+j] fluoranthene may depend on the precursors present in the pure fuels. These PAHs may be formed from active particles formed during oxidative thermal processes or from larger clusters of aromatics degraded during sintering. Both types of the precursors are present in this type of fuel.



Table 6.2. 	Emission data for 5 sintering emission samples, average emission for 5 samples and standard deviation for each PAH.
	
	Concentration (µg/kg)

	
	CBl1 
	CBl2 
	CBl3 
	CBl4 
	CBl5 
	AVE 
	STD 

	naphthalene
	0.1
	0.1
	0
	0.1
	0
	0.06
	0.05

	acenaphthylene
	1.8
	0.1
	0.1
	0
	0
	0.4
	0.78

	acenaphthene
	0.2
	0.2
	0
	0.1
	0
	0.1
	0.10

	fluorene
	0.8
	0.1
	0.3
	0.1
	0.1
	0.28
	0.30

	phenanthrene
	2.4
	2.7
	2.5
	2.3
	2.6
	2.5
	0.16

	anthracene
	0.7
	0.8
	0.6
	0.5
	0.5
	0.62
	0.13

	fluoranthene
	23.8
	21.6
	22.7
	24.9
	19.9
	22.58
	1.94

	pyrene
	18.9
	17.2
	20.1
	19
	17.3
	18.5
	1.23

	benzo [a] anthracene
	12.5
	12.2
	12.6
	13.9
	17.8
	13.8
	2.33

	chrysene + triphenylene
	18.9
	18.7
	15.1
	17.5
	20.2
	18.08
	1.92

	benzo [b + j] fluoranthene
	21.1
	15.7
	15
	15.5
	20.5
	17.56
	2.98

	benzo [k] fluoranthene
	6.4
	6.1
	6.4
	6.4
	6.6
	6.38
	0.18

	benzo [a] pyrene
	8.5
	7.4
	8.4
	7.3
	9.8
	8.28
	1.01

	Indeno [1,2,3-cd] pyrene
	7.4
	7.2
	9
	6.7
	8.4
	7.74
	0.94

	dibenzo [a,h + a,c] anthracene
	2.2
	2.4
	2.1
	2.2
	2.5
	2.28
	0.16

	benzo [g,h,i] perylene
	7.4
	8
	8.2
	5.5
	8.1
	7.44
	1.13



3.3. Coke Breeze (CB)
The emission samples taken after sintering of iron ore with coke breeze as a fuel (4% mass addition) have only one PAH emitted in a high amount, which is phenanthrene. Others PAH emissions are very low.

Figure 6.3. 	5 samples of PAHs emission during sintering of the iron ore mix.
The high peak of the phenanthrene may suggest that the species present in the coke breeze are able to form phenanthrene, which may be a more stable molecule. Alternatively it could be that the phenanthrene is formed because in coke breeze there are present the precursors for this certain PAH. Most of the PAHs show very low level of emission. It may be that, this type of the fuel has great ability to decrease PAHs or the pure fuel may not contain any large aromatic clusters.








Table 6.3. 	Emission data for 5 sintering emission samples, average emission for 5 samples and standard deviation for each PAH.
	
	Concentration (µg/kg)

	
	CB1 
	CB2 
	CB3
	CB4 
	CB5 
	AVE 
	STD 

	naphthalene
	0
	0.1
	0
	0
	0
	0.02
	0.04

	acenaphthylene
	0.3
	3.8
	0.7
	0.2
	0.1
	1.02
	1.57

	acenaphthene
	0.1
	1
	0.1
	0.1
	0
	0.26
	0.42

	fluorene
	1.2
	8.2
	3.7
	2.2
	1
	3.26
	2.96

	phenanthrene
	20.7
	26.1
	30.7
	20
	27.3
	24.96
	4.54

	anthracene
	1.6
	5.4
	6.7
	3.2
	4.2
	4.22
	1.97

	fluoranthene
	3.6
	7.4
	5.9
	5.6
	7
	5.9
	1.49

	pyrene
	2.6
	5
	4.5
	3.8
	5.1
	4.2
	1.03

	benzo [a] anthracene
	0.8
	0.8
	0.5
	0.6
	0.9
	0.72
	0.16

	chrysene + triphenylene
	1.5
	1.2
	0.8
	0.9
	1.3
	1.14
	0.29

	benzo [b + j] fluoranthene
	0.8
	0.4
	0.4
	0.3
	0.6
	0.5
	0.20

	benzo [k] fluoranthene
	0.2
	0.1
	0.1
	0.1
	0.2
	0.14
	0.05

	benzo [a] pyrene
	0.3
	0.2
	0.2
	0.2
	0.4
	0.26
	0.09

	Indeno [1,2,3-cd] pyrene
	0.2
	0.1
	0.1
	0.1
	0.2
	0.14
	0.05

	dibenzo [a,h + a,c] anthracene
	0.1
	0.1
	0
	0
	0.1
	0.06
	0.05

	benzo [g,h,i] perylene
	0.3
	0.2
	0.2
	0.1
	0.3
	0.22
	0.08



4. Pure fuels GC-MS analysis results for each type of the fuel and discussion
The analysis of the pure fuels was taken to answer the question: how many of the 16 PAHs are present in the fuel before thermal processes. Knowing the answer for that question means that the presence of the 16 PAHs in the sinter pot emission is more easily understood. Also it was important to answer another question: are the 16 PAHs formed during thermal processes or released from the fuel which contains these 16 PAHs? If the 16 PAHs are formed, then knowing the mechanism of formation will be an important step for understanding the mechanism of PCDD/Fs formation. But the 16 PAHs may be present in the fuel; the next step would be to answer the question: are 16 PAHs formed or decreased during sintering and what is the formation pathway?    

4.1. Graphite (Gr)
In pure graphite are observed very low levels of the 16 PAHs. However, the structure of graphite is ordered crystal of large clusters of aromatic hydrocarbons rings. Results presented in Figure 6.4, show that in the pure graphite there is a low level of the 16 PAHs. It even may be that these 16 PAHs are just fragments created during extraction of the pure graphite.   

Figure 6.4. 	5 samples of PAHs present in pure graphite used as a fuel.
In Table 6.4 are compared all the results for each PAH of 16 analysed, including average for 5 analysed samples and standard deviation for these 5 samples.

Table 6.4. 	Emission data for 5 samples of PAHs present in pure graphite used as a fuel, average emission for 5 samples and standard deviation for each PAH.
	
	Fuel samples concentration (µg/kg)

	
	Gr1
	Gr2
	Gr3
	Gr4
	Gr5
	AVE
	STD

	naphthalene
	0.01
	0.04
	0.01
	0.01
	0.02
	0.02
	0.01

	acenaphthylene
	0.01
	0.07
	0.07
	0.04
	0.03
	0.04
	0.03

	acenaphthene
	0.08
	0.20
	0.09
	0.05
	0.05
	0.09
	0.06

	fluorene
	0.03
	0.16
	0.26
	0.15
	0.07
	0.13
	0.09

	phenanthrene
	1.00
	1.01
	1.26
	1.08
	1.46
	1.16
	0.20

	anthracene
	0.08
	0.09
	0.09
	0.08
	0.12
	0.09
	0.02

	fluoranthene
	0.41
	0.36
	0.42
	0.29
	0.42
	0.38
	0.05

	pyrene
	0.33
	0.29
	0.34
	0.25
	0.34
	0.31
	0.04

	benzo [a] anthracene
	0.27
	0.21
	0.35
	0.25
	0.22
	0.26
	0.05

	chrysene + triphenylene
	0.41
	0.31
	0.25
	0.19
	0.32
	0.30
	0.08

	benzo [b + j] fluoranthene
	0.19
	0.13
	0.22
	0.15
	0.13
	0.17
	0.04

	benzo [k] fluoranthene
	0.08
	0.05
	0.09
	0.06
	0.05
	0.07
	0.02

	benzo [a] pyrene
	0.02
	0.02
	0.04
	0.02
	0.02
	0.02
	0.01

	Indeno [1,2,3-cd] pyrene
	0.04
	0.02
	0.03
	0.02
	0.02
	0.02
	0.01

	dibenzo [a,h + a,c] anthracene
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.00

	benzo [g,h,i] perylene
	0.03
	0.02
	0.02
	0.02
	0.02
	0.02
	0.01



4.2. Carbon Black (CBl)
Pure carbon black contains very low levels of 16 PAHs. Pure carbon black contains aromatic clusters of amorphic structure and similar to graphite may realise only some PAHs during extraction. Also during the production process of the carbon black final product is highly purify (99.9% of hydrocarbon), which is guarantee by the supplier Alfa Aesar. 
The results of carbon black GC-MS analysis are presented in Figure 6.5, 13 PAHs are below 0.1 µg in 1 kg of the sample, which is proof of the very low presence of 16 PAHs in pure carbon black.

Figure 6.5. 	5 samples of PAHs present in pure carbon black used as a fuel.
In the Table 6.5, 16 PAHs compared and the average and standard deviation is calculated.








Table 6.5. 	Emission data for 5 samples of PAHs present in pure carbon black used as a fuel, average emission for 5 samples and standard deviation for each PAH.
	
	Fuel samples concentration (µg/kg)

	
	CBl1
	CBl2
	CBl3
	CBl4
	CBl5
	AVE
	STD

	naphthalene
	0.02
	0.01
	0.03
	0.01
	0.01
	0.01
	0.01

	acenaphthylene
	0.01
	0.00
	0.01
	0.00
	0.00
	0.01
	0.00

	acenaphthene
	0.03
	0.02
	0.01
	0.00
	0.01
	0.02
	0.01

	fluorene
	0.12
	0.07
	0.07
	0.01
	0.02
	0.06
	0.04

	phenanthrene
	0.42
	0.38
	0.45
	0.26
	0.41
	0.38
	0.07

	anthracene
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.00

	fluoranthene
	0.31
	0.29
	0.28
	0.21
	0.27
	0.27
	0.04

	pyrene
	0.23
	0.22
	0.20
	0.15
	0.21
	0.20
	0.03

	benzo [a] anthracene
	0.09
	0.06
	0.05
	0.05
	0.06
	0.06
	0.01

	chrysene + triphenylene
	0.07
	0.09
	0.08
	0.06
	0.05
	0.07
	0.01

	benzo [b + j] fluoranthene
	0.04
	0.04
	0.05
	0.02
	0.02
	0.03
	0.01

	benzo [k] fluoranthene
	0.02
	0.01
	0.01
	0.01
	0.01
	0.01
	0.00

	benzo [a] pyrene
	0.02
	0.02
	0.03
	0.03
	0.03
	0.03
	0.00

	Indeno [1,2,3-cd] pyrene
	0.02
	0.02
	0.02
	0.02
	0.01
	0.02
	0.00

	dibenzo[a,h+a,c]anthracene
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	benzo [g,h,i] perylene
	0.02
	0.02
	0.02
	0.01
	0.01
	0.02
	0.01



4.3. Coke Breeze (CB)
In pure samples of coke breeze compared to other fuels a high level of the 16 PAHs were found. Coke breeze is made during the pyrolysis of coal and, in this process it is possible to condense aromatic rings into one large cluster. Stein (1991) confirms the tendency of carbon to form aromatic rings in thermal processes without oxygen present and of their continued growth to larger aromatic clusters. During pyrolysis of coal to produce coke breeze, aromatic cluster are formed, but after water quenching from the environment large amounts of hydrogen and oxygen are added. Under still very high temperature, oxidised aromatics clusters may be destroy and form aromatics hydrocarbons. It is well explain by Weber et al (2001) and Lerf et al (1998) basic on oxidative degradation of the soot contained aromatic cluster. It could be a reason for the high level of 16 PAHs present in the coke breeze.
In Figure 6.6 are presented the results for the 16 PAHs.

Figure 6.6. 	5 samples of PAHs present in pure coke breeze used as a fuel.
In Table 6.6 shows the results including the average and standard deviation.








Table 6.6. 	Emission data for 5 samples of PAHs present in pure coke breeze used as a fuel, average emission for 5 samples and standard deviation for each PAH.
	
	Fuel samples concentration (µg/kg)

	
	CB1
	CB2
	CB3
	CB4
	CB5
	AVE
	STD

	naphthalene
	0.13
	0.13
	0.12
	0.14
	0.12
	0.13
	0.01

	acenaphthylene
	0.26
	0.24
	0.28
	0.25
	0.26
	0.26
	0.01

	acenaphthene
	0.48
	0.40
	0.47
	0.49
	0.48
	0.47
	0.04

	fluorene
	1.50
	1.30
	1.36
	1.30
	1.35
	1.36
	0.08

	phenanthrene
	12.57
	12.65
	12.44
	12.62
	12.76
	12.61
	0.12

	anthracene
	0.96
	0.93
	0.98
	0.90
	0.87
	0.93
	0.04

	fluoranthene
	6.14
	5.74
	5.35
	6.15
	6.18
	5.91
	0.36

	pyrene
	4.92
	4.88
	4.96
	4.76
	4.86
	4.88
	0.07

	benzo [a] anthracene
	4.04
	4.05
	4.36
	3.98
	4.09
	4.11
	0.15

	chrysene + triphenylene
	7.90
	7.88
	7.68
	7.94
	7.87
	7.85
	0.10

	benzo [b + j] fluoranthene
	5.56
	5.48
	5.30
	5.53
	5.49
	5.47
	0.10

	benzo [k] fluoranthene
	1.46
	1.34
	1.49
	1.45
	1.43
	1.43
	0.06

	benzo [a] pyrene
	2.90
	3.06
	3.10
	2.86
	2.92
	2.97
	0.11

	Indeno [1,2,3-cd] pyrene
	1.84
	1.92
	1.79
	1.87
	1.84
	1.85
	0.05

	dibenzo[a,h+a,c]anthracene
	0.95
	0.91
	0.96
	0.92
	0.91
	0.93
	0.02

	benzo [g,h,i] perylene
	2.54
	2.51
	2.62
	2.54
	2.61
	2.56
	0.05



5. Comparison of the average PAH results of the sinter pot emission and pure fuels in the same group of fuel type.
In this section, compare the results of GC-MS for pure fuels and the emission of the sinter pot. This comparison is important in order to compare the possible contribution of each source during sintering. To have a clear view the average results used for comparison. 

5.1. Graphite (Gr)

Figure 6.7. 	Average pure graphite and average emission from graphite used as a fuel.
As it can be seen in Figure 6.7, there is a very large difference between pure graphite (red) and emission of the sinter pot (blue). That large difference indicates that during the sintering process the 16 PAHs are formed, and the precursor is the large cluster of aromatics. Flouranthene and phenanthrene have the highest level of all 16 PAHs, and a 90 times higher level compared to the pure fuel. The large difference between pure fuel and emission during thermal process may be because of the large aromatic clusters present in the pure fuel which, are degraded during the oxidative and thermal reaction. That statement can be confirmed by the behaviour of large aromatic hydrocarbons during combustion (Stein 1991) and the structure of graphite.





Table 6.7. 	Average of the 16 PAHs for pure graphite and emission during sintering.
	
	AVE Gr emission (µg/kg)
	AVE Gr fuel (µg/kg)

	naphthalene
	0.02
	0.02

	acenaphthylene
	0.13
	0.04

	acenaphthene
	0.09
	0.09

	fluorene
	0.49
	0.13

	phenanthrene
	89.89
	1.16

	anthracene
	19.51
	0.09

	fluoranthene
	90.23
	0.38

	pyrene
	24.83
	0.31

	benzo [a] anthracene
	21.95
	0.26

	chrysene + triphenylene
	25.16
	0.30

	benzo [b + j] fluoranthene
	22.20
	0.17

	benzo [k] fluoranthene
	7.98
	0.07

	benzo [a] pyrene
	13.15
	0.02

	Indeno [1,2,3-cd] pyrene
	10.40
	0.02

	dibenzo [a,h + a,c] anthracene
	2.75
	0.01

	benzo [g,h,i] perylene
	9.55
	0.02











5.2. Carbon Black (CBl)

Figure 6.8. 	Average pure carbon black and average emission from carbon black used as a fuel.
The average of the pure carbon black compared to the average of the emission during sintering iron ore with carbon black used as a fuel is shown in Figure 6.8. There is a large difference between pure fuel and emission of the sinter pot. That difference indicates the formation of PAHs from particles present in the pure fuel. This formation may be catalysed by iron present in the iron ore. Lomnicki et al (2002) has explained in details heterogeneous catalysis role of oxide metals (CuO and FeO). He has proposed two main reaction mechanisms, namely Langmuir-Hinshelwood and Eley-Rideal. In the Langmuir-Hinshelwood mechanism, the two reacting species are chemisorbed on the catalyst surface before the reaction takes place, whereas in the Eley-Rideal one species react directly from the gas phase with the chemisorbed species.
During thermal processes with oxygen present, aliphatic hydrocarbons can form aromatic rings, and large aromatic rings can be reduced and form smaller aromatic molecules (Iino et al. 1999). Table 6.8 compares the average data for pure carbon black and the emission from the sinter pot.


Table 6.8. 	Average of the 16 PAHs for pure carbon black and emission during sintering.
	
	AVE CBl emission (µg /kg)
	AVE CBl fuel
(µg /kg)

	naphthalene
	0.06
	0.01

	acenaphthylene
	0.4
	0.01

	acenaphthene
	0.1
	0.02

	fluorene
	0.28
	0.06

	phenanthrene
	2.5
	0.38

	anthracene
	0.62
	0.02

	fluoranthene
	22.58
	0.27

	pyrene
	18.5
	0.20

	benzo [a] anthracene
	13.8
	0.06

	chrysene + triphenylene
	18.08
	0.11

	benzo [b + j] fluoranthene
	17.56
	0.03

	benzo [k] fluoranthene
	6.38
	0.01

	benzo [a] pyrene
	8.28
	0.03

	Indeno [1,2,3-cd] pyrene
	7.74
	0.02

	dibenzo[a,h + a,c]anthracene
	2.28
	0.00

	benzo [g,h,i] perylene
	7.44
	0.02



5.3. Coke Breeze (CB)
In Figure 6.9 is shown a comparison of the average results of the GC-MS analysis for pure coke breeze (red) and emission (blue) of the sinter pot where coke breeze was used as a fuel. As can be seen there are some PAHs with a higher amount in the pure fuel than is present in the emission. The flourene, acenaphthylene, phenanthrene and anthracene amount is higher in emission samples, whilst the other PAHs are reduced during the sintering process. 

Figure 6.9. 	Average pure coke breeze and average emission from coke breeze used as a fuel.
Table 6.9 compares the average of pure coke breeze and the emission from the sinter pot.












Table 6.9. 	Average of the 16 PAHs for pure coke breeze and emission during sintering.
	
	AVE CB emission
(µg / kg)
	AVE CB fuel
(µg / kg)

	naphthalene
	0.02
	0.13

	acenaphthylene
	1.02
	0.26

	acenaphthene
	0.26
	0.47

	fluorene
	3.26
	1.36

	phenanthrene
	24.96
	12.61

	anthracene
	4.22
	0.93

	fluoranthene
	5.9
	5.91

	pyrene
	4.2
	4.88

	benzo [a] anthracene
	0.72
	4.11

	chrysene + triphenylene
	1.14
	7.85

	benzo [b + j] fluoranthene
	0.5
	5.47

	benzo [k] fluoranthene
	0.14
	1.43

	benzo [a] pyrene
	0.26
	2.97

	Indeno [1,2,3-cd] pyrene
	0.14
	1.85

	dibenzo[a,h+a,c]anthracene
	0.06
	0.93

	benzo [g,h,i] perylene
	0.22
	2.56









6. Comparing average results of the different fuels type for emission and pure fuels and discussion.
6.1. Emission average

Figure 6.10. 	Average emission of the sinter pot for 3 types of the fuels: graphite (Gr), carbon black (CBl), coke breeze (CB).
In the Figure 6.10 are presented average emission of the sinter pot for the 3 types of fuel and the numerical values are shown in Table 6.10. As can be seen, the graphite and carbon black may be a good source for the 16 PAHs formation. It could be explained by the oxidative reduction of larger aromatic presents in these types of fuel (graphite and carbon black). That statement can be confirmed by the behaviour of large aromatic hydrocarbons during combustion (Stein 1991) 






Table 6.10. 	Average emission of the sinter pot for 3 types of the fuels: graphite (Gr), carbon black (CBl), coke breeze (CB).
	
	AVE Gr (µg / kg)
	AVE CBl
(µg / kg)
	AVE CB
(µg / kg)

	naphthalene
	0.02
	0.06
	0.02

	acenaphthylene
	0.13
	0.4
	1.02

	acenaphthene
	0.09
	0.1
	0.26

	fluorene
	0.49
	0.28
	3.26

	phenanthrene
	89.89
	2.5
	24.96

	anthracene
	19.51
	0.62
	4.22

	fluoranthene
	90.23
	22.58
	5.9

	pyrene
	24.83
	18.5
	4.2

	benzo [a] anthracene
	21.95
	13.8
	0.72

	chrysene + triphenylene
	25.16
	18.08
	1.14

	benzo [b + j] fluoranthene
	22.20
	17.56
	0.5

	benzo [k] fluoranthene
	7.98
	6.38
	0.14

	benzo [a] pyrene
	13.15
	8.28
	0.26

	Indeno [1,2,3-cd] pyrene
	10.40
	7.74
	0.14

	dibenzo [a,h + a,c] anthracene
	2.75
	2.28
	0.06

	benzo [g,h,i] perylene
	9.55
	7.44
	0.22



The highest emission of the 16 PAHs is observed for sintering iron ore with graphite used as a fuel, and secondly a high emission is also observed for carbon black. The lowest emission of the 16 PAHs observed for coke breeze. 



6.2. Pure fuels average.

Figure 6.11. 	Average for 3 types of the pure fuels: graphite (Gr), carbon black (CBl), coke breeze (CB).
The highest values among the 16 PAHs observed are for coke breeze, whereas pure graphite and carbon black contain very low levels of the 16 PAHs, as indicated in Table 6.11. The presence of 16 PAHs in coke breeze may be because these PAHs are formed during coal pyrolysis. Others fuels (graphite and carbon black) are prepared in the laboratory and are highly purified. Coke breeze is produced on an industrial scale and many tonnes of material are quenched by cold water, which provides a good source of oxygen as well as that available from the air. The presence of oxygen while the coke is at high temperature may encourage the formation of PAHs as detailed in the paper of Stein (1991). It suggests that 16 PAHs may be formed during the quenching of coke breeze.




Table 6.11. 	Average for 3 types of the pure fuels: graphite (Gr), carbon black (CBl), coke breeze (CB).
	
	AVE Gr fuel
(µg / kg)
	AVE CBl fuel
(µg / kg)
	AVE CB fuel
(µg / kg)

	naphthalene
	0.02
	0.01
	0.13

	acenaphthylene
	0.04
	0.01
	0.26

	acenaphthene
	0.09
	0.02
	0.47

	fluorene
	0.13
	0.06
	1.36

	phenanthrene
	1.16
	0.38
	12.61

	anthracene
	0.09
	0.02
	0.93

	fluoranthene
	0.38
	0.27
	5.91

	pyrene
	0.31
	0.20
	4.88

	benzo [a] anthracene
	0.26
	0.06
	4.11

	chrysene + triphenylene
	0.30
	0.07
	7.85

	benzo [b + j] fluoranthene
	0.17
	0.03
	5.47

	benzo [k] fluoranthene
	0.07
	0.01
	1.43

	benzo [a] pyrene
	0.02
	0.03
	2.97

	Indeno [1,2,3-cd] pyrene
	0.02
	0.02
	1.85

	dibenzo [a,h + a,c] anthracene
	0.01
	0.00
	0.93

	benzo [g,h,i] perylene
	0.02
	0.02
	2.56











7. Full Scan and discussion.
To have more information about the mechanism of PCDD/Fs formation during the sintering process, the emission samples were analysed in GC-MS in full scan mode. The purpose of full scan was to identify species which may be involved in the proposed mechanism of formation pathway presented in the Chapter 8.
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)Figure 6.12. 	Full scan of Graphite emission sample.
In Figure 6.12 are presented full scan of Graphite emission sample. This is a typical image of Graphite emission samples.
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In Figure 6.13 are presented full scan of Carbon Black emission sample. This is a typical image of Carbon Black emission samples.
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In Figure 6.14 are presented full scan of Coke Breeze emission sample. This is a typical image of Coke Breeze emission samples.
To be sure that the search of compounds is correct, the boiling point of each internal standard was searched at www.chemspider.com and compared with MS “finger print” at http://webbook.nist.gov/chemistry. Than compounds, which are semi-product of formation pathway from phenanthrene to the dibenzofuran was searching in the same way. Because retention time depends on increasing heat speed (depending on the purpose of use a GC user can set the required heat increase for analysed samples), and GC type (dimension of a GC column), retention time for searching compounds need to be calculate basic on the parameters of the GC. Retention time for the same molecule can be different for different GC type, but giving the details of temperature increase speed per minute and a GC column dimension give a comparable result with any GC. The GC column dimension: length 60 mm, i.d. 0.25 mm, film thickness 0.25 µm, after the temperature match 50 C° the heat increase at 5 C° per minute. To calculate the retention time for searched compounds two calculations were used:
To recalculate the boiling temperature at 760mmHg to pressure in GC (inlet pressure in GC is 8.01 psi, where 1 psi = 51.7151mmHg, so 8.01 psi=414.24 mmHg) was used Clausius-Clapeyron equation:

where, TB is boiling temperature at PB, PB is pressure in GC column (414.24 mmHg), T0 is boiling temperature at atmospheric pressure 760 mmHg or 101,325 hPa, ΔHvap is enthalpy of vaporisation, and R is gas constant (8.3145 J/mol K).
Under constant chromatographic conditions, the retention time of a compound is reproducible. Base on the boiling point of the compound which elutes at a certain retention time and comparing with the observed retention time of an internal standard sample with previously recorded retention times the unknown retention time can be found.

where, tRa is retention time of searched compound, Ta is boiling point in K at 414.24 mmHg, tRi is retention time for internal standard, and Ti is boiling point in K at 414.24 mmHg of internal standard.  
In the Table 6.12 results of calculation the enthalpy of vaporisation are presented, the boiling points at pressure 760 mmHg (T0) and 414.24 mmHg (TB), the retention time (RT) for compounds passing throughout the GC column.
Table 6.12. 	Enthalpy of vaporisation, boiling point at 760mmHg and 414.24 mmHg, retention time for searching compounds.
	
	ΔHvap (J/Mol)
	T0 (K)
	TB (K)
	RT (minutes)

	Dibenzofuran
	50504
	560.15
	530.44
	28,45

	Phenanthrene
	55760
	610.5
	578.52
	27.72

	Dibenzo[c,e]oxepin-5(7H)-one
	67867
	697.36
	662.96
	33.49

	9,10-Phenanthrenedione
	60566
	633.15
	601.4
	29.67

	6H-benzo[c]chromen-6-one
	59973
	627.82
	596.3
	29.43

	2-Biphenylcarboxylate
	61989
	616.64
	587.15
	27.85



Following of the RT of each searching compounds on the full scans (Figure 6.12 to 6.14) mass spectrums was open for each compound. Full scan was carrying continuously, a sample was warm up in a constant speed (5°C/min), and it can be that on the same RT in mass spectrum will be more than one compound. If the amount of single compound is very low in the sample, that be very difficult to find all fragments mentioned compound on mass spectrum. Compounds with similar enthalpy of vaporisation and/or boiling point will be found on the same mass spectrum, because they pass through the GC column with the same speed. Off course as better equipment is, the results are more accurate. To identify searched compounds was used the mass spectrum ‘finger print’ of each compound. These mass spectra are available at internationals data bases like http://webbook.nist.gov/chemistry. If on analysed mass spectrum are find the characteristic mass fragments belongs to searching molecule, there is high probability that molecule is in the analysed sample. It is also probably that on the mass spectrum is few molecules and them fragments are characteristic for other molecule but not present in the sample. Other words, if in the sample are molecules A B C fragmentises no characteristic fragments for each molecule, they may be some of this fragments characteristic to molecule D which is not present in the sample. If all molecules A B C D have similar enthalpy of vaporisation and boiling point, then the risk of error is very high.  
Figure from 6.15 to 6.20 are presented the mass spectrum of the compounds, which are semi-products of the formation pathway from Phenanthrene as a precursor to Dibenzofuran as a product. The characteristic mass for each molecule are pointed by arrows.
[image: ]
Figure 6.15. 	Mass spectrum of Dibenzofuran, characteristic mass fragments: 83, 139, 167 m/z. (http://webbook.nist.gov/chemistry)
[image: ]
Figure 6.16. 	Mass spectrum of Phenanthrene characteristic mass fragments: 76, 89, 152, 178 m/z. (http://webbook.nist.gov/chemistry)
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Figure 6.17. 	Mass spectrum of Dibenzo[c,e]oxepin-5(7H)-one, characteristic mass fragments: 194, 210 m/z. (http://webbook.nist.gov/chemistry)
[image: ]
Figure 6.18. 	Mass spectrum of 9,10-Phenanthrenedione characteristic mass fragments: 76, 152, 180, 208 m/z. (http://webbook.nist.gov/chemistry)
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Figure 6.19. 	Mass spectrum of 6H-benzo[c]chromen-6-one characteristic mass fragments: 165, 192 m/z. (http://webbook.nist.gov/chemistry)
[image: ]
Figure 6.20. 	Mass spectrum of 2-Biphenylcarboxylate characteristic mass fragments: 149, 194 m/z. (http://webbook.nist.gov/chemistry)
Presented mass spectrums on Figure from 6.15 to 6.20 are 6 of 13 molecules which was searched in the full scan mode, and only this 6 PAH probably are in the sample. It may be that others molecules ‘steps’ of formation pathway are less stable or proposed in Chapter 9 formation pathway is not fully correct. Anyway, presence in the emission samples of the: Dibenzofuran, Phenanthrene, Dibenzo[c,e]oxepin-5(7H)-one, 9,10-Phenanthrenedione, 6H-benzo[c]chromen-6-one, 2-Biphenylcarboxylate is a solid base for density functional theory calculation.

8. Conclusion
High level of PAHs in emission samples of Graphite and Carbon Black can be results of oxidative degradation of large aromatic cluster (Lerf et al. 1998). If it so, the aromatic cluster structure may affect the formation of PAHs type. Coke Breeze contaminate low amount of aromatic in pure fuel, and in emission samples PAHs are reduced. That can be explaining by degradation properties of aromatic in thermal process with presence of oxygen. 
Greatest formation of PAHs observed in Graphite samples, which is with agreement with literature (Lerf et al. 1998, Stein 1991), where is proving that larger aromatics clusters are oxidative degraded in high temperature and produce more stable small aromatics, for example: Coronene degraded to Phenanthrene.     
Oxidation of the Phenanthrene to Dibenzofuran may be an important formation pathway of PCDF during sintering. It is very probably that in the emission samples are present very large population of oxidised PAH which leads to the others formation pathway. Detailed investigation of full scan may give more information about presence of oxidised PAH playing important role in formation pathways of PCDF and PCDD. Obviously, proposed formation pathway in Chapter 9 (from phenanthrene to dibenzofuran) is one of many possible formation pathways. It may be that formation of PCDF and PCDD favourite some characteristic composition/structure of aromatic rings. 
In Table 6.13 are presented the 16 PAH molecular weight, formula and structure.











Table 6.13 .	 Molecular weight, formula and structure of the 16 PAHs.
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Chapter 7
HRGC-HRMS results for emission and pure fuels.
1. Introduction
In this chapter, the HRGC-HRMS results are presented of the sinter pot emission for 3 different fuels: Graphite, Carbon Black and Coke Breeze. For analysis two samples were chosen per fuel type. Results of PCDD/Fs are also compared to the PAHs emission results.    
2. Method and equipment
Method of preparing samples to the analysis presented in Chapter 5. The HRGC-HRMS used was an Agilet Plus 6890 series equipped with an autosampler and a VG Autospec Ultima MS system, presented in Figure 7.1. Analysis of HRGC-HRMS was completed by Tata Steel personnel.
[image: C:\Users\Bayushi Manji\Pictures\poster\168.JPG]
Figure 7.1	Agilet Plus 6890 series equipped with an autosampler and a VG Autospec Ultima MS system.


3. Results and Discussion
To analyse two representative samples from each fuel type the choice was based on results closest to the average of measured PAH presented in the previous chapter. The reason for analysing just two samples per fuel type was because Tata steel didn’t agree to analyse full batch of samples. 
3.1 Concentration of 17 toxic congeners of PCDD/Fs
Because 17 congeners are considered as being toxic, Tata steel has no interest in looking at all 210 isomers of PCDD/Fs. There is a total concentration for the tetra- to hepta-isomers group. Conclusions and observation of formation of the PCDD/Fs isomers can therefore be based on the 17 targeted PCDD/Fs and mostly on totals of concentration of tetra- to hepta- CDD/Fs.

Figure 7.2. 	17 congeners of PCDD/F in Coke breeze emission sample.
In Figure 7.2. are presented the 17 toxic congeners of PCDD/Fs emitted during sintering of iron ore with coke breeze addition as a fuel. The concentration of PCDD is not high, but this is in agreement with the literature, where the average of a PCDD is 10 times lower than the average of a PCDF. Coke breeze is the basic fuel used on an industrial scale. Tetra and penta chlorinated dibenzofurans are at a level of concentration close to 1.5 ng/kg. Very low (below 0.5 ng/kg) amount of chlorinated dibenzofurans are observed for 1,2,3,7,8,9-HxCDF, 1,2,3,4,7,8,9-HpCDF and OCDF. Only one of CDF show high concentration, 1,2,3,4,6,7,8-HpCDF.  

Figure 7.3. 17 congeners of PCDD/F in Carbon Black emission sample.
In Figure 7.3. are presented the 17 toxic congeners of PCDD/Fs emitted during sintering iron ore with carbon black as a fuel. In this type of fuel, emission of a PCDD is lower as is in coke breeze emission, and is below 0.2 ng/kg. Tetra and penta CDF have concentrations close to 1ng/kg, with the other CDF having a lower concentration. 

Figure 7.4. 	17 congeners of PCDD/F in Graphite emission sample.
In Figure 7.4. are presented the 17 toxic congeners of PCDD/Fs emitted during sintering iron ore with graphite as a fuel. The concentration of PCDD is again very low. However, the concentration of PCDF is very high with tetra and penta chlorinated dibenzofuran reaching 4 ng/kg, which is twice value for coke breeze and four times more than for carbon black. The concentrations of 1,2,3,7,8,9-HxCDF, 1,2,3,4,6,7,8-HpCDF, 1,2,3,4,7,8,9-HpCDF and OCDF are almost the same as is for coke breeze. 















Table 7.1	2,3,7,8-chlorine substituted compounds for 3 types of the fuel in concentration ng/kg.
	2,3,7,8-chlorine substituted compounds
	
	
	concentration ng/kg
	

	
	CB2
	CB3
	CBl4
	CBl5
	Gr1
	Gr2

	2,3,7,8-TCDD
	0.06
	0.06
	0.04
	0.03
	0.14
	0.12

	1,2,3,7,8-PeCDD
	0.1
	0.11
	0.08
	0.06
	0.22
	0.12

	1,2,3,4,7,8-HxCDD
	0.04
	0.06
	0.04
	0.02
	0.08
	0.04

	1,2,3,6,7,8-HxCDD
	0.05
	0.07
	0.05
	0.03
	0.09
	0.05

	1,2,3,7,8,9-HxCDD
	0.05
	0.05
	0.04
	0.03
	0.08
	0.05

	1,2,3,4,6,7,8-HpCDD
	0.17
	0.25
	0.1
	0.07
	0.21
	0.13

	OCDD
	0.3
	0.44
	0.09
	0.12
	0.15
	0.09

	
	
	
	
	
	
	

	2,3,7,8-TCDF
	1.68
	1.65
	1.06
	0.9
	4.33
	3.69

	1,2,3,7,8-PeCDF
	1.52
	1.74
	1.14
	0.72
	3.38
	2.84

	2,3,4,7,8-PeCDF
	1.71
	1.99
	1.07
	0.8
	3.98
	3.01

	1,2,3,4,7,8-HxCDF
	1.4
	1.92
	0.71
	0.53
	2.73
	1.62

	1,2,3,6,7,8-HxCDF
	1.18
	1.57
	0.64
	0.47
	2.52
	1.52

	2,3,4,6,7,8-HxCDF
	0.9
	1.24
	0.53
	0.38
	1.82
	1.08

	1,2,3,7,8,9-HxCDF
	0.38
	0.52
	0.23
	0.16
	0.71
	0.4

	1,2,3,4,6,7,8-HpCDF
	1.74
	2.84
	0.79
	0.57
	3.2
	1.63

	1,2,3,4,7,8,9-HpCDF
	0.27
	0.42
	0.15
	0.12
	0.49
	0.25

	OCDF
	0.33
	0.67
	0.21
	0.18
	0.59
	0.29







3.2 Comparison of results

Figure 7.5. 	17 congeners of PCDD/F comparing 3 types of fuel.
The concentration of targeted 17 toxic congeners of PCDD/Fs from coke breeze (CB2 and CB3) is very high comparing to the concentration of the same congeners to emitted with carbon black (CBl4 and CBl5). However, the concentration of PCDF using graphite (Gr1 and Gr2) as a fuel is the highest concentration. Graphite fuel emission of PCDD/F has increased by twice compared to coke breeze and four times compared to carbon black.
The concentrations for 1,2,3,7,8,9-HxCDF, 1,2,3,4,7,8,9-HpCDF and OCDF are very similar for all types of fuel. Samples of Gr2-CB2 and Gr1-CB3 have almost the same emission level of 1,2,3,4,7,8,9-HpCDF and the major difference between all sample types are in tetra- and penta- chlorinated dibenzofurans (TCDF and PeCDF). 
Graphite samples Gr1 and Gr2 show the highest emission levels, next is coke breeze CB2 and CB3 and carbon black CBl4 and CBl5.


Figure 7.6. 	Total concentration of tetra- to octa- CDD/F isomers. All fuels compared.
The difference of concentration of the isomer groups is better seen when comparing the totals of each group. The greatest differences in concentration are observed for tetra and penta CDF. The lowest concentration is for emission from carbon black and highest for graphite.   









Table 7.2. 	Total concentration of tetra- to hepta- CDD/F isomers.
	Totals
	Concentration ng/kg

	
	
	CB2
	
	CB3
	
	CBl4
	
	CBl5
	
	Gr1
	
	Gr2

	TeCDDs
	
	1
	
	1
	
	1
	
	1
	
	3
	
	2

	PeCDDs
	
	1
	
	1
	
	1
	
	1
	
	2
	
	1

	HxCDDs
	
	1
	
	1
	
	1
	
	0
	
	1
	
	1

	HpCDDs
	
	0.3
	
	0.5
	
	0.2
	
	0.2
	
	0.4
	
	0.3

	TeCDFs
	
	46
	
	44
	
	29
	
	27
	
	124
	
	119

	PeCDFs
	
	21
	
	23
	
	15
	
	10
	
	48
	
	41

	HxCDFs
	
	10
	
	13
	
	6
	
	4
	
	19
	
	12

	HpCDFs
	
	3
	
	4
	
	1
	
	1
	
	5
	
	3




3.3 Quantitative Internal Standards Recovery
Samples before the analysis and clean-up process are spiked by an internal standard (PCDD/Fs with 13C) to quantity the PCDD/Fs in the sample and to confirm the clean-up process was carried out correctly. The recovery % for all the samples is close to the level of the minimum limit and also each sample has a similar level. Because equipment for HRGC-HRMS was not available for analysing these samples during one year, some part of the sample may be released and lost. Normally samples are analysed within few weeks after cleaning process, so it is expected that an internal standards stays exactly on the same level as was after clean-up process.  Because recovery is between the limits, these results are considered acceptable.

Figure 7.7. 	Quantitative internal standards recovery
Table 7.3. 	Quantitation internal standards recovery
	Quantitation Internal Standards
	QC limit
	% Recovery

	
	min
	max
	CB2
	CB3
	CBl4
	CBl5
	Gr1
	Gr2

	13C-2,3,7,8-TCDD
	43
	95
	76
	63
	44
	52
	40
	58

	13C-1,2,3,7,8-PeCDD
	54
	108
	72
	63
	48
	69
	68
	72

	13C-1,2,3,4,7,8-HxCDD
	49
	101
	71
	59
	51
	67
	71
	74

	13C-1,2,3,6,7,8-HxCDD
	47
	102
	73
	60
	49
	71
	73
	75

	13C-1,2,3,4,6,7,8-HpCDD
	54
	104
	72
	59
	54
	73
	77
	72

	13C-OCDD
	49
	103
	70
	53
	59
	68
	76
	69

	13C-2,3,7,8-TCDF
	42
	99
	70
	59
	54
	61
	36
	69

	13C-2,3,4,7,8-PeCDF
	52
	110
	70
	60
	54
	68
	66
	69

	13C-1,2,3,4,7,8-HxCDF
	47
	99
	69
	56
	69
	64
	66
	71

	13C-1,2,3,6,7,8-HxCDF
	44
	97
	67
	55
	65
	63
	66
	71

	13C-2,3,4,6,7,8-HxCDF
	49
	101
	68
	57
	58
	64
	69
	70

	13C-1,2,3,4,6,7,8-HpCDF
	49
	103
	63
	53
	67
	63
	67
	65

	13C-OCDF
	49
	102
	69
	54
	70
	66
	73
	68



3.4 PCDD/Fs comparison to the PAHs
In the literature are some papers indicating the de novo formation of PCDD/Fs from PAHs. Iino and his team investigated and presented in the documentation the % formation of certain isomers of PCDD/Fs from chosen PAHs. In this work the author, suggests that PAHs (for example coronene) during thermal reduction forms phenanthrene and then tetra and penta chlorinated dibenzofurans (Iino et. al., 1999). If the phenanthrene is a major substrate for the dibenzofuran formation, the level of PCDF concentration in each type of sample may be explained based on phenanthrene concentration in the PAH samples. Also in the fuels there may exist PAHs that are good precursors to form phenanthrene or even molecules with structure close to the dibenzofuran.  
   
Figure 7.8. 	PAH concentration in Coke breeze emission sample.
In coke breeze samples (CB) PAHs concentration is very low, only phenanthrene shows significant level. 

Figure 7.9. 	PCDD/F concentration in the Coke breeze emission sample.
The concentration of PCDD is below 0.5 ng/kg, but the dibenzofurans concentration is high. The presence of high a concentration PCDF may be strongly connected to the presence of a high concentration of phenanthrene.   

Figure 7.10. 	PAH concentration in carbon black emission sample.
In the carbon black (CBl) samples the total concentration of PAH is high, but the level of concentration of phenanthrene is below 5µg/kg which is very low.

Figure 7.11. 	PCDD/F concentration in carbon black emission sample.
Dibenzofurans and dibenzo-p-dioxins concentration is very low. This is surprise, because there are high concentration of PAHs others than phenanthrene. This may suggest that phenanthrene is responsible for PCDF formation during sintering iron ore.  

Figure 7.12. 	PAH concentration in graphite emission sample.
In Figure 7.12 are presented very high concentration of phenanthrene, and very high concentration of PAHs in total.

Figure 7.13. 	PCDD/F concentration in graphite emission sample.
Referring to Figure 7.12, the highest concentration of phenantrene is observed for graphite samples; 3 times less concentration is for coke breeze Figure 7.8; and more than 20 times for carbon black Figure 7.10. A similar dependence is shown for the values of PCDF in three fuels types, respectively. The total PCDF concentration in graphite samples is twice the value for the total for coke breeze, and four times higher than for carbon black. Obviously, phenanthrene is not the only possible source of PCDF formation, otherwise total concentration of PCDF for carbon black will be much lower. There are also some other PAHs which are precursors for phenanthrene formation and these PAHs can also be precursors themselves for PCDF formation.

Figure 7.14. 	Comparison of the PAH to the total emitted PCDF for fuels sintered in condition presented in this work: carbon black (CBl), coke breeze (CB), graphite (Gr), where total concentration is 4.83 ηg/kg, 14.56 ηg/kg, 23.75 ηg/kg, respectively.
Referring to Figure 7.14, the function of PAH to PCDF emitted during sintering of the iron ore. As it can be seen, the amount of emitted phenantrene increase with amount fo total emitted PCDF. Other PAHs concentration is higher when concentration of PCDF is low (CBl), and when concentration of PCDF (CB) is higher, the concentration of PAH decrease. Only for graphite (Gr) samples concentration PAH and PCDF is high. Increase of phenanthrene and the total PCDF is proportional and it can be prove for influence of phenanthrene on formation of PCDF.
4. Conclusions
Carbon black contains a high concentration of PAHs, and it may be expected that the concentration of PCDFs will be high as well. Comparing the PAH results for coke breeze and carbon black, only the concentration of the phenanthrene is 10 times higher, with the concentration of other PAHs is below the values in carbon black. It may be an indicator of the connection of phenanthrene like compounds with the formation of PCDFs. A further interesting fact is, that the high concentration of phenanthrene observed in graphite samples corresponds to high concentrations of the PCDF results from the HRGC-HRMS analyses. Following from this observation, phenanthrene may therefore be involved in the formation pathway for PCDFs. It may also be that anthracene is good precursor for PCDD as is suggested by Iino in his work. Phenanthrene is structurally similar to the dibenzofurans (DF) and anthracene is structurally similar to the dibenzo-p-dioxin (DD).      
Different types of the fuels give very different emission of PAHs and PCDD/Fs, it may be concluded that PCDD/Fs formation depends on carbon structure type, with phenanthrene being a good sources for PCDF formation. (Weber et al, 2001)
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Chapter 8
Background on quantum chemical calculations
1. Introduction
Computational chemistry simulates chemical structures and reactions numerically, based on the fundamental laws of physics. It allows studying chemical phenomena by running calculations on computer rather than by examining reactions experimentally. It is able to model not only stable molecules, but also unstable intermediates and transition states. Calculations can provide information about molecules and reaction which is impossible to obtain through observation. Computational chemistry is an independent research area which can also support experimental studies. Molecular mechanics and electronic structure theory are two areas within computational chemistry devoted to the structure of molecules and their reactivity.  Molecular mechanics and electronic structure theory perform the same basic types of calculations, which are: computing the energy of a particular molecular structure, performing geometry optimisation (locate the lowest energy molecular structure in close proximity to the specified starting structure), computing the vibrational frequencies of molecules resulting from interatomic motion within the molecule. (Gaussian Handbook)

2. Model chemistries. 
Model chemistries are characterised by the combination of theoretical procedure and basis set. The Gaussian program contains procedures corresponding to different approximation methods (levels of theory). The basis set is a mathematical representation of the molecular orbitals within a molecule, and can be interpreted as restricting each electron to a particular region of space. Larger basis sets impose fewer constraints on electrons and more accurately approximate exact molecular orbitals. In quantum mechanics, electrons have a finite probability of existing anywhere in space. This limit corresponds to the infinite basis set expansion. Standard basis sets for electronic structure calculations use linear combinations of Gaussian functions to form the orbitals. Open shell model and closed shell model are a third component of every Gaussian calculation. Closed shell calculations use doubly occupied orbitals, containing two electrons of opposite spin. Open shell calculations are used for system with unequal numbers of spin up and spin down electrons (α and β). Open shell calculations are needed for example for system with unpaired electrons. (Gaussian Handbook)
Reaction pathway calculations require energy gradient as well as single point energies and the calculations of vibrational frequencies and geometry optimisations. A single point energy calculation is a prediction of the energy and related properties for a molecule with a specified geometric structure. Single point energy calculation is normally performed on optimised structures. Geometry optimisation calculates the potential energy surface, which is a mathematical relationship of molecular structure and the resultant energy. Geometry optimisation attempts to locate minima on the potential energy surface, thereby predicting equilibrium structures of the molecular system, and can also locate the transition structures. Energy calculations and geometry optimisation ignore the vibrations in a molecular system, these computations use an idealised view of nuclear positions. In the real system the nuclei in molecules are constantly in motion. In equilibrium states, these vibrations are regular and predictable, and the molecules can be identified by their characteristic spectra. Gaussian can compute the vibrational spectra of molecules in their ground and excited states. Also it can predict the direction and magnitude of the nuclear displacement that occurs when a system absorbs a quantum of energy. All frequency calculations also provide a thermochemical analysis of the system. Gaussian predicts various important thermodynamic quantities at the specified temperature and pressure, including the thermal energy correction, heat capacity and entropy. (Gaussian Handbook)
Ab initio molecular orbital theory is concerned with predicting the properties of atomic and molecular systems. It is based upon the fundamental laws of quantum mechanics and uses a variety of mathematical transformation and approximation techniques to solve the fundamental equations. (Gaussian Handbook)
Quantum chemical calculations explain how entities like electrons have both particle-like and wave-like characteristic and usually employ ab initio molecular orbital theory to describe the properties of molecular systems via an approximate solution of the Schrödinger equation. The Schrödinger equation describes the wavefunction of a particle. The energy and other properties of the particles can be obtained by solving the Schrödinger equation for the wavefunction. (Gaussian Handbook)

Equation1
Where, ᴪ is the wavefunction, m is the mass of the particle, h is Planck’s constant, and V is the potential field in which the particle moving. |ᴪ|2 is the product of ᴪ with its complex conjugate is interpreted as the probability distribution of the particle. (Gaussian Handbook)
If V is not a time function, then 

Equation 2
If we substitute eq 2 into eq 1, we will obtain two equations, the first of which depends on the position of the particle independent of time, and the second of which is a function of time.  (Gaussian Handbook)

Equation 3
Where E is the energy of the particle, and H is the Hamiltonian operator.

Equation 4
The various solutions of Equation 3 correspond to different stationary states of the particle. But it does not give an accurate description of the core electrons in large nuclei. (Gaussian Handbook)
Many approximations and mathematical transformations are used to derive solutions for the fundamental equations and their solutions. The simplest method that attempts to solve the Schrödinger equation for a polyelectronic system is the Hartree–Fock (HF) method (Fock 1930) and (Hartree 1928). Hartree-Fock interpret of the wavefunction as a probability density for the electrons within the system. Hartree applies molecular orbital theory to decompose wavefunction into a combination of molecular orbitals. 

Equation 5
Where Φ1, Φ2, … are molecular orbitals
Addition of the spin up and spin down electron conditions form the antisymmetric function that is a combination of molecular orbitals.  
α(↑)=1, α(↓)=0 and β(↑)=0, β(↓)=1 
The α function is 1 for a spin up electron, and the β function is 1 for a spin down electron. Multiplying a molecular orbital function by α or β will include electron spin as part of the overall electronic wavefunction. The product of the molecular orbital and a spin function is defined as a spin orbital, a function of both the electrons location and its spin. Quantum mechanics specifies that an electron's location is not deterministic but rather consists of a probability density, which indicates that electrons may be anywhere. The Hartree wavefunction mixes all of the possible orbitals of all of the electrons in the molecular system. Hartree-Fock theory uses a variational principle to solve the Schrödinger equation. The variational principle, says that for the ground states of any antisymetric normalised function of the electronic coordinates, the expectation value for the energy corresponding to the electronic coordinates will always be greater than the energy for the exact wavefunction. 


Equation 6
Where 𝛯 is an antisymetric normalised function of the electronic coordinates, E is an energy.
In the Hartree-Fock method the set of coefficients minimize the energy of the resultant wavefunction. The main shortcoming of the Hartree-Fock method is the inadequate handling of the electron correlation. This shortcoming has been successfully addressed by the derivation of the post-Hartree-Fock methods such as the Moller–Plesset methods (Head-Gordon et al., 1995) and the configuration interaction methods (Foresman et al., 1992). The Moller–Plesset perturbation theory adds higher excitations to Hartree-Fock theory as a non-interactive correction, known as many body perturbation theory. Perturbation theory is based upon dividing the Hamiltonian into two parts:

Equation 7
 H0 is soluble exactly, 𝜆V is a perturbation applied to H0. 
3. Density Functional Theory.
Ab initio Hartre-Fock and post-Hartree-Fock methods calculate the molecules properties by calculating its wavefunction. But, the wavefunction is not a measurable or observable value. The density functional theory (DFT) is based on a measurable value, which is the charge or electron density ρ(x,y,z) (Pople et al., 1970) . Electron density can be measured by many techniques such as electron diffraction or X-ray diffraction. DFT tries to calculate all the properties of a molecule by calculating its electron density. The main advantage of DFT is that one can obtain results as accurate as those obtained by an advanced ab initio method such as the Moller-Plesset method, in a much reduced computational time. In the ab initio methods, one can move closer to an exact solution of the Schrödinger equation by using bigger basis sets and higher electron-correlation levels. In the case of DFT use of larger basis sets brings little improvement to the accuracy of the solution.
Density functional theory (DFT) is based on modelling electron correlation via general functionals (function of a function) of the electron density. Kohn and Sham partitioned the electronic energy into several terms:

Equation 8
Where ET is the kinetic energy term (arising from the motion of the electrons), EV includes terms describing the potential energy of the nuclear-electron attraction and of the repulsion of nuclei-nuclei, EJ is the electron-electron repulsion term (it is also described as the Coulomb self-interaction of the electron density), EXC is the exchange-correlation term and includes the remaining part of the electron-electron interactions. ET, EV, EJ and EXC terms are function of (p) the electron density without EV nuclei-nuclei repulsion. EXC term is the exchange energy arising from the antisymmetry of the quantum mechanical wavefunction and dynamic correlation in the motions of the individual electrons. EXC is usually divided into separate parts, referred to as the exchange and correlation parts:

Equation 9
EX(p) is an exchange energy arising from the antisymmetry of the quantum mechanical wavefunction (exchange functionals) and EC(p) is a dynamic correlation in the motions of the individual electrons (correlation functionals). (Gaussian Handbook)
Pure DFT methods are defined by pairing an exchange functional with a correlation functional. A good example is the BLYP functional, where are paired the Becke gradient-corrected exchange functional with the Lee, Yang and Parr gradient-corrected correlation functional (Lee, Yang, Parr 1988). Becke has formulated functionals, which include Hartree-Fock and DFT exchange along with DFT correlation. The B3LYP functional is another hybrid functional, the parameter values are those parameters specified by Becke: the atomisation energies, ionisation potentials, proton affinities and first-row atomic energies. (Becke 1993)
4. Summary
Ab initio and DFT calculations have become advanced enough to describe chemical systems with great precision and have produced results in excellent agreement with the experimental measurements. This includes phase and reaction equilibria (bond and interaction energies, ideal-gas thermochemistry, adsorption and solvation), reaction kinetics (reaction rate constants), electronic, mechanical and optical properties of materials and analytical information (vibrational frequencies, mass spectrometric ionization potentials and cross-sections, fragmentation patterns, etc.) (Lewars 2003). The choice of an appropriate ab initio or DFT model chemistry can have a significant effect on the accuracy of a quantum chemical calculation. For structural optimizations, less computationally demanding methods are satisfactory. To compute thermochemical parameters such as heats of formation to accuracies of ±1–2 kcal/mol, higher level methods are usually required. The high level methods can be computationally demanding for molecules with more than 6–8 heavy atoms as they are employed with very large basis sets. But such methods are generally impractical for PCDD/Fs. For large molecules heats of formation can be calculated by DFT methods with accuracies approaching those of the high level methods by formulating conserved bond-type chemical reactions. Provided all other reactants have accurately known heats of formation, the heat of formation of the target molecule can be obtained with sufficient accuracy by computing the heat of reaction at, for example, the B3LYP/6-311 + G(3df,2p) level, with relatively modest computational effort.
Accurate quantum chemical computation of kinetic barrier height (activation energies) for PCDD/F molecules is very difficult. The B3LYP method is known to have shortcomings in describing the potential energy in the region of the reaction barrier (Lynch et al., 2001). The Zhao et al. has developed several new DFT functionals, including BB1 K, for computation of more accurate barrier heights (Zhao et al., 2004). PCDD/Fs are very toxic compounds formed in very low amount in an extremely complex environment which make analysis of the formation pathway extremely difficult and the molecules are perfect for purely theoretical investigations. In addition, most intermediate structures that form during the PCDD/F formation pathway might be too transient to enable experimental studies to be successfully undertaken. Results from quantum chemical calculations of formation pathway from phenanthrene to dibenzofuran will be widely discussed in the next chapter.










5. Bibliography
Becke A.D., Density-functional thermochemistry. III. The role of exact exchange, J Chem Phys 98 (1993), pp. 5648–5652.
Fock V., Physik 61 (1930), p. 126.
Foresman J.B., Head-Gordon M., Pople J.A. and Frisch M.J., “Toward a systematic molecular orbital theory for excited states”, J Phys Chem 96 (1992), pp. 135–149.
Gaussian Handbook. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb,M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.; Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K. N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B. G.; Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.; Replogle, E. S.; Pople, J. A. Gaussian 98; Gaussian, Inc.: Pittsburgh, PA, 1998.
Hartree D.R., Proc Cambridge Phil Soc 24 (1928), p. 89.
Head-Gordon M., Maurice D. and Oumi M., “A perturbative correction to restricted open shell configuration interaction with single substitutions for excited states of radicals”, Chem Phys Lett 246 (1995), pp. 114–121.
Lee C., Yang W. and Parr R.G., Development of the Colle-Salvetti correlation-energy formula into a functional of the electron density, Phys Rev B 37 (1988), pp. 785–789.
Lewars E., “Computational chemistry: introduction to the theory and applications of molecular quantum mechanics”, Kluwer Academic Publishers, Norwell, USA (2003) p. 471.
Lynch B.J.  and Truhlar D.G., “How well can hybrid density functional methods predict transition state geometries and barrier heights?”, J Phys Chem A 105 (2001), pp. 2936–2941.
Pople J.A. and Beveridge D.L., Approximate molecular orbital theory, McGraw-Hill, New York (1970).
Zhao Y., Lynch B.J.  and Truhlar D.G., “Development and assessment of a new hybrid density functional model for thermochemical kinetics”, J Phys Chem A 108 (2004), pp. 2715–2719.
















Chapter 9
Molecular Modelling
1. Introduction
Limits in emission of the toxic congeners of PCDD/Fs and the WHO 12-PCBs during sintering of the iron ore means that industry must look for new methods of degradation or removal of these toxic species. There are 210 congeners of PCDD/Fs but only 17 are found to be toxic and there are 12 toxic PCBs. Also in emission are present PAHs, which were classified as toxic. PCBs and PAHs also can act like precursors in PCDD/Fs formation. To reduce PCDD/Fs emission it is required to better understand the mechanism of formation, but this is not easy. In the sintering process are present many precursors, catalysts and many possible formation pathways that may make it difficult to find the most likely formation route. The amount of emitted PCDD/Fs is very low which makes more difficult the interpretation of the formation mechanism and its analysis. To successfully reduce PCDD/Fs requires a better understanding of their mechanism of formation. Results from sinter plant analysis and laboratory tests can provide the opportunity to understand the mechanism of PCDD/Fs formation. Nowadays, these results can be supported by the use of molecular modelling techniques, which provide a mechanism for the examination of the most probable formation pathway from reagents (identified as precursors in analysis results) through intermediates (detected during analysis or based on reactions published previously) to final products (confirmed by analysis of results) .

2. Computational Methods

Chapter 8 has provided some background to the use of molecular modelling methods, and for this work, density functional theory (DFT) calculations have been used to obtain thermochemical parameters for formation of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/PCDF) from one of the PAH species which has been identified from the fuels analysis. Chapter 7 has shown that phenanthrene is an important species among the various possible precursors and therefore DFT analysis has been used to explore the oxidation of this species to the end product dibenzofuran, which is seen as an important starting point for the range of further chlorinated congeners.
In this study, B3LYP incorporated in the Gaussian 98 code was used to obtain optimized geometries and harmonic vibrational frequencies of all reactants, products, and transition structures on the formation pathway of dibenzofuran (DF) from phenanthrene. B3LYP employs the three-parameter Becke (B3) exchange functional with the Lee-Yang-Parr non-local correctional functional (LYP) with the polarized basis set of 6-31G(d). (Gaussian 98 handbook) The geometrical parameters of reactants, transition states, and products were optimized based on the energy minimum of the molecules and the vibration frequencies where calculated at the ub3lyp/6-31g(d) level, which is necessary for radical species, and which has been used for consistency for even numbered electron systems. Based on the optimised geometries obtained, the single point energies were then calculated at the more accurate level using the 6-311+g(3df,p) basis set. Transition states for molecular transformations from reactants to products were calculated using the 6-31g(d) basis set and the methodology described in Gaussian 98 under the QST2 instruction. The method is a hybrid density functional theory (HDFT) model with excellent performance for thermo-chemistry, thermo-chemical kinetics, hydrogen bonding, and weak interactions.

3. Experimental review

F. Iino et. al., (1999) has investigated formation of PCDF from Coronene, Perylene, Ovalene, Benzo[ghi]perylene and Dibenzopentacene. It was found that there was a very high amount of TeCDF and PeCDF emitted and originating from phenanthrene and coronene. Iino et. al. suggest that during oxidative degradation of the coronene, phenanthrene is formed, which is then transformed into dibenzofuran. P.J. Kriston et. al., (1991) point out a correlation between coronene and perylene, detected in coke oven emissions, and the formation of polychlorinated dibenzofurans. T. Wang et. al., (2003) present HR-GC and HR-MS analysis results from samples taken from sinter plant. Kriston et al., claim that the amount of coronene and perylene presented in their paper was not high, which can explain why the characteristic TeCDF and PeCDF formed from these species are not in large amount in results presented by Wang and Anderson. Although in the sintering process many different PAH species are present, it is still worth looking for the formation mechanism of PCDD/Fs formed from coronene and phenanthrene as part of a larger body of understanding.
As a fundamental background for an oxidative decomposition pathway, the work of Merle and Hadad (2004) was used. In their paper are presented in detail the oxidative decomposition of benzene to the furan based on theoretical and experimental work from previous authors. Merle and Hadad proposed the most probable oxidative formation pathway from benzene to furan. It is likely that similar intermediates as are shown in the Merle and Hadad paper may be present in the oxidative formation pathway from phenanthrene to dibenzofuran. Since it is probable that oxygen reacts in similar way with phenanthrene as with benzene, the chosen formation pathway of dibenzofuran presented in this chapter is strongly based on oxidative degradation steps of benzene to furan.
Zhu et al (2003) has used the adopted computational approach of B3LYP (i.e., basis set, single point energy calculations) to calculate heats of formation (ΔfH°298) for PCDD/F compounds. Altarawneh et al. (2008) has  used the difference between experimental and calculated values of ΔfH°298 obtained in the Zhu et. al. study as an estimation of the expected error margins in B3LYP calculations for energies of stable molecules. The geometries calculated by the B3LYP method are very similar to structural parameters and vibrational frequencies obtained experimentally. Okamoto et al. (1999), have presented detailed comparisons between calculated and experimental values and based on the literature data, it can be expected that the accuracy of calculations using the B3LYP method will be acceptable for reaction energies, vibrational frequencies, and structural parameters.


4. Results and discussion

 	Because in the literature a mechanism of oxidative degradation of the phenanthrene is not proposed and described in detail, pre-calculations for oxidative degradation of the benzene were made. Merle and Hadad (2004) in their work presented many possible formation pathways to furan from the oxidative decomposition of benzene. Pre-calculations of oxidative decomposition of  benzene presented in this chapter were based on the energetically favoured formation pathway in the Merle and Hadad paper (Figure 9.1).  The purpose of these calculations was to examine the calculations for the formation pathway from phenanthrene to dibenzofuran.
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Figure 9.1 	The oxidative decomposition of the benzene to the furan.

Referring to Figure 9.1, the high temperature mechanism for the initiation reaction of benzene oxidation with molecular oxygen, generates phenyl and hydroperoxy radicals. In the next step, a phenoxide ion is formed and addition of oxygen forms phenylperoxy radical. Rearrangement of the phenylperoxy radical produces a 2-oxepinoxy radical. Addition of oxygen to 2-oxepinoxy radical produce 6-peroxyoxepinone radical which by rearrangement, the ring is opened and CO2 is eliminated. The elimination of the formyl radical from this intermediate finally forms a furan. 



Figure 9.2 	Comparison of the energy calculations in this work with the calculation presented by Merle and Hadad. Free Gibbs energy relative to phenylperoxy radical (B1)

Results shown in the Figure 9.2 are comparable with results presented by Merle and Hadad (2004). The Merle and Hadad calculations are based on experimental and theoretical papers presented by previous authors and these results are in good agreement with those calculated in this work. The phenylperoxy radical (B1) and the intermediate (B2) have identical energies in this work and that of Merle and Hadad. The very small difference of energies are shown for intermediate (B3) to (B6). Larger difference of energies are observed for (B7) to (B9), which may be due to the different basis set used in calculations or different scale factor for energies calculated in Hartree. In Table 9.1 are presented values for the energies of the reaction species presented in Figure 9.2.







Table 9.1. 	The comparison of the molecular energies relative  to that of phenylperoxy radical (B1) in oxidative decomposition of the phenylperoxy radical (B1) to the furan (B9) calculated at uB3LYP/6-31g(d) theory level in this work with relative energies calculated by Merle and Hadad 2004 (M&H).

	
	this work
	M&H work

	
	(kJ/mol)

	B1
	0
	0

	B2
	183.72
	186.29

	B3
	-59.96
	-76.74

	B4
	-214.70
	-206.36

	B5
	-202.05
	-226.98

	B6
	-225.19
	-244.32

	B7
	-560.24
	-484.33

	B8
	-510.23
	-569.96

	B9
	-523.70
	-506.42





Figure 9.3. 	The energy diagram of the oxidative degradation of the phenylperoxy radical (B1) to the furan (B9), energy is relative to phenylperoxy radical (B1)

In Figure 9.3 is presented the energy diagram for oxidative decomposition of the phenylperoxy radical (B1) to form furan (B9) and Table 9.2 shows the numerical value of the energies relative to the phenylperoxy radical (B1). The reaction from reactant to the final product is a multistep process. The first transition state (TS 1) and the formation of the carbocation intermediate (B2) are the slowest stage of the reaction. The phenylperoxy radical (B1) rearranges to form an intermediate (B2) and it is a slow endergonic reaction, where the activation energy is ΔG‡= 192.07 kJ/mol and energy change ΔG°= 183.72 kJ/mol. The unstable carbocation intermediate (B2) rapidly forms a more stable intermediate (B3) with energy change ΔG°= –243.68 kJ/mol. The activation energy barrier of reaction (B2) and (B3) is ΔG‡= 1.81 kJ/mol and it is a fast exergonic reaction. Intermediate (B3) is less stable than (B4) and energy change is ΔG°= –154.74 kJ/mol. Reaction from intermediate (B3) to intermediate (B4) is a fast exergonic reaction with activation energy ΔG‡= 11.62 kJ/mol. Formation of intermediate (B5) from (B4) is a endergonic reaction with activation energy ΔG‡= 52.1 kJ/mol and energy change ΔG°= 12.65 kJ/mol. Reaction (B5) to (B6) is a slow exergonic reaction, energy change is ΔG°= –23.14 kJ/mol and activation energy is ΔG‡= 67.64 kJ/mol. Intermediate (B6) is changed into the very stable intermediate (B7). It is a fast exergonic reaction with activation energy ΔG‡= 25.19 kJ/mol and energy change ΔG°= –335.05 kJ/mol. Formation of the intermediate (B8) from intermediate (B7) is a slow endergonic reaction with activation energy ΔG‡= 133.1 kJ/mol and energy change ΔG°= 50.01 kJ/mol. Finally furan (B9) is formed, and the formation step from (B8) to (B9) is a fast exergonic reaction with activation energy ΔG‡= 6.1 kJ/mol and energy change ΔG°= – 13.47 kJ/mol.










Table 9.2 	The energies in kJ/mol with respect to the phenylperoxy radical (B1) 
	
	[bookmark: RANGE!B1]ΔG (kJ/mol)

	B1
	0

	TS 1
	192.07

	B2
	183.72

	TS 2
	185.53

	B3
	-59.96

	TS 3
	-48.34

	B4
	-214.7

	TS 4
	-162.6

	B5
	-202.05

	TS 5
	-134.41

	B6
	-225.19

	TS 6
	-200.01

	B7
	-560.24

	TS 7
	-427.14

	B8
	-510.23

	TS 8
	-503.53

	B9
	-523.7



Table 9.3. 	Rearrangement of the phenylperoxy radical (B1) to form an intermediate (B2)
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	B1 

	TS 1
ΔG‡= 192.07 kJ/mol
 ΔG°= 183.72 kJ/mol
	B2




In Table 9.3 is presented the rearrangement of the phenylperoxy radical (B1) to form an intermediate (B2), where the bond between O-O is broken and the single O moves towards the adjacent carbon. As the oxygen approaches the carbon, the attached hydrogen changes its position. The transition state (TS 1) is very close structurally to the carbocation intermediate (B2) and the energy difference is also very low. 
Table 9.4. 	Reaction of the carbocation intermediate (B2) with oxygene to form more stable intermediate (B3)
	[image: ]     [image: ]     [image: ]

	B2

	TS 2
ΔG‡= 1.81 kJ/mol 
ΔG°= –243.68 kJ/mol
	B3




In Table 9.4 is presented the reaction of the carbocation intermediate (B2) to from the more stable intermediate (B3). At this stage, both oxygen atoms are more strongly bonded to the carbons (B3), with the first oxygen forming a double bond with its carbon and the second oxygen creating a single bond with the carbocation.

Table 9.5. 	Oxidative decomposition of the intermediate (B3) to form the 2-oxepinoxy radical (B4)
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	B3

	TS 3
ΔG‡= 11.62 kJ/mol ΔG°= –154.74 kJ/mol
	B4




In Table 9.5 is presented the oxidative decomposition of the intermediate (B3) to form the 2-oxepinoxy radical (B4). The benzene ring is opened and the free π electron creates a double bond C=O (TS 3) and forming a thermodynamically stable seven membered ring radical, 2-oxepinoxy radical (B4).
Table 9.6 	Addition reaction of oxygene with the 2-oxepinoxy radical (B4) to form intermediate 6-peroxyoxepinone radical (B5)
	
[image: ][image: ][image: ]


	B4
	TS 4
ΔG‡= 52.1 kJ/mol
ΔG°= 12.65 kJ/mol
	B5



Table 9.6 shows the addition reaction of 2-oxepinoxy radical with oxygen to form the intermediate 6-peroxyoxepinone radical (B5). Oxygen is donating a pair of electrons to the positively charged carbon atom and the new C–O bond is starting to form. 

Table 9.7 	Rearrangement intermediate 6-peroxyoxepinone radical (B5) to form 1,4-peroxyoxepinone intermediate (B6).
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	B5
	TS 5
ΔG‡= 67.64 kJ/mol
ΔG°= –23.14 kJ/mol
	B6



Table 9.7 shows the rearrangement of intermediate B5 into intermediate B6. 6-peroxyoxepinone radical (B5) rearranges to form the 1,4-peroxyoxepinone intermediate (B6) by addition of the free end of the peroxy moiety to carbon. The O–O bond is broken and an oxygen atom donates a pair of electrons to the positively charged carbon atom forming a C–O bond in (B6). 



Table 9.8 	Elimination reaction of 1,4-peroxyoxepinone intermediate (B6) to form intermediate  5-oxo-3-pentenal radical (B7) and CO2.
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	B6
	TS 6
ΔG‡= 25.19 kJ/mol
ΔG°= –335.05 kJ/mol
	B7



The next step shown in Table 9.8 is  the elimination of CO2 from intermediate B6 by breaking the C–O oxepinone bond resulting in the simultaneous scission of the peroxy O–O bond to give the 5-oxo-3-pentenal radical (B7).     

Table 9.9 	Cyclization of the 5-oxo-3-pentenal radical (B7) to intermediate B8.
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	B7

	TS 7
ΔG‡= 133.1 kJ/mol
ΔG°= 50.01 kJ/mol
	B8



Following the reaction of Table 9.8, Table 9.9 shows the cyclisation of the 5-oxo-3-pentenal (B7) to intermediate (B8). 

Table 9.10 	The elimination of the formyl radical from intermediate (B8) to form furan (B9).
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	B8
	TS 8 
ΔG‡= 6.7 kJ/mol
ΔG°= -13.47 kJ/mol
	B9



The final step shown in Table 9.10 is the elimination of the formyl radical from intermediate (B8) to form a final product furan (B9).
Similar to the oxidative degradation of the benzene was made calculation of the oxidative degradation of the phenanthrene.  
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Figure 9.4 	The oxidative decomposition of the phenanthrene to the dibenzofuran.
Referring to Figure 9.4, the high temperature mechanism for the initiation reaction of the phenanthrene oxidation with the molecular oxygen, generates the phenanthrenyl and hydroperoxy radicals. The phenanthrenoxide ion reacts with oxygen and the phenanthryl-9-peroxy radical is formed. During peroxy rearrangement the dibenzo[c,e]oxepin-5(7H)-one is formed. Oxygen addition to the dibenzo[c,e]oxepin-5(7H)-one forms the intermediate dibenzo-oxepin-5-one-7-peroxy radical, where the oxygens undergo rearrangement, the oxepin ring is opened and CO2 is eliminated. The elimination of the formyl radical from the intermediate dibenzofuran-10-carboxaldehyde produces dibenzofuran.

Figure 9.5. 	The energy diagram of the oxidative degradation of the phenanthrenperoxy radical (P1) to the dibenzofuran (P9), energy is relative to phenanthrenperoxy radical (P1)
In a similar way to Figure 9.3,  Figure 9.5 shows the energy diagram for the oxidative decomposition of the phenanthrenperoxy radical (P1) to form dibenzofuran (P9). In Table 9.11 shows the numerical value of the energies relative to the phenanthrenperoxy radical (P1). The reaction from reactant to the final product is a multistep process. The first step of the reaction from (P1) to (P2) is the slowest stage and has the highest activation energy barrier. Phenanthrenperoxy radical (P1) rearranges to form an intermediate (P2), which is a slow endergonic reaction, where activation energy is ΔG‡= 165.96 kJ/mol and energy change ΔG°= 144.67 kJ/mol. The unstable intermediate (P2) rapidly forms a more stable intermediate (P3) with energy change ΔG°= –272.91 kJ/mol. The activation energy barrier of reaction (P2) and (P3) is ΔG‡= 3.42 kJ/mol and because the activation energy is very low this is a fast exergonic reaction. Intermediate (P3) is less stable than (P4) and has an energy change, ΔG°= –58.83 kJ/mol. Reaction from intermediate (P3) to intermediate (P4) is a exergonic reaction with activation energy ΔG‡= 28.13 kJ/mol. Formation of intermediate (P5) from (P4) is a fast exergonic reaction with activation energy ΔG‡= 7.07 kJ/mol and energy change ΔG°= – 82.83 kJ/mol. Reaction (P5) to (P6) is a slow endergonic reaction, energy change is ΔG°= 55.65 kJ/mol and activation energy is ΔG‡= 68.96 kJ/mol. Intermediate (P6) reacts to form the very stable intermediate (P7). It is a fast exergonic reaction with activation energy ΔG‡= 24.25 kJ/mol and energy change ΔG°= –384.02 kJ/mol. Formation of the intermediate (P8) from intermediate (P7) is a slow endergonic reaction with activation energy ΔG‡= 100.72 kJ/mol and energy change ΔG°= 65.25 kJ/mol. Finally dibenzofuran (P9) is formed, and the formation step from (P8) to (P9) is a fast exergonic reaction with activation energy ΔG‡= 10.02 kJ/mol and energy change ΔG°= – 42.31 kJ/mol.
Table 9.11 	The energies in kJ/mol with respect to the phenanthrenperoxy radical (P1)
	
	ΔG (kJ/mol)

	P1
	0

	TS 1
	165.96

	P2
	144.67

	TS 2
	148.09

	P3
	-128.24

	TS 3
	-100.11

	P4
	-187.07

	TS 4
	-180.02

	P5
	-269.9

	TS 5
	-200.94

	P6
	-214.25

	TS 6
	-190.01

	P7
	-598.27

	TS 7
	-497.55

	P8
	-533.02

	TS 8
	-523.03

	P9
	-575.33



Table 9.12. 	Rearrangement of the phenanthryl-9-peroxy radical (P1) to form an intermediate (P2)
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	P1


	
	TS 1
ΔG‡= 165.96 kJ/mol
ΔG°= 144.67 kJ/mol

	
	P2




In Table 9.12 is shown the phenanthryl-9-peroxy radical (P1), which rearranges to form an intermediate (P2). Similarly, as it was for the benzene calculations, rearrangement for (P1) is endergonic reaction. The transition state (TS 1) is unstable and is close to the intermediate structure (P2). The bond between the oxygens is broken and oxygen (no 25) is close to the carbon (no 7) and finally creates a C – O bond.  




Table 9.13. 	Formation of the 9,10-phenanthrenedione (P3) from intermediate (P2)
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	P2


	
	TS 2
ΔG‡= 3.42 kJ/mol
ΔG°= –272.91 kJ/mol

	
	P3





In Table 9.13 is presented the formation of stable 9,10-phenanthrenedione (P3) from intermediate (P2). The separation between two oxygens increases and oxygen (no 16) bends away from the plane. Finally, the angle between carbons (no 10, 7, 3) changes and the two aromatic rings change position. The 9,10-phenanthrenedione is a very stable molecule and was detected in the MS full scan mode applied to the emission sample collected from sintering process (Chapter 6, paragraph 7). 

Table 9.14. 	Oxidative decomposition of the intermediate 9,10-phenanthrenedione (P3) to form the dibenzo[c,e]oxepin-5(7H)-one (P4) 
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	P3


	
	TS 3
ΔG‡= 28.13 kJ/mol
ΔG°= –58.83 kJ/mol

	
	P4




In Table 9.14 is presented the oxidative decomposition of the 9,10-phenanthrenedione intermediate (P3) to form the dibenzo[c,e]oxepin-5(7H)-one (P4). The free π electron creates a double bound C=O (TS 3) and forms a thermodynamically stable dibenzo[c,e]oxepin-5(7H)-one (P4). (P4) was also detected in the emission sample taken from sintering process (Chapter 6, paragraph 7).

Table 9.15 	Addition reaction of oxygen with the dibenzo[c,e]oxepin-5(7H)-one (P4) to form intermediate dibenzo-oxepin-5-one-7-peroxy radical (P5)
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	P4

	
	TS 4
ΔG‡= 7.07 kJ/mol
ΔG°= –82.83 kJ/mol

	
	P5



Table 9.15 shows the addition reaction of the dibenzo[c,e]oxepin-5(7H)-one (P4) with oxygen to form the intermediate dibenzo-oxepin-5-one-7-peroxy radical (P5). Oxygen is donating a pair of electrons to the positively charged carbon atom and the new C–O bond is starting to form. 

Table 9.16 	Rearrangement the dibenzo-oxepin-7-peroxy-5-one radical (P5) to form the dibenzo-oxepin-5,7,12-trione (P6)
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	P5

	
	TS 5
ΔG‡= 68.96 kJ/mol
ΔG°= 55.65 kJ/mol

	
	P6



In Table 9.16 the rearrangement of intermediate dibenzo-oxepin-7-peroxy-5-one radical (P5) into intermediate dibenzo-oxepin-5,7,12-trione (P6) is shown by the addition of the free end of the peroxy moiety to carbon. The bond between the oxygens is broken and one of the oxygen atoms donates a pair of electrons to the positively charged carbon atom forming two C–O bonds (P6)






Table 9.17 	The elimination of CO2 from the dibenzo-oxepin-5,7,12-trione (P6) to form dibenzo-6-carboxaldehyde-1-one (P7)
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	P6

	
	TS 6
ΔG‡= 24.25 kJ/mol
ΔG°= –384.02 kJ/mol

	
	P7




The next stage shown in Table 9.17 is the elimination of CO2 from intermediate P6. Loss of CO2 from dibenzo-oxepin-5,7,12-trione (P6) by breaking the C–O oxepinone bond results in the simultaneous scission of the peroxy O–O bond to give the intermediate dibenzo-6-carboxaldehyde-1-one (P7).







Table 9.18 	The cyclization of the dibenzo-6-carboxaldehyde-1-one (P7) into dibenzofuran-10-carboxaldehyde (P8).
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	P7

	
	TS 7
ΔG‡= 100.72 kJ/mol
ΔG°= 65.25 kJ/mol

	
	P8




As shown in Table 9.18 the cyclization of the intermediate dibenzo-6-carboxaldehyde-1-one (P7) then takes place to form the intermediate dibenzofuran-10-carboxaldehyde (P8).











Table 9.19 	The elimination of the formyl radical from dibenzofuran-10-carboxaldehyde (P8) to form dibenzofuran (P9)
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	P8

	
	TS 8
ΔG‡= 10.02 kJ/mol
ΔG°= –42.31 kJ/mol

	
	P9



Finally, as depicted in Table 9.19 a formyl radical is eliminated from intermediate dibenzofuran-10-carboxaldehyde (P8) to form the end product dibenzofuran (P9).

5. Conclusion

The calculated reaction pathway from the phenylperoxy radical (B1) to the furan (B9) presented in this chapter is comparable with the pathway proposed by Merle and Hadad. This reaction pathway is supported by experimental results (cited by Merle and Hadad) where the 2-oxepinoxy radical (B4) was detected using GC-MS. Merle and Hadad had examined a large number of possible formation pathways from the 2-oxepinoxy radical (B4) to the furan (B9) in the temperature range 298-1250 K. Based on the calculation results, the most favoured oxidative decomposition was chosen by the authors. Because there is no comparable pathway of formation of PCDF from PAH in the literature, the use of a similar pathway to that of benzene oxidation has been supported by a repeat of the Merle and Hadad numerical study of the formation pathway of furan (B9) from phenylperoxy radical (B1). Pre-calculations of the phenylperoxy radical (B1) oxidative decomposition to the furan (B9) presented in this work was based on the most probable formation pathway claimed by Merle and Hadad. The pre-calculation was made using a basis set typical for larger molecules, whose accuracy has been confirmed by other authors (Altarawneh et al. 2008). That may explain the small difference between results presented in this work and Merle and Hadad work. Calculation of oxidative degradation of benzene is a model for the calculation of PCDF formation pathway form oxidative degradation of phenanthrene. 
The calculated formation pathway of PCDF from phenanthrene (Figure 9.3) is very similar to the pre-calculated formation pathway of furan (Figure 9.2). In this work the dibenzo[c,e]oxepin-5(7H)-one (P4) was also detected using GC-MS which supports the view that the phenanthrene oxidation pathway is similar to the benzene oxidative pathway. The benzene and phenanthrene oxidative reaction pathways are exergonic reactions and the energy released is also similar. 
From this collected body of information, it is very probable that phenanthrene is a very good precursor for the formation of dibenzofuran and play important role in emission of the toxic chlorinated isomers.
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Chapter 10
Conclusions and Future Work
The object of this study was to investigate the formation of PCDD/F during sintering iron ore. The investigation aimed at the understanding of the PCDD/F formation pathway from PAH, to aid in the strategies which may be used to decrease the emission of the PCDD/F from the sintering process.

1. Sintering of the raw materials with different fuel (carbon black, graphite, coke breeze)
To produce reproducible results the granulation process was established for all types of the samples used. A series of the tests with different conditions for production of the granules gave an opportunity to chose the best method of granulation for sintering.  Granulation was examined in detail because it is important to achieve good sinter with reproducible results. This is a first step to achieve a good basis for the study of future dioxin generation.
A number of operational strategies have been investigated for the production of sinter. The air suction pressure during ignition should be low and between 14-20  –mbar and after ignition is reduced to 25 –mbar, and the ignition time is 1 minute, propane pressure is 0.1 bar, moisture is 6.5% and material is packed using the same packing density. In this method, the flame front is more stable and moves at a constant rate to the bottom of the sinter pot. Results are repeatable and the operator can be sure that sintered material will be of the same quality, but which is more important, the conditions for PCDD/F formation are the same in every test. 
To control and characterise the burning process the temperature profile was monitored and the emission of the CO, CO2, SO2, and O2 was acquired in real time. For graphite and carbon black, there are shown very high temperature profiles and rapidly moving flame fronts. It is the result of very small particle size of the fuel and high surface area to volume ratio. The temperature reached a good level for sintering just after ignition resulting in a higher mass of received sinter product. This temperature profile is much higher than for sintering using coke breeze as a fuel. However, graphite and carbon black makes the process less stable because controlling the flame front is more difficult. 
There are large differences in CO, CO2, and SO2 emission and O2 consumption for the fuels. The observed high consumption of O2 and high emission of CO2 for graphite and carbon black samples is compatible with a higher intensity of the flame front. More difficult to explain are the differences in SO2 emission. Graphite and carbon black are highly pure fuels (99.9% hydrocarbon) and show very low emission levels. Coke breeze emission has a much higher level which may be due to the inherently reater amount of sulphur in this fuel and also the higher mass of coke breeze required. However, it is less likely that the sulphur emission is due to the raw sinter materials which are constant for each case. . 
	Analysis of the emission samples show that different types of the fuels give very different emission of PAHs and PCDD/Fs and it may be concluded that PCDD/Fs formation depends on carbon structure type, with phenanthrene being a good prospective source for PCDF formation. The presence of the phenanthrene and phenanthrene-like species in the sintered raw mix has an influence on PCDF formation. Not all the PAHs are good sources for PCDD/Fs formation and identification of those having an influence on formation of PCDF may be a good step to decreasing emission of PCDF during sintering iron ore. 
Oxidation of the Phenanthrene to Dibenzofuran may be an important formation pathway to PCDF during sintering and it is possible that in the emission samples are present large population of oxidised PAH which provides other formation pathways. Detailed investigation of MS full scan results may give more information about the presence of oxidised PAH playing an important role in these formation pathways. Obviously, the proposed formation pathway in Chapter 9 (from phenanthrene to dibenzofuran) is one of several possible formation pathways. It may be that formation of PCDF and PCDD are favoured by certain characteristic structures of the aromatic rings.
In carbon black samples was detected a high concentration of PAHs, and it may be expected that the concentration of PCDFs will be high as well. Comparing the PAH results for coke breeze and carbon black, only the concentration of the phenanthrene is 10 times higher, the concentration of other PAHs in coke breeze is below the values detected in carbon black. It may be an indicator of the connection of phenanthrene and phenanthrene-like compounds with the formation of PCDFs. A further interesting fact is that the high concentration of phenanthrene observed in graphite samples corresponds to high concentrations of the PCDF results from the HRGC-HRMS analyses. Following from this observation, phenanthrene may therefore be involved in the formation pathway for PCDFs. It may also be that anthracene is good precursor for PCDD as is suggested by Iino in his work. Phenanthrene is structurally similar to the dibenzofurans (DF) and anthracene is structurally similar to the dibenzo-p-dioxin (DD).
To justify the experimental work molecular modelling was used. The calculations confirm that during oxidative process dibenzofuran is more energetically stable molecule than phenanthrene. The multi step reaction from phenanthrene to dibenzofuran is a fast exergonic reaction, and is a probable one during the sintering process. Phenanthrene may be more a important precursor for formation of the dibenzofuran during sintering than chlorinated phenols.
From this collected body of information, it is very probable that phenanthrene is a good precursor for the formation of dibenzofuran and plays important role in emission of the toxic chlorinated isomers.


3. Recommendations for future work
3.1. Experimental work
Sintering of the neutral materials with known composition may improve the investigation of the PCDD/F formation. During sintering of the iron ore are present a range of independent reactions, which make very difficult the analysis of the formation pathway of the PCDD/F. Reduction of the components in sintered material, may reduce the complications involved in analysing these  pathways, and in consequence reduction of the emission of PCDD/F. A series of the tests with different amounts of phenanthrene added into the sintering process will demosnstrate the direct influence of phenanthrene on the formation of dibenzofuran. The same experiments may be applied to the other PAHs, and the results will answer the question: what is the influence of certain PAH on formation of dibenzofuran. Testing in this way all of the suspected PAHs may be a good step to successfully decreasing PCDD/F during sintering.
During thermal processes, experiments may be design for formation of PCDD/F with and without presence of catalysts. It is known that copper play important role in formation of PCDD/F, but there is no fully understand how strong is this influence on formation. There are others metals acting as a catalysts, and all of this influence is unknown. Series of experiments may give answers how presence of metals affect the formation of PCDD/F. During sintering the iron ore in reaction environment is plenty of iron, which is known as a good catalyst for formation. It is known also that metals are not just catalysts, they are also a source of oxygen and chloride. Investigation of the catalyst role in formation of PCDD/F may give an idea how better decrease them role as a catalysts and reduce the chlorinated DD and DF. It is known that addition of urea and others inhibitors decrease formation of PCDD/Fs but the mechanism is not fully understand. Running the experiments for different catalyst type, with different amount of addition, and with or without inhibitors presence may give much information about the formation process and idea how to decrease emission of PCDD/Fs during sintering process.   
3.2. Molecular modelling  
Density functional theory may be successfully applied to investigate the formation pathway of PCDD/Fs from PAHs. Based on the results and proposed formation pathway presented in Chapter 9 calculation for others PAHs could be explored. There are a large amount of PAHs, which may have an influence on PCDD/F formation and further knowledge about these may play a key role in reduction strategies. Investigation of the detailed formation pathways form chosen PAHs to PCDD/Fs may be a good subject for full PhD thesis. Work presented in Chapter 9 opens the possibilities to investigate in detail the formation pathways from PAHs to PCDD/Fs.
Molecular modelling may be applied to investigate of the catalyst influence on formation of PCDD/F. It will be very important to known the detailed mechanism of formation PCDD/Fs with presence of catalysts. Knowing the difference of activation energy for reaction of formation PCDD/F with and without presence of the catalysts could be a great opportunity to understand the formation mechanism in details. This knowledge may be apply to successful decrease emission of PCDD/Fs during sintering of iron ore. 
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gas volume in ppm
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volume in ppm
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volume in ppm

SO2	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	55	55.5	56	56.5	57	57.5	58	58.5	59	59.5	60	60.5	61	61.5	62	62.5	63	63.5	64	64.5	65	65.5	66	66.5	67	67.5	68	68.5	69	69.5	70	70.5	71	71.5	72	72.5	73	73.5	74	74.5	75	75.5	76	76.5	77	77.5	78	78.5	79	79.5	80	80.5	81	81.5	82	82.5	83	83.5	84	84.5	85	85.5	86	86.5	87	87.5	88	88.5	89	89.5	90	90.5	91	91.5	92	92.5	93	93.5	94	94.5	95	95.5	96	96.5	97	97.5	98	98.5	99	99.5	100	100.5	101	101.5	102	102.5	103	103.5	104	104.5	105	105.5	106	106.5	107	107.5	108	108.5	109	109.5	110	110.5	111	111.5	112	112.5	113	113.5	114	114.5	115	115.5	116	116.5	117	117.5	118	118.5	119	119.5	120	120.5	121	121.5	122	122.5	123	123.5	124	124.5	125	125.5	126	126.5	127	127.5	128	128.5	129	129.5	130	130.5	131	131.5	132	132.5	133	133.5	134	134.5	135	135.5	136	136.5	137	137.5	138	138.5	139	139.5	140	140.5	141	141.5	142	142.5	143	143.5	144	144.5	145	145.5	146	146.5	147	147.5	148	148.5	149	149.5	150	150.5	151	151.5	152	152.5	153	153.5	154	154.5	155	155.5	156	156.5	157	157.5	158	158.5	159	159.5	160	160.5	161	161.5	162	162.5	163	163.5	164	164.5	165	165.5	166	166.5	167	167.5	168	168.5	169	169.5	170	170.5	171	171.5	172	172.5	173	173.5	174	174.5	175	175.5	176	176.5	177	177.5	178	178.5	179	179.5	180	180.5	181	181.5	182	182.5	183	183.5	184	184.5	185	185.5	186	186.5	187	187.5	188	188.5	189	189.5	190	190.5	191	191.5	192	192.5	193	193.5	194	194.5	195	195.5	196	196.5	197	197.5	198	198.5	199	199.5	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	700.5	701	701.5	702	702.5	703	703.5	704	704.5	705	705.5	706	706.5	707	707.5	708	708.5	709	709.5	710	710.5	711	711.5	712	712.5	713	713.5	714	714.5	715	715.5	716	716.5	717	717.5	718	718.5	719	719.5	720	720.5	721	721.5	722	722.5	723	723.5	724	724.5	725	725.5	726	726.5	727	727.5	728	728.5	729	729.5	730	730.5	731	731.5	732	732.5	733	733.5	734	734.5	735	735.5	736	736.5	737	737.5	738	738.5	739	739.5	740	740.5	741	741.5	742	742.5	743	743.5	744	744.5	745	745.5	746	746.5	747	747.5	748	748.5	749	749.5	750	750.5	751	751.5	752	752.5	753	753.5	754	754.5	755	755.5	756	756.5	757	757.5	758	758.5	759	759.5	760	760.5	761	761.5	762	762.5	763	763.5	764	764.5	765	765.5	766	766.5	767	767.5	768	768.5	769	769.5	770	770.5	771	771.5	772	772.5	773	773.5	774	774.5	775	775.5	776	776.5	777	777.5	778	778.5	779	779.5	780	780.5	781	781.5	782	782.5	783	783.5	784	784.5	785	785.5	786	786.5	787	787.5	788	788.5	789	789.5	790	790.5	791	791.5	792	792.5	793	793.5	794	794.5	795	795.5	796	796.5	797	797.5	798	798.5	799	799.5	800	800.5	801	801.5	802	802.5	803	803.5	804	804.5	805	805.5	806	806.5	807	807.5	808	808.5	809	809.5	810	810.5	811	811.5	812	812.5	813	813.5	814	814.5	815	815.5	816	816.5	817	817.5	818	818.5	819	819.5	820	820.5	821	821.5	822	822.5	823	823.5	824	824.5	825	825.5	826	826.5	827	827.5	828	828.5	829	829.5	830	830.5	831	831.5	832	832.5	833	833.5	834	834.5	835	835.5	836	836.5	837	837.5	838	838.5	839	839.5	840	840.5	841	841.5	842	842.5	843	843.5	844	844.5	845	845.5	846	846.5	847	847.5	848	848.5	849	849.5	850	850.5	851	851.5	852	852.5	853	853.5	854	854.5	855	855.5	856	856.5	857	857.5	858	858.5	859	859.5	860	860.5	861	861.5	862	862.5	863	863.5	864	864.5	865	865.5	866	866.5	867	867.5	868	868.5	869	869.5	870	870.5	871	871.5	872	872.5	873	873.5	874	874.5	875	875.5	876	876.5	877	877.5	878	878.5	879	879.5	880	880.5	881	881.5	882	882.5	883	883.5	884	884.5	885	885.5	886	886.5	887	887.5	888	888.5	889	889.5	890	890.5	891	891.5	892	892.5	893	893.5	894	894.5	895	895.5	896	896.5	897	897.5	898	898.5	899	899.5	900	900.5	901	901.5	902	902.5	903	903.5	904	904.5	905	905.5	906	906.5	907	907.5	908	908.5	909	909.5	910	910.5	911	911.5	912	912.5	913	913.5	914	914.5	915	915.5	916	916.5	917	917.5	918	918.5	919	919.5	920	920.5	921	921.5	922	922.5	923	923.5	924	924.5	925	925.5	926	926.5	927	927.5	928	928.5	929	929.5	930	930.5	931	931.5	932	932.5	933	933.5	934	934.5	935	935.5	936	936.5	937	937.5	938	938.5	939	939.5	940	940.5	941	941.5	942	942.5	943	943.5	944	944.5	945	945.5	946	946.5	947	947.5	948	948.5	949	949.5	950	950.5	951	-6.5860000000000007E-3	-0.20130100000000001	-0.10394399999999998	2.5867000000000005E-2	-0.13639599999999999	-0.10394399999999998	-3.9039000000000004E-2	2.5867000000000005E-2	-3.9039000000000004E-2	-0.16884900000000003	2.5867000000000005E-2	-0.13639599999999999	-7.1490999999999999E-2	0.12322400000000003	-7.1490999999999999E-2	-0.20130100000000001	-0.20130100000000001	-0.20130100000000001	-0.16884900000000003	-0.16884900000000003	-0.16884900000000003	-0.13639599999999999	-0.10394399999999998	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	-3.9039000000000004E-2	-3.9039000000000004E-2	-3.9039000000000004E-2	-3.9039000000000004E-2	-3.9039000000000004E-2	-3.9039000000000004E-2	-3.9039000000000004E-2	-3.9039000000000004E-2	-6.5860000000000007E-3	-6.5860000000000007E-3	-6.5860000000000007E-3	-6.5860000000000007E-3	-6.5860000000000007E-3	-6.5860000000000007E-3	-6.5860000000000007E-3	-6.5860000000000007E-3	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	2.5867000000000005E-2	5.831900000000001E-2	5.831900000000001E-2	5.831900000000001E-2	5.831900000000001E-2	5.831900000000001E-2	5.831900000000001E-2	5.831900000000001E-2	5.831900000000001E-2	5.831900000000001E-2	9.0772000000000005E-2	9.0772000000000005E-2	9.0772000000000005E-2	9.0772000000000005E-2	9.0772000000000005E-2	9.0772000000000005E-2	9.0772000000000005E-2	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.12322400000000003	0.15567700000000001	0.15567700000000001	0.15567700000000001	0.15567700000000001	0.15567700000000001	0.15567700000000001	0.18812999999999999	0.18812999999999999	0.18812999999999999	0.18812999999999999	0.220582	0.220582	0.25303499999999995	0.25303499999999995	0.25303499999999995	0.25303499999999995	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.31794000000000006	0.31794000000000006	0.38284500000000016	0.38284500000000016	0.38284500000000016	0.38284500000000016	0.415298	0.415298	0.51265499999999997	0.51265499999999997	0.51265499999999997	0.57756099999999988	0.57756099999999988	0.61001300000000003	0.61001300000000003	0.61001300000000003	0.61001300000000003	0.61001300000000003	0.64246599999999998	0.67491800000000013	0.67491800000000013	0.70737099999999997	0.70737099999999997	0.70737099999999997	0.73982300000000012	0.77227600000000007	0.77227600000000007	0.80472900000000014	0.80472900000000014	0.80472900000000014	0.80472900000000014	0.80472900000000014	0.83718099999999984	0.83718099999999984	0.86963400000000013	0.86963400000000013	0.86963400000000013	0.86963400000000013	0.93453900000000001	0.93453900000000001	0.93453900000000001	0.96699200000000007	0.96699200000000007	0.96699200000000007	0.96699200000000007	0.999444	0.999444	0.999444	1.0318969999999998	1.0318969999999998	1.0318969999999998	1.064349	1.064349	1.0968020000000001	1.161707	1.161707	1.161707	1.1941600000000001	1.226612	1.2590649999999999	1.291517	1.3239699999999999	1.3564229999999999	1.3564229999999999	1.3888750000000001	1.4213279999999997	1.4862329999999999	1.5186850000000001	1.5835909999999997	1.6160430000000001	1.6160430000000001	1.648496	1.648496	1.6809480000000001	1.7134009999999997	1.7783059999999999	1.810759	1.810759	1.8432109999999999	1.8432109999999999	1.8756639999999998	1.8756639999999998	1.8756639999999998	1.9081160000000001	1.940569	1.940569	1.9730220000000001	1.9730220000000001	2.005474	2.1352849999999997	2.1352849999999997	2.1352849999999997	2.2001900000000005	2.2001900000000005	2.2650950000000001	2.2975469999999998	2.492262999999999	2.5247160000000002	2.5247160000000002	2.5247160000000002	2.5247160000000002	2.492262999999999	2.2975469999999998	2.2650950000000001	2.2001900000000005	2.2001900000000005	2.1352849999999997	2.1352849999999997	2.1352849999999997	2.005474	1.9730220000000001	1.9730220000000001	1.940569	1.940569	1.9081160000000001	1.8756639999999998	1.8756639999999998	1.8756639999999998	1.8432109999999999	1.8432109999999999	1.810759	1.810759	1.7783059999999999	1.7134009999999997	1.6809480000000001	1.648496	1.648496	1.6160430000000001	1.6160430000000001	1.648496	1.6160430000000001	1.6160430000000001	1.5835909999999997	1.5186850000000001	1.4862329999999999	1.4213279999999997	1.3888750000000001	1.3564229999999999	1.3564229999999999	1.3239699999999999	1.291517	1.2590649999999999	1.226612	1.1941600000000001	1.161707	1.161707	1.161707	1.0968020000000001	1.064349	1.064349	1.0318969999999998	1.0318969999999998	1.0318969999999998	1.0318969999999998	1.0318969999999998	1.0318969999999998	1.064349	1.064349	1.0968020000000001	1.161707	1.161707	1.161707	1.1941600000000001	1.226612	1.2590649999999999	1.291517	1.3239699999999999	1.3564229999999999	1.3564229999999999	1.3888750000000001	1.4213279999999997	1.4862329999999999	1.5186850000000001	1.5835909999999997	1.6160430000000001	2.005474	1.7134009999999997	1.648496	1.3239699999999999	1.3564229999999999	1.161707	1.064349	0.70737099999999997	0.70737099999999997	0.57756099999999988	0.70737099999999997	0.93453900000000001	1.0318969999999998	1.940569	1.9730220000000001	1.8756639999999998	2.2001900000000005	1.8756639999999998	1.810759	1.7783059999999999	1.161707	1.2590649999999999	1.0968020000000001	1.3888750000000001	1.291517	1.8432109999999999	1.810759	2.2001900000000005	1.8756639999999998	2.1352849999999997	2.1352849999999997	1.226612	1.4213279999999997	0.80472900000000014	0.77227600000000007	0.64246599999999998	0.86963400000000013	1.6809480000000001	1.3564229999999999	1.4862329999999999	2.1352849999999997	2.2975469999999998	1.8432109999999999	1.9081160000000001	1.6160430000000001	1.5186850000000001	0.80472900000000014	1.0318969999999998	0.86963400000000013	0.83718099999999984	-7.1490999999999999E-2	9.0772000000000005E-2	0.25303499999999995	0.25303499999999995	0.38284500000000016	0.12322400000000003	0.15567700000000001	0.415298	0.220582	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.61001300000000003	0.61001300000000003	0.96699200000000007	0.73982300000000012	0.83718099999999984	0.999444	0.67491800000000013	0.80472900000000014	1.0318969999999998	0.999444	0.96699200000000007	0.86963400000000013	0.83718099999999984	0.83718099999999984	0.80472900000000014	0.80472900000000014	0.73982300000000012	0.67491800000000013	0.61001300000000003	0.61001300000000003	0.415298	0.38284500000000016	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.25303499999999995	0.25303499999999995	0.220582	0.15567700000000001	0.12322400000000003	9.0772000000000005E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	9.0772000000000005E-2	0.12322400000000003	0.15567700000000001	0.220582	0.25303499999999995	0.25303499999999995	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.38284500000000016	0.415298	0.61001300000000003	0.61001300000000003	0.67491800000000013	0.73982300000000012	0.80472900000000014	0.80472900000000014	0.83718099999999984	0.83718099999999984	0.86963400000000013	0.96699200000000007	0.999444	1.0318969999999998	1.0318969999999998	0.999444	0.96699200000000007	0.86963400000000013	0.83718099999999984	0.83718099999999984	0.80472900000000014	0.80472900000000014	0.73982300000000012	0.67491800000000013	0.61001300000000003	0.61001300000000003	0.415298	0.38284500000000016	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.25303499999999995	0.25303499999999995	0.220582	0.15567700000000001	0.12322400000000003	9.0772000000000005E-2	-7.1490999999999999E-2	-7.1490999999999999E-2	9.0772000000000005E-2	0.12322400000000003	0.15567700000000001	0.220582	0.25303499999999995	0.25303499999999995	0.28548700000000016	0.28548700000000016	0.28548700000000016	0.38284500000000016	0.415298	0.61001300000000003	0.61001300000000003	0.67491800000000013	0.73982300000000012	0.80472900000000014	0.80472900000000014	0.83718099999999984	0.83718099999999984	0.86963400000000013	0.96699200000000007	0.999444	1.0318969999999998	1.064349	1.1941600000000001	1.3564229999999999	1.810759	2.005474	2.0379269999999998	1.7134009999999997	2.3949049999999996	2.3949049999999996	2.8167889999999995	2.5896210000000002	2.9790519999999994	2.8167889999999995	3.6930079999999998	3.4333879999999999	3.5307459999999997	3.3360299999999996	3.2386719999999998	3.3684829999999994	4.1473449999999987	3.8877240000000004	4.2771549999999987	4.4069649999999996	4.3096079999999999	4.731491000000001	4.6341329999999994	5.5428059999999988	5.5752579999999998	8.1714650000000013	7.9442969999999997	10.508050999999998	11.838607	11.027291999999999	11.059745000000003	11.189555	11.319365000000001	11.059745000000003	11.514081000000001	11.059745000000003	11.514081000000001	11.124650000000001	10.637860999999999	10.832576000000001	11.384270000000001	11.546533	11.286912999999998	11.124650000000001	11.027291999999999	11.578986	11.384270000000001	11.968417000000002	11.059745000000003	11.514081000000001	11.059745000000003	11.514081000000001	11.124650000000001	10.637860999999999	10.832576000000001	11.384270000000001	11.546533	11.286912999999998	11.838607	11.027291999999999	11.059745000000003	11.189555	11.319365000000001	11.059745000000003	11.514081000000001	11.059745000000003	11.514081000000001	11.124650000000001	10.637860999999999	10.832576000000001	11.384270000000001	11.546533	11.286912999999998	11.124650000000001	11.027291999999999	11.578986	11.384270000000001	11.968417000000002	12.065775	12.033321999999998	11.935964	11.838607	11.676344	10.832576000000001	10.962387000000001	11.189555	11.157102	11.092197000000002	11.189555	11.351818	11.384270000000001	11.838607	11.871059000000002	11.871059000000002	11.871059000000002	11.578986	11.546533	11.124650000000001	11.25446	10.280883000000001	10.215977000000001	9.6967360000000014	9.6642840000000003	9.1774950000000004	9.5344729999999984	9.6967360000000014	10.475598000000002	10.800124	10.540503000000001	10.248430000000001	10.443146	9.7940939999999994	9.9563570000000006	9.3073050000000013	9.1450420000000001	8.4959910000000001	8.6907060000000005	8.6258010000000009	8.8205160000000014	8.8854220000000019	8.6907060000000005	8.9827790000000007	9.015232000000001	8.5933479999999989	8.6258010000000009	8.9503270000000015	8.8529690000000034	9.3397580000000016	9.2748529999999985	9.891452000000001	9.8265460000000022	10.053715	9.9888089999999998	10.767670999999998	10.410693	10.248430000000001	10.151071999999999	9.9563570000000006	9.9888089999999998	9.4695680000000007	9.4371159999999996	8.5933479999999989	8.5933479999999989	8.2688229999999994	8.4959910000000001	8.4310850000000013	8.7880639999999985	8.6907060000000005	8.7880639999999985	8.9827790000000007	8.8854220000000019	9.6967360000000014	9.4046630000000011	9.891452000000001	9.9239040000000003	9.5993779999999997	9.5993779999999997	9.1125900000000026	9.1450420000000001	9.2748529999999985	9.1125900000000026	8.8529690000000034	9.0801370000000006	8.6582539999999995	8.723158999999999	8.2039169999999988	8.3661800000000035	8.3337279999999989	8.4310850000000013	8.6582539999999995	8.755611	8.6907060000000005	8.9178739999999994	8.8205160000000014	8.8854220000000019	8.6582539999999995	9.3722100000000008	9.4046630000000011	9.3397580000000016	9.5020210000000009	9.3722100000000008	9.4371159999999996	9.0801370000000006	8.8854220000000019	9.0476850000000013	9.2099470000000014	9.2424000000000017	9.3073050000000013	9.1774950000000004	9.2099470000000014	9.2748529999999985	8.9827790000000007	8.9503270000000015	8.5284430000000011	8.755611	8.9503270000000015	8.9178739999999994	8.8529690000000034	9.0801370000000006	8.5608960000000014	8.8854220000000019	8.3337279999999989	8.1390119999999992	7.846938999999999	7.717128999999999	8.2688229999999994	7.9118440000000003	8.2039169999999988	8.4310850000000013	8.6258010000000009	8.723158999999999	8.6258010000000009	8.5284430000000011	8.6907060000000005	8.7880639999999985	8.4959910000000001	8.6907060000000005	7.8144859999999978	7.9118440000000003	7.1329819999999993	7.1329819999999993	6.5163830000000003	6.5488359999999988	7.0680769999999988	6.9058139999999995	7.3601499999999991	7.4575079999999989	7.717128999999999	7.7495810000000001	7.2303400000000009	7.2952450000000004	7.2303400000000009	6.9058139999999995	7.0031720000000002	6.8084559999999987	6.840908999999999	7.0356240000000003	7.0031720000000002	7.7820339999999995	8.6258010000000009	8.3986330000000002	8.4635380000000033	8.3661800000000035	8.4635380000000033	7.7820339999999995	7.2627930000000003	7.2303400000000009	7.0356240000000003	7.3926030000000003	7.1978869999999979	7.3926030000000003	7.0680769999999988	7.1005299999999991	7.3601499999999991	6.8733620000000011	6.9382670000000006	6.840908999999999	6.3541199999999991	6.256762000000001	6.3541199999999991	6.4514779999999998	6.5163830000000003	6.3541199999999991	6.5163830000000003	6.3865730000000003	6.6461930000000002	6.6786459999999996	6.8733620000000011	7.1654349999999987	6.9058139999999995	6.7110989999999999	6.5488359999999988	6.7110989999999999	7.0680769999999988	7.0356240000000003	7.0031720000000002	6.9058139999999995	7.0356240000000003	6.9058139999999995	7.0356240000000003	7.0680769999999988	7.0356240000000003	6.7110989999999999	6.7110989999999999	6.7760040000000004	6.7110989999999999	6.8733620000000011	7.4575079999999989	7.6522239999999995	8.4310850000000013	8.3661800000000035	8.3986330000000002	8.6258010000000009	8.5933479999999989	8.2363699999999991	8.5284430000000011	9.1450420000000001	9.1125900000000026	9.8265460000000022	10.215977000000001	9.9563570000000006	10.605408000000002	10.572956000000001	10.767670999999998	11.416723000000001	12.455206000000002	12.649920999999999	13.883119000000002	13.655951	15.440843000000001	15.311033	16.284609999999997	16.544231	16.446873	17.809881000000004	17.809881000000004	18.231764999999999	19.302700000000002	19.400058000000001	21.087591999999997	20.957781000000001	21.022686999999998	22.093621999999996	22.158526999999996	23.748702999999992	25.079259	24.819638000000001	26.182646999999992	26.280004000000002	27.740369999999995	27.935085999999995	28.843758000000001	28.778853000000005	29.460356999999991	29.460356999999991	29.395451999999999	31.439964000000003	33.581833999999994	33.614286999999997	36.178040000000003	36.210493	38.774246000000005	38.547077999999999	40.591591000000001	40.721401	42.506293000000007	42.571198000000003	42.441386999999999	44.648162000000006	44.680615000000003	47.147011000000006	49.288880000000006	49.451142999999995	49.678311000000008	52.144707000000004	52.209612000000007	54.773365000000005	54.870723000000005	57.402024000000004	57.174856000000005	60.485018000000004	60.420113000000008	63.730275000000006	63.795180000000009	67.364963000000017	67.462321000000003	71.291724000000016	71.226819000000006	74.536980999999983	74.569433000000004	78.106763000000001	81.092399	81.092399	81.189756999999986	84.370108999999985	84.305203000000006	87.874985999999993	87.874985999999993	91.055336999999966	91.314958000000004	94.917192000000014	94.78738199999998	97.253776999999985	97.318681999999981	99.136026000000001	99.493004000000013	102.511092	102.64090299999998	105.98351599999999	105.88615900000002	108.74198400000002	108.67707900000001	111.20837899999997	113.73967900000001	113.70722600000003	113.73967900000001	115.621927	115.81664300000001	117.04984	117.277008	117.601533	117.406818	117.17965	117.21210300000001	117.86115400000001	117.958512	118.28303699999998	118.347942	118.60756300000001	118.83473099999999	119.38642400000002	119.548687	120.13283300000001	120.03547500000001	121.10641	120.749432	122.20979699999998	122.11243899999997	124.416571	124.25430799999998	126.10410400000002	126.461082	128.34333100000001	128.14861499999998	130.84217800000002	130.97198800000001	132.69197299999999	133.01649900000001	134.11988599999998	134.24969599999997	134.80139000000003	134.73648399999999	134.86629500000001	135.45044100000004	136.19684999999998	136.16439700000001	136.35911200000001	137.26778399999998	138.33871800000003	138.04664499999998	139.02022200000002	138.66324399999999	138.30626599999999	138.371171	138.46852900000002	138.30626599999999	137.65721500000001	137.81947700000001	137.46249900000004	137.202879	136.94325799999999	137.202879	136.71608999999998	136.39156499999999	135.28817800000002	135.547798	134.02252800000002	133.99007599999999	132.594616	132.789331	131.069345	130.80972499999999	128.63540399999999	128.53804600000004	126.331272	126.136557	123.57280399999999	123.60525699999998	122.56677500000001	122.43696500000001	121.52829300000002	121.46338799999998	120.19773799999999	120.26264300000001	117.86115400000001	117.63398599999998	115.29740200000002	115.52457	115.39475899999998	113.67477399999999	113.54496300000002	112.636292	112.44157600000001	111.46799900000003	111.500452	110.429517	110.55932799999998	108.57972100000001	108.67707900000001	106.113327	106.048422	103.452217	103.354859	101.40770500000002	101.31034699999998	99.622813999999991	99.557908999999981	98.194901000000002	98.324711999999991	96.929250999999994	94.592667000000006	94.85228699999999	93.197205999999994	92.970037999999988	91.607030999999992	91.866651000000005	90.406285999999994	90.601000999999982	88.231964000000019	88.199511000000001	85.408591000000001	84.889349999999979	85.278779999999983	82.585217	82.617670000000004	80.18372699999999	78.236573000000007	78.139216000000005	76.192061999999993	75.964894000000015	74.244907000000012	74.47207499999999	74.212455000000006	72.427564000000018	70.934745000000007	70.772482999999966	69.474379999999982	69.409475	67.494772999999981	67.300057999999993	65.709881999999979	65.839691999999999	63.924990000000001	63.632917000000013	63.924990000000001	62.756698	62.821602999999996	61.491047999999999	61.750667999999997	60.712186000000003	60.712186000000003	59.446536000000002	57.077497999999999	56.915235000000003	55.519774000000005	55.584679999999999	55.389963999999999	54.448840000000004	54.513745	54.189219000000001	54.026956000000013	53.085832000000003	53.280547000000006	51.430750000000003	51.398298000000004	50.262458000000009	50.457173000000004	50.197553000000013	50.100195000000006	49.516047999999998	49.386237999999999	48.542471000000006	48.639829000000006	47.471536	46.497959000000002	46.400600999999995	45.329665999999996	45.491929000000006	44.777973000000003	44.583256999999996	44.648162000000006	44.226279000000012	44.388542000000001	43.285154000000013	42.051956000000004	42.311576999999993	40.688948000000003	40.851210999999999	40.688948000000003	39.650465999999994	39.618013000000012	38.936509000000001	39.131225000000001	39.033866999999994	38.839152000000006	38.936509000000001	38.871603999999998	37.476143	37.411237999999997	36.989355000000003	37.086712000000006	37.021806999999995	36.989355000000003	36.113135000000007	36.080682999999993	35.074653000000005	33.938813000000003	33.873906999999996	32.543352000000006	32.673162000000005	32.056563000000004	32.056563000000004	32.153921000000004	31.861847999999995	32.024111000000012	31.147891000000005	31.082985999999995	29.947145999999996	29.200735999999996	28.973568	29.265640999999992	27.772822999999995	27.772822999999995	27.286033999999997	26.993960999999999	26.572078000000001	26.539625000000001	26.572078000000001	26.409814999999995	25.728310999999998	25.987931	25.273973999999999	25.176617	25.273973999999999	24.949448999999994	24.527564999999999	24.722280999999995	23.748702999999992	23.683797999999996	22.483053000000002	22.288336999999991	21.996264	21.996264	21.152497	21.152497	20.568351	20.892876000000001	20.535898000000003	20.470993	20.049108999999998	21.379664999999999	21.736642999999997	20.308729999999997	20.341182	19.789488999999996	19.854393999999999	19.237794999999995	19.043078999999999	18.458932999999991	18.523838000000001	17.647618000000001	17.842333999999997	16.868755999999998	16.933662000000002	16.024989000000001	16.024989000000001	15.440843000000001	15.311033	14.856697000000002	14.791790999999998	14.661981000000001	14.856697000000002	14.856697000000002	15.083865000000001	14.954054000000001	15.051412000000001	14.921602	15.083865000000001	15.538200999999999	16.771398999999999	16.771398999999999	16.771398999999999	17.160830000000001	17.225734999999997	17.809881000000004	18.751006	18.718554000000001	19.043078999999999	19.757035999999999	19.821940999999999	20.146467000000001	19.919298999999999	19.205341999999998	19.594773	19.107983999999998	19.043078999999999	18.653648	18.458932999999991	18.134406999999999	18.069501999999996	17.939691999999997	17.517808000000002	17.031019000000001	17.063471999999997	15.830273999999999	15.765369	15.213674999999999	15.213674999999999	14.791790999999998	14.272550000000003	14.272550000000003	14.272550000000003	14.045382	14.110287	13.688404	13.720855999999999	13.753309	13.915572000000001	13.753309	13.493688000000002	13.753309	13.655951	14.14274	14.467266	15.213674999999999	15.27858	15.603106	15.603106	15.375938000000001	15.408390000000001	15.570653	15.570653	15.343485000000003	15.213674999999999	14.954054000000001	14.791790999999998	15.116316999999999	15.116316999999999	14.921602	14.791790999999998	16.154800000000009	15.797820999999999	16.576682999999996	16.674040999999999	16.933662000000002	16.933662000000002	16.706493999999996	16.771398999999999	16.706493999999996	16.706493999999996	16.284609999999997	16.446873	16.803851000000009	16.901208999999998	17.095925000000001	16.966113999999997	17.031019000000001	17.063471999999997	17.744976000000001	17.712523999999991	18.523838000000001	18.621196000000001	19.821940999999999	19.594773	19.854393999999999	19.789488999999996	20.470993	20.503444999999996	21.704191000000005	21.379664999999999	22.223431999999995	22.320789999999995	22.385694999999991	22.223431999999995	22.580409999999997	22.515505000000001	23.456629999999997	23.489082999999997	25.111712000000001	25.241521999999996	26.864151000000003	26.73434	27.967537999999998	28.097348999999998	28.292064	28.356969000000003	28.551684999999999	28.584136999999991	29.233188999999999	29.395451999999999	30.401481999999998	30.790913	32.348636000000006	32.024111000000012	33.711644999999997	33.516929000000005	34.328243000000001	34.555412000000004	34.458054000000004	35.107105000000004	34.685222000000003	34.685222000000003	34.717673999999995	34.587863999999989	33.354665999999987	33.516929000000005	31.861847999999995	31.732036999999991	30.174313999999999	30.076956000000003	28.486779999999996	28.811305000000004	27.675464999999999	27.837727999999995	26.701888000000004	26.507172000000001	26.539625000000001	24.754733000000002	24.624922999999999	22.483053000000002	22.353242000000002	20.892876000000001	21.412118	21.477022999999996	22.190979000000002	22.061169	23.618893000000003	23.586439999999996	24.592469999999995	24.332850000000004	25.728310999999998	25.695858000000005	26.73434	26.73434	26.60453	27.350939	27.350939	28.032444000000002	28.356969000000003	29.070926	29.298093999999995	29.168284	29.687525000000001	29.719978000000005	29.460356999999991	29.492809999999995	29.817335000000003	29.817335000000003	29.135831000000003	29.168284	29.233188999999999	28.421873999999999	28.356969000000003	27.837727999999995	27.837727999999995	27.805275999999999	27.740369999999995	27.675464999999999	27.772822999999995	27.837727999999995	28.162254000000001	28.486779999999996	28.876211000000001	29.070926	30.693555000000003	30.596197	30.758459999999996	32.640710000000006	34.490506000000003	34.490506000000003	35.885966999999994	35.788609000000001	35.788609000000001	36.989355000000003	37.281427999999998	37.995385000000006	37.930479000000005	38.449721000000004	38.287458000000001	38.287458000000001	38.060290000000002	37.898027000000006	37.638406000000003	37.541048999999994	36.242945000000006	36.470114000000002	36.470114000000002	34.847484999999992	34.750127000000006	32.770520000000012	32.802972000000004	30.596197	30.661102	28.584136999999991	26.247551999999999	26.312456999999995	23.553988000000004	23.910965999999998	23.748702999999992	22.061169	22.190979000000002	20.373635	20.146467000000001	18.426480000000002	18.686101000000001	16.868755999999998	15.927632000000001	16.154800000000009	15.473296000000001	15.343485000000003	15.408390000000001	15.343485000000003	15.408390000000001	15.375938000000001	15.27858	14.726886	14.726886	14.240096999999999	14.40236	13.136710000000001	13.363878	11.806154000000001	12.13068	11.611438	11.351818	11.25446	11.449176	11.027291999999999	11.059745000000003	10.508050999999998	10.248430000000001	10.021261999999998	9.7291890000000016	9.2748529999999985	9.0476850000000013	8.3012749999999986	8.2039169999999988	7.8793920000000011	7.717128999999999	7.7495810000000001	7.7820339999999995	7.717128999999999	7.717128999999999	7.7495810000000001	7.846938999999999	7.8144859999999978	7.9442969999999997	7.8144859999999978	7.8144859999999978	7.3926030000000003	7.5224129999999994	6.6137410000000001	6.2892150000000004	6.5163830000000003	5.0235639999999995	5.1209219999999993	5.0560169999999989	5.1533749999999987	5.3805430000000003	5.6726159999999988	5.8997839999999995	6.0620469999999989	6.1269519999999993	6.3865730000000003	6.1918569999999988	5.964688999999999	6.0944999999999991	5.9322369999999998	6.1269519999999993	5.34809	5.2831849999999987	5.0560169999999989	5.0560169999999989	5.1209219999999993	5.2507320000000002	4.8937539999999995	4.8288489999999991	4.6665859999999979	4.699039	4.5043230000000003	4.5367759999999997	4.8613010000000001	4.731491000000001	4.9262069999999998	4.9586589999999999	4.4394179999999999	4.5367759999999997	3.9201769999999998	4.0175339999999986	4.0499869999999989	4.0175339999999986	3.3360299999999996	3.6930079999999998	3.6605560000000001	3.6930079999999998	3.1413150000000001	3.2386719999999998	2.9141469999999994	3.3684829999999994	3.7579140000000004	3.6281029999999999	3.9201769999999998	3.6605560000000001	3.3035770000000002	3.4658399999999996	2.6869779999999999	2.7843360000000006	2.2001900000000005	2.1028319999999998	2.1352849999999997	1.8756639999999998	2.3949049999999996	2.2975469999999998	2.070379	2.2001900000000005	3.2386719999999998	3.3035770000000002	3.5956509999999997	3.4658399999999996	3.4982929999999994	3.400935	2.946599	3.1413150000000001	2.5247160000000002	2.4598099999999996	1.9081160000000001	1.8756639999999998	1.6809480000000001	1.7458539999999998	2.1352849999999997	2.4273579999999999	2.7194310000000002	2.7843360000000006	2.4598099999999996	2.5247160000000002	2.5247160000000002	2.3299999999999996	2.946599	2.7843360000000006	2.6545260000000002	2.6869779999999999	2.6545260000000002	2.6545260000000002	2.492262999999999	2.362452999999999	1.9730220000000001	2.070379	2.3299999999999996	2.070379	1.6809480000000001	1.5511379999999999	1.4213279999999997	1.3888750000000001	1.2590649999999999	1.3564229999999999	1.2590649999999999	1.161707	0.80472900000000014	0.86963400000000013	1.064349	0.77227600000000007	1.064349	1.161707	1.940569	1.9730220000000001	2.5247160000000002	2.2650950000000001	2.5247160000000002	2.492262999999999	1.6160430000000001	2.005474	1.7134009999999997	1.648496	1.3239699999999999	1.3564229999999999	1.161707	1.064349	0.70737099999999997	Time (s)

volume in ppm
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volume in ppm

Concentration ng/kg
Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	2	12	13	26	19	149	279	53	65	149	120	116	167	52	350	51	123	 % contribution to total I-TEQ	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	1.4	4	0.9	1.7	1.3	1	0.19	3.6	2.2000000000000002	50.3	8.1	7.8	11.3	3.5	2.4	0.34	8.0000000000000016E-2	Concentration ng/kg
Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	2	14	15	28	21	158	291	59	68	158	124	118	182	53	349	55	134	 % contribution to total I-TEQ	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	1.4	4.5	1	1.8	1.3	1	0.18000000000000002	3.7	2.2000000000000002	50	7.9	7.5	11.5	3.4	2.2000000000000002	0.35000000000000003	8.0000000000000016E-2	Concentration ng/kg
Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3	13	16	26	21	158	283	62	62	153	123	124	186	56	359	57	133	 % contribution to total I-TEQ	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	1.9000000000000001	4.0999999999999996	1	1.7	1.3	1.01	0.18000000000000002	3.9	2	48.9	7.9	7.9	11.9	3.6	2.2999999999999998	0.36000000000000004	8.0000000000000016E-2	Concentration ng/kg
Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3	15	15	27	20	159	292	61	68	150	128	124	183	57	363	56	135	 % contribution to total I-TEQ	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	2	4.8	0.9	1.7	1.3	1.02	0.19	3.9	2.2000000000000002	47.8	8.2000000000000011	7.9	11.7	3.6	2.2999999999999998	0.36000000000000004	9.0000000000000011E-2	Concentration ng/kg
Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3	13	15	25	18	149	263	55	65	137	115	115	167	50	342	51	126	 % contribution to total I-TEQ	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	2	4.5	1.1000000000000001	1.8	1.3	1.04	0.18000000000000002	3.9	2.2999999999999998	48	8	8	11.7	3.5	2.4	0.36000000000000004	9.0000000000000011E-2	QC1 Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	2	12	13	26	19	149	279	53	65	149	120	116	167	52	350	51	123	QC2 Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	2	14	15	28	21	158	291	59	68	158	124	118	182	53	349	55	134	QC3 Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3	13	16	26	21	158	283	62	62	153	123	124	186	56	359	57	133	QC4 Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3	15	15	27	20	159	292	61	68	150	128	124	183	57	363	56	135	QC5 Concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3	13	15	25	18	149	263	55	65	137	115	115	167	50	342	51	126	Average concentration ƞg/kg	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	2.6	13.4	14.8	26.4	19.8	154.6	281.60000000000002	58	65.599999999999994	149.4	122	119.4	177	53.6	352.6	54	130.19999999999999	Total dioxin concentration
qc1 concentration ng / kg	TeCDDs	PeCDDs 	HxCDDs 	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	99	198	353	316	1366	1256	1021	530	qc2 concentration ng / kg	TeCDDs	PeCDDs 	HxCDDs 	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	100	208	381	334	1456	1320	1048	533	qc3 concentration ng / kg	TeCDDs	PeCDDs 	HxCDDs 	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	103	204	367	334	1476	1331	1072	551	qc4 concentration ng / kg	TeCDDs	PeCDDs 	HxCDDs 	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	102	215	377	345	1466	1329	1083	558	qc5 concentration ng / kg	TeCDDs	PeCDDs 	HxCDDs 	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	95	198	343	319	1376	1235	994	521	% Recovery QC1	13C-2,3,7,8-TCDD	13C-1,2,3,7,8-PeCDD	13C-1,2,3,4,7,8-HxCDD	13C-1,2,3,6,7,8-HxCDD	13C-1,2,3,4,6,7,8-HpCDD	13C-OCDD	13C-2,3,7,8-TCDF	13C-2,3,4,7,8-PeCDF	13C-1,2,3,4,7,8-HxCDF	13C-1,2,3,6,7,8-HxCDF	13C-2,3,4,6,7,8-HxCDF	13C-1,2,3,4,6,7,8-HpCDF	13C-OCDF	57	60	62	62	62	51	58	61	58	60	63	59	54	% Recovery QC2	13C-2,3,7,8-TCDD	13C-1,2,3,7,8-PeCDD	13C-1,2,3,4,7,8-HxCDD	13C-1,2,3,6,7,8-HxCDD	13C-1,2,3,4,6,7,8-HpCDD	13C-OCDD	13C-2,3,7,8-TCDF	13C-2,3,4,7,8-PeCDF	13C-1,2,3,4,7,8-HxCDF	13C-1,2,3,6,7,8-HxCDF	13C-2,3,4,6,7,8-HxCDF	13C-1,2,3,4,6,7,8-HpCDF	13C-OCDF	57	60	60	59	58	49	57	60	57	58	62	59	51	% Recovery QC3	13C-2,3,7,8-TCDD	13C-1,2,3,7,8-PeCDD	13C-1,2,3,4,7,8-HxCDD	13C-1,2,3,6,7,8-HxCDD	13C-1,2,3,4,6,7,8-HpCDD	13C-OCDD	13C-2,3,7,8-TCDF	13C-2,3,4,7,8-PeCDF	13C-1,2,3,4,7,8-HxCDF	13C-1,2,3,6,7,8-HxCDF	13C-2,3,4,6,7,8-HxCDF	13C-1,2,3,4,6,7,8-HpCDF	13C-OCDF	60	62	63	64	62	51	59	63	60	63	65	61	54	% Recovery QC4	13C-2,3,7,8-TCDD	13C-1,2,3,7,8-PeCDD	13C-1,2,3,4,7,8-HxCDD	13C-1,2,3,6,7,8-HxCDD	13C-1,2,3,4,6,7,8-HpCDD	13C-OCDD	13C-2,3,7,8-TCDF	13C-2,3,4,7,8-PeCDF	13C-1,2,3,4,7,8-HxCDF	13C-1,2,3,6,7,8-HxCDF	13C-2,3,4,6,7,8-HxCDF	13C-1,2,3,4,6,7,8-HpCDF	13C-OCDF	53	55	54	55	53	45	53	56	52	52	56	53	47	% Recovery QC5	13C-2,3,7,8-TCDD	13C-1,2,3,7,8-PeCDD	13C-1,2,3,4,7,8-HxCDD	13C-1,2,3,6,7,8-HxCDD	13C-1,2,3,4,6,7,8-HpCDD	13C-OCDD	13C-2,3,7,8-TCDF	13C-2,3,4,7,8-PeCDF	13C-1,2,3,4,7,8-HxCDF	13C-1,2,3,6,7,8-HxCDF	13C-2,3,4,6,7,8-HxCDF	13C-1,2,3,4,6,7,8-HpCDF	13C-OCDF	60	63	64	66	63	54	61	66	63	63	65	62	55	QC limits, min	13C-2,3,7,8-TCDD	13C-1,2,3,7,8-PeCDD	13C-1,2,3,4,7,8-HxCDD	13C-1,2,3,6,7,8-HxCDD	13C-1,2,3,4,6,7,8-HpCDD	13C-OCDD	13C-2,3,7,8-TCDF	13C-2,3,4,7,8-PeCDF	13C-1,2,3,4,7,8-HxCDF	13C-1,2,3,6,7,8-HxCDF	13C-2,3,4,6,7,8-HxCDF	13C-1,2,3,4,6,7,8-HpCDF	13C-OCDF	43	54	49	47	54	49	42	52	47	44	49	49	49	QC limits, max	13C-2,3,7,8-TCDD	13C-1,2,3,7,8-PeCDD	13C-1,2,3,4,7,8-HxCDD	13C-1,2,3,6,7,8-HxCDD	13C-1,2,3,4,6,7,8-HpCDD	13C-OCDD	13C-2,3,7,8-TCDF	13C-2,3,4,7,8-PeCDF	13C-1,2,3,4,7,8-HxCDF	13C-1,2,3,6,7,8-HxCDF	13C-2,3,4,6,7,8-HxCDF	13C-1,2,3,4,6,7,8-HpCDF	13C-OCDF	95	108	101	102	104	103	99	110	99	97	101	103	102	Gr1 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000004E-2	4.0000000000000008E-2	2.0000000000000004E-2	7.0000000000000021E-2	80.13	15.629999999999999	84.669999999999987	23.71	21.23	24.310000000000002	21.58	7.01	12.6	10.870000000000001	2.6	8.4	Gr2 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.0000000000000002E-2	8.0000000000000016E-2	3.0000000000000002E-2	0.11	79.010000000000005	16.73	90.11999999999999	24.21	21.85	25.72	21.08	8.25	13.34	9.51	2.2000000000000002	9.120000000000001	Gr3 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000004E-2	0.1	0.23	1.44	99.39	21.779999999999998	93.13	24.68	20.02	27.36	23.23	8.2199999999999989	13.88	10.75	3.3499999999999996	10.79	Gr4 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000004E-2	0.14000000000000001	0.11	0.67000000000000015	101.05	21.479999999999997	97.460000000000008	27.479999999999997	24.79	24.02	23.02	8.7900000000000009	12.950000000000001	10.09	3.34	9.65	Gr5 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	3.0000000000000002E-2	0.31000000000000005	0.05	0.15000000000000002	89.86	21.939999999999998	85.78	24.08	21.85	24.41	22.110000000000003	7.63	13	10.8	2.25	9.77	CBl1 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1	1.8	0.2	0.8	2.4	0.70000000000000007	23.8	18.899999999999999	12.5	18.899999999999999	21.1	6.4	8.5	7.4	2.2000000000000002	7.4	CBl2 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1	0.1	0.2	0.1	2.7	0.8	21.6	17.2	12.2	18.7	15.7	6.1	7.4	7.2	2.4	8	CBl3 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0.1	0	0.30000000000000004	2.5	0.60000000000000009	22.7	20.100000000000001	12.6	15.1	15	6.4	8.4	9	2.1	8.2000000000000011	CBl4 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1	0	0.1	0.1	2.2999999999999998	0.5	24.9	19	13.9	17.5	15.5	6.4	7.3	6.7	2.2000000000000002	5.5	CBl5 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0	0	0.1	2.6	0.5	19.899999999999999	17.3	17.8	20.2	20.5	6.6	9.8000000000000007	8.4	2.5	8.1	CB1 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0.30000000000000004	0.1	1.2	20.7	1.6	3.6	2.6	0.8	1.5	0.8	0.2	0.30000000000000004	0.2	0.1	0.30000000000000004	CB2 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1	3.8	1	8.2000000000000011	26.1	5.4	7.4	5	0.8	1.2	0.4	0.1	0.2	0.1	0.1	0.2	CB3 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0.70000000000000007	0.1	3.7	30.7	6.7	5.9	4.5	0.5	0.8	0.4	0.1	0.2	0.1	0	0.2	CB4 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0.2	0.1	2.2000000000000002	20	3.2	5.6	3.8	0.60000000000000009	0.9	0.30000000000000004	0.1	0.2	0.1	0	0.1	CB5 (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0.1	0	1	27.3	4.2	7	5.0999999999999996	0.9	1.3	0.60000000000000009	0.2	0.4	0.2	0.1	0.30000000000000004	Gr1 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	6.0000000000000019E-3	1.0000000000000002E-2	7.8000000000000014E-2	3.0000000000000002E-2	1.0020000000000002	7.5999999999999998E-2	0.40600000000000008	0.33000000000000007	0.27200000000000002	0.40800000000000008	0.19200000000000003	8.0000000000000016E-2	2.2000000000000006E-2	4.200000000000001E-2	1.4000000000000002E-2	3.4000000000000002E-2	Gr 2 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	4.1000000000000002E-2	7.2800000000000017E-2	0.19620000000000001	0.15880000000000002	1.0073999999999996	8.5800000000000015E-2	0.36440000000000006	0.29340000000000011	0.21480000000000002	0.30640000000000006	0.1308	5.4200000000000005E-2	1.8600000000000005E-2	1.6799999999999999E-2	7.4000000000000012E-3	1.6799999999999999E-2	Gr 3 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.3400000000000002E-2	7.0000000000000021E-2	8.6600000000000024E-2	0.26	1.26	9.0000000000000024E-2	0.42340000000000011	0.33660000000000007	0.34660000000000002	0.25340000000000001	0.22000000000000003	8.6600000000000024E-2	3.6600000000000008E-2	3.0000000000000002E-2	1.3400000000000002E-2	2.3399999999999997E-2	Gr4 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	8.0000000000000019E-3	4.0000000000000008E-2	4.8000000000000015E-2	0.15000000000000002	1.08	7.8000000000000014E-2	0.29400000000000004	0.25	0.254	0.19400000000000003	0.15200000000000002	6.200000000000002E-2	2.2000000000000006E-2	1.8000000000000006E-2	8.0000000000000019E-3	1.6000000000000004E-2	Gr5 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.7600000000000001E-2	2.7400000000000004E-2	4.5000000000000005E-2	6.6600000000000006E-2	1.4602000000000002	0.11960000000000003	0.42000000000000004	0.34140000000000004	0.21780000000000005	0.31980000000000014	0.13140000000000004	5.1000000000000004E-2	1.9599999999999999E-2	1.5600000000000003E-2	7.8000000000000022E-3	1.9599999999999999E-2	CBl 1 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.5094339622641508E-2	1.1320754716981135E-2	3.0188679245283012E-2	0.1169811320754717	0.41509433962264164	2.264150943396227E-2	0.31320754716981142	0.23396226415094343	8.6792452830188674E-2	7.1698113207547168E-2	3.7735849056603786E-2	1.5094339622641508E-2	2.264150943396227E-2	2.264150943396227E-2	3.7735849056603787E-3	1.8867924528301886E-2	CBl 2 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.2000000000000004E-2	4.000000000000001E-3	1.6000000000000004E-2	7.2000000000000022E-2	0.38000000000000012	2.4000000000000007E-2	0.29200000000000004	0.22000000000000003	6.0000000000000005E-2	9.2000000000000026E-2	4.0000000000000008E-2	1.2000000000000004E-2	2.4000000000000007E-2	2.0000000000000004E-2	4.000000000000001E-3	1.6000000000000004E-2	CBl 3 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.7491408934707907E-2	1.0309278350515469E-2	1.3745704467353955E-2	6.5292096219931303E-2	0.44673539518900346	2.4054982817869431E-2	0.27835051546391765	0.19931271477663234	5.1546391752577317E-2	7.5601374570446744E-2	5.1546391752577317E-2	1.3745704467353955E-2	3.0927835051546396E-2	2.0618556701030931E-2	3.4364261168384879E-3	2.4054982817869431E-2	CBl 4 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	8.333333333333335E-3	0	4.1666666666666675E-3	1.2500000000000004E-2	0.26250000000000001	1.666666666666667E-2	0.20833333333333343	0.1541666666666667	5.4166666666666682E-2	6.25E-2	2.0833333333333343E-2	8.333333333333335E-3	3.333333333333334E-2	1.666666666666667E-2	4.1666666666666675E-3	1.2500000000000004E-2	CBl 5 fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	7.8125E-3	3.90625E-3	1.1718750000000003E-2	1.9531250000000003E-2	0.40625	2.3437500000000007E-2	0.27343750000000006	0.20703125000000003	6.25E-2	5.4687500000000014E-2	1.9531250000000003E-2	7.8125E-3	2.7343750000000007E-2	1.1718750000000003E-2	3.90625E-3	7.8125E-3	CB1 Fuel (µg / kg) 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.13200000000000001	0.26	0.48000000000000004	1.5	12.568	0.96000000000000008	6.1360000000000001	4.9160000000000004	4.04	7.9039999999999999	5.5639999999999992	1.456	2.8959999999999999	1.8440000000000001	0.95200000000000018	2.54	CB2 Fuel (µg / kg) 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.13200000000000001	0.24400000000000002	0.4	1.3	12.647999999999998	0.92799999999999994	5.7360000000000015	4.8760000000000003	4.0519999999999996	7.8839999999999995	5.484	1.3359999999999996	3.0559999999999996	1.9240000000000004	0.91200000000000003	2.5119999999999996	CB3 Fuel (µg / kg) 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.12000000000000001	0.27600000000000002	0.47200000000000009	1.3640000000000001	12.436	0.97600000000000009	5.3519999999999994	4.9639999999999995	4.363999999999999	7.6760000000000002	5.3039999999999985	1.4880000000000002	3.1	1.7919999999999996	0.96400000000000019	2.6159999999999997	CB4 Fuel (µg / kg) 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.14000000000000001	0.252	0.4920000000000001	1.3	12.624000000000001	0.89599999999999991	6.1519999999999992	4.7639999999999985	3.984	7.94	5.5279999999999987	1.4480000000000002	2.86	1.8719999999999997	0.92400000000000004	2.5359999999999996	CB5 Fuel (µg / kg) 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.12000000000000001	0.26400000000000001	0.4840000000000001	1.3480000000000001	12.764000000000001	0.87200000000000011	6.1760000000000002	4.855999999999999	4.0880000000000001	7.8679999999999977	5.4920000000000009	1.4319999999999995	2.92	1.8359999999999996	0.90799999999999992	2.6119999999999997	AVE Gr emission (µg/kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000004E-2	0.13400000000000001	8.8000000000000023E-2	0.4880000000000001	89.887999999999991	19.512	90.232000000000014	24.832000000000001	21.947999999999993	25.163999999999994	22.204000000000001	7.98	13.154	10.404	2.7480000000000002	9.5460000000000012	AVE Gr fuel (µg/kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.72E-2	4.404000000000001E-2	9.0760000000000035E-2	0.13308	1.1619199999999998	8.9880000000000029E-2	0.38156000000000007	0.31028000000000006	0.26104000000000005	0.29632000000000008	0.16524000000000003	6.6760000000000014E-2	2.376E-2	2.4480000000000002E-2	1.0120000000000001E-2	2.196E-2	AVE CBl emission (µg /kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	6.0000000000000019E-2	0.4	0.1	0.28000000000000008	2.4999999999999991	0.62000000000000011	22.580000000000002	18.499999999999993	13.8	18.079999999999995	17.559999999999999	6.38	8.2800000000000011	7.74	2.2799999999999998	7.44	AVE CBl fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.4146316378136545E-2	5.9072566134993213E-3	1.516396007586073E-2	5.7260895659080588E-2	0.38211594696232898	2.2160131783699674E-2	0.27306577919341252	0.20289457911884845	6.3001102249886531E-2	0.11129739755559877	3.3929364828502881E-2	1.1397175484665763E-2	2.7649285563768406E-2	1.8329096560331971E-2	3.8565855378331071E-3	1.5847081469234265E-2	AVE CB emission (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000004E-2	1.02	0.26000000000000006	3.2599999999999993	24.959999999999997	4.22	5.9	4.2	0.72000000000000008	1.1400000000000001	0.5	0.14000000000000001	0.26	0.14000000000000001	6.0000000000000019E-2	0.22000000000000003	AVE CB fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1288	0.25920000000000004	0.46560000000000001	1.3624000000000001	12.608000000000001	0.9264	5.910400000000001	4.8751999999999995	4.1056000000000008	7.8543999999999983	5.4743999999999993	1.4319999999999995	2.9663999999999997	1.8535999999999999	0.93200000000000027	2.5632000000000001	AVE Gr (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000004E-2	0.13400000000000001	8.8000000000000023E-2	0.4880000000000001	89.887999999999991	19.512	90.232000000000014	24.832000000000001	21.947999999999993	25.163999999999994	22.204000000000001	7.98	13.154	10.404	2.7480000000000002	9.5460000000000012	AVE CBl (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	6.0000000000000019E-2	0.4	0.1	0.28000000000000008	2.4999999999999991	0.62000000000000011	22.580000000000002	18.499999999999993	13.8	18.079999999999995	17.559999999999999	6.38	8.2800000000000011	7.74	2.2799999999999998	7.44	AVE CB (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000004E-2	1.02	0.26000000000000006	3.2599999999999993	24.959999999999997	4.22	5.9	4.2	0.72000000000000008	1.1400000000000001	0.5	0.14000000000000001	0.26	0.14000000000000001	6.0000000000000019E-2	0.22000000000000003	AVE Gr fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.72E-2	4.404000000000001E-2	9.0760000000000035E-2	0.13308	1.1619199999999998	8.9880000000000029E-2	0.38156000000000007	0.31028000000000006	0.26104000000000005	0.29632000000000008	0.16524000000000003	6.6760000000000014E-2	2.376E-2	2.4480000000000002E-2	1.0120000000000001E-2	2.196E-2	AVE CBl fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.4146316378136545E-2	5.9072566134993213E-3	1.516396007586073E-2	5.7260895659080588E-2	0.38211594696232898	2.2160131783699674E-2	0.27306577919341252	0.20289457911884845	6.3001102249886531E-2	0.11129739755559877	3.3929364828502881E-2	1.1397175484665763E-2	2.7649285563768406E-2	1.8329096560331971E-2	3.8565855378331071E-3	1.5847081469234265E-2	AVE CB fuel (µg / kg)	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1288	0.25920000000000004	0.46560000000000001	1.3624000000000001	12.608000000000001	0.9264	5.910400000000001	4.8751999999999995	4.1056000000000008	7.8543999999999983	5.4743999999999993	1.4319999999999995	2.9663999999999997	1.8535999999999999	0.93200000000000027	2.5632000000000001	CB concentration ng/kg 
CB2	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	6.0000000000000324E-2	0.1	4.0000000000000112E-2	5.0000000000000114E-2	5.0000000000000114E-2	0.17	0.30000000000000032	1.6800000000000093	1.52	1.7100000000000029	1.4	1.1800000000000093	0.9	0.38000000000000256	1.7400000000000031	0.27	0.3300000000000029	CB3	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	6.0000000000000324E-2	0.11000000000000018	6.0000000000000324E-2	7.0000000000000034E-2	5.0000000000000114E-2	0.25	0.44000000000000072	1.6500000000000001	1.7400000000000031	1.9900000000000071	1.9200000000000021	1.57	1.24	0.52	2.84	0.42000000000000032	0.67000000000000604	CBl concentration ng/kg
CBl4	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	4.0000000000000022E-2	8.0000000000000043E-2	4.0000000000000022E-2	0.05	4.0000000000000022E-2	0.1	9.0000000000000024E-2	1.06	1.1399999999999895	1.07	0.71000000000000063	0.64000000000000523	0.53	0.23	0.79	0.15000000000000024	0.21000000000000021	CBl5	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3.0000000000000002E-2	6.0000000000000032E-2	2.0000000000000011E-2	3.0000000000000002E-2	3.0000000000000002E-2	7.0000000000000021E-2	0.12000000000000002	0.9	0.72000000000000064	0.8	0.53	0.47000000000000008	0.38000000000000256	0.16	0.56999999999999995	0.12000000000000002	0.18000000000000024	Gr concentration ng/kg
Gr1	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	0.14000000000000001	0.22	8.0000000000000043E-2	9.0000000000000024E-2	8.0000000000000043E-2	0.21000000000000021	0.15000000000000024	4.33	3.38	3.98	2.73	2.52	1.82	0.71000000000000063	3.2	0.49000000000000032	0.59	Gr2	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	0.12000000000000002	0.12000000000000002	4.0000000000000022E-2	0.05	0.05	0.13	9.0000000000000024E-2	3.69	2.84	3.01	1.62	1.52	1.08	0.4	1.6300000000000001	0.25	0.29000000000000031	2,3,7,8-chlorine substituted compounds
CB2 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	6.0000000000000032E-2	0.1	4.0000000000000022E-2	0.05	0.05	0.17	0.30000000000000032	1.6800000000000093	1.52	1.71	1.4	1.1800000000000093	0.9	0.38000000000000256	1.74	0.27	0.3300000000000029	CB3 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	6.0000000000000032E-2	0.11	6.0000000000000032E-2	7.0000000000000021E-2	0.05	0.25	0.44	1.6500000000000001	1.74	1.9900000000000104	1.9200000000000021	1.57	1.24	0.52	2.84	0.42000000000000032	0.67000000000000604	CBl4 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	4.0000000000000022E-2	8.0000000000000043E-2	4.0000000000000022E-2	0.05	4.0000000000000022E-2	0.1	9.0000000000000024E-2	1.06	1.1399999999999895	1.07	0.71000000000000063	0.64000000000000523	0.53	0.23	0.79	0.15000000000000024	0.21000000000000021	CBl5	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3.0000000000000002E-2	6.0000000000000032E-2	2.0000000000000011E-2	3.0000000000000002E-2	3.0000000000000002E-2	7.0000000000000021E-2	0.12000000000000002	0.9	0.72000000000000064	0.8	0.53	0.47000000000000008	0.38000000000000256	0.16	0.56999999999999995	0.12000000000000002	0.18000000000000024	Gr1 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	0.14000000000000001	0.22	8.0000000000000043E-2	9.0000000000000024E-2	8.0000000000000043E-2	0.21000000000000021	0.15000000000000024	4.33	3.38	3.98	2.73	2.52	1.82	0.71000000000000063	3.2	0.49000000000000032	0.59	Gr2 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	0.12000000000000002	0.12000000000000002	4.0000000000000022E-2	0.05	0.05	0.13	9.0000000000000024E-2	3.69	2.84	3.01	1.62	1.52	1.08	0.4	1.6300000000000001	0.25	0.29000000000000031	concentration ηg/kg
Totals concentration
CB2	TeCDDs 	PeCDDs  	HxCDDs  	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	1	1	1	0.30000000000000032	46	21	10	3	CB3	TeCDDs 	PeCDDs  	HxCDDs  	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	1	1	1	0.5	44	23	13	4	CBl4	TeCDDs 	PeCDDs  	HxCDDs  	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	1	1	1	0.2	29	15	6	1	CBl5	TeCDDs 	PeCDDs  	HxCDDs  	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	1	1	0	0.2	27	10	4	1	Gr1	TeCDDs 	PeCDDs  	HxCDDs  	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	3	2	1	0.4	124	48	19	5	Gr2	TeCDDs 	PeCDDs  	HxCDDs  	HpCDDs 	TeCDFs 	PeCDFs 	HxCDFs 	HpCDFs 	2	1	1	0.30000000000000032	119	41	12	3	tetra to octa-isomers group
Concentration (ng/kg)
% Recovery CB2	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	76	72	71	73	72	70	70	70	69	67	68	63	69	% Recovery CB3	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	63	63	59	60	59	53	59	60	56	55	57	53	54	% Recovery CBl4	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	44	48	51	49	54	59	54	54	69	65	58	67	70	% Recovery CBl5	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	52	69	67	71	73	68	61	68	64	63	64	63	66	% Recovery Gr1	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	40	68	71	73	77	76	36	66	66	66	69	67	73	% Recovery Gr2	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	58	72	74	75	72	69	69	69	71	71	70	65	68	QC min lmit	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	43	54	49	47	54	49	42	52	47	44	49	49	49	QC max limit	13C-2,3,7,8-TCDD  	13C-1,2,3,7,8-PeCDD  	13C-1,2,3,4,7,8-HxCDD   	13C-1,2,3,6,7,8-HxCDD  	13C-1,2,3,4,6,7,8-HpCDD 	13C-OCDD  	13C-2,3,7,8-TCDF 	13C-2,3,4,7,8-PeCDF   	13C-1,2,3,4,7,8-HxCDF  	13C-1,2,3,6,7,8-HxCDF  	13C-2,3,4,6,7,8-HxCDF   	13C-1,2,3,4,6,7,8-HpCDF   	13C-OCDF   	95	108	101	102	104	103	99	110	99	97	101	103	102	PAH
CB2 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1	3.8	1	8.2000000000000011	26.1	5.4	7.4	5	0.8	1.2	0.4	0.1	0.2	0.1	0.1	0.2	CB3 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0.70000000000000062	0.1	3.7	30.7	6.7	5.9	4.5	0.5	0.8	0.4	0.1	0.2	0.1	0	0.2	Concentration (µg/kg)
PCDD/F
CB2 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	6.0000000000000032E-2	0.1	4.0000000000000022E-2	0.05	0.05	0.17	0.30000000000000032	1.6800000000000093	1.52	1.71	1.4	1.1800000000000093	0.9	0.38000000000000256	1.74	0.27	0.3300000000000029	CB3 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	6.0000000000000032E-2	0.11	6.0000000000000032E-2	7.0000000000000021E-2	0.05	0.25	0.44	1.6500000000000001	1.74	1.9900000000000104	1.9200000000000021	1.57	1.24	0.52	2.84	0.42000000000000032	0.67000000000000604	Concentration (ng/kg)
PAH
CBl4 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0.1	0	0.1	0.1	2.2999999999999998	0.5	24.9	19	13.9	17.5	15.5	6.4	7.3	6.7	2.2000000000000002	5.5	CBl5 	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	0	0	0	0.1	2.6	0.5	19.899999999999999	17.3	17.8	20.2	20.5	6.6	9.8000000000000007	8.4	2.5	8.1	Concentration (µg/kg)
PCDD/F
CBl4 	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	4.0000000000000022E-2	8.0000000000000043E-2	4.0000000000000022E-2	0.05	4.0000000000000022E-2	0.1	9.0000000000000024E-2	1.06	1.1399999999999895	1.07	0.71000000000000063	0.64000000000000523	0.53	0.23	0.79	0.15000000000000024	0.21000000000000021	CBl5	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	3.0000000000000002E-2	6.0000000000000032E-2	2.0000000000000011E-2	3.0000000000000002E-2	3.0000000000000002E-2	7.0000000000000021E-2	0.12000000000000002	0.9	0.72000000000000064	0.8	0.53	0.47000000000000008	0.38000000000000256	0.16	0.56999999999999995	0.12000000000000002	0.18000000000000024	Concentration (ng/kg)
PAH
Gr1	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	2.0000000000000011E-2	4.0000000000000022E-2	2.0000000000000011E-2	7.0000000000000021E-2	80.13	15.63	84.669999999999987	23.71	21.23	24.310000000000031	21.58	7.01	12.6	10.870000000000006	2.6	8.4	Gr2	naphthalene	acenaphthylene	acenaphthene	fluorene	phenanthrene	anthracene	fluoranthene	pyrene	benzo [a] anthracene	chrysene + triphenylene	benzo [b + j] fluoranthene	benzo [k] fluoranthene	benzo [a] pyrene	Indeno [1,2,3-cd] pyrene	dibenzo [a,h + a,c] anthracene	benzo [g,h,i] perylene	1.0000000000000005E-2	8.0000000000000043E-2	3.0000000000000002E-2	0.11	79.010000000000005	16.73	90.11999999999999	24.21	21.85	25.72	21.08	8.25	13.34	9.51	2.2000000000000002	9.120000000000001	Concentration (µg/kg)
PCDD/F
Gr1	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	0.14000000000000001	0.22	8.0000000000000043E-2	9.0000000000000024E-2	8.0000000000000043E-2	0.21000000000000021	0.15000000000000024	4.33	3.38	3.98	2.73	2.52	1.82	0.71000000000000063	3.2	0.49000000000000032	0.59	Gr2	2,3,7,8-TCDD	1,2,3,7,8-PeCDD	1,2,3,4,7,8-HxCDD	1,2,3,6,7,8-HxCDD	1,2,3,7,8,9-HxCDD	1,2,3,4,6,7,8-HpCDD	OCDD	2,3,7,8-TCDF	1,2,3,7,8-PeCDF	2,3,4,7,8-PeCDF	1,2,3,4,7,8-HxCDF	1,2,3,6,7,8-HxCDF	2,3,4,6,7,8-HxCDF	1,2,3,7,8,9-HxCDF	1,2,3,4,6,7,8-HpCDF	1,2,3,4,7,8,9-HpCDF	OCDF	0.12000000000000002	0.12000000000000002	4.0000000000000022E-2	0.05	0.05	0.13	9.0000000000000024E-2	3.69	2.84	3.01	1.62	1.52	1.08	0.4	1.6300000000000001	0.25	0.29000000000000031	Concentration (ηg/kg)
phenanthrene	4.83	14.56	23.75	2.6	30.7	80.13	fluoranthene	4.83	14.56	23.75	19.899999999999999	5.9	84.669999999999987	pyrene	4.83	14.56	23.75	17.3	4.5	23.71	benzo [a] anthracene	CBl
CB
Gr
4.83	14.56	23.75	17.8	0.5	21.23	chrysene + triphenylene	4.83	14.56	23.75	20.2	0.8	24.310000000000031	benzo [b + j] fluoranthene	4.83	14.56	23.75	20.5	0.4	21.58	benzo [k] fluoranthene	4.83	14.56	23.75	6.6	0.1	7.01	benzo [a] pyrene	4.83	14.56	23.75	9.8000000000000007	0.2	12.6	Indeno [1,2,3-cd] pyrene	4.83	14.56	23.75	8.4	0.1	10.870000000000006	dibenzo [a,h + a,c] anthracene	4.83	14.56	23.75	2.5	0	2.6	benzo [g,h,i] perylene	4.83	14.56	23.75	8.1	0.2	8.4	PCDF (ηg/kg)
PAH (µg/kg)

this work	B1	B2	B3	B4	B5	B6	B7	B8	B9	0	183.71800154494119	-59.960978843271739	-214.6994954710826	-202.05166119034399	-225.19076236989346	-560.24410689040076	-510.23065627599129	-523.69803869724285	M	&	H work	

B1	B2	B3	B4	B5	B6	B7	B8	B9	0	186.29327397081738	-76.744643407481021	-206.36476771640929	-226.98480906729631	-244.32140434332143	-484.32817864161336	-569.96045227765126	-506.4192038339707	Reaction progress --->
Relative Energy (kJ/mol)














B1	TS 1	B2	TS 2	B3	TS 3	B4	TS 4	B5	TS 5	B6	TS 6	B7	TS 7	B8 	TS 8	B9	0	192.06583484611474	183.71800154494119	185.52783702150921	-59.960978843271739	-48.342833251459524	-214.6994954710826	-162.60039991000667	-202.05166119034399	-134.40741853159855	-225.19076236989346	-200	-560.24410689040076	-427.14371003746061	-510.23065627599129	-503.53255301504299	-523.69803869724285	Reaction progress --->
Relative Energy (kJ/mol)


















P1	TS 1	P2	TS 2	P3	TS 3	P4	TS 4	P5	TS 5	P6	TS 6	P7	TS 7	P8	TS 8	P9	0	165.96585333440453	144.66711054602641	148.092132590245	-128.23619476705787	-100.1133740642108	-187.06877139816058	-180	-269.89467054046696	-200.94049938023005	-214.24797140341198	-190	-598.27255904953938	-497.54441880993551	-533.01672133337718	-523	-575.33243470219884	Reaction progress --->
Relative Energy (kJ/mol)
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Pressure (-mbar)


Sample 1
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Temperature °C


Sample 1
0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	55	55.5	56	56.5	57	57.5	58	58.5	59	59.5	60	60.5	61	61.5	62	62.5	63	63.5	64	64.5	65	65.5	66	66.5	67	67.5	68	68.5	69	69.5	70	70.5	71	71.5	72	72.5	73	73.5	74	74.5	75	75.5	76	76.5	77	77.5	78	78.5	79	79.5	80	80.5	81	81.5	82	82.5	83	83.5	84	84.5	85	85.5	86	86.5	87	87.5	88	88.5	89	89.5	90	90.5	91	91.5	92	92.5	93	93.5	94	94.5	95	95.5	96	96.5	97	97.5	98	98.5	99	99.5	100	100.5	101	101.5	102	102.5	103	103.5	104	104.5	105	105.5	106	106.5	107	107.5	108	108.5	109	109.5	110	110.5	111	111.5	112	112.5	113	113.5	114	114.5	115	115.5	116	116.5	117	117.5	118	118.5	119	119.5	120	120.5	121	121.5	122	122.5	123	123.5	124	124.5	125	125.5	126	126.5	127	127.5	128	128.5	129	129.5	130	130.5	131	131.5	132	132.5	133	133.5	134	134.5	135	135.5	136	136.5	137	137.5	138	138.5	139	139.5	140	140.5	141	141.5	142	142.5	143	143.5	144	144.5	145	145.5	146	146.5	147	147.5	148	148.5	149	149.5	150	150.5	151	151.5	152	152.5	153	153.5	154	154.5	155	155.5	156	156.5	157	157.5	158	158.5	159	159.5	160	160.5	161	161.5	162	162.5	163	163.5	164	164.5	165	165.5	166	166.5	167	167.5	168	168.5	169	169.5	170	170.5	171	171.5	172	172.5	173	173.5	174	174.5	175	175.5	176	176.5	177	177.5	178	178.5	179	179.5	180	180.5	181	181.5	182	182.5	183	183.5	184	184.5	185	185.5	186	186.5	187	187.5	188	188.5	189	189.5	190	190.5	191	191.5	192	192.5	193	193.5	194	194.5	195	195.5	196	196.5	197	197.5	198	198.5	199	199.5	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	700.5	701	701.5	702	702.5	703	703.5	704	704.5	705	705.5	706	706.5	707	707.5	708	708.5	709	709.5	710	710.5	711	711.5	712	712.5	713	713.5	714	714.5	715	715.5	716	716.5	717	717.5	718	718.5	719	719.5	720	720.5	721	721.5	722	722.5	723	723.5	724	724.5	725	725.5	726	726.5	727	727.5	728	728.5	729	729.5	730	730.5	731	731.5	732	732.5	733	733.5	734	734.5	735	735.5	736	736.5	737	737.5	738	738.5	739	739.5	740	740.5	741	741.5	742	742.5	743	743.5	744	744.5	745	745.5	746	746.5	747	747.5	748	748.5	749	749.5	750	750.5	751	751.5	752	752.5	753	753.5	754	754.5	755	755.5	756	756.5	757	757.5	758	758.5	759	759.5	760	760.5	761	761.5	762	762.5	763	763.5	764	764.5	765	765.5	766	766.5	767	767.5	768	1.6287419999999999	1.5197019999999888	1.88317	1.8286500000000001	1.8195629999999998	1.88317	1.8559099999999897	1.864997	1.7286959999999998	1.4651809999999998	0.97449900000000578	0.19304199999999999	-0.23403399999999999	-1.288092	-2.1876760000000002	-3.9323249999999987	-5.913228000000049	-8.0304320000000047	-9.9477279999999997	-9.9022940000000048	-10.502017	-11.428862000000001	-13.209858000000001	-13.982228000000001	-11.755984000000026	-12.919083000000002	-13.764147000000001	-12.991777000000001	-12.228493	-12.728261999999948	-13.228031	-13.391592000000006	-12.128539	-12.364793000000002	-15.590576	-21.860408999999986	-22.10575	-23.823138999999987	-26.658194000000005	-27.875813999999988	-29.475075999999987	-29.011652999999999	-31.528673999999889	-31.755841999999987	-31.292418999999889	-32.691773000000012	-32.410084999999995	-31.583193999999889	-32.809901000000004	-33.327843000000001	-32.637253000000001	-33.327843000000001	-33.736746000000011	-33.536838000000003	-32.628166000000213	-32.410084999999995	-32.446432000000001	-33.209716000000213	-32.255611000000002	-32.255611000000002	-32.419172000000003	-33.236976000000013	-32.455519000000002	-33.464144000000005	-33.191543000000003	-35.463222000000002	-33.073415000000011	-33.591358000000113	-33.445971	-33.991174000000001	-34.745371000000013	-34.327382	-33.191543000000003	-34.881671999999995	-34.454596000000002	-35.463222000000002	-34.836238000000002	-34.854412000000004	-34.418249000000003	-33.927567000000003	-33.945740000000001	-33.891220000000004	-33.764006000000002	-34.863498	-35.181534000000006	-34.400076000000006	-34.345556000000002	-34.854412000000004	-33.854872999999998	-35.208794000000012	-34.881671999999995	-35.308748000000001	-35.490482	-34.427336000000011	-33.991174000000001	-34.354641999999608	-34.590897000000005	-34.272862000000003	-34.109301000000002	-34.354641999999608	-33.745832000000163	-33.818526000000006	-35.099753000000113	-33.282410000000013	-31.619541000000005	-32.164744000000006	-33.527751000000002	-32.837161000000002	-31.755841999999987	-31.674060999999998	-32.437345000000001	-31.946662999999777	-32.573646000000004	-31.801275000000135	-30.665435999999989	-31.855795000000001	-31.45598	-31.356026	-30.792649999999668	-30.202012999999774	-30.810822999999999	-30.029366	-31.6649740000002	-31.637713999999999	-30.638175000000135	-31.001643999999889	-30.783562999999774	-31.192464999999999	-30.847169999999988	-31.928488999999889	-33.164283000000005	-30.919864000000135	-30.883516999999795	-30.492787999999774	-31.637713999999999	-30.819910000000135	-30.038451999999999	-30.565481999999989	-30.574567999999999	-31.492326999999715	-31.174292000000001	-30.401921000000005	-30.474615	-29.329688000000001	-30.383746999999723	-28.675445	-29.56594299999977	-31.292418999999889	-30.429181	-31.292418999999889	-29.874891000000218	-30.947123999999889	-27.80312	-28.275628999999817	-27.639558999999998	-27.694080000000035	-26.103905000000204	-24.459208999999987	-24.204781000000001	-25.095278999999987	-24.604596999999988	-24.441035999999986	-26.794495000000001	-25.813130000000001	-25.222492999999744	-24.722723999999715	-25.122538999999989	-23.841313	-22.769079999999889	-21.751367999999999	-24.050307	-22.769079999999889	-21.551461000000035	-23.014422	-23.096202000000002	-23.823138999999987	-24.232040999999889	-22.342005	-28.348322999999766	-28.666357999999999	-26.276551999999999	-27.521431999999987	-26.649107000000001	-28.175675999999999	-24.722723999999715	-26.939882000000001	-25.376967000000135	-24.759070999999999	-27.703166	-28.511883999999998	-24.522815999999999	-24.922631999999748	-26.449199999999788	-26.449199999999788	-25.758608999999989	-23.141635999999988	-27.157963000000244	-22.90538099999981	-23.068941999999989	-23.78679199999981	-22.487391999999989	-25.504180999999999	-22.978075	-21.542373999999889	-21.805889000000001	-22.251138000000001	-23.450583999999989	-25.467835000000001	-21.596893999999999	-27.076183	-25.249752999999806	-24.095740999999759	-25.631395000000207	-24.050307	-28.820831999999999	-21.433332999999784	-23.250675999999999	-26.149338	-22.832687	-24.304735000000001	-21.215252	-25.095278999999987	-23.196155999999998	-26.158425000000001	-23.614145000000189	-25.068018999999989	-24.322908000000005	-22.033055999999998	-24.404688999999987	-25.358794	-20.83361	-25.994864000000035	-23.695924999999999	-24.195694	-25.040758999999987	-24.577335999999999	-21.078951000000131	-21.206164999999999	-24.177520999999999	-22.750907000000005	-21.905841999999989	-22.523738999999889	-21.433332999999784	-22.787254000000001	-20.606441999999987	-22.005795999999989	-21.715021	-19.125308	-22.251138000000001	-26.521892999999999	-32.609993000000003	-35.317833999999998	-28.630011000000035	-30.610915000000237	-23.804966000000135	-28.430104	-27.203396999999889	-23.150721999999988	-26.739975000000207	-26.849015000000001	-28.602751000000001	-20.72457	-26.685454	-29.693156999999999	-24.759070999999999	-30.520047999999989	-25.95851699999977	-27.239744000000002	-25.149799999999889	-28.657272000000031	-23.450583999999989	-25.440574000000002	-24.958977999999988	-24.086653999999989	-26.830842000000001	-25.413314	-23.95943999999977	-24.868110999999889	-30.46552799999969	-26.249291999999986	-26.403765999999987	-27.11253	-24.731811000000135	-27.04892299999981	-22.187531	-22.805427000000002	-27.239744000000002	-19.406995999999999	-28.520970999999999	-23.141635999999988	-23.359717	-23.205242999999708	-19.39790900000003	-25.713176000000001	-28.539144	-20.679136	-26.258378999999987	-25.022584999999989	-24.586422999999737	-25.858563	-23.668665000000001	-17.053536999999817	-22.741820000000001	-22.641866000000135	-21.869496000000002	-25.740435999999889	-28.702705000000002	-22.959900999999999	-24.659116999999988	-26.040298	-28.411930000000005	-27.376045000000001	-26.558239999999795	-26.830842000000001	-26.967141999999889	-23.205242999999708	-26.022124000000002	-23.523278000000001	-26.122077999999988	-25.858563	-19.316129	-30.23836	-28.330150000000035	-23.723185000000001	-21.424246999999788	-26.385592999999744	-24.613683000000005	-22.123923999999999	-24.277474999999999	-28.066635000000002	-27.330611000000001	-27.730426999999889	-17.998555	-19.815898000000189	-24.513728999999987	-26.894449000000002	-24.958977999999988	-30.92895	-25.476921000000001	-27.766772999999766	-21.560546999999719	-29.920324999999806	-23.850398999999999	-25.695001999999999	-30.029366	-21.478766999999795	-22.987161	-28.475536999999701	-19.697770999999999	-22.496478999999987	-20.352014	-24.886285000000001	-24.895371000000001	-27.939420999999989	-29.166128	-24.204781000000001	-21.051691000000005	-27.376045000000001	-20.570094999999988	-23.296109999999889	-21.760455	-26.876275000000035	-28.311976000000207	-24.56824999999969	-23.841313	-26.649107000000001	-23.305195999999999	-26.194772	-22.160270000000001	-23.314283000000035	-25.858563	-23.396063999999999	-28.321062999999999	-20.379273999999999	-25.685915999999999	-24.586422999999737	-22.269310999999806	-18.852706999999889	-23.832225999999999	-23.686838000000005	-26.376505999999999	-20.352014	-17.762300999999773	-16.262993000000002	-24.168433999999795	-17.226185000000001	-27.912161000000001	-25.758608999999989	-27.539605999999999	-22.505566000000002	-29.674983999999998	-27.439651999999999	-21.142558000000001	-24.613683000000005	-22.759993999999999	-26.267465000000001	-26.712713999999806	-14.591038000000001	-24.931718	-25.967603999999799	-23.823138999999987	-20.433795	-23.214328999999999	-23.723185000000001	-29.511423000000001	-20.006718999999986	-23.968526999999671	-24.56824999999969	-26.703627999999807	-24.577335999999999	-26.721800999999999	-22.296571	-26.222031999999889	-21.515114000000001	-21.297032999999889	-27.030748999999989	-22.741820000000001	-22.432872	-22.705472999999795	-20.561008999999999	-21.242511999999795	-22.287483999999989	-20.170280000000005	-28.202935999999987	-22.723646999999723	-28.493710999999784	-21.024431	-28.98439299999977	-31.519587000000001	-21.705935	-24.059394000000001	-23.423323999999777	-19.688683999999814	-25.295186999999817	-24.486468999999989	-24.0139600000002	-23.904920000000001	-23.723185000000001	-20.342928000000001	-20.097586	-22.79633999999977	-23.205242999999708	-25.758608999999989	-26.022124000000002	-16.535595000000001	-20.052153000000001	-24.422861999999999	-24.459208999999987	-20.824522999999989	-22.451045000000001	-20.942650999999799	-24.413775999999999	-21.41516	-20.315667000000001	-28.593665000000001	-17.771388000000005	-23.78679199999981	-25.131626000000001	-29.193387999999999	-18.271156999999999	-22.042142999999708	-18.589191999999986	-26.776320999999989	-18.416543999999803	-21.624154000000196	-19.688683999999814	-18.789099999999795	-25.985776999999683	-21.769541999999795	-28.548230999999795	-24.595509999999773	-26.803581999999999	-30.092973000000001	-21.842234999999889	-24.940805000000001	-33.037067999999998	-24.958977999999988	-30.774476	-26.394679	-21.360639999999744	-23.759531999999989	-20.942650999999799	-25.286099999999784	-21.406072999999989	-25.804043	-26.158425000000001	-14.273003000000001	-26.594587000000001	-22.205703999999773	-24.895371000000001	-25.549614999999989	-29.038913999999988	-24.250215000000001	-24.731811000000135	-29.429641999999795	-25.404228	-18.298416999999766	-22.723646999999723	-22.569172999999989	-28.702705000000002	-21.224338999999986	-23.078028999999987	-19.552384	-22.541912	-31.465066999999795	-26.948969000000002	-22.323830999999988	-27.457825000000035	-29.96575899999981	-28.039375000000035	-20.14302	-24.522815999999999	-26.767234999999989	-22.114837000000211	-28.530056999999999	-19.516037000000001	-29.438728999999817	-23.505103999999989	-30.819910000000135	-26.958055999999999	-27.212484	-25.358794	-21.796802	-26.440112999999748	-27.784946999999889	-28.448276999999777	-20.342928000000001	-25.658656000000001	-25.967603999999799	-28.775398999999986	-27.893986999999999	-29.066174	-28.502796999999784	-24.949891999999988	-30.683608999999986	-31.519587000000001	-21.842234999999889	-23.904920000000001	-18.334764000000035	-24.604596999999988	-23.468756999999748	-28.539144	-30.165666000000002	-24.949891999999988	-21.696847999999999	-25.513268000000135	-26.349245999999987	-18.798185999999987	-27.630472999999999	-25.531441999999988	-27.721339999999799	-20.906303999999889	-27.194310000000005	-31.283331999999799	-26.776320999999989	-23.341542999999799	-24.313821999999998	-22.033055999999998	-21.333379000000001	-22.505566000000002	-26.076644000000002	-23.623231000000001	-30.765389999999751	-22.151184000000189	-25.195233000000002	-25.376967000000135	-24.322908000000005	-27.366958000000135	-30.265619999999668	-24.504643000000002	-19.098047999999817	-20.751830000000005	-30.429181	-20.551922000000001	-18.498324999999795	-27.494171999999999	-28.030287999999999	-27.030748999999989	-28.729965000000131	-25.931256999999999	-24.359255000000203	-29.320601999999987	-31.610454000000196	-22.469218999999889	-26.894449000000002	-29.420555999999987	-26.376505999999999	-26.485546999999617	-27.503259	-23.986699999999683	-25.486008000000002	-34.645417000000002	-23.123462	-24.904458000000005	-28.484623999999748	-25.513268000000135	-21.069865000000135	-26.603674000000005	-25.395140999999889	-20.951736999999795	-26.685454	-28.257456000000001	-20.842696999999788	-27.748599999999723	-20.879044	-31.483239999999679	-24.995324999999784	-22.151184000000189	-25.213407	-31.45598	-20.679136	-23.386977000000005	-27.130703	-22.896294000000001	-25.504180999999999	-26.185684999999989	-17.480612999999671	-27.684992999999999	-17.362485999999986	-23.877659000000001	-28.784485999999987	-31.583193999999889	-31.910316000000002	-26.885361999999986	-23.041682000000002	-28.202935999999987	-25.658656000000001	-24.186608	-23.886745999999889	-23.804966000000135	-20.297494	-28.38467	-22.814513999999999	-24.222954999999999	-25.068018999999989	-28.511883999999998	-27.403305	-31.183378000000001	-25.158886000000031	-29.302427999999889	-19.016266999999999	-28.639098000000189	-32.664513000000063	-32.219264000000003	-28.98439299999977	-28.584578	-24.232040999999889	-23.541450999999999	-25.913084000000001	-30.220186999999989	-24.631857000000313	-25.585961999999999	-29.493248999999889	-26.985315999999777	-22.178443999999889	-25.267927	-18.734579	-25.495094999999989	-26.676368000000135	-20.479227999999889	-23.332457000000005	-19.934025999999999	-20.188452999999889	-32.064790000000002	-20.642788999999986	-26.894449000000002	-19.906765	-28.657272000000031	-28.802658999999988	-22.451045000000001	-28.857179000000031	-25.513268000000135	-29.629549999999806	-23.341542999999799	-22.160270000000001	-23.087115000000001	-30.456441000000002	-26.240205	-28.857179000000031	-26.876275000000035	-32.155657000000005	-14.527431	-24.586422999999737	-22.451045000000001	-18.934487000000001	-30.392834000000001	-28.584578	-27.757687000000001	-31.565021000000002	-22.841774000000001	-26.340159	-27.948507999999759	-32.355564999999999	-20.751830000000005	-25.467835000000001	-24.713636999999814	-21.088037999999777	-27.121617000000001	-29.838545	-25.340620999999889	-25.740435999999889	-22.033055999999998	-29.275168000000001	-24.604596999999988	-25.104366000000031	-32.664513000000063	-31.056163999999999	-20.969911	-29.347862000000031	-24.123000999999999	-22.023969999999988	-32.064790000000002	-30.365573999999889	-24.495555999999986	-26.885361999999986	-16.980843999999788	-25.022584999999989	-28.193849	-22.369264999999999	-26.040298	-24.895371000000001	-26.140250999999999	-29.202473999999889	-31.319679000000001	-21.560546999999719	-27.139790000000001	-29.784023999999889	-27.684992999999999	-25.313359999999999	-25.676829000000001	-19.488776999999683	-29.393294999999988	-31.074338000000001	-32.800814000000003	-20.097586	-25.195233000000002	-22.669125999999999	-26.222031999999889	-26.994402999999807	-23.895833	-26.540067000000001	-27.348784999999989	-26.294725999999986	-23.505103999999989	-26.421939999999989	-25.376967000000135	-20.951736999999795	-21.914929000000001	-27.530519000000002	-29.802198000000001	-24.431948999999999	-22.823601	-22.351091000000135	-22.069402999999795	-27.421478	-29.193387999999999	-25.331534000000001	-19.952198999999986	-26.530980000000035	-26.749061000000001	-27.93033399999981	-24.104827000000135	-27.157963000000244	-18.680059	-21.787714999999817	-19.425169999999795	-24.840851000000189	-21.142558000000001	-29.22064799999977	-35.872124000000007	-26.967141999999889	-23.795878999999999	-31.719494999999988	-30.401921000000005	-25.604134999999999	-22.660039999999817	-23.177982000000135	-22.79633999999977	-20.633702	-30.18384	-36.108379000000063	-27.11253	-33.400537	-26.122077999999988	-21.060777999999889	-24.759070999999999	-27.684992999999999	-22.014883000000204	-27.557779	-22.923553999999989	-30.801735999999988	-24.495555999999986	-22.778167	-33.455057000000004	-23.423323999999777	-27.303350999999999	-24.095740999999759	-19.761378000000001	-33.400537	-23.832225999999999	-28.239283	-24.577335999999999	-26.076644000000002	-24.940805000000001	-28.021201000000001	-21.042604999999803	-23.832225999999999	-30.87443	-33.900307000000005	-25.558701999999986	-20.370187999999999	-31.010731	-27.993941	-33.982086999999993	-29.211561000000035	-25.804043	-22.478304999999889	-27.366958000000135	-34.790805000000013	-31.6649740000002	-23.150721999999988	-30.220186999999989	-19.261608999999989	-26.349245999999987	-22.296571	-23.477844000000001	-26.503719999999795	-22.133009999999999	-23.159809000000031	-23.241588999999987	-26.294725999999986	-30.392834000000001	-24.077566999999988	-26.403765999999987	-29.747676999999989	-34.781718000000012	-31.873969000000031	-29.556856000000035	-24.477383	-25.249752999999806	-21.542373999999889	-30.547308000000001	-29.54777	-27.403305	-29.883977999999999	-28.784485999999987	-26.222031999999889	-20.061240000000002	-25.840389999999989	-24.232040999999889	-25.840389999999989	-23.177982000000135	-25.058931999999999	-27.993941	-23.841313	-27.376045000000001	-25.049845999999999	-27.585038999999806	-32.510039000000006	-30.038451999999999	-25.086191999999986	-27.830380000000005	-26.858101999999999	-25.531441999999988	-24.677289999999999	-29.747676999999989	-25.058931999999999	-33.645878000000003	-25.313359999999999	-17.253444999999989	-25.058931999999999	-27.512345	-24.631857000000313	-30.18384	-25.640481999999999	-29.057086999999999	-20.697309000000001	-32.428259000000011	-30.801735999999988	-22.133009999999999	-33.482318000000063	-29.320601999999987	-26.885361999999986	-24.041219999999889	-21.41516	-23.677752000000005	-29.356949	-22.823601	-26.294725999999986	-28.284715999999989	-27.512345	-25.095278999999987	-30.765389999999751	-24.313821999999998	-23.150721999999988	-19.934025999999999	-27.276091000000001	-25.513268000000135	-28.093895000000035	-27.312438	-26.013037000000001	-28.584578	-35.299661	-28.393757000000001	-24.286561999999989	-27.139790000000001	-24.431948999999999	-23.886745999999889	-24.150261000000135	-26.040298	-27.585038999999806	-25.395140999999889	-27.512345	-31.574107000000001	-28.938960000000005	-29.520508999999986	-30.174752999999999	-30.111146000000005	-23.477844000000001	-26.003951000000189	-22.096662999999989	-30.801735999999988	-27.312438	-26.694541000000001	-32.328305000000213	-22.151184000000189	-36.871662999999998	-26.167511999999999	-31.855795000000001	-20.742742999999635	-29.593202999999889	-26.08573099999969	-33.418711000000002	-25.813130000000001	-25.258839999999989	-27.903074	-26.003951000000189	-23.341542999999799	-29.684069999999988	-30.011192000000001	-26.46737299999981	-28.948045999999799	-34.581809999999997	-24.050307	-24.595509999999773	-32.755380000000002	-25.531441999999988	-30.111146000000005	-23.623231000000001	-25.913084000000001	-21.287946000000002	-35.781257000000004	-27.966680999999795	-28.039375000000035	-34.036607000000004	-26.385592999999744	-30.556394999999988	-30.547308000000001	-24.631857000000313	-31.374199000000001	-27.993941	-26.022124000000002	-25.304273999999999	-22.79633999999977	-28.611838000000244	-26.985315999999777	-29.920324999999806	-23.914006000000001	-27.993941	-25.004411999999999	-27.757687000000001	-29.684069999999988	-32.446432000000001	-26.149338	-27.839466999999999	-28.084807999999999	-24.422861999999999	-24.450121999999986	-35.263314000000342	-28.275628999999817	-32.373738000000003	-25.204319999999989	-29.456901999999999	-32.482779000000001	-29.256995000000035	-23.714099000000001	-22.369264999999999	-29.756764	-33.146109000000003	-29.54777	-31.928488999999889	-29.693156999999999	-28.357410000000005	-24.550076000000001	-27.103442999999817	-25.349706999999889	-29.347862000000031	-32.800814000000003	-26.567326999999889	-29.738591	-28.030287999999999	-33.400537	-30.002105	-30.892603999999817	-25.585961999999999	-26.449199999999788	-28.284715999999989	-25.685915999999999	-22.223877000000005	-26.858101999999999	-19.852245	-20.433795	-16.699155000000204	-20.079412999999889	-23.323370000000001	-22.178443999999889	-23.368803	-20.760916000000002	-23.259763	-19.934025999999999	-21.051691000000005	-22.859946999999988	-17.925861999999999	-19.070788	-22.069402999999795	-26.003951000000189	-24.304735000000001	-26.049384	-26.503719999999795	-20.606441999999987	-28.9117	-29.711331000000001	-21.406072999999989	-25.395140999999889	-22.532826	-29.393294999999988	-26.321986000000031	-19.697770999999999	-24.631857000000313	-23.505103999999989	-23.532364000000001	-23.48693099999981	-29.465988999999986	-25.222492999999744	-21.551461000000035	-26.412852999999988	-28.38467	-20.933564000000001	-27.094356000000001	-28.311976000000207	-22.959900999999999	-25.331534000000001	-26.067557999999988	-26.558239999999795	-22.887208000000001	-26.331072000000031	-25.376967000000135	-28.975306999999773	-28.021201000000001	-23.95943999999977	-23.377890000000196	-20.306581000000001	-22.478304999999889	-26.494632999999759	-29.029827000000001	-22.6873	-22.151184000000189	-20.561008999999999	-21.124385000000135	-29.893065000000131	-27.003488999999988	-28.702705000000002	-26.149338	-26.885361999999986	-27.993941	-31.392372999999989	-29.011652999999999	-28.448276999999777	-20.224799999999806	-31.519587000000001	-24.213868000000215	-24.222954999999999	-23.159809000000031	-27.257916999999999	-24.422861999999999	-27.085269999999795	-22.550999000000001	-29.07526	-22.214791000000005	-22.941727999999795	-20.19754	-26.803581999999999	-25.231580000000001	-28.175675999999999	-30.974384000000001	-23.323370000000001	-21.651413999999999	-25.022584999999989	-24.550076000000001	-26.321986000000031	-26.103905000000204	-22.205703999999773	-27.076183	-28.493710999999784	-23.950353	-23.668665000000001	-21.715021	-25.640481999999999	-22.896294000000001	-29.556856000000035	-28.348322999999766	-27.884900999999999	-26.567326999999889	-26.222031999999889	-23.668665000000001	-23.659578000000035	-25.131626000000001	-24.413775999999999	-29.820371000000005	-19.034441000000001	-17.980381999999889	-18.089422999999751	-20.742742999999635	-19.434256000000001	-19.906765	-22.923553999999989	-22.278397999999989	-23.277936	-20.797263000000001	-23.459671	-23.523278000000001	-20.697309000000001	-23.886745999999889	-22.750907000000005	-25.24066699999981	-23.541450999999999	-20.442881	-20.83361	-22.251138000000001	-21.197079000000031	-24.132086999999999	-22.078489999999817	-25.131626000000001	-20.660962999999999	-20.333841000000035	-20.524661999999999	-22.514652000000005	-20.997171000000005	-26.976228999999989	-22.814513999999999	-21.160731999999989	-24.731811000000135	-20.978998000000001	-24.259301000000001	-26.403765999999987	-22.142097	-21.206164999999999	-27.485085000000002	-22.596432999999784	-22.987161	-22.360178000000001	-24.522815999999999	-21.178905000000135	-20.342928000000001	-21.669588000000001	-22.514652000000005	-24.768156999999889	-25.640481999999999	-27.585038999999806	-23.641404999999999	-21.406072999999989	-21.805889000000001	-20.470141999999989	-22.023969999999988	-23.232502999999795	-26.003951000000189	-23.396063999999999	-25.631395000000207	-23.541450999999999	-24.759070999999999	-26.458285999999987	-23.641404999999999	-23.468756999999748	-23.405149999999683	-19.934025999999999	-22.269310999999806	-23.350629999999889	-24.586422999999737	-27.130703	-22.650953000000207	-24.759070999999999	-24.222954999999999	-21.842234999999889	-24.677289999999999	-25.88582299999981	-22.859946999999988	-24.659116999999988	-21.751367999999999	-25.095278999999987	-21.578721000000002	-23.559623999999989	-21.051691000000005	-20.788176999999781	-19.934025999999999	-19.39790900000003	-17.580566999999814	-21.542373999999889	-26.176597999999988	-21.442419999999668	-25.649569	-23.932179999999889	-23.923092999999799	-20.77909	-23.477844000000001	-19.207087999999999	-23.241588999999987	-28.493710999999784	-22.759993999999999	-18.180289999999989	-18.834533	-19.625077000000001	-23.714099000000001	-20.161193000000001	-22.887208000000001	-20.697309000000001	-26.122077999999988	-22.460131999999803	-21.724108000000001	-18.507411000000001	-22.514652000000005	-20.960823999999889	-19.188915000000001	-25.267927	-23.168896	-29.138867000000207	-26.003951000000189	-23.741358999999999	-24.595509999999773	-19.56147	-23.359717	-28.148415	-29.529596000000002	-24.277474999999999	-22.387438	-19.761378000000001	-25.122538999999989	-21.487853999999999	-23.323370000000001	-26.231119	-27.485085000000002	-19.625077000000001	-21.060777999999889	-19.725030999999795	-21.169819	-23.968526999999671	-19.643250999999999	-24.141173999999999	-20.352014	-21.387899999999988	-16.526508	-24.813590999999999	-23.777705999999988	-23.605058000000035	-22.142097	-22.723646999999723	-30.665435999999989	-20.897217000000001	-24.713636999999814	-22.778167	-17.762300999999773	-22.79633999999977	-22.505566000000002	-25.431488000000005	-22.423784999999889	-23.068941999999989	-14.618297999999999	-20.524661999999999	-20.25206	-29.765851000000001	-23.523278000000001	-21.942188999999889	-24.295647999999737	-24.186608	-21.878582000000002	-17.562392999999755	-14.99994	-23.168896	-17.580566999999814	-22.987161	-23.759531999999989	-21.015343999999889	-24.086653999999989	-21.387899999999988	-20.679136	-22.396525	-23.177982000000135	-21.687760999999988	-21.260685999999989	-22.278397999999989	-27.394217999999999	-28.684531999999987	-18.252983	-24.713636999999814	-28.193849	-17.834995000000266	-23.287022999999795	-25.322446999999762	-13.491546000000024	-19.879505000000005	-20.997171000000005	-23.468756999999748	-21.987622999999701	-27.194310000000005	-27.348784999999989	-18.461977999999988	-27.585038999999806	-30.038451999999999	-22.214791000000005	-24.977152	-24.250215000000001	-18.734579	-26.685454	-20.978998000000001	-22.005795999999989	-24.359255000000203	-21.805889000000001	-21.187992000000001	-18.180289999999989	-23.850398999999999	-25.531441999999988	-19.297956000000031	-22.469218999999889	-24.331995000000258	-20.297494	-22.968988	-14.8909	-21.560546999999719	-15.681444000000004	-23.732271999999988	-25.495094999999989	-18.416543999999803	-21.787714999999817	-23.541450999999999	-24.104827000000135	-21.615068000000196	-21.424246999999788	-24.150261000000135	-22.850860999999998	-25.640481999999999	-21.306118999999999	-19.788637999999683	-25.458747999999737	-21.987622999999701	-24.713636999999814	-17.198924999999999	-21.41516	-27.903074	-23.49601699999981	-28.066635000000002	-25.785869999999989	-21.5242	-14.100356	-21.760455	-21.760455	-26.594587000000001	-24.922631999999748	-22.160270000000001	-25.649569	-20.133932999999999	-27.657733	-27.085269999999795	-22.432872	-23.386977000000005	-20.261146999999784	-22.532826	-19.079874000000135	-16.481074	-19.425169999999795	-25.95851699999977	-22.550999000000001	-22.314744999999988	-26.331072000000031	-26.431025999999999	-25.549614999999989	-25.095278999999987	-29.184301000000001	-26.003951000000189	-23.132548999999987	-19.870418999999988	-22.114837000000211	-19.161655000000035	-22.014883000000204	-21.687760999999988	-25.022584999999989	-27.912161000000001	-19.924938999999988	-21.869496000000002	-19.552384	-22.569172999999989	-23.623231000000001	-24.786330999999766	-18.652799000000002	-22.087577	-16.70824199999981	-19.870418999999988	-24.504643000000002	-22.523738999999889	-28.184761999999999	-23.159809000000031	-25.186145999999987	-20.370187999999999	-20.043066	-24.186608	-27.221571000000001	-23.078028999999987	-24.195694	-23.114375000000251	-21.342466000000002	-23.123462	-19.125308	-21.478766999999795	-18.107596000000001	-17.198924999999999	-20.933564000000001	-26.394679	-24.304735000000001	-16.90814999999969	-21.633241000000005	-21.215252	-22.778167	-18.252983	-25.704089	-20.997171000000005	-17.28979199999981	-22.678213	-17.498785999999889	-23.650492	-23.48693099999981	-16.035824999999999	-27.076183	-14.654645	-25.976690999999889	-23.804966000000135	-24.113914000000207	-26.412852999999988	-17.853168000000135	-17.762300999999773	-19.243435000000002	-22.342005	-30.265619999999668	-19.834072000000031	-23.95943999999977	-26.567326999999889	-25.504180999999999	-22.232963999999999	-26.749061000000001	-17.162578	-23.377890000000196	-25.186145999999987	-25.040758999999987	-23.187069000000001	-23.241588999999987	-30.892603999999817	-24.123000999999999	-23.223415999999986	-19.479690000000002	-26.958055999999999	-25.113453000000035	-24.095740999999759	-25.213407	-25.767695999999987	-24.586422999999737	-20.98808399999977	-21.496939999999817	-23.914006000000001	-20.960823999999889	-23.759531999999989	-19.370648999999986	-25.658656000000001	-19.107135000000035	-30.092973000000001	-22.096662999999989	-24.595509999999773	-23.641404999999999	-25.949429999999715	-23.995786999999744	-24.277474999999999	-20.588268999999986	-24.431948999999999	-19.697770999999999	-27.857641000000001	-25.985776999999683	-26.976228999999989	-26.776320999999989	-22.968988	-23.641404999999999	-19.543296999999889	-30.474615	-22.678213	-17.307965000000266	-20.642788999999986	-22.823601	-24.168433999999795	-25.167973000000035	-16.590115000000001	-20.361101000000001	-24.204781000000001	-24.350169000000001	-23.78679199999981	-17.744128	-20.161193000000001	-25.940343999999723	-23.914006000000001	-19.334302000000001	-14.99994	-13.718713999999999	-18.516497999999999	-16.544681000000001	-15.617837	-14.936333000000001	-15.317975000000001	-14.990853	-14.954507000000024	-12.473834000000076	-13.346158000000001	-10.438410000000001	-13.437025999999999	-11.883198	-10.829139000000024	-11.401602	-11.319821000000001	-11.71055	-11.183521000000001	-10.265763	-11.247127999999995	-9.4933920000000001	-11.492469000000026	Time (s)

Pressure (-mbar)


Sample 2
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Temperature °C


Sample 2
0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	55	55.5	56	56.5	57	57.5	58	58.5	59	59.5	60	60.5	61	61.5	62	62.5	63	63.5	64	64.5	65	65.5	66	66.5	67	67.5	68	68.5	69	69.5	70	70.5	71	71.5	72	72.5	73	73.5	74	74.5	75	75.5	76	76.5	77	77.5	78	78.5	79	79.5	80	80.5	81	81.5	82	82.5	83	83.5	84	84.5	85	85.5	86	86.5	87	87.5	88	88.5	89	89.5	90	90.5	91	91.5	92	92.5	93	93.5	94	94.5	95	95.5	96	96.5	97	97.5	98	98.5	99	99.5	100	100.5	101	101.5	102	102.5	103	103.5	104	104.5	105	105.5	106	106.5	107	107.5	108	108.5	109	109.5	110	110.5	111	111.5	112	112.5	113	113.5	114	114.5	115	115.5	116	116.5	117	117.5	118	118.5	119	119.5	120	120.5	121	121.5	122	122.5	123	123.5	124	124.5	125	125.5	126	126.5	127	127.5	128	128.5	129	129.5	130	130.5	131	131.5	132	132.5	133	133.5	134	134.5	135	135.5	136	136.5	137	137.5	138	138.5	139	139.5	140	140.5	141	141.5	142	142.5	143	143.5	144	144.5	145	145.5	146	146.5	147	147.5	148	148.5	149	149.5	150	150.5	151	151.5	152	152.5	153	153.5	154	154.5	155	155.5	156	156.5	157	157.5	158	158.5	159	159.5	160	160.5	161	161.5	162	162.5	163	163.5	164	164.5	165	165.5	166	166.5	167	167.5	168	168.5	169	169.5	170	170.5	171	171.5	172	172.5	173	173.5	174	174.5	175	175.5	176	176.5	177	177.5	178	178.5	179	179.5	180	180.5	181	181.5	182	182.5	183	183.5	184	184.5	185	185.5	186	186.5	187	187.5	188	188.5	189	189.5	190	190.5	191	191.5	192	192.5	193	193.5	194	194.5	195	195.5	196	196.5	197	197.5	198	198.5	199	199.5	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	700.5	701	701.5	702	702.5	703	703.5	704	704.5	705	705.5	706	706.5	707	707.5	708	708.5	709	709.5	710	710.5	711	711.5	712	712.5	713	713.5	714	714.5	715	715.5	716	716.5	717	717.5	718	718.5	719	719.5	720	720.5	721	721.5	722	722.5	723	723.5	724	724.5	725	725.5	726	726.5	727	727.5	728	728.5	729	729.5	730	730.5	731	731.5	732	732.5	733	733.5	734	734.5	735	735.5	736	736.5	737	737.5	738	738.5	739	739.5	740	740.5	741	741.5	742	742.5	743	743.5	744	744.5	745	745.5	746	746.5	747	747.5	748	748.5	749	749.5	750	750.5	751	751.5	752	752.5	753	753.5	754	754.5	755	755.5	756	756.5	757	757.5	758	758.5	759	759.5	760	760.5	761	761.5	762	762.5	763	763.5	764	764.5	765	765.5	766	766.5	767	767.5	768	768.5	769	769.5	770	770.5	771	771.5	772	772.5	773	773.5	774	774.5	775	775.5	776	776.5	777	777.5	778	778.5	779	779.5	780	780.5	781	781.5	782	782.5	783	783.5	784	784.5	785	785.5	786	786.5	787	787.5	788	788.5	789	789.5	790	790.5	791	791.5	792	792.5	793	793.5	794	794.5	795	795.5	796	796.5	797	797.5	798	798.5	799	799.5	800	800.5	801	801.5	802	802.5	803	803.5	804	804.5	805	805.5	806	806.5	807	807.5	808	808.5	809	809.5	810	810.5	811	811.5	812	812.5	813	813.5	814	814.5	815	815.5	816	816.5	817	817.5	818	818.5	819	819.5	820	820.5	821	821.5	822	822.5	823	823.5	824	824.5	825	825.5	826	826.5	827	827.5	828	828.5	829	829.5	830	-6.9581999999999997	-8.7210219999999889	-9.4933920000000001	-11.501556000000004	-16.290253	-16.835456000000001	-18.552845000000001	-21.733194999999988	-21.406072999999989	-24.077566999999988	-26.303812000000001	-23.196155999999998	-24.413775999999999	-22.723646999999723	-24.559163000000005	-24.522815999999999	-23.141635999999988	-24.550076000000001	-21.805889000000001	-26.739975000000207	-26.149338	-25.676829000000001	-29.202473999999889	-26.676368000000135	-28.157502000000001	-27.212484	-32.800814000000003	-33.418711000000002	-35.526829000000006	-39.515898	-43.750308000000011	-40.297355000000415	-40.506350000000012	-41.587668999999998	-42.814376000000003	-46.912486000000001	-48.46631500000035	-49.711195000000011	-48.729830000000113	-47.176001000000007	-48.184626999999999	-54.081907999999999	-51.237764000000006	-52.528079000000012	-53.918347000000004	-52.646206000000006	-51.810227999999995	-52.927894000000002	-50.256399000000002	-44.858887999999894	-43.332319000000012	-43.668528000000364	-41.006119000000012	-43.150585	-43.359579000000004	-43.823002000000002	-42.032918000000379	-41.551321999999999	-42.269173000000364	-41.942051000000006	-41.942051000000006	-42.459994000000002	-42.541774000000004	-42.605382000000013	-44.350031000000001	-40.233748000000013	-40.887991999999997	-41.133333000000263	-42.078352000000379	-41.923878000000002	-40.115621000000004	-41.206027000000006	-41.896618000000011	-36.290113000000517	-36.971617000000002	-34.309209000000003	-33.845786000000004	-34.863498	-34.781718000000012	-34.654504000000003	-33.200629000000006	-35.008886000000004	-34.372816	-35.099753000000113	-34.309209000000003	-34.872585000000001	-34.082041000000004	-34.200168000000012	-34.518203	-34.818064999999997	-35.853951000000002	-34.300122000000002	-34.581809999999997	-34.172908000000113	-35.445048	-33.400537	-35.390528000000003	-35.326921000000006	-35.081580000000002	-35.617696000000002	-52.228217000000313	-52.419038	-52.055569000000006	-40.997032000000011	-39.879366000000005	-39.979320000000001	-38.825307000000002	-39.134255000000003	-37.707641000000002	-38.543619	-38.997955000000012	-37.135178000000423	-37.107917	-39.288730000000335	-38.679920000000003	-38.816220000000001	-38.180150000000012	-39.615851000000006	-36.998877	-39.888453000000005	-37.853027999999995	-37.062484000000005	-36.335547000000005	-35.781257000000004	-38.189237000000006	-37.943894999999998	-37.453213000000005	-37.362346000000002	-37.462299000000002	-36.844402999999993	-38.225584000000012	-36.299200000000013	-36.371892999999993	-34.999799000000003	-35.790344000000012	-34.263775000000393	-37.198785000000335	-33.591358000000113	-35.008886000000004	-32.546386000000005	-32.464604999999999	-31.346938999999999	-33.818526000000006	-32.273784000000006	-32.001183000000005	-33.091589000000006	-31.210638999999986	-32.828074000000001	-24.949891999999988	-25.867650000000001	-24.386514999999989	-25.022584999999989	-24.250215000000001	-25.086191999999986	-24.859024999999999	-25.567788	-23.977613000000002	-24.931718	-24.177520999999999	-23.768618999999784	-24.895371000000001	-24.940805000000001	-23.386977000000005	-24.041219999999889	-23.768618999999784	-24.413775999999999	-23.95943999999977	-24.477383	-23.605058000000035	-23.705011999999989	-23.450583999999989	-23.359717	-22.251138000000001	-22.251138000000001	-21.678674999999988	-22.523738999999889	-22.859946999999988	-21.351552999999999	-22.242051	-22.314744999999988	-22.323830999999988	-21.551461000000035	-22.878121	-22.151184000000189	-28.775398999999986	-26.449199999999788	-29.229735000000002	-29.647722999999989	-26.530980000000035	-25.758608999999989	-25.622308999999987	-24.622769999999889	-25.331534000000001	-26.794495000000001	-25.867650000000001	-25.158886000000031	-25.086191999999986	-26.512806999999999	-23.795878999999999	-24.004873000000035	-23.859486	-23.659578000000035	-23.205242999999708	-23.668665000000001	-24.186608	-23.386977000000005	-24.132086999999999	-23.904920000000001	-24.377428999999999	-23.205242999999708	-22.859946999999988	-21.869496000000002	-23.78679199999981	-23.914006000000001	-22.63278	-23.950353	-22.769079999999889	-24.504643000000002	-22.814513999999999	-22.923553999999989	-21.914929000000001	-21.896756	-21.851322	-22.232963999999999	-21.833148999999999	-22.396525	-25.286099999999784	-26.240205	-26.767234999999989	-25.776783000000002	-25.277014000000001	-24.441035999999986	-25.040758999999987	-25.131626000000001	-24.968064999999989	-25.631395000000207	-24.768156999999889	-26.394679	-26.149338	-26.458285999999987	-24.041219999999889	-26.712713999999806	-26.003951000000189	-25.876736999999817	-24.868110999999889	-25.286099999999784	-24.749984000000001	-21.233425999999987	-26.839928000000135	-26.249291999999986	-24.513728999999987	-26.349245999999987	-23.768618999999784	-24.104827000000135	-25.376967000000135	-25.95851699999977	-27.085269999999795	-23.177982000000135	-24.913544999999989	-24.940805000000001	-23.841313	-25.585961999999999	-23.550538	-22.487391999999989	-24.331995000000258	-24.513728999999987	-24.922631999999748	-23.168896	-24.36834199999981	-22.705472999999795	-25.249752999999806	-23.396063999999999	-23.296109999999889	-25.122538999999989	-22.478304999999889	-23.668665000000001	-23.950353	-25.713176000000001	-21.596893999999999	-23.332457000000005	-24.604596999999988	-24.413775999999999	-25.222492999999744	-25.522355000000001	-21.705935	-23.823138999999987	-23.841313	-22.623692999999989	-21.41516	-20.651876000000211	-24.704550000000001	-25.731349000000002	-22.578258999999999	-25.758608999999989	-20.642788999999986	-24.322908000000005	-23.332457000000005	-23.059855000000248	-24.931718	-21.951276	-23.950353	-22.641866000000135	-23.923092999999799	-24.304735000000001	-22.451045000000001	-22.196617	-23.105288999999999	-22.696387000000001	-24.204781000000001	-24.56824999999969	-23.78679199999981	-21.206164999999999	-25.113453000000035	-22.887208000000001	-22.978075	-24.295647999999737	-24.268388000000002	-21.506027	-21.914929000000001	-22.478304999999889	-22.042142999999708	-24.050307	-24.668203999999989	-23.314283000000035	-23.386977000000005	-23.250675999999999	-24.313821999999998	-23.477844000000001	-24.949891999999988	-21.151644999999988	-21.860408999999986	-25.631395000000207	-22.205703999999773	-23.168896	-21.324293000000001	-24.613683000000005	-22.351091000000135	-22.678213	-24.359255000000203	-23.141635999999988	-22.042142999999708	-24.295647999999737	-23.296109999999889	-23.49601699999981	-21.587807000000005	-23.459671	-21.115297999999999	-22.060316999999795	-23.114375000000251	-24.350169000000001	-24.350169000000001	-24.295647999999737	-23.386977000000005	-23.341542999999799	-24.768156999999889	-21.115297999999999	-22.487391999999989	-24.068479999999777	-21.687760999999988	-20.624616	-20.879044	-24.050307	-23.532364000000001	-21.142558000000001	-22.932640999999759	-21.051691000000005	-21.869496000000002	-21.360639999999744	-25.295186999999817	-23.050768000000001	-22.323830999999988	-23.714099000000001	-24.268388000000002	-25.495094999999989	-22.823601	-22.223877000000005	-20.061240000000002	-24.204781000000001	-25.195233000000002	-22.514652000000005	-22.332917999999999	-25.549614999999989	-23.859486	-20.14302	-21.215252	-19.134395000000211	-22.369264999999999	-25.540527999999806	-25.695001999999999	-27.948507999999759	-29.684069999999988	-22.351091000000135	-22.396525	-27.821294000000005	-26.776320999999989	-28.157502000000001	-28.248368999999986	-29.09343399999981	-25.031672	-30.92895	-32.628166000000213	-24.859024999999999	-24.986238999999795	-26.930795999999987	-28.484623999999748	-24.450121999999986	-33.845786000000004	-24.550076000000001	-23.059855000000248	-26.240205	-30.783562999999774	-26.176597999999988	-25.622308999999987	-28.593665000000001	-26.503719999999795	-25.431488000000005	-25.794956000000031	-28.330150000000035	-28.130241999999999	-25.195233000000002	-25.558701999999986	-25.013498999999999	-30.92895	-21.951276	-25.122538999999989	-23.223415999999986	-23.523278000000001	-21.387899999999988	-24.595509999999773	-22.996247999999795	-22.042142999999708	-24.849938000000005	-26.849015000000001	-25.386054000000001	-22.232963999999999	-21.705935	-21.987622999999701	-25.249752999999806	-25.095278999999987	-24.36834199999981	-27.703166	-25.286099999999784	-22.196617	-24.540990000000001	-24.886285000000001	-24.295647999999737	-23.750444999999889	-22.560085999999988	-23.78679199999981	-26.431025999999999	-26.540067000000001	-25.567788	-24.159348000000001	-22.968988	-21.142558000000001	-26.812667999999999	-22.605518999999987	-26.031210999999999	-22.414698000000001	-24.613683000000005	-20.542835	-27.912161000000001	-21.996709999999748	-26.276551999999999	-25.186145999999987	-25.149799999999889	-25.031672	-29.356949	-26.058471000000001	-31.092510999999803	-25.395140999999889	-27.330611000000001	-27.257916999999999	-26.585499999999719	-23.541450999999999	-28.893525999999987	-28.784485999999987	-28.348322999999766	-26.46737299999981	-31.492326999999715	-24.604596999999988	-25.004411999999999	-26.249291999999986	-26.367419000000002	-24.559163000000005	-24.095740999999759	-24.949891999999988	-22.214791000000005	-28.848092999999889	-25.522355000000001	-25.140713000000002	-24.831764000000035	-25.295186999999817	-23.868572999999795	-26.040298	-23.014422	-27.893986999999999	-27.058009999999989	-27.403305	-22.296571	-25.267927	-26.231119	-27.439651999999999	-22.859946999999988	-25.858563	-29.738591	-29.166128	-29.838545	-25.395140999999889	-23.468756999999748	-25.540527999999806	-24.377428999999999	-27.003488999999988	-29.111606999999999	-23.523278000000001	-29.09343399999981	-28.466449999999668	-27.575952000000001	-28.112069000000005	-28.421016999999889	-23.877659000000001	-25.858563	-28.302890000000001	-25.24066699999981	-22.269310999999806	-26.894449000000002	-28.275628999999817	-26.567326999999889	-26.576414	-25.286099999999784	-28.130241999999999	-26.103905000000204	-25.649569	-23.005334999999889	-24.677289999999999	-26.767234999999989	-24.713636999999814	-24.486468999999989	-25.613222	-25.231580000000001	-27.621386000000001	-26.849015000000001	-23.877659000000001	-24.331995000000258	-25.122538999999989	-28.102982000000001	-26.440112999999748	-26.203858000000135	-26.049384	-24.931718	-24.695464000000001	-22.923553999999989	-27.221571000000001	-25.286099999999784	-28.40284299999977	-25.277014000000001	-23.532364000000001	-24.722723999999715	-28.366496999999889	-24.940805000000001	-25.649569	-26.258378999999987	-26.739975000000207	-23.659578000000035	-26.776320999999989	-25.131626000000001	-24.686377	-24.995324999999784	-28.302890000000001	-24.404688999999987	-28.857179000000031	-25.24066699999981	-25.822215999999987	-24.886285000000001	-26.712713999999806	-26.149338	-25.077106000000001	-28.348322999999766	-26.022124000000002	-31.365112999999777	-25.749522999999737	-23.823138999999987	-29.084346999999784	-26.149338	-26.558239999999795	-23.986699999999683	-28.766311999999989	-26.403765999999987	-23.941265999999999	-27.948507999999759	-24.477383	-26.994402999999807	-23.895833	-21.451506999999989	-24.840851000000189	-26.031210999999999	-26.376505999999999	-24.840851000000189	-27.130703	-24.477383	-24.668203999999989	-27.521431999999987	-27.412391999999986	-29.556856000000035	-27.512345	-24.123000999999999	-24.486468999999989	-23.804966000000135	-23.614145000000189	-25.522355000000001	-28.593665000000001	-26.258378999999987	-28.130241999999999	-28.411930000000005	-23.850398999999999	-20.760916000000002	-23.814052000000135	-25.758608999999989	-21.106211999999999	-23.423323999999777	-25.231580000000001	-23.214328999999999	-23.277936	-26.176597999999988	-27.585038999999806	-26.976228999999989	-23.759531999999989	-25.740435999999889	-26.921708999999989	-26.46737299999981	-25.24066699999981	-18.071249000000002	-25.404228	-21.206164999999999	-20.570094999999988	-29.6113770000002	-24.495555999999986	-28.493710999999784	-25.731349000000002	-28.375582999999889	-24.540990000000001	-22.023969999999988	-25.758608999999989	-23.087115000000001	-26.830842000000001	-24.441035999999986	-27.666820000000001	-27.775860000000005	-23.396063999999999	-22.869033999999989	-27.421478	-23.750444999999889	-22.296571	-28.039375000000035	-21.696847999999999	-25.676829000000001	-24.904458000000005	-24.295647999999737	-25.431488000000005	-27.348784999999989	-24.650030000000001	-26.894449000000002	-23.368803	-22.342005	-25.567788	-25.458747999999737	-23.877659000000001	-28.239283	-27.085269999999795	-25.649569	-23.459671	-20.842696999999788	-24.949891999999988	-23.668665000000001	-27.321524	-23.632318000000001	-24.113914000000207	-30.46552799999969	-22.978075	-25.267927	-25.604134999999999	-25.495094999999989	-25.386054000000001	-25.467835000000001	-24.032133999999989	-24.377428999999999	-25.413314	-23.105288999999999	-27.721339999999799	-24.513728999999987	-25.985776999999683	-23.48693099999981	-24.958977999999988	-24.868110999999889	-24.677289999999999	-24.749984000000001	-28.212021999999987	-25.104366000000031	-28.720879	-23.014422	-27.067095999999999	-19.652336999999989	-27.130703	-22.260223999999774	-22.896294000000001	-28.148415	-23.723185000000001	-25.340620999999889	-23.432409999999773	-24.150261000000135	-24.722723999999715	-26.46737299999981	-25.858563	-24.141173999999999	-24.540990000000001	-24.113914000000207	-28.493710999999784	-24.659116999999988	-26.676368000000135	-26.103905000000204	-21.596893999999999	-24.840851000000189	-23.441496999999803	-21.715021	-22.987161	-27.839466999999999	-21.115297999999999	-25.249752999999806	-28.357410000000005	-22.487391999999989	-22.432872	-21.378813000000001	-22.778167	-28.257456000000001	-25.676829000000001	-23.886745999999889	-29.774937999999999	-22.405611999999795	-25.849477	-26.658194000000005	-23.523278000000001	-25.685915999999999	-21.842234999999889	-26.712713999999806	-27.012575999999999	-25.595048999999989	-23.795878999999999	-23.277936	-29.54777	-25.931256999999999	-26.122077999999988	-24.650030000000001	-24.559163000000005	-24.686377	-23.741358999999999	-25.858563	-23.459671	-25.894909999999999	-25.42240099999977	-22.6873	-22.451045000000001	-23.977613000000002	-25.731349000000002	-27.93033399999981	-25.058931999999999	-22.896294000000001	-24.886285000000001	-24.650030000000001	-23.250675999999999	-24.322908000000005	-25.158886000000031	-26.903535000000002	-23.677752000000005	-26.031210999999999	-25.903997	-24.668203999999989	-29.720416999999795	-26.540067000000001	-26.630934000000035	-25.567788	-26.294725999999986	-26.730888000000135	-26.621846999999999	-23.468756999999748	-27.794034	-25.513268000000135	-25.985776999999683	-24.922631999999748	-29.057086999999999	-24.313821999999998	-21.687760999999988	-27.966680999999795	-24.032133999999989	-26.739975000000207	-27.630472999999999	-24.831764000000035	-27.675906000000001	-26.576414	-24.986238999999795	-27.721339999999799	-24.650030000000001	-22.187531	-24.668203999999989	-28.693618000000001	-23.932179999999889	-24.259301000000001	-26.494632999999759	-23.368803	-24.540990000000001	-29.129781000000001	-24.940805000000001	-25.831302999999988	-24.868110999999889	-24.759070999999999	-24.904458000000005	-25.931256999999999	-24.177520999999999	-28.648185000000005	-23.595970999999999	-21.869496000000002	-24.504643000000002	-25.822215999999987	-28.884438999999986	-25.013498999999999	-25.367881000000182	-26.730888000000135	-26.46737299999981	-23.586884999999999	-24.931718	-27.621386000000001	-25.531441999999988	-23.405149999999683	-21.451506999999989	-24.123000999999999	-23.341542999999799	-28.620925000000035	-25.576875000000207	-22.287483999999989	-30.311054000000237	-23.441496999999803	-26.358332999999803	-25.204319999999989	-22.941727999999795	-25.349706999999889	-25.249752999999806	-28.202935999999987	-25.167973000000035	-25.022584999999989	-26.75814799999981	-23.26885	-23.78679199999981	-24.486468999999989	-22.950814999999999	-27.893986999999999	-27.139790000000001	-25.495094999999989	-24.341082	-27.948507999999759	-26.930795999999987	-25.858563	-27.139790000000001	-27.766772999999766	-22.360178000000001	-23.614145000000189	-25.576875000000207	-28.575491	-28.38467	-25.386054000000001	-22.205703999999773	-26.621846999999999	-23.532364000000001	-27.039836000000001	-22.387438	-24.604596999999988	-24.704550000000001	-26.08573099999969	-26.694541000000001	-24.159348000000001	-27.612299	-27.121617000000001	-27.04892299999981	-25.277014000000001	-24.995324999999784	-24.913544999999989	-19.243435000000002	-21.905841999999989	-26.703627999999807	-25.95851699999977	-22.896294000000001	-29.484162999999889	-27.966680999999795	-26.885361999999986	-24.113914000000207	-30.447354000000001	-27.148876999999999	-26.340159	-22.678213	-26.567326999999889	-29.129781000000001	-27.957594	-25.431488000000005	-27.257916999999999	-24.459208999999987	-23.841313	-25.640481999999999	-26.1129910000002	-23.832225999999999	-24.822678	-27.521431999999987	-25.1770600000002	-29.647722999999989	-25.667741999999986	-22.287483999999989	-27.04892299999981	-23.841313	-27.039836000000001	-24.913544999999989	-26.285638999999723	-26.830842000000001	-27.939420999999989	-25.613222	-25.249752999999806	-27.521431999999987	-27.712253	-26.585499999999719	-25.386054000000001	-25.994864000000035	-24.386514999999989	-26.285638999999723	-26.812667999999999	-25.440574000000002	-24.968064999999989	-28.021201000000001	-23.668665000000001	-24.949891999999988	-23.705011999999989	-25.713176000000001	-26.312899000000005	-28.230195999999999	-25.776783000000002	-27.448737999999683	-23.259763	-25.558701999999986	-23.314283000000035	-26.858101999999999	-24.56824999999969	-26.312899000000005	-25.713176000000001	-28.275628999999817	-24.777244	-26.640021000000001	-27.830380000000005	-23.150721999999988	-24.577335999999999	-27.030748999999989	-25.994864000000035	-26.676368000000135	-24.222954999999999	-29.983931999999989	-24.495555999999986	-23.904920000000001	-25.42240099999977	-27.821294000000005	-28.929873000000001	-24.477383	-28.948045999999799	-25.040758999999987	-24.677289999999999	-28.829919	-29.138867000000207	-26.403765999999987	-28.602751000000001	-23.595970999999999	-27.294263999999988	-24.522815999999999	-26.749061000000001	-26.303812000000001	-24.604596999999988	-27.094356000000001	-30.374661000000035	-28.575491	-23.595970999999999	-26.794495000000001	-28.611838000000244	-26.776320999999989	-25.440574000000002	-23.641404999999999	-25.077106000000001	-30.220186999999989	-26.212945000000001	-26.512806999999999	-25.440574000000002	-27.357871000000266	-27.139790000000001	-25.186145999999987	-25.113453000000035	-26.767234999999989	-27.675906000000001	-30.011192000000001	-30.029366	-25.95851699999977	-26.640021000000001	-25.976690999999889	-26.485546999999617	-28.657272000000031	-29.429641999999795	-25.349706999999889	-26.367419000000002	-26.703627999999807	-28.43919	-25.804043	-24.804504000000001	-28.048461999999986	-24.868110999999889	-24.56824999999969	-23.977613000000002	-25.976690999999889	-26.440112999999748	-24.459208999999987	-25.95851699999977	-25.331534000000001	-25.295186999999817	-29.765851000000001	-27.830380000000005	-24.859024999999999	-28.584578	-30.383746999999723	-26.067557999999988	-24.595509999999773	-26.567326999999889	-28.084807999999999	-26.394679	-24.504643000000002	-29.329688000000001	-28.421016999999889	-29.929411999999989	-27.185224000000002	-27.957594	-28.829919	-28.093895000000035	-31.628627999999889	-28.557317999999999	-25.931256999999999	-26.839928000000135	-26.767234999999989	-25.395140999999889	-25.440574000000002	-30.102059000000001	-28.130241999999999	-26.176597999999988	-28.330150000000035	-28.584578	-27.067095999999999	-28.003028	-26.512806999999999	-29.229735000000002	-28.475536999999701	-29.484162999999889	-26.431025999999999	-28.893525999999987	-26.994402999999807	-26.013037000000001	-27.185224000000002	-28.766311999999989	-28.929873000000001	-27.485085000000002	-27.757687000000001	-27.503259	-29.484162999999889	-28.575491	-25.903997	-30.211099999999988	-26.849015000000001	-28.121155000000222	-28.98439299999977	-30.002105	-24.095740999999759	-24.195694	-26.876275000000035	-27.212484	-23.705011999999989	-25.640481999999999	-24.159348000000001	-23.26885	-25.186145999999987	-25.813130000000001	-26.585499999999719	-28.566403999999817	-26.640021000000001	-24.550076000000001	-24.713636999999814	-23.041682000000002	-26.131165000000266	-26.194772	-28.030287999999999	-25.967603999999799	-25.476921000000001	-24.759070999999999	-27.984855000000035	-24.777244	-25.749522999999737	-21.351552999999999	-26.185684999999989	-23.759531999999989	-24.513728999999987	-25.758608999999989	-24.840851000000189	-24.804504000000001	-26.839928000000135	-25.440574000000002	-23.595970999999999	-24.123000999999999	-23.968526999999671	-24.877198000000035	-25.740435999999889	-29.029827000000001	-25.186145999999987	-26.203858000000135	-28.293803	-24.004873000000035	-24.795418000000002	-25.804043	-22.714559999999999	-25.695001999999999	-28.666357999999999	-25.522355000000001	-26.812667999999999	-27.139790000000001	-27.748599999999723	-23.904920000000001	-23.859486	-28.929873000000001	-26.494632999999759	-26.503719999999795	-25.231580000000001	-26.839928000000135	-24.958977999999988	-28.048461999999986	-25.913084000000001	-25.667741999999986	-27.494171999999999	-27.376045000000001	-26.667280999999999	-26.939882000000001	-23.914006000000001	-28.993480000000002	-27.784946999999889	-25.595048999999989	-27.694080000000035	-23.732271999999988	-27.230657000000001	-26.212945000000001	-28.548230999999795	-28.866266	-26.403765999999987	-25.658656000000001	-25.004411999999999	-27.157963000000244	-27.766772999999766	-25.740435999999889	-27.475999000000002	-28.139329	-26.040298	-27.103442999999817	-27.230657000000001	-24.540990000000001	-27.675906000000001	-27.494171999999999	-28.38467	-26.785407999999759	-25.213407	-24.849938000000005	-27.130703	-25.758608999999989	-25.1770600000002	-27.521431999999987	-27.839466999999999	-30.020278999999999	-27.866726999999777	-25.913084000000001	-29.366035	-26.340159	-25.767695999999987	-26.494632999999759	-26.203858000000135	-25.086191999999986	-29.56594299999977	-27.303350999999999	-26.894449000000002	-25.495094999999989	-28.357410000000005	-28.375582999999889	-26.549154000000001	-24.341082	-25.249752999999806	-25.349706999999889	-26.558239999999795	-26.939882000000001	-28.321062999999999	-30.047538999999986	-25.167973000000035	-27.812207000000001	-26.167511999999999	-27.348784999999989	-28.239283	-25.822215999999987	-29.765851000000001	-27.766772999999766	-29.60229	-25.767695999999987	-25.440574000000002	-28.966219999999737	-27.357871000000266	-29.974844999999988	-26.431025999999999	-27.766772999999766	-27.021663	-28.648185000000005	-25.576875000000207	-25.95851699999977	-31.137944999999998	-27.176137000000001	-29.538682999999889	-30.165666000000002	-27.739512999999889	-26.594587000000001	-26.567326999999889	-27.357871000000266	-29.09343399999981	-29.07526	-27.412391999999986	-29.193387999999999	-26.767234999999989	-30.620001999999999	-27.857641000000001	-28.311976000000207	-25.431488000000005	-27.058009999999989	-24.749984000000001	-29.284255000000005	-29.057086999999999	-28.193849	-28.466449999999668	-26.431025999999999	-28.212021999999987	-27.157963000000244	-28.802658999999988	-26.076644000000002	-25.785869999999989	-28.275628999999817	-27.267004	-27.675906000000001	-29.029827000000001	-27.512345	-30.420093999999889	-28.003028	-25.231580000000001	-28.393757000000001	-28.893525999999987	-28.484623999999748	-24.940805000000001	-29.229735000000002	-28.457363999999988	-27.212484	-25.940343999999723	-28.648185000000005	-29.22064799999977	-26.894449000000002	-30.411007999999999	-26.031210999999999	-27.621386000000001	-27.594125999999999	-25.286099999999784	-24.749984000000001	-26.858101999999999	-25.149799999999889	-25.522355000000001	-27.857641000000001	-24.331995000000258	-26.567326999999889	-26.540067000000001	-29.838545	-28.648185000000005	-29.22064799999977	-30.701782999999889	-27.80312	-27.103442999999817	-23.841313	-27.148876999999999	-23.287022999999795	-29.702243999999759	-27.575952000000001	-25.858563	-26.803581999999999	-24.595509999999773	-28.393757000000001	-29.820371000000005	-26.948969000000002	-28.121155000000222	-27.839466999999999	-30.701782999999889	-26.994402999999807	-26.676368000000135	-26.276551999999999	-24.904458000000005	-28.729965000000131	-23.586884999999999	-25.713176000000001	-24.886285000000001	-26.258378999999987	-27.594125999999999	-23.995786999999744	-25.186145999999987	-22.232963999999999	-26.849015000000001	-27.784946999999889	-28.239283	-25.095278999999987	-27.884900999999999	-24.968064999999989	-28.257456000000001	-25.758608999999989	-31.128858000000204	-25.622308999999987	-27.666820000000001	-25.731349000000002	-22.605518999999987	-24.713636999999814	-33.291497	-30.156580000000005	-30.020278999999999	-28.9117	-31.374199000000001	-27.394217999999999	-23.641404999999999	-26.75814799999981	-30.092973000000001	-25.249752999999806	-28.357410000000005	-24.977152	-29.311515000000131	-26.567326999999889	-25.758608999999989	-28.98439299999977	-26.558239999999795	-28.766311999999989	-24.668203999999989	-27.993941	-30.23836	-24.913544999999989	-26.003951000000189	-31.110685000000135	-26.303812000000001	-29.520508999999986	-21.551461000000035	-26.630934000000035	-20.797263000000001	-31.755841999999987	-29.229735000000002	-31.492326999999715	-24.540990000000001	-26.994402999999807	-27.357871000000266	-24.904458000000005	-25.258839999999989	-27.621386000000001	-26.976228999999989	-29.057086999999999	-32.082963000000007	-24.886285000000001	-29.774937999999999	-26.058471000000001	-27.948507999999759	-25.386054000000001	-28.466449999999668	-25.258839999999989	-27.503259	-24.886285000000001	-27.067095999999999	-22.469218999999889	-28.430104	-22.660039999999817	-25.522355000000001	-26.640021000000001	-25.277014000000001	-27.703166	-25.940343999999723	-29.974844999999988	-27.966680999999795	-25.376967000000135	-30.974384000000001	-23.695924999999999	-27.085269999999795	-27.848554	-27.548691999999889	-29.411469	-28.748138999999806	-25.158886000000031	-25.258839999999989	-28.321062999999999	-29.202473999999889	-24.768156999999889	-25.622308999999987	-27.176137000000001	-26.985315999999777	-29.529596000000002	-25.058931999999999	-28.175675999999999	-22.878121	-27.984855000000035	-26.267465000000001	-23.386977000000005	-30.801735999999988	-28.648185000000005	-28.748138999999806	-28.666357999999999	-25.086191999999986	-28.620925000000035	-23.714099000000001	-28.829919	-23.523278000000001	-31.737667999999999	-23.595970999999999	-26.630934000000035	-30.111146000000005	-27.28517799999981	-28.938960000000005	-27.975767999999889	-24.686377	-24.831764000000035	-26.594587000000001	-24.277474999999999	-27.303350999999999	-27.039836000000001	-32.046616	-27.239744000000002	-28.666357999999999	-27.784946999999889	-24.204781000000001	-25.631395000000207	-29.157041000000035	-24.531903000000035	-26.249291999999986	-29.011652999999999	-24.56824999999969	-25.731349000000002	-27.475999000000002	-29.066174	-28.112069000000005	-22.387438	-26.240205	-24.759070999999999	-24.913544999999989	-25.685915999999999	-25.713176000000001	-23.659578000000035	-25.304273999999999	-27.130703	-26.222031999999889	-27.612299	-26.812667999999999	-25.713176000000001	-23.968526999999671	-29.438728999999817	-32.355564999999999	-30.311054000000237	-29.493248999999889	-27.085269999999795	-29.038913999999988	-24.686377	-30.610915000000237	-22.005795999999989	-23.741358999999999	-26.013037000000001	-22.814513999999999	-20.451968000000196	-27.884900999999999	-23.859486	-27.784946999999889	-23.041682000000002	-24.068479999999777	-25.604134999999999	-24.650030000000001	-29.829457999999999	-25.567788	-25.994864000000035	-21.551461000000035	-25.858563	-26.258378999999987	-25.367881000000182	-22.878121	-28.766311999999989	-22.650953000000207	-25.613222	-24.586422999999737	-25.049845999999999	-27.921247999999814	-25.649569	-24.386514999999989	-21.924016000000002	-25.031672	-27.257916999999999	-25.813130000000001	-25.458747999999737	-22.723646999999723	-23.405149999999683	-24.749984000000001	-21.924016000000002	-22.287483999999989	-21.233425999999987	-25.104366000000031	-23.49601699999981	-26.049384	-24.422861999999999	-24.0139600000002	-24.650030000000001	-28.339236	-24.577335999999999	-25.167973000000035	-24.559163000000005	-22.042142999999708	-21.924016000000002	-21.996709999999748	-26.721800999999999	-24.286561999999989	-22.750907000000005	-24.068479999999777	-23.468756999999748	-25.467835000000001	-22.151184000000189	-23.795878999999999	-27.775860000000005	-22.251138000000001	-24.586422999999737	-23.187069000000001	-24.159348000000001	-24.132086999999999	-26.558239999999795	-26.985315999999777	-23.568710999999762	-26.285638999999723	-24.650030000000001	-25.458747999999737	-26.694541000000001	-21.996709999999748	-27.585038999999806	-19.979458999999999	-27.648645999999989	-24.822678	-24.195694	-27.130703	-22.968988	-23.232502999999795	-24.259301000000001	-24.931718	-23.950353	-24.004873000000035	-24.132086999999999	-27.912161000000001	-23.059855000000248	-26.821755000000035	-25.522355000000001	-27.312438	-27.294263999999988	-25.903997	-23.714099000000001	-28.266542999999679	-25.585961999999999	-23.296109999999889	-23.759531999999989	-26.203858000000135	-23.187069000000001	-24.095740999999759	-27.503259	-22.387438	-23.659578000000035	-25.667741999999986	-22.287483999999989	-28.40284299999977	-25.622308999999987	-25.140713000000002	-26.331072000000031	-25.186145999999987	-26.240205	-22.351091000000135	-22.841774000000001	-25.140713000000002	-24.086653999999989	-26.912621999999889	-25.913084000000001	-24.159348000000001	-24.949891999999988	-24.395601999999986	-23.332457000000005	-27.912161000000001	-25.213407	-27.103442999999817	-27.176137000000001	-23.287022999999795	-26.939882000000001	-24.786330999999766	-24.713636999999814	-25.467835000000001	-25.458747999999737	-24.795418000000002	-26.794495000000001	-24.204781000000001	-25.204319999999989	-26.212945000000001	-21.287946000000002	-25.722263000000002	-26.285638999999723	-27.448737999999683	-23.723185000000001	-27.248830999999889	-24.604596999999988	-25.340620999999889	-23.968526999999671	-24.731811000000135	-22.641866000000135	-25.95851699999977	-26.703627999999807	-29.738591	-22.151184000000189	-23.823138999999987	-30.083886	-25.213407	-25.213407	-21.451506999999989	-22.532826	-26.75814799999981	-23.923092999999799	-26.994402999999807	-24.422861999999999	-22.787254000000001	-24.232040999999889	-22.859946999999988	-24.086653999999989	-22.342005	-22.532826	-24.395601999999986	-22.814513999999999	-23.159809000000031	-23.559623999999989	-22.869033999999989	-21.442419999999668	-24.36834199999981	-22.978075	-23.068941999999989	-26.176597999999988	-24.177520999999999	-23.296109999999889	-24.059394000000001	-22.432872	-22.741820000000001	-20.233886999999999	-24.150261000000135	-23.505103999999989	-23.795878999999999	-22.996247999999795	-22.996247999999795	Time (s)

Pressure (-mbar)


Sample 3
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Temperature °C


Sample 3
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Pressure (-mbar)


Sample 1
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Temperature °C


Sample 1
0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	55	55.5	56	56.5	57	57.5	58	58.5	59	59.5	60	60.5	61	61.5	62	62.5	63	63.5	64	64.5	65	65.5	66	66.5	67	67.5	68	68.5	69	69.5	70	70.5	71	71.5	72	72.5	73	73.5	74	74.5	75	75.5	76	76.5	77	77.5	78	78.5	79	79.5	80	80.5	81	81.5	82	82.5	83	83.5	84	84.5	85	85.5	86	86.5	87	87.5	88	88.5	89	89.5	90	90.5	91	91.5	92	92.5	93	93.5	94	94.5	95	95.5	96	96.5	97	97.5	98	98.5	99	99.5	100	100.5	101	101.5	102	102.5	103	103.5	104	104.5	105	105.5	106	106.5	107	107.5	108	108.5	109	109.5	110	110.5	111	111.5	112	112.5	113	113.5	114	114.5	115	115.5	116	116.5	117	117.5	118	118.5	119	119.5	120	120.5	121	121.5	122	122.5	123	123.5	124	124.5	125	125.5	126	126.5	127	127.5	128	128.5	129	129.5	130	130.5	131	131.5	132	132.5	133	133.5	134	134.5	135	135.5	136	136.5	137	137.5	138	138.5	139	139.5	140	140.5	141	141.5	142	142.5	143	143.5	144	144.5	145	145.5	146	146.5	147	147.5	148	148.5	149	149.5	150	150.5	151	151.5	152	152.5	153	153.5	154	154.5	155	155.5	156	156.5	157	157.5	158	158.5	159	159.5	160	160.5	161	161.5	162	162.5	163	163.5	164	164.5	165	165.5	166	166.5	167	167.5	168	168.5	169	169.5	170	170.5	171	171.5	172	172.5	173	173.5	174	174.5	175	175.5	176	176.5	177	177.5	178	178.5	179	179.5	180	180.5	181	181.5	182	182.5	183	183.5	184	184.5	185	185.5	186	186.5	187	187.5	188	188.5	189	189.5	190	190.5	191	191.5	192	192.5	193	193.5	194	194.5	195	195.5	196	196.5	197	197.5	198	198.5	199	199.5	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	700.5	701	701.5	702	702.5	703	703.5	704	704.5	705	705.5	706	706.5	707	707.5	708	708.5	709	709.5	710	710.5	711	711.5	712	712.5	713	713.5	714	714.5	715	715.5	716	716.5	717	717.5	718	718.5	719	719.5	720	720.5	721	721.5	722	722.5	723	723.5	724	724.5	725	725.5	726	726.5	727	727.5	728	728.5	729	729.5	730	730.5	731	731.5	732	732.5	733	733.5	734	734.5	735	735.5	736	736.5	737	737.5	738	738.5	739	739.5	740	740.5	741	741.5	742	742.5	743	743.5	744	744.5	745	745.5	746	746.5	747	747.5	748	748.5	749	749.5	750	750.5	751	751.5	752	752.5	753	753.5	754	754.5	755	755.5	756	756.5	757	757.5	758	758.5	759	759.5	760	760.5	761	761.5	762	762.5	763	763.5	764	764.5	765	765.5	766	766.5	-0.97914400000000645	-1.2971789999999999	-2.4330179999999997	-3.0600010000000002	-4.1322320000000001	-6.9309399999999997	-8.0940390000000004	-9.8568610000000003	-9.5842589999999994	-11.73781	-14.218483000000001	-11.283475000000001	-12.101278999999998	-13.03721	-12.201233	-13.509719	-14.082182000000024	-14.518344000000001	-14.200309000000001	-13.900448000000004	-12.382967000000002	-11.328908	-11.065394000000024	-11.837764	-11.946805000000001	-13.03721	-15.163501	-13.764147000000001	-13.291638000000001	-14.690992	-15.054460000000002	-12.982690000000026	-13.546066	-16.771849	-14.554691	-21.642327999999889	-22.587345999999989	-24.604596999999988	-32.028443000000003	-44.695327000000013	-9.0481429999999996	-0.13408	-8.8646000000000266E-2	-0.12499300000000105	-0.39759400000000295	-0.14316599999999999	-0.38850800000000374	-0.43394100000000002	-0.31581400000000492	-0.18860000000000021	-0.32490100000000038	-0.41576800000000008	-0.34307400000000032	-0.27038000000000323	-0.29764000000000002	-0.197687	-1.5952000000000001E-2	-0.15225300000000044	-0.27946700000000002	-0.43394100000000002	-0.25220700000000001	-0.352161	-0.34307400000000032	-0.29764000000000002	-0.14316599999999999	-0.25220700000000001	-0.36124700000000004	-0.15225300000000044	-0.32490100000000038	-0.23403399999999999	-0.26129400000000003	-0.352161	-0.17951300000000175	-0.16134000000000001	6.5828000000000012E-2	-6.1386000000000114E-2	-4.3213000000000001E-2	-37.180611000000006	-43.441360000000003	-49.047864999999994	-50.538087000000004	-51.001510000000003	-52.073743	-50.065578000000407	-47.548556000000012	-46.712578000000313	-45.022449000000002	-45.794820000000001	-31.928488999999889	-31.646801000000035	-33.391449999999999	-29.54777	-23.677752000000005	-31.301506	-24.286561999999989	-34.109301000000002	-30.220186999999989	-33.545925000000011	-26.703627999999789	-28.829919	-30.583655	-29.238821000000005	-34.354641999999522	-28.584578	-29.983931999999989	-26.094818000000135	-33.118849000000004	-32.237437	-35.572262000000002	-38.480012000000002	-34.745371000000013	-39.906626000000003	-42.923417000000001	-47.375909	-52.300911000000006	-51.828401000000007	-57.007832000000001	-55.944684999999794	-59.343119000000002	-59.624807000000004	-59.951928999999993	-62.032788000000011	-62.269043000000003	-62.141829000000001	-63.086847999999996	-66.285373999999948	-66.630669999999995	-67.094093000000427	-68.484361000000007	-68.511621000000929	-67.121352999999758	-69.747416000000527	-69.892803000000001	-69.602027999999919	-69.711068999999995	-69.874629999999996	-69.892803000000001	-69.938237000000001	-69.602027999999919	-69.992756999999983	-69.811023000000887	-69.865543000000002	-69.747416000000527	-69.602027999999919	-67.248566999999994	-56.653449000000002	-54.018301000000001	-52.546252000000003	-52.791593000000013	-47.157826999999997	-46.612624000000004	-47.675770000000163	-47.176001000000007	-47.157826999999997	-47.09422	-47.203261000000005	-46.676231000000001	-46.685318000000422	-46.785272000000013	-46.176462000000001	-46.603538000000263	-46.058334000000002	-46.676231000000001	-46.767099000000002	-46.103768000000002	-46.539931000000003	-45.476784000000002	-46.103768000000002	-45.658519000000013	-45.576738000000013	-46.258242000000003	-46.194635000000012	-45.422264000000006	-46.494497000000003	-45.186009000000006	-44.931581000000001	-45.494958000000011	-45.976554	-45.731213000000011	-44.159210000000002	-44.213731000000003	-43.768481000000001	-43.741221000000003	-43.632181000000003	-42.668989000000003	-42.623555000000465	-42.296433000000263	-29.384208999999988	-27.11253	-26.630934000000035	-26.467372999999789	-27.094356000000001	-29.902151999999987	-35.472308000000012	-35.163360000000011	-34.554549999999999	-34.163821000000006	-33.727659000000003	-30.965296999999687	-31.010731	-30.501874999999998	-30.574567999999999	-29.829457999999999	-29.929411999999989	-28.593665000000001	-29.511423000000001	-28.829919	-28.511883999999998	-28.711791999999999	-27.984855000000035	-27.267004	-27.366958000000135	-27.639558999999998	-27.775860000000005	-27.058009999999989	-26.721800999999999	-26.031210999999999	-26.739975000000229	-26.358332999999789	-26.540067000000001	-25.658656000000001	-25.967603999999774	-25.495094999999989	-25.640481999999999	-24.304735000000001	-25.277014000000001	-24.368341999999789	-24.622769999999889	-24.513728999999987	-24.331995000000294	-24.213868000000243	-24.250215000000001	-22.914467999999999	-22.714559999999999	-22.869033999999989	-22.741820000000001	-22.805427000000002	-22.823601	-22.623692999999989	-21.842234999999889	-22.841774000000001	-22.332917999999999	-20.479227999999889	-20.25206	-19.570557000000001	-20.442881	-19.824985000000247	-19.924938999999988	-18.516497999999999	-19.634163999999998	-18.698231999999987	-17.753214	-17.244357999999988	-16.317513999999999	-16.044912	-26.349245999999987	-25.640481999999999	-23.759531999999989	-24.622769999999889	-24.677289999999999	-24.041219999999889	-24.377428999999999	-22.896294000000001	-22.360178000000001	-23.795878999999999	-22.896294000000001	-23.595970999999999	-22.859946999999988	-22.06031699999977	-23.714099000000001	-22.532826	-22.387438	-22.232963999999999	-21.542373999999889	-22.587345999999989	-20.824522999999989	-22.778167	-22.550999000000001	-21.024431	-21.387899999999988	-22.6873	-21.5242	-22.714559999999999	-22.769079999999889	-22.351091000000135	-22.023969999999988	-26.967141999999889	-23.932179999999889	-26.867189	-26.530980000000035	-26.331072000000031	-23.950353	-26.140250999999999	-26.003951000000214	-25.140713000000002	-24.068479999999756	-25.476921000000001	-26.058471000000001	-28.148415	-25.931256999999999	-27.276091000000001	-26.676368000000135	-25.058931999999999	-26.812667999999999	-25.449660999999889	-26.603674000000005	-24.622769999999889	-23.26885	-25.640481999999999	-27.203396999999889	-25.331534000000001	-24.104827000000135	-23.886745999999889	-25.567788	-24.304735000000001	-25.058931999999999	-24.068479999999756	-24.441035999999986	-26.058471000000001	-24.513728999999987	-23.541450999999999	-24.459208999999987	-23.923092999999774	-24.450121999999986	-23.723185000000001	-24.313821999999998	-25.267927	-24.050307	-22.869033999999989	-24.704550000000001	-25.495094999999989	-24.322908000000005	-24.786330999999734	-23.723185000000001	-24.604596999999988	-24.313821999999998	-23.241588999999987	-24.868110999999889	-25.049845999999999	-22.796339999999748	-24.259301000000001	-25.195233000000002	-26.058471000000001	-26.176597999999988	-25.731349000000002	-27.439651999999999	-28.775398999999986	-26.294725999999986	-28.602751000000001	-26.085730999999665	-27.030748999999989	-28.357410000000005	-25.086191999999986	-26.203858000000135	-26.112991000000221	-24.331995000000294	-25.240666999999789	-25.722263000000002	-23.586884999999999	-25.667741999999986	-23.550538	-23.632318000000001	-25.813130000000001	-25.068018999999989	-23.26885	-26.203858000000135	-22.878121	-23.904920000000001	-24.204781000000001	-23.695924999999999	-23.741358999999999	-24.495555999999986	-24.531903000000035	-24.159348000000001	-24.531903000000035	-24.659116999999988	-22.841774000000001	-24.504643000000002	-24.840851000000214	-21.833148999999999	-23.541450999999999	-25.040758999999987	-25.476921000000001	-24.377428999999999	-22.196617	-21.5242	-23.650492	-23.932179999999889	-22.932640999999723	-24.559163000000005	-23.396063999999999	-24.468295999999889	-24.849938000000005	-24.086653999999989	-23.114375000000283	-22.905380999999789	-25.440574000000002	-22.532826	-22.560085999999988	-24.450121999999986	-23.86857299999977	-22.469218999999889	-24.059394000000001	-24.949891999999988	-23.277936	-24.540990000000001	-24.958977999999988	-23.577798000000001	-23.205242999999676	-23.323370000000001	-24.16843399999977	-21.605981000000035	-23.296109999999889	-24.341082	-25.540527999999789	-23.177982000000135	-24.295647999999709	-24.150261000000135	-25.595048999999989	-22.950814999999999	-22.314744999999988	-22.641866000000135	-21.751367999999999	-23.877659000000001	-22.99624799999977	-23.914006000000001	-22.441959000000001	-24.386514999999989	-23.559623999999989	-22.723646999999687	-23.359717	-23.259763	-24.395601999999986	-24.404688999999987	-22.596432999999763	-23.059855000000276	-24.304735000000001	-22.787254000000001	-24.622769999999889	-22.042142999999676	-23.132548999999987	-23.087115000000001	-23.632318000000001	-23.614145000000214	-21.487853999999999	-21.896756	-22.269310999999789	-22.550999000000001	-21.024431	-21.960362999999756	-23.196155999999998	-22.650953000000229	-21.987622999999672	-21.024431	-22.814513999999999	-24.268388000000002	-22.650953000000229	-20.906303999999889	-21.5242	-21.751367999999999	-21.378813000000001	-23.414237	-22.914467999999999	-21.088037999999756	-23.050768000000001	-23.477844000000001	-24.350169000000001	-22.487391999999989	-21.624154000000217	-21.715021	-22.596432999999763	-21.106211999999999	-22.514652000000005	-22.05123	-21.833148999999999	-22.832687	-22.805427000000002	-21.333379000000001	-23.505103999999989	-20.670048999999999	-22.94172799999977	-20.860869999999988	-22.796339999999748	-23.586884999999999	-21.878582000000002	-20.551922000000001	-22.414698000000001	-20.461055000000005	-21.197079000000031	-21.960362999999756	-23.568710999999727	-23.923092999999774	-20.95173699999977	-19.979458999999999	-22.05123	-21.215252	-23.568710999999727	-22.841774000000001	-22.396525	-21.197079000000031	-22.978075	-24.958977999999988	-20.615528999999999	-22.814513999999999	-23.732271999999988	-21.251598999999999	-22.94172799999977	-21.969448999999752	-22.196617	-22.033055999999998	-23.432409999999752	-21.569633999999748	-23.923092999999774	-22.723646999999687	-21.860408999999986	-22.369264999999999	-23.323370000000001	-19.388822999999796	-20.597356000000001	-22.623692999999989	-21.069865000000135	-22.123923999999999	-23.350629999999889	-20.106673000000001	-20.497401999999987	-22.123923999999999	-21.569633999999748	-21.987622999999672	-21.051691000000005	-21.151644999999988	-21.233425999999987	-22.714559999999999	-20.388361	-23.205242999999676	-22.033055999999998	-20.624616	-23.386977000000005	-20.706396000000002	-22.505566000000002	-19.016266999999999	-21.269771999999989	-20.097586	-22.796339999999748	-20.842696999999767	-21.142558000000001	-23.150721999999988	-21.360639999999712	-21.642327999999889	-20.933564000000001	-20.651876000000239	-21.424246999999767	-20.633702	-21.842234999999889	-19.952198999999986	-21.687760999999988	-22.196617	-20.642788999999986	-22.741820000000001	-22.378352	-21.015343999999889	-19.979458999999999	-22.6873	-23.277936	-21.869496000000002	-24.113914000000229	-21.033518000000001	-23.223415999999986	-22.569172999999989	-22.587345999999989	-20.261146999999763	-19.597816999999999	-21.333379000000001	-20.815436999999989	-33.400537	-29.511423000000001	-29.747676999999989	-24.968064999999989	-25.286099999999763	-25.104366000000031	-26.031210999999999	-25.249752999999789	-24.123000999999999	-25.667741999999986	-25.867650000000001	-23.241588999999987	-24.659116999999988	-25.858563	-27.130703	-23.732271999999988	-25.858563	-25.631395000000236	-25.849477	-24.450121999999986	-25.513268000000135	-24.895371000000001	-27.039836000000001	-25.567788	-25.222492999999712	-24.949891999999988	-27.766772999999734	-26.158425000000001	-25.113453000000035	-24.404688999999987	-28.602751000000001	-25.549614999999989	-21.896756	-22.714559999999999	-21.615068000000218	-23.559623999999989	-21.569633999999748	-22.63278	-22.850860999999998	-23.441496999999789	-21.169819	-22.332917999999999	-22.832687	-20.261146999999763	-21.587807000000005	-21.324293000000001	-21.106211999999999	-21.5242	-21.142558000000001	-21.206164999999999	-22.63278	-22.959900999999999	-22.923553999999989	-21.969448999999752	-23.023508	-22.469218999999889	-23.259763	-23.23250299999977	-23.159809000000031	-21.042604999999789	-20.715482999999889	-20.788176999999759	-22.578258999999999	-20.842696999999767	-21.396985999999998	-22.432872	-23.114375000000283	-21.569633999999748	-20.978998000000001	-22.242051	-21.251598999999999	-20.597356000000001	-22.669125999999999	-22.187531	-20.824522999999989	-22.869033999999989	-23.514191000000135	-23.723185000000001	-21.914929000000001	-21.924016000000002	-22.569172999999989	-23.641404999999999	-25.213407	-23.323370000000001	-22.187531	-22.160270000000001	-22.978075	-21.624154000000217	-22.787254000000001	-21.178905000000135	-23.314283000000035	-20.978998000000001	-23.386977000000005	-21.642327999999889	-23.777705999999988	-23.659578000000035	-24.186608	-21.914929000000001	-21.77862799999977	-22.160270000000001	-22.778167	-22.196617	-22.587345999999989	-22.63278	-27.594125999999999	-28.729965000000131	-27.248830999999889	-19.243435000000002	-20.270233999999796	-22.832687	-22.859946999999988	-25.167973000000035	-24.559163000000005	-23.904920000000001	-24.786330999999734	-25.595048999999989	-25.740435999999889	-23.595970999999999	-23.586884999999999	-24.904458000000005	-25.177060000000221	-25.758608999999989	-25.540527999999789	-23.350629999999889	-26.312899000000005	-23.26885	-22.05123	-23.205242999999676	-24.550076000000001	-25.031672	-24.441035999999986	-22.160270000000001	-24.422861999999999	-24.904458000000005	-23.168896	-23.523278000000001	-22.569172999999989	-23.23250299999977	-24.041219999999889	-24.595509999999752	-26.167511999999999	-23.714099000000001	-24.768156999999889	-22.596432999999763	-23.214328999999999	-23.777705999999988	-21.460592999999676	-24.195694	-21.297032999999889	-20.488314999999712	-20.897217000000001	-21.669588000000001	-25.386054000000001	-21.24251199999977	-23.823138999999987	-21.796802	-25.840389999999989	-21.896756	-20.83361	-23.786791999999789	-24.559163000000005	-23.904920000000001	-24.968064999999989	-20.124846000000005	-22.914467999999999	-22.487391999999989	-23.804966000000135	-21.306118999999999	-23.541450999999999	-22.650953000000229	-23.441496999999789	-23.032595000000001	-21.669588000000001	-24.859024999999999	-23.932179999999889	-21.369725999999989	-23.087115000000001	-21.651413999999999	-22.541912	-23.423323999999756	-25.486008000000002	-24.495555999999986	-25.086191999999986	-22.469218999999889	-20.688222999999748	-23.786791999999789	-20.906303999999889	-23.968526999999629	-21.569633999999748	-23.614145000000214	-23.496016999999789	-20.988083999999741	-23.187069000000001	-20.997171000000005	-23.923092999999774	-22.423784999999889	-22.623692999999989	-20.697309000000001	-21.578721000000002	-23.741358999999999	-22.923553999999989	-20.978998000000001	-22.63278	-22.759993999999999	-20.006718999999986	-23.068941999999989	-21.715021	-22.623692999999989	-24.977152	-22.160270000000001	-23.814052000000135	-23.114375000000283	-24.232040999999889	-22.232963999999999	-20.624616	-22.451045000000001	-23.659578000000035	-24.859024999999999	-20.670048999999999	-21.842234999999889	-24.186608	-21.978535999999789	-23.477844000000001	-22.878121	-22.314744999999988	-20.215713999999789	-22.05123	-23.986699999999658	-23.641404999999999	-20.751830000000005	-19.361563	-21.633241000000005	-22.369264999999999	-25.167973000000035	-23.023508	-21.460592999999676	-22.342005	-23.941265999999999	-21.406072999999989	-23.296109999999889	-22.323830999999988	-22.423784999999889	-21.678674999999988	-21.578721000000002	-22.550999000000001	-22.432872	-20.097586	-24.595509999999752	-18.752752999999789	-22.750907000000005	-24.777244	-22.660039999999796	-23.468756999999716	-24.759070999999999	-23.023508	-21.76954199999977	-22.878121	-22.469218999999889	-23.486930999999789	-24.350169000000001	-22.905380999999789	-23.096202000000002	-23.477844000000001	-22.550999000000001	-23.832225999999999	-25.386054000000001	-22.814513999999999	-22.196617	-25.976690999999889	-21.596893999999999	-23.586884999999999	-23.850398999999999	-21.751367999999999	-26.612760999999999	-22.223877000000005	-24.813590999999999	-21.715021	-22.214791000000005	-25.676829000000001	-22.678213	-22.605518999999987	-22.478304999999889	-23.841313	-23.886745999999889	-22.40561199999977	-23.677752000000005	-25.522355000000001	-22.63278	-23.577798000000001	-22.014883000000225	-23.914006000000001	-23.959439999999748	-24.286561999999989	-23.114375000000283	-20.933564000000001	-22.514652000000005	-22.723646999999687	-25.903997	-22.660039999999796	-23.505103999999989	-25.222492999999712	-21.696847999999999	-24.395601999999986	-21.060777999999889	-26.458285999999987	-22.987161	-23.623231000000001	-25.358794	-22.787254000000001	-26.112991000000221	-23.695924999999999	-26.603674000000005	-22.614605999999998	-24.077566999999988	-24.531903000000035	-26.167511999999999	-23.814052000000135	-26.758147999999789	-23.368803	-23.396063999999999	-26.231119	-22.550999000000001	-24.568249999999665	-22.759993999999999	-24.141173999999999	-25.140713000000002	-24.695464000000001	-23.677752000000005	-24.377428999999999	-25.622308999999987	-22.696387000000001	-25.622308999999987	-24.304735000000001	-24.813590999999999	-24.395601999999986	-27.130703	-21.124385000000135	-21.805889000000001	-25.277014000000001	-21.578721000000002	-24.550076000000001	-24.713636999999792	-25.186145999999987	-25.386054000000001	-25.349706999999889	-26.067557999999988	-24.113914000000229	-25.713176000000001	-23.078028999999987	-26.131165000000301	-26.376505999999999	-23.23250299999977	-23.977613000000002	-26.340159	-23.441496999999789	-24.895371000000001	-26.358332999999789	-24.98623899999977	-24.940805000000001	-21.796802	-25.595048999999989	-23.477844000000001	-25.595048999999989	-25.204319999999989	-20.95173699999977	-23.187069000000001	-25.467835000000001	-21.933102999999889	-25.204319999999989	-24.904458000000005	-23.559623999999989	-25.913084000000001	-28.075721999999889	-24.368341999999789	-26.921708999999989	-26.158425000000001	-28.884438999999986	-26.040298	-26.058471000000001	-24.531903000000035	-23.832225999999999	-27.530519000000002	-24.849938000000005	-26.258378999999987	-25.449660999999889	-23.659578000000035	-23.114375000000283	-24.650030000000001	-21.41516	-26.149338	-21.687760999999988	-26.367419000000002	-22.278397999999989	-23.405149999999658	-27.857641000000001	-23.786791999999789	-24.840851000000214	-25.958516999999741	-25.240666999999789	-24.050307	-26.022124000000002	-26.003951000000214	-21.106211999999999	-24.849938000000005	-24.041219999999889	-26.303812000000001	-24.731811000000135	-22.214791000000005	-25.913084000000001	-19.843157999999999	-28.802658999999988	-25.104366000000031	-21.106211999999999	-26.349245999999987	-20.95173699999977	-25.685915999999999	-24.540990000000001	-29.029827000000001	-22.296571	-26.585499999999683	-24.586422999999709	-23.423323999999756	-26.312899000000005	-27.239744000000002	-23.341542999999774	-25.513268000000135	-26.55823999999977	-20.770002999999889	-23.250675999999999	-21.805889000000001	-21.878582000000002	-26.022124000000002	-26.276551999999999	-21.197079000000031	-24.968064999999989	-23.359717	-27.08526999999977	-22.587345999999989	-22.178443999999889	-20.306581000000001	-24.613683000000005	-24.786330999999734	-26.222031999999889	-25.794956000000031	-23.168896	-27.185224000000002	-24.904458000000005	-21.515114000000001	-26.858101999999999	-25.531441999999988	-22.623692999999989	-23.777705999999988	-21.787714999999796	-24.668203999999989	-24.459208999999987	-21.678674999999988	-25.376967000000135	-29.620463000000001	-22.451045000000001	-22.541912	-25.567788	-21.297032999999889	-21.905841999999989	-25.022584999999989	-20.388361	-26.249291999999986	-22.787254000000001	-21.351552999999999	-22.10575	-24.968064999999989	-26.103905000000225	-25.649569	-20.179366999999999	-22.305658000000001	-20.797263000000001	-30.18384	-20.806349999999789	-24.958977999999988	-32.201091000000005	-23.023508	-25.077106000000001	-22.496478999999987	-24.568249999999665	-26.921708999999989	-22.959900999999999	-26.458285999999987	-25.213407	-27.221571000000001	-24.72272399999968	-20.924477	-23.368803	-23.305195999999999	-24.531903000000035	-25.967603999999774	-30.847169999999988	-24.422861999999999	-24.831764000000035	-22.914467999999999	-27.993941	-25.331534000000001	-24.013960000000221	-24.940805000000001	-29.275168000000001	-29.038913999999988	-26.040298	-28.093895000000035	-24.931718	-24.98623899999977	-22.005795999999989	-25.467835000000001	-23.686838000000005	-25.894909999999999	-25.058931999999999	-21.351552999999999	-26.131165000000301	-21.160731999999989	-28.139329	-27.058009999999989	-28.139329	-25.903997	-23.932179999999889	-29.07526	-25.576875000000229	-29.338774999999988	-26.085730999999665	-22.623692999999989	-25.358794	-25.386054000000001	-24.322908000000005	-20.551922000000001	-18.162115999999987	-20.14302	-20.960823999999889	-24.513728999999987	-22.578258999999999	-24.595509999999752	-21.914929000000001	-26.203858000000135	-23.259763	-21.796802	-23.259763	-26.576414	-23.732271999999988	-21.760455	-30.529135	-25.804043	-23.523278000000001	-21.805889000000001	-25.376967000000135	-28.466449999999625	-22.578258999999999	-21.724108000000001	-24.995324999999763	-26.721800999999999	-22.342005	-20.306581000000001	-19.307041999999999	-22.169357000000005	-22.669125999999999	-26.694541000000001	-23.486930999999789	-23.277936	-29.084346999999763	-24.995324999999763	-25.331534000000001	-22.151184000000214	-27.121617000000001	-19.934025999999999	-22.087577	-19.497862999999999	-25.958516999999741	-20.324753999999999	-25.086191999999986	-24.559163000000005	-24.468295999999889	-24.822678	-23.986699999999658	-25.967603999999774	-26.276551999999999	-27.530519000000002	-24.277474999999999	-18.216636999999889	-27.394217999999999	-21.914929000000001	-23.714099000000001	-24.586422999999709	-23.214328999999999	-23.423323999999756	-23.795878999999999	-27.684992999999999	-25.013498999999999	-27.475999000000002	-16.608288000000005	-21.033518000000001	-22.114837000000239	-25.931256999999999	-23.650492	-19.17982800000021	-24.477383	-26.431025999999999	-27.067095999999999	-22.06031699999977	-24.931718	-27.521431999999987	-25.313359999999999	-23.586884999999999	-26.412852999999988	-21.351552999999999	-30.038451999999999	-21.224338999999986	-27.039836000000001	-26.031210999999999	-25.486008000000002	-22.70547299999977	-28.275628999999796	-24.232040999999889	-24.622769999999889	-19.379735999999987	-23.550538	-27.730426999999889	-24.704550000000001	-26.222031999999889	-22.859946999999988	-22.732732999999683	-25.267927	-24.259301000000001	-19.824985000000247	-31.565021000000002	-23.259763	-27.094356000000001	-24.586422999999709	-26.585499999999683	-28.003028	-26.540067000000001	-23.396063999999999	-25.131626000000001	-27.766772999999734	-25.713176000000001	-25.086191999999986	-30.083886	-21.76954199999977	-27.012575999999999	-26.55823999999977	-24.922631999999716	-24.295647999999709	-20.888129999999723	-23.114375000000283	-22.05123	-29.011652999999999	-24.386514999999989	-24.704550000000001	-26.512806999999999	-24.413775999999999	-21.951276	-25.849477	-26.067557999999988	-22.968988	-19.297956000000031	-20.424707999999889	-28.302890000000001	-22.042142999999676	-27.457825000000035	-25.676829000000001	-24.059394000000001	-24.695464000000001	-22.550999000000001	-23.859486	-22.260223999999752	-21.860408999999986	-22.596432999999763	-23.777705999999988	-22.823601	-26.031210999999999	-23.559623999999989	-25.92216999999977	-27.058009999999989	-27.703166	-25.195233000000002	-26.022124000000002	-28.12115500000025	-27.267004	-23.541450999999999	-26.867189	-27.094356000000001	-28.230195999999999	-21.169819	-23.359717	-25.304273999999999	-27.021663	-24.859024999999999	-30.365573999999889	-22.814513999999999	-26.830842000000001	-26.867189	-22.10575	-26.131165000000301	-24.804504000000001	-25.440574000000002	-21.887668999999999	-25.249752999999789	-30.120232999999889	-29.193387999999999	-26.385592999999712	-26.212945000000001	-28.411930000000005	-26.676368000000135	-24.949891999999988	-31.346938999999999	-21.878582000000002	-26.485546999999571	-23.650492	-27.875813999999988	-25.095278999999987	-25.849477	-26.803581999999999	-26.385592999999712	-24.304735000000001	-31.428719999999625	-26.258378999999987	-24.995324999999763	-26.421939999999989	-24.041219999999889	-30.610915000000258	-27.657733	-19.516037000000001	-26.703627999999789	-28.530056999999999	-25.722263000000002	-26.449199999999767	-29.647722999999989	-27.612299	-25.822215999999987	-27.212484	-22.905380999999789	-25.113453000000035	-22.932640999999723	-27.230657000000001	-25.149799999999889	-24.704550000000001	-25.740435999999889	-29.502335999999989	-28.030287999999999	-26.921708999999989	-24.550076000000001	-24.840851000000214	-23.441496999999789	-26.331072000000031	-28.866266	-28.611838000000269	-28.366496999999889	-24.531903000000035	-22.641866000000135	-28.411930000000005	-27.939420999999989	-28.557317999999999	-22.287483999999989	-27.230657000000001	-31.519587000000001	-25.422400999999748	-27.630472999999999	-28.984392999999748	-26.367419000000002	-24.904458000000005	-26.394679	-25.286099999999763	-24.277474999999999	-24.795418000000002	-24.086653999999989	-24.16843399999977	-24.213868000000243	-26.867189	-26.703627999999789	-28.611838000000269	-25.604134999999999	-25.676829000000001	-25.958516999999741	-24.550076000000001	-29.229735000000002	-30.165666000000002	-27.08526999999977	-30.074798999999999	-29.902151999999987	-26.958055999999999	-22.451045000000001	-27.394217999999999	-32.473692	-24.859024999999999	-30.129318999999999	-25.94942999999968	-30.92895	-28.257456000000001	-22.033055999999998	-28.411930000000005	-24.16843399999977	-26.449199999999767	-25.94942999999968	-29.747676999999989	-31.819448999999999	-29.193387999999999	-24.72272399999968	-27.267004	-24.895371000000001	-23.605058000000035	-30.947123999999889	-32.119310000000013	-29.693156999999999	-28.666357999999999	-27.11253	-24.849938000000005	-27.684992999999999	-29.102520999999989	-27.048922999999789	-30.020278999999999	-24.995324999999763	-25.313359999999999	-22.714559999999999	-23.450583999999989	-22.841774000000001	-22.487391999999989	-21.278859000000001	-23.705011999999989	-21.360639999999712	-24.568249999999665	-21.315206	-24.023046999999789	-22.732732999999683	-22.778167	-22.305658000000001	-23.368803	-21.751367999999999	-23.241588999999987	-23.296109999999889	-22.923553999999989	-22.914467999999999	-23.605058000000035	-22.178443999999889	-23.341542999999774	-24.277474999999999	-23.750444999999889	-22.94172799999977	-25.876736999999796	-23.641404999999999	-21.978535999999789	-22.205703999999752	-24.931718	-22.696387000000001	-24.840851000000214	-23.714099000000001	-23.078028999999987	-23.741358999999999	-21.124385000000135	-23.850398999999999	-25.649569	-25.331534000000001	-23.223415999999986	-25.386054000000001	-23.159809000000031	-23.786791999999789	-23.341542999999774	-24.459208999999987	-23.895833	-23.723185000000001	-24.98623899999977	-26.013037000000001	-25.231580000000001	-22.814513999999999	-21.715021	-23.732271999999988	-24.486468999999989	-24.013960000000221	-22.70547299999977	-23.150721999999988	-22.323830999999988	-22.469218999999889	-23.168896	-23.005334999999889	-21.596893999999999	-24.568249999999665	-23.486930999999789	-24.077566999999988	-24.204781000000001	-24.004873000000035	-22.578258999999999	-22.823601	-22.514652000000005	-24.586422999999709	-24.886285000000001	-23.005334999999889	-23.496016999999789	-25.167973000000035	-23.087115000000001	-24.586422999999709	-22.896294000000001	-26.249291999999986	-24.477383	-24.586422999999709	-26.976228999999989	-24.822678	-25.567788	-24.631857000000345	-23.496016999999789	-24.713636999999792	-25.131626000000001	-22.660039999999796	-25.567788	-23.214328999999999	-24.404688999999987	-24.568249999999665	-24.577335999999999	-26.058471000000001	-24.822678	-26.449199999999767	-24.359255000000225	-25.213407	-24.186608	-25.295186999999796	-26.112991000000221	-26.530980000000035	-25.013498999999999	-24.813590999999999	-25.894909999999999	-26.721800999999999	-26.222031999999889	-24.768156999999889	-24.595509999999752	-26.640021000000001	-26.903535000000002	-25.267927	-27.121617000000001	-26.767234999999989	-24.213868000000243	-24.995324999999763	-24.977152	-25.331534000000001	-26.349245999999987	-25.458747999999709	-26.031210999999999	-24.777244	-26.076644000000002	-25.295186999999796	-25.885822999999789	-25.167973000000035	-26.530980000000035	-25.92216999999977	-24.441035999999986	-23.768618999999763	-26.267465000000001	-25.985776999999647	-25.249752999999789	-24.72272399999968	-24.404688999999987	-25.676829000000001	-25.622308999999987	-26.985315999999756	-28.239283	-26.285638999999694	-24.204781000000001	-25.258839999999989	-24.877198000000035	-25.92216999999977	-25.549614999999989	Time (s) 

Pressure (-mbar)


Sample 2
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Temperature °C


Sample 2
0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	55	55.5	56	56.5	57	57.5	58	58.5	59	59.5	60	60.5	61	61.5	62	62.5	63	63.5	64	64.5	65	65.5	66	66.5	67	67.5	68	68.5	69	69.5	70	70.5	71	71.5	72	72.5	73	73.5	74	74.5	75	75.5	76	76.5	77	77.5	78	78.5	79	79.5	80	80.5	81	81.5	82	82.5	83	83.5	84	84.5	85	85.5	86	86.5	87	87.5	88	88.5	89	89.5	90	90.5	91	91.5	92	92.5	93	93.5	94	94.5	95	95.5	96	96.5	97	97.5	98	98.5	99	99.5	100	100.5	101	101.5	102	102.5	103	103.5	104	104.5	105	105.5	106	106.5	107	107.5	108	108.5	109	109.5	110	110.5	111	111.5	112	112.5	113	113.5	114	114.5	115	115.5	116	116.5	117	117.5	118	118.5	119	119.5	120	120.5	121	121.5	122	122.5	123	123.5	124	124.5	125	125.5	126	126.5	127	127.5	128	128.5	129	129.5	130	130.5	131	131.5	132	132.5	133	133.5	134	134.5	135	135.5	136	136.5	137	137.5	138	138.5	139	139.5	140	140.5	141	141.5	142	142.5	143	143.5	144	144.5	145	145.5	146	146.5	147	147.5	148	148.5	149	149.5	150	150.5	151	151.5	152	152.5	153	153.5	154	154.5	155	155.5	156	156.5	157	157.5	158	158.5	159	159.5	160	160.5	161	161.5	162	162.5	163	163.5	164	164.5	165	165.5	166	166.5	167	167.5	168	168.5	169	169.5	170	170.5	171	171.5	172	172.5	173	173.5	174	174.5	175	175.5	176	176.5	177	177.5	178	178.5	179	179.5	180	180.5	181	181.5	182	182.5	183	183.5	184	184.5	185	185.5	186	186.5	187	187.5	188	188.5	189	189.5	190	190.5	191	191.5	192	192.5	193	193.5	194	194.5	195	195.5	196	196.5	197	197.5	198	198.5	199	199.5	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	700.5	701	701.5	702	702.5	703	703.5	704	704.5	705	705.5	706	706.5	707	707.5	708	708.5	709	-0.4248540000000029	-0.57932899999999998	-0.39759400000000261	-0.37942100000000289	-0.43394100000000002	-0.40668100000000001	-0.46120100000000003	-0.83375600000000005	-1.3880460000000001	-1.887815	-2.2512829999999977	-2.84192	-3.5870299999999999	-4.6865220000000001	-5.7769269999999997	-7.403449000000049	-10.338457	-11.365255000000024	-13.255291	-14.327523000000001	-12.519268	-12.755522000000004	-12.26484	-11.383428	-13.455199000000105	-12.982690000000026	-11.983152	-12.501094	-12.364793000000002	-12.037672000000001	-12.546528	-12.682828000000001	-12.146712000000001	-12.364793000000002	-12.601048	-12.246665999999999	-13.000863000000001	-11.347082	-11.783244	-11.919545000000006	-13.000863000000001	-13.028122999999999	-12.273925999999999	-12.682828000000001	-12.446574	-12.537441000000001	-11.901370999999999	-11.192608	-12.528353999999998	-12.119452000000004	-12.537441000000001	-11.992238	-10.565624000000026	-13.409765	-12.40114	-12.364793000000002	-12.028585	-12.564701000000001	-12.237578999999998	-12.310273	-12.655568000000002	-13.573326	-12.982690000000026	-18.398371000000001	-18.970834	-18.907226999999889	-20.361101000000001	-20.506488000000001	-20.579181999999999	-20.72457	-20.797263000000001	-20.997171000000005	-20.969911	-22.205703999999773	-21.133472000000001	-21.106211999999999	-21.306118999999999	-21.333379000000001	-20.915391	-21.715021	-21.233425999999987	-21.869496000000002	-21.106211999999999	-36.953442999999993	-39.970233	-41.823924000000005	-44.913407999999997	-44.540852000000001	-45.603999000000002	-41.287807000000001	-42.042005000000003	-40.688084000000003	-41.042466000000005	-34.808978000000003	-32.001183000000005	-26.185684999999989	-25.676829000000001	-24.595509999999773	-24.331995000000258	-24.159348000000001	-23.977613000000002	-24.213868000000215	-24.749984000000001	-24.450121999999986	-35.626783000000003	-38.634486000000003	-39.297816000000012	-40.251922	-39.106995000000012	-38.707180000000001	-39.070647999999998	-37.180611000000006	-37.316912000000002	-36.953442999999993	-35.644956000000001	-35.272401000000002	-36.090205000000012	-37.071571000000006	-36.908010000000012	-35.372355000000013	-37.16243800000035	-36.653582	-38.352798	-39.106995000000012	-38.598139000000423	-37.298739000000495	-38.788960000000003	-37.307824999999994	-38.361883999999975	-39.434117000000001	-39.406857000000002	-39.988407000000002	-39.434117000000001	-41.051553000000006	-37.998416000000013	-39.879366000000005	-40.824384999999999	-38.616313000000012	-38.389144999999999	-38.925261000000006	-37.762161000000013	-35.835777	-36.853488999999975	-37.498646000000001	-37.180611000000006	-35.817603999999974	-36.589975000000003	-37.335084999999999	-35.426875000000003	-36.380980000000001	-34.481855999999993	-34.154735000000002	-34.181995000000001	-36.626322000000357	-35.872124000000007	-34.300122000000002	-35.172447000000005	-34.554549999999999	-34.963452000000011	-34.136561	-33.945740000000001	-30.438268000000001	-33.627705000000013	-31.619541000000005	-33.591358000000113	-31.546847	-31.746755	-29.947585	-31.283331999999799	-31.6558880000002	-30.792649999999668	-31.6558880000002	-32.073877000000003	-28.875353	-31.637713999999999	-28.666357999999999	-32.255611000000002	-30.274706999999989	-26.785407999999759	-29.193387999999999	-27.684992999999999	-28.693618000000001	-29.338774999999988	-30.828997000000001	-27.766772999999766	-29.247907999999999	-28.139329	-29.193387999999999	-25.767695999999987	-26.1129910000002	-22.223877000000005	-21.560546999999719	-22.941727999999795	-23.005334999999889	-22.787254000000001	-23.26885	-21.842234999999889	-23.087115000000001	-22.605518999999987	-21.842234999999889	-19.988545999999715	-19.779551000000001	-21.033518000000001	-20.161193000000001	-21.824062000000001	-20.25206	-20.960823999999889	-20.933564000000001	-19.061700999999989	-20.342928000000001	-19.016266999999999	-20.651876000000211	-19.543296999999889	-19.225261999999987	-19.934025999999999	-20.660962999999999	-25.322446999999762	-26.75814799999981	-27.475999000000002	-27.639558999999998	-28.393757000000001	-32.564559000000003	-28.98439299999977	-28.221108999999988	-33.527751000000002	-29.393294999999988	-31.101597999999999	-31.465066999999795	-28.711791999999999	-29.129781000000001	-29.893065000000131	-27.875813999999988	-28.557317999999999	-30.674522	-29.029827000000001	-25.286099999999784	-26.485546999999617	-26.721800999999999	-24.604596999999988	-26.46737299999981	-27.039836000000001	-28.466449999999668	-26.403765999999987	-25.367881000000182	-24.095740999999759	-28.575491	-23.078028999999987	-26.449199999999788	-25.903997	-24.886285000000001	-22.123923999999999	-25.022584999999989	-26.349245999999987	-25.531441999999988	-24.56824999999969	-25.495094999999989	-21.224338999999986	-24.586422999999737	-27.421478	-24.259301000000001	-25.713176000000001	-25.277014000000001	-22.878121	-23.932179999999889	-23.450583999999989	-23.196155999999998	-25.767695999999987	-23.359717	-26.930795999999987	-26.540067000000001	-24.304735000000001	-26.1129910000002	-25.731349000000002	-24.186608	-24.868110999999889	-27.521431999999987	-22.732732999999719	-24.913544999999989	-23.659578000000035	-26.976228999999989	-23.386977000000005	-27.167050000000035	-24.713636999999814	-24.631857000000313	-25.849477	-27.103442999999817	-26.621846999999999	-26.476459999999989	-24.868110999999889	-22.351091000000135	-23.859486	-25.740435999999889	-22.887208000000001	-27.148876999999999	-25.495094999999989	-26.08573099999969	-26.013037000000001	-27.694080000000035	-25.358794	-23.605058000000035	-24.068479999999777	-23.068941999999989	-24.640943	-25.149799999999889	-28.775398999999986	-23.823138999999987	-25.831302999999988	-24.840851000000189	-27.812207000000001	-26.258378999999987	-25.985776999999683	-26.08573099999969	-26.358332999999803	-27.085269999999795	-24.886285000000001	-26.921708999999989	-27.457825000000035	-24.186608	-26.349245999999987	-26.367419000000002	-24.086653999999989	-24.622769999999889	-25.658656000000001	-21.842234999999889	-25.495094999999989	-26.785407999999759	-23.305195999999999	-25.004411999999999	-24.395601999999986	-24.36834199999981	-25.513268000000135	-23.750444999999889	-23.714099000000001	-24.877198000000035	-25.822215999999987	-25.776783000000002	-25.486008000000002	-26.231119	-25.967603999999799	-26.712713999999806	-23.541450999999999	-23.968526999999671	-25.004411999999999	-24.913544999999989	-25.158886000000031	-21.914929000000001	-24.659116999999988	-25.894909999999999	-24.186608	-24.559163000000005	-25.922169999999795	-24.150261000000135	-24.413775999999999	-29.175214	-25.813130000000001	-27.466911999999986	-23.814052000000135	-26.885361999999986	-24.195694	-24.313821999999998	-27.521431999999987	-22.805427000000002	-24.441035999999986	-25.149799999999889	-22.142097	-25.985776999999683	-22.232963999999999	-24.213868000000215	-23.605058000000035	-24.186608	-22.769079999999889	-24.56824999999969	-24.359255000000203	-23.968526999999671	-23.595970999999999	-25.386054000000001	-25.004411999999999	-25.967603999999799	-21.887668999999999	-25.667741999999986	-24.804504000000001	-26.067557999999988	-27.712253	-27.003488999999988	-28.648185000000005	-24.931718	-23.814052000000135	-27.28517799999981	-26.721800999999999	-27.012575999999999	-25.495094999999989	-24.513728999999987	-24.313821999999998	-24.631857000000313	-24.150261000000135	-23.877659000000001	-27.167050000000035	-23.459671	-23.087115000000001	-25.88582299999981	-28.293803	-25.667741999999986	-27.058009999999989	-27.466911999999986	-24.668203999999989	-26.312899000000005	-26.431025999999999	-28.884438999999986	-24.595509999999773	-22.042142999999708	-23.541450999999999	-25.467835000000001	-23.187069000000001	-23.059855000000248	-25.913084000000001	-23.296109999999889	-23.614145000000189	-23.359717	-25.004411999999999	-23.514191000000135	-22.759993999999999	-26.294725999999986	-24.068479999999777	-24.150261000000135	-23.577798000000001	-23.214328999999999	-24.631857000000313	-23.323370000000001	-23.386977000000005	-24.749984000000001	-26.749061000000001	-25.304273999999999	-24.177520999999999	-24.768156999999889	-24.141173999999999	-25.967603999999799	-24.095740999999759	-27.457825000000035	-24.531903000000035	-24.977152	-24.123000999999999	-23.677752000000005	-25.440574000000002	-25.013498999999999	-23.459671	-25.367881000000182	-24.604596999999988	-26.167511999999999	-24.550076000000001	-25.458747999999737	-24.958977999999988	-23.377890000000196	-25.376967000000135	-24.531903000000035	-23.823138999999987	-24.123000999999999	-23.096202000000002	-23.241588999999987	-22.941727999999795	-25.758608999999989	-22.723646999999723	-24.313821999999998	-25.758608999999989	-23.768618999999784	-23.668665000000001	-23.196155999999998	-24.977152	-24.477383	-23.541450999999999	-23.750444999999889	-24.813590999999999	-25.440574000000002	-21.106211999999999	-21.824062000000001	-23.541450999999999	-25.949429999999715	-24.395601999999986	-25.767695999999987	-24.540990000000001	-25.013498999999999	-25.567788	-23.096202000000002	-24.495555999999986	-26.167511999999999	-27.176137000000001	-24.713636999999814	-24.050307	-24.204781000000001	-24.949891999999988	-26.103905000000204	-26.321986000000031	-20.879044	-19.061700999999989	-19.615991000000204	-21.187992000000001	-19.834072000000031	-19.161655000000035	-19.307041999999999	-18.334764000000035	-18.889053000000001	-18.816360000000035	-19.861331999999987	-18.952660000000002	-19.706858000000135	-18.616452000000031	-20.115760000000005	-20.19754	-18.861792999999889	-18.362024000000002	-20.033979000000031	-19.670511000000001	-18.889053000000001	-21.578721000000002	-18.643711999999987	-19.934025999999999	-22.287483999999989	-21.56963399999977	-20.906303999999889	-21.942188999999889	-20.933564000000001	-22.550999000000001	-20.315667000000001	-21.824062000000001	-22.114837000000211	-21.496939999999817	-20.542835	-21.960362999999777	-23.114375000000251	-23.232502999999795	-19.934025999999999	-20.806349999999806	-22.269310999999806	-21.851322	-20.279320999999989	-20.524661999999999	-22.405611999999795	-22.478304999999889	-19.915852000000001	-21.624154000000196	-21.178905000000135	-22.160270000000001	-21.233425999999987	-21.960362999999777	-22.014883000000204	-18.816360000000035	-22.705472999999795	-20.106673000000001	-20.524661999999999	-22.605518999999987	-24.277474999999999	-19.806812000000001	-22.060316999999795	-20.760916000000002	-20.224799999999806	-21.333379000000001	-20.915391	-21.615068000000196	-21.924016000000002	-23.096202000000002	-20.106673000000001	-22.069402999999795	-22.214791000000005	-21.215252	-21.460592999999708	-22.968988	-22.332917999999999	-20.960823999999889	-20.588268999999986	-21.487853999999999	-20.406535000000002	-22.532826	-21.633241000000005	-22.369264999999999	-21.778627999999795	-24.286561999999989	-21.378813000000001	-21.424246999999788	-20.969911	-19.652336999999989	-22.232963999999999	-20.797263000000001	-21.151644999999988	-22.414698000000001	-25.322446999999762	-21.078951000000131	-27.139790000000001	-25.24066699999981	-25.476921000000001	-25.1770600000002	-24.023046999999803	-24.859024999999999	-23.586884999999999	-25.295186999999817	-27.076183	-23.95943999999977	-26.022124000000002	-24.822678	-24.086653999999989	-27.639558999999998	-23.78679199999981	-24.495555999999986	-22.523738999999889	-22.360178000000001	-23.977613000000002	-23.95943999999977	-24.331995000000258	-24.241128	-26.776320999999989	-26.203858000000135	-22.378352	-24.113914000000207	-26.785407999999759	-23.95943999999977	-23.177982000000135	-24.622769999999889	-24.032133999999989	-24.577335999999999	-23.432409999999773	-27.439651999999999	-24.350169000000001	-27.085269999999795	-23.559623999999989	-24.132086999999999	-25.031672	-24.704550000000001	-25.286099999999784	-23.932179999999889	-24.431948999999999	-24.395601999999986	-22.978075	-25.495094999999989	-25.476921000000001	-24.386514999999989	-24.740897	-22.869033999999989	-21.088037999999777	-25.722263000000002	-22.823601	-27.684992999999999	-24.877198000000035	-27.721339999999799	-21.951276	-22.696387000000001	-24.895371000000001	-22.460131999999803	-23.895833	-26.267465000000001	-24.286561999999989	-24.550076000000001	-25.258839999999989	-23.614145000000189	-25.267927	-24.859024999999999	-23.950353	-23.877659000000001	-27.321524	-24.731811000000135	-23.468756999999748	-25.794956000000031	-24.895371000000001	-21.41516	-22.623692999999989	-25.24066699999981	-22.042142999999708	-23.205242999999708	-23.48693099999981	-24.241128	-26.640021000000001	-22.63278	-24.350169000000001	-22.305658000000001	-24.777244	-25.531441999999988	-21.469679999999759	-24.123000999999999	-27.394217999999999	-27.821294000000005	-25.049845999999999	-25.340620999999889	-23.277936	-23.432409999999773	-23.159809000000031	-26.558239999999795	-24.222954999999999	-23.341542999999799	-25.540527999999806	-24.995324999999784	-22.114837000000211	-23.259763	-26.803581999999999	-24.659116999999988	-22.932640999999759	-24.731811000000135	-25.804043	-24.831764000000035	-23.568710999999762	-23.623231000000001	-23.877659000000001	-28.039375000000035	-26.08573099999969	-21.887668999999999	-23.605058000000035	-27.021663	-26.1129910000002	-26.049384	-25.922169999999795	-24.577335999999999	-25.24066699999981	-25.431488000000005	-26.885361999999986	-23.477844000000001	-22.360178000000001	-24.659116999999988	-20.406535000000002	-21.596893999999999	-20.315667000000001	-21.515114000000001	-23.377890000000196	-23.087115000000001	-23.177982000000135	-19.543296999999889	-20.660962999999999	-22.759993999999999	-23.214328999999999	-21.097124999999988	-22.387438	-23.050768000000001	-20.397448000000001	-21.715021	-20.897217000000001	-21.197079000000031	-20.751830000000005	-22.787254000000001	-21.551461000000035	-21.41516	-23.432409999999773	-21.896756	-19.824985000000218	-20.124846000000005	-24.023046999999803	-20.015806000000001	-21.287946000000002	-21.315206	-23.296109999999889	-22.623692999999989	-21.333379000000001	-21.787714999999817	-19.188915000000001	-20.697309000000001	-23.868572999999795	-22.841774000000001	-20.25206	-22.587345999999989	-23.559623999999989	-21.705935	-23.595970999999999	-24.722723999999715	-20.233886999999999	-20.68822299999977	-20.461055000000005	-21.951276	-21.451506999999989	-23.532364000000001	-21.360639999999744	-21.796802	-23.241588999999987	-22.769079999999889	-20.633702	-21.41516	-21.924016000000002	-19.47060299999977	-21.542373999999889	-21.778627999999795	-23.977613000000002	-21.624154000000196	-19.843157999999999	-23.359717	-20.951736999999795	-21.496939999999817	-24.068479999999777	-19.734117999999999	-23.49601699999981	-21.551461000000035	-20.824522999999989	-21.651413999999999	-20.77909	-24.386514999999989	-22.732732999999719	-20.806349999999806	-21.378813000000001	-22.432872	-21.260685999999989	-19.361563	-20.642788999999986	-21.596893999999999	-19.279781999999987	-23.595970999999999	-20.424707999999889	-22.232963999999999	-21.860408999999986	-23.859486	-22.578258999999999	-20.551922000000001	-22.187531	-21.842234999999889	-19.952198999999986	-20.551922000000001	-21.351552999999999	-20.451968000000196	-22.487391999999989	-22.823601	-21.551461000000035	-23.914006000000001	-22.6873	-19.815898000000189	-19.879505000000005	-21.896756	-20.715482999999889	-22.968988	-21.969448999999774	-22.587345999999989	-19.979458999999999	-22.151184000000189	-20.470141999999989	-25.922169999999795	-22.342005	-20.497401999999987	-22.478304999999889	-21.696847999999999	-23.750444999999889	-18.770925999999999	-20.642788999999986	-20.597356000000001	-20.306581000000001	-21.787714999999817	-21.187992000000001	-21.442419999999668	-21.442419999999668	-21.515114000000001	-21.160731999999989	-21.051691000000005	-20.261146999999784	-21.242511999999795	-19.170741999999986	-21.869496000000002	-22.278397999999989	-21.360639999999744	-22.550999000000001	-22.541912	-21.41516	-20.860869999999988	-19.797725	-22.505566000000002	-19.588729999999671	-21.197079000000031	-23.877659000000001	-18.75275299999981	-20.179366999999999	-18.843619999999795	-22.560085999999988	-22.696387000000001	-23.932179999999889	-22.042142999999708	-19.39790900000003	-21.951276	-21.406072999999989	-20.19754	-18.498324999999795	-21.933102999999889	-21.088037999999777	-21.233425999999987	-23.705011999999989	-22.487391999999989	-20.097586	-20.733656	-21.451506999999989	-23.559623999999989	-21.424246999999788	-20.542835	-20.397448000000001	-18.252983	-21.633241000000005	-20.352014	-21.106211999999999	-21.533287000000001	-22.623692999999989	-20.651876000000211	-20.033979000000031	-20.061240000000002	-20.542835	-20.19754	-21.078951000000131	-20.933564000000001	-21.660501	-20.21571399999981	-21.042604999999803	-19.652336999999989	-22.532826	-21.378813000000001	-21.187992000000001	-22.478304999999889	-22.169357000000005	-20.279320999999989	-21.887668999999999	-21.315206	-22.114837000000211	-20.570094999999988	-20.706396000000002	-21.024431	-23.132548999999987	-19.970371999999987	-18.352937000000001	-19.970371999999987	-20.588268999999986	-22.514652000000005	-19.697770999999999	-21.187992000000001	-21.360639999999744	-19.179828000000182	-21.678674999999988	-20.624616	-19.361563	-21.914929000000001	-23.232502999999795	-22.614605999999998	-20.506488000000001	-20.679136	-22.741820000000001	-17.825907999999988	-24.504643000000002	-20.488314999999744	-18.552845000000001	-19.606904000000135	-20.233886999999999	-22.187531	-19.943111999999989	-19.788637999999683	-23.650492	-19.625077000000001	-19.725030999999795	-19.788637999999683	-26.403765999999987	-26.521892999999999	-29.947585	-21.687760999999988	-28.866266	-19.988545999999715	-22.478304999999889	-22.841774000000001	-20.488314999999744	-29.193387999999999	-24.995324999999784	-24.322908000000005	-28.40284299999977	-25.140713000000002	-22.968988	-24.531903000000035	-25.195233000000002	-22.569172999999989	-26.303812000000001	-23.677752000000005	-31.565021000000002	-21.515114000000001	-27.739512999999889	-20.297494	-21.078951000000131	-26.249291999999986	-24.686377	-25.595048999999989	-22.351091000000135	-21.878582000000002	-27.866726999999777	-25.022584999999989	-26.331072000000031	-20.133932999999999	-24.331995000000258	-20.597356000000001	-25.277014000000001	-29.002566999999889	-21.115297999999999	-25.88582299999981	-22.878121	-26.585499999999719	-21.733194999999988	-22.096662999999989	-26.185684999999989	-26.75814799999981	-23.995786999999744	-19.625077000000001	-22.678213	-27.04892299999981	-25.858563	-22.90538099999981	-24.522815999999999	-22.123923999999999	-21.115297999999999	-23.850398999999999	-25.095278999999987	-25.486008000000002	-29.138867000000207	-25.258839999999989	-23.032595000000001	-23.541450999999999	-25.994864000000035	-24.241128	-23.241588999999987	-27.757687000000001	-29.556856000000035	-18.471064999999999	-20.270233999999817	-28.366496999999889	-24.886285000000001	-19.479690000000002	-23.695924999999999	-29.820371000000005	-23.559623999999989	-27.857641000000001	-26.331072000000031	-18.970834	-23.814052000000135	-21.896756	-23.068941999999989	-29.938497999999989	-20.824522999999989	-21.333379000000001	-26.939882000000001	-22.023969999999988	-23.050768000000001	-25.058931999999999	-30.374661000000035	-22.451045000000001	-25.267927	-24.313821999999998	-23.368803	-21.760455	-25.004411999999999	-24.522815999999999	-18.243897	-24.0139600000002	-30.529135	-19.497862999999999	-23.241588999999987	-26.521892999999999	-24.795418000000002	-25.013498999999999	-21.287946000000002	-23.804966000000135	-28.839006000000001	-22.641866000000135	-22.587345999999989	-21.360639999999744	-20.897217000000001	-29.693156999999999	-21.878582000000002	-26.285638999999723	-26.703627999999807	-19.434256000000001	-23.441496999999803	-28.602751000000001	-23.059855000000248	-19.207087999999999	-17.162578	-28.98439299999977	-21.078951000000131	-27.28517799999981	-23.541450999999999	-20.969911	-20.524661999999999	-30.229272999999989	-20.442881	-27.412391999999986	-29.56594299999977	-21.687760999999988	-28.202935999999987	-26.494632999999759	-30.665435999999989	-23.014422	-25.704089	-28.048461999999986	-21.542373999999889	-23.714099000000001	-25.604134999999999	-19.243435000000002	-31.365112999999777	-26.158425000000001	-23.877659000000001	-26.994402999999807	-24.36834199999981	-30.192926	-27.766772999999766	-23.305195999999999	-20.933564000000001	-28.093895000000035	-27.485085000000002	-25.985776999999683	-25.840389999999989	-26.167511999999999	-24.095740999999759	-23.559623999999989	-23.577798000000001	-25.613222	-30.283793999999759	-29.883977999999999	-27.376045000000001	-27.421478	-22.123923999999999	-26.167511999999999	-31.147031999999999	-20.942650999999799	-24.386514999999989	-24.704550000000001	-22.378352	-23.732271999999988	-29.238821000000005	-23.059855000000248	-19.161655000000035	-24.041219999999889	-23.668665000000001	-18.934487000000001	-20.960823999999889	-23.414237	-23.105288999999999	-20.206626999999777	-26.185684999999989	-19.952198999999986	-23.523278000000001	-26.803581999999999	-22.787254000000001	-22.996247999999795	-21.478766999999795	-28.493710999999784	-21.942188999999889	-18.916314	-20.679136	-27.466911999999986	-25.613222	-23.541450999999999	-29.620463000000001	-24.222954999999999	-28.311976000000207	-22.023969999999988	-28.611838000000244	-31.483239999999679	-24.204781000000001	-27.339697999999999	-21.805889000000001	-22.269310999999806	-27.548691999999889	-25.222492999999744	-18.798185999999987	-21.814975000000327	-21.088037999999777	-27.176137000000001	-31.110685000000135	-23.968526999999671	-25.140713000000002	-24.504643000000002	-24.132086999999999	-32.546386000000005	-19.634163999999998	-30.311054000000237	-23.968526999999671	-26.403765999999987	-27.812207000000001	-27.666820000000001	-23.795878999999999	-28.257456000000001	-30.810822999999999	-26.222031999999889	-28.511883999999998	-28.212021999999987	-27.794034	-25.1770600000002	-27.839466999999999	-28.566403999999817	-29.702243999999759	-25.068018999999989	-25.931256999999999	-24.986238999999795	-24.622769999999889	-32.410084999999995	-29.129781000000001	-29.002566999999889	-26.567326999999889	-30.356487000000001	-22.169357000000005	-26.549154000000001	-25.731349000000002	-25.42240099999977	-19.897679	-32.655426000000006	-26.821755000000035	-23.523278000000001	-27.694080000000035	-30.092973000000001	-21.878582000000002	-22.060316999999795	-21.151644999999988	-26.867189	-26.394679	-28.121155000000222	-24.0139600000002	-23.895833	-27.730426999999889	-28.929873000000001	-23.214328999999999	-26.103905000000204	-27.039836000000001	-27.694080000000035	-26.576414	-28.98439299999977	-23.078028999999987	-27.267004	-25.313359999999999	-25.595048999999989	-27.421478	-24.822678	-25.040758999999987	-29.647722999999989	-32.273784000000006	-22.096662999999989	-27.294263999999988	-25.985776999999683	-26.149338	-31.601367000000035	-31.165205	-24.241128	-27.294263999999988	-26.203858000000135	-25.576875000000207	-22.923553999999989	-20.788176999999781	-23.196155999999998	-23.859486	-25.295186999999817	-23.396063999999999	-23.795878999999999	-20.815436999999989	-20.915391	-18.380196999999889	-18.780012999999759	-23.250675999999999	-21.660501	-23.287022999999795	-22.514652000000005	-21.178905000000135	-17.071711000000001	-23.695924999999999	-21.715021	-22.432872	-19.715944	-20.915391	-19.297956000000031	-21.487853999999999	-27.321524	-22.287483999999989	-22.432872	-23.159809000000031	-23.141635999999988	-20.261146999999784	-21.978535999999806	-20.015806000000001	-21.678674999999988	-18.834533	-23.841313	-25.931256999999999	-19.688683999999814	-24.504643000000002	-21.051691000000005	-18.507411000000001	-23.868572999999795	-22.841774000000001	-24.722723999999715	-21.560546999999719	-21.360639999999744	-21.860408999999986	-21.851322	-22.932640999999759	-23.241588999999987	-21.378813000000001	-21.333379000000001	-20.869956999999999	-22.232963999999999	-21.242511999999795	-20.670048999999999	-23.459671	-22.896294000000001	-20.851783999999999	-21.224338999999986	-23.041682000000002	-20.433795	-22.650953000000207	-24.450121999999986	-26.403765999999987	-19.906765	-23.350629999999889	-23.005334999999889	-24.513728999999987	-20.915391	-23.159809000000031	-23.296109999999889	-26.167511999999999	-25.903997	-24.56824999999969	-23.177982000000135	-21.206164999999999	-24.050307	-23.623231000000001	-24.486468999999989	-23.250675999999999	-24.186608	-21.315206	-24.749984000000001	-21.097124999999988	-21.515114000000001	-21.696847999999999	-21.887668999999999	-22.432872	-22.260223999999774	-20.888129999999759	-23.068941999999989	-23.95943999999977	-20.288406999999708	-21.969448999999774	-21.678674999999988	-22.560085999999988	-20.106673000000001	-22.705472999999795	-22.05123	-25.095278999999987	-21.315206	-23.577798000000001	-23.686838000000005	-23.714099000000001	-24.650030000000001	-23.468756999999748	-23.468756999999748	-21.769541999999795	-22.959900999999999	-21.051691000000005	-26.512806999999999	-20.361101000000001	-20.570094999999988	-23.932179999999889	-21.960362999999777	-25.113453000000035	-23.232502999999795	-25.376967000000135	-25.831302999999988	-22.378352	-23.541450999999999	-20.333841000000035	-24.477383	-23.650492	-21.642327999999889	-21.178905000000135	-25.495094999999989	-23.505103999999989	-25.604134999999999	-22.178443999999889	-21.860408999999986	-25.540527999999806	-27.276091000000001	-22.178443999999889	-22.060316999999795	-22.242051	-23.868572999999795	-26.212945000000001	-19.788637999999683	-21.615068000000196	-23.804966000000135	-25.068018999999989	-22.996247999999795	-26.794495000000001	-23.096202000000002	-22.650953000000207	-25.849477	-20.906303999999889	-21.178905000000135	-22.750907000000005	-25.685915999999999	-25.213407	-24.904458000000005	-25.88582299999981	-22.096662999999989	-25.24066699999981	-25.395140999999889	-24.622769999999889	-24.631857000000313	-25.167973000000035	-26.1129910000002	-23.78679199999981	-25.585961999999999	-25.249752999999806	-22.087577	-23.705011999999989	-24.913544999999989	-22.850860999999998	-21.996709999999748	-23.741358999999999	-22.405611999999795	-28.630011000000035	-26.276551999999999	-25.013498999999999	-25.88582299999981	-23.95943999999977	-23.823138999999987	-25.922169999999795	-22.696387000000001	-25.713176000000001	-25.967603999999799	-25.167973000000035	-22.859946999999988	-20.760916000000002	-21.406072999999989	-21.642327999999889	-19.979458999999999	-20.179366999999999	-18.998093999999803	Time (s)

Pressure (-mbar)


Sample 3
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Temperature C


Sample 3
0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	55	55.5	56	56.5	57	57.5	58	58.5	59	59.5	60	60.5	61	61.5	62	62.5	63	63.5	64	64.5	65	65.5	66	66.5	67	67.5	68	68.5	69	69.5	70	70.5	71	71.5	72	72.5	73	73.5	74	74.5	75	75.5	76	76.5	77	77.5	78	78.5	79	79.5	80	80.5	81	81.5	82	82.5	83	83.5	84	84.5	85	85.5	86	86.5	87	87.5	88	88.5	89	89.5	90	90.5	91	91.5	92	92.5	93	93.5	94	94.5	95	95.5	96	96.5	97	97.5	98	98.5	99	99.5	100	100.5	101	101.5	102	102.5	103	103.5	104	104.5	105	105.5	106	106.5	107	107.5	108	108.5	109	109.5	110	110.5	111	111.5	112	112.5	113	113.5	114	114.5	115	115.5	116	116.5	117	117.5	118	118.5	119	119.5	120	120.5	121	121.5	122	122.5	123	123.5	124	124.5	125	125.5	126	126.5	127	127.5	128	128.5	129	129.5	130	130.5	131	131.5	132	132.5	133	133.5	134	134.5	135	135.5	136	136.5	137	137.5	138	138.5	139	139.5	140	140.5	141	141.5	142	142.5	143	143.5	144	144.5	145	145.5	146	146.5	147	147.5	148	148.5	149	149.5	150	150.5	151	151.5	152	152.5	153	153.5	154	154.5	155	155.5	156	156.5	157	157.5	158	158.5	159	159.5	160	160.5	161	161.5	162	162.5	163	163.5	164	164.5	165	165.5	166	166.5	167	167.5	168	168.5	169	169.5	170	170.5	171	171.5	172	172.5	173	173.5	174	174.5	175	175.5	176	176.5	177	177.5	178	178.5	179	179.5	180	180.5	181	181.5	182	182.5	183	183.5	184	184.5	185	185.5	186	186.5	187	187.5	188	188.5	189	189.5	190	190.5	191	191.5	192	192.5	193	193.5	194	194.5	195	195.5	196	196.5	197	197.5	198	198.5	199	199.5	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	700.5	701	701.5	702	702.5	703	703.5	704	704.5	705	705.5	706	706.5	707	707.5	708	708.5	709	709.5	710	710.5	711	711.5	712	712.5	713	713.5	714	714.5	715	715.5	716	716.5	717	717.5	718	718.5	719	719.5	720	720.5	721	721.5	722	722.5	723	723.5	724	724.5	725	725.5	726	726.5	727	727.5	728	728.5	729	729.5	730	730.5	731	731.5	732	732.5	733	733.5	734	734.5	735	735.5	736	736.5	737	737.5	738	738.5	739	739.5	740	740.5	741	741.5	742	742.5	743	743.5	744	744.5	745	745.5	746	746.5	747	747.5	748	748.5	749	749.5	750	750.5	751	751.5	752	752.5	753	753.5	754	754.5	755	755.5	756	756.5	757	757.5	758	758.5	759	759.5	760	760.5	761	761.5	762	762.5	763	763.5	764	764.5	765	765.5	766	766.5	767	767.5	768	768.5	769	769.5	770	770.5	771	771.5	772	772.5	773	773.5	774	774.5	775	775.5	776	776.5	777	777.5	778	778.5	779	779.5	780	780.5	781	781.5	782	782.5	783	783.5	784	784.5	785	785.5	786	786.5	787	787.5	788	788.5	789	789.5	790	790.5	791	791.5	792	792.5	793	793.5	794	794.5	795	795.5	796	796.5	797	797.5	798	798.5	799	799.5	800	800.5	801	801.5	802	802.5	803	803.5	804	804.5	805	805.5	806	806.5	807	807.5	808	808.5	809	809.5	810	810.5	811	811.5	812	812.5	813	813.5	814	814.5	815	815.5	816	816.5	817	817.5	818	818.5	819	819.5	820	820.5	821	821.5	822	822.5	823	823.5	824	824.5	825	825.5	826	826.5	827	827.5	828	828.5	829	829.5	830	830.5	831	831.5	832	832.5	833	833.5	834	834.5	835	835.5	836	836.5	837	837.5	838	838.5	839	839.5	840	840.5	841	841.5	842	842.5	843	843.5	844	844.5	845	845.5	846	846.5	847	847.5	848	848.5	849	849.5	850	850.5	851	851.5	852	852.5	853	853.5	854	854.5	855	855.5	856	856.5	857	857.5	858	858.5	859	859.5	860	860.5	861	861.5	862	862.5	863	863.5	864	864.5	865	865.5	866	866.5	867	867.5	868	868.5	869	869.5	870	870.5	871	871.5	872	872.5	873	873.5	874	874.5	875	875.5	876	876.5	877	877.5	878	878.5	879	879.5	880	880.5	881	881.5	882	882.5	883	883.5	884	884.5	885	885.5	886	886.5	887	887.5	888	888.5	889	889.5	890	890.5	891	891.5	892	892.5	893	893.5	894	894.5	895	895.5	896	896.5	897	897.5	898	898.5	899	899.5	900	900.5	901	901.5	902	902.5	903	903.5	904	904.5	905	905.5	906	906.5	907	907.5	908	908.5	909	909.5	910	910.5	911	911.5	912	912.5	913	913.5	914	914.5	915	915.5	916	-4.4866140000000003	-4.4411810000000003	-4.3412269999999999	-3.9323249999999987	-4.4593540000000003	-4.0867990000000134	-3.9595849999999997	-4.4593540000000003	-3.9504979999999987	-4.4048339999999975	-4.1504059999999745	-4.2776199999999998	-3.9595849999999997	-4.1776660000000003	-4.5411339999999996	-4.4684410000000003	-4.3593999999999999	-4.1049719999999645	-4.3321399999999946	-4.632002	-5.6133660000000001	-5.8132739999999998	-5.9223149999999745	-7.0854139999999965	-7.1126739999999975	-8.3121200000000002	-9.6660400000000006	-10.065855000000004	-11.456122000000002	-12.064932000000002	-12.283013	-12.26484	-13.237117999999999	-13.75506	-12.991777000000001	-12.973603000000002	-14.100356	-13.246205	-13.455199000000105	-13.518806	-13.636933000000001	-13.373419000000096	-13.191684	-13.573326	-13.491546000000024	-14.354784000000107	-14.218483000000001	-14.472911	-15.463362	-15.826831	-17.226185000000001	-18.352937000000001	-18.371110999999999	-19.888591999999989	-19.134395000000211	-19.125308	-20.14302	-21.060777999999889	-21.142558000000001	-21.378813000000001	-21.678674999999988	-22.342005	-22.569172999999989	-22.323830999999988	-23.305195999999999	-23.014422	-23.432409999999773	-24.032133999999989	-23.541450999999999	-23.732271999999988	-24.822678	-24.159348000000001	-24.595509999999773	-24.232040999999889	-25.322446999999762	-24.36834199999981	-24.686377	-31.737667999999999	-44.440899000000002	-45.758473000000002	-47.076047000000003	-44.495419000000012	-46.639884000000002	-46.321848999999993	-51.928355000000423	-49.129645000000011	-54.272729000000012	-53.145975000000163	-55.326788000000001	-53.818393	-58.080064999999998	-56.780664000000002	-56.617103	-53.554877999999995	-57.425821000000006	-58.189105000000012	-56.362674000000005	-57.807462999999998	-59.388552000000011	-56.471715000000003	-57.062352000000459	-56.608016000000013	-53.209583000000002	-54.881539000000004	-55.844731000000003	-56.753403000000006	-55.372222000000001	-54.963319000000013	-55.644823999999993	-54.608937000000012	-54.717978000000002	-55.408569	-55.145054000000002	-58.143672000000002	-56.217286999999999	-57.035092000000013	-51.864747999999999	-55.090534000000012	-54.827019	-54.572591000000003	-56.571668999999993	-56.371760999999999	-53.918347000000004	-56.916963999999993	-56.280894000000004	-57.925590000000113	-54.100081000000003	-56.171853000000006	-55.599390000000113	-54.481723000000002	-54.945146000000001	-56.653449000000002	-54.636198000000213	-55.990119000000163	-53.100542000000011	-53.427663999999993	-54.817931999999999	-56.826097000000004	-52.091916000000012	-55.917424999999994	-53.073281999999999	-52.564425	-49.883842999999999	-55.045100000000012	-50.801601999999995	-54.381768999999998	-53.654831999999999	-48.984257999999997	-53.900173000000002	-54.263642000000011	-52.727986000000001	-55.871991999999999	-54.290902000000393	-50.737995000000012	-49.275033000000263	-52.309997000000003	-49.856582999999993	-54.372683000000002	-52.155523000000002	-53.981954000000002	-48.711656000000005	-53.872913000000011	-53.609398000000013	-50.192792000000473	-50.665301000000063	-55.272268000000011	-54.990580000000001	-43.568574000000012	-31.792187999999989	-29.974844999999988	-25.794956000000031	-25.785869999999989	-26.739975000000207	-24.822678	-25.24066699999981	-25.113453000000035	-25.785869999999989	-27.121617000000001	-24.477383	-25.095278999999987	-25.131626000000001	-24.459208999999987	-25.149799999999889	-24.277474999999999	-23.041682000000002	-23.695924999999999	-24.123000999999999	-23.377890000000196	-23.214328999999999	-23.087115000000001	-23.023508	-22.587345999999989	-22.560085999999988	-22.478304999999889	-22.787254000000001	-21.097124999999988	-22.496478999999987	-23.477844000000001	-22.587345999999989	-22.841774000000001	-22.251138000000001	-22.6873	-22.996247999999795	-23.414237	-22.033055999999998	-21.560546999999719	-22.460131999999803	-21.924016000000002	-21.615068000000196	-22.850860999999998	-21.424246999999788	-20.924477	-21.5242	-21.260685999999989	-34.518203	-33.082502000000012	-37.16243800000035	-28.411930000000005	-28.684531999999987	-30.547308000000001	-30.420093999999889	-31.537759999999999	-28.130241999999999	-29.874891000000218	-29.593202999999889	-27.485085000000002	-28.003028	-25.804043	-26.903535000000002	-28.875353	-28.021201000000001	-27.230657000000001	-28.221108999999988	-31.910316000000002	-24.050307	-27.030748999999989	-25.758608999999989	-27.830380000000005	-26.948969000000002	-28.039375000000035	-26.785407999999759	-27.012575999999999	-26.676368000000135	-24.840851000000189	-26.412852999999988	-26.540067000000001	-25.340620999999889	-29.429641999999795	-26.312899000000005	-27.039836000000001	-27.748599999999723	-28.784485999999987	-24.795418000000002	-23.659578000000035	-26.649107000000001	-25.249752999999806	-26.203858000000135	-27.303350999999999	-23.95943999999977	-27.176137000000001	-25.994864000000035	-25.404228	-24.986238999999795	-25.949429999999715	-24.032133999999989	-27.11253	-24.286561999999989	-24.604596999999988	-25.758608999999989	-23.695924999999999	-25.476921000000001	-24.513728999999987	-25.022584999999989	-23.850398999999999	-25.622308999999987	-26.094818000000135	-25.767695999999987	-25.040758999999987	-25.476921000000001	-22.496478999999987	-25.504180999999999	-24.831764000000035	-20.879044	-23.041682000000002	-24.868110999999889	-25.676829000000001	-25.576875000000207	-24.849938000000005	-23.995786999999744	-22.287483999999989	-23.677752000000005	-24.341082	-25.258839999999989	-23.705011999999989	-27.366958000000135	-21.805889000000001	-23.014422	-26.231119	-23.150721999999988	-24.295647999999737	-23.568710999999762	-24.268388000000002	-24.504643000000002	-24.359255000000203	-23.26885	-24.613683000000005	-25.576875000000207	-24.504643000000002	-21.605981000000035	-22.441959000000001	-21.842234999999889	-22.387438	-24.113914000000207	-24.504643000000002	-25.876736999999817	-28.102982000000001	-29.411469	-26.013037000000001	-26.158425000000001	-25.749522999999737	-26.058471000000001	-25.277014000000001	-27.448737999999683	-26.212945000000001	-25.976690999999889	-27.512345	-23.695924999999999	-24.740897	-25.622308999999987	-24.459208999999987	-24.123000999999999	-23.241588999999987	-25.985776999999683	-26.131165000000266	-23.932179999999889	-25.804043	-23.859486	-27.221571000000001	-24.059394000000001	-24.604596999999988	-26.867189	-27.257916999999999	-24.186608	-26.412852999999988	-23.777705999999988	-25.495094999999989	-25.631395000000207	-23.677752000000005	-26.285638999999723	-25.749522999999737	-25.931256999999999	-25.031672	-23.850398999999999	-23.859486	-24.241128	-25.42240099999977	-24.622769999999889	-25.713176000000001	-22.532826	-24.132086999999999	-21.351552999999999	-23.450583999999989	-23.814052000000135	-25.440574000000002	-23.168896	-26.212945000000001	-25.358794	-25.549614999999989	-24.577335999999999	-24.222954999999999	-25.231580000000001	-26.312899000000005	-23.114375000000251	-22.723646999999723	-24.404688999999987	-22.759993999999999	-23.096202000000002	-24.768156999999889	-22.487391999999989	-24.813590999999999	-23.577798000000001	-22.941727999999795	-24.722723999999715	-23.577798000000001	-27.221571000000001	-25.931256999999999	-30.220186999999989	-26.358332999999803	-26.603674000000005	-28.075721999999889	-22.569172999999989	-28.330150000000035	-23.877659000000001	-25.531441999999988	-28.202935999999987	-25.486008000000002	-24.404688999999987	-24.177520999999999	-24.677289999999999	-28.729965000000131	-23.886745999999889	-23.568710999999762	-26.022124000000002	-29.193387999999999	-26.549154000000001	-22.741820000000001	-24.068479999999777	-27.521431999999987	-25.504180999999999	-23.459671	-25.704089	-23.468756999999748	-25.567788	-24.631857000000313	-25.658656000000001	-25.794956000000031	-26.285638999999723	-26.694541000000001	-26.321986000000031	-26.158425000000001	-22.869033999999989	-27.548691999999889	-28.657272000000031	-24.359255000000203	-24.286561999999989	-27.557779	-24.331995000000258	-26.703627999999807	-27.203396999999889	-24.331995000000258	-24.840851000000189	-23.823138999999987	-24.540990000000001	-27.203396999999889	-26.667280999999999	-23.941265999999999	-25.658656000000001	-25.167973000000035	-26.222031999999889	-22.251138000000001	-24.250215000000001	-24.086653999999989	-26.049384	-27.839466999999999	-25.031672	-24.577335999999999	-25.513268000000135	-26.167511999999999	-26.040298	-23.986699999999683	-24.831764000000035	-23.132548999999987	-26.576414	-25.086191999999986	-27.04892299999981	-23.78679199999981	-24.595509999999773	-25.195233000000002	-26.767234999999989	-27.675906000000001	-24.232040999999889	-24.659116999999988	-26.458285999999987	-25.158886000000031	-26.022124000000002	-24.504643000000002	-25.122538999999989	-27.139790000000001	-26.985315999999777	-22.732732999999719	-25.804043	-25.822215999999987	-23.577798000000001	-26.558239999999795	-24.032133999999989	-25.413314	-25.340620999999889	-24.341082	-25.949429999999715	-24.350169000000001	-23.005334999999889	-21.115297999999999	-24.668203999999989	-25.286099999999784	-26.967141999999889	-24.032133999999989	-24.904458000000005	-24.56824999999969	-25.322446999999762	-21.378813000000001	-24.786330999999766	-25.331534000000001	-22.950814999999999	-23.277936	-22.169357000000005	-19.497862999999999	-26.567326999999889	-24.531903000000035	-24.150261000000135	-23.096202000000002	-22.987161	-23.350629999999889	-23.568710999999762	-23.114375000000251	-22.759993999999999	-25.585961999999999	-23.586884999999999	-23.386977000000005	-22.550999000000001	-23.514191000000135	-24.232040999999889	-25.304273999999999	-23.141635999999988	-24.304735000000001	-26.385592999999744	-25.849477	-21.796802	-22.968988	-22.90538099999981	-23.95943999999977	-23.95943999999977	-22.360178000000001	-22.487391999999989	-28.339236	-24.350169000000001	-23.414237	-24.531903000000035	-23.777705999999988	-21.951276	-23.977613000000002	-23.659578000000035	-27.457825000000035	-24.931718	-24.677289999999999	-25.040758999999987	-22.514652000000005	-22.360178000000001	-25.031672	-23.087115000000001	-22.332917999999999	-24.141173999999999	-24.895371000000001	-24.522815999999999	-23.605058000000035	-24.041219999999889	-23.550538	-23.614145000000189	-26.994402999999807	-24.650030000000001	-25.722263000000002	-25.431488000000005	-22.205703999999773	-22.769079999999889	-22.214791000000005	-24.077566999999988	-23.859486	-22.196617	-23.568710999999762	-25.613222	-25.358794	-23.795878999999999	-23.377890000000196	-26.612760999999999	-25.213407	-23.341542999999799	-22.832687	-25.349706999999889	-23.150721999999988	-24.195694	-26.276551999999999	-23.314283000000035	-23.123462	-26.131165000000266	-27.185224000000002	-24.949891999999988	-24.313821999999998	-22.987161	-23.859486	-22.832687	-21.742281999999989	-22.596432999999784	-25.476921000000001	-24.023046999999803	-25.286099999999784	-24.341082	-23.532364000000001	-24.441035999999986	-25.522355000000001	-25.077106000000001	-23.986699999999683	-21.615068000000196	-25.876736999999817	-24.441035999999986	-24.56824999999969	-20.933564000000001	-25.595048999999989	-23.550538	-26.067557999999988	-22.63278	-25.195233000000002	-23.750444999999889	-26.067557999999988	-24.813590999999999	-24.922631999999748	-26.894449000000002	-22.841774000000001	-25.013498999999999	-25.449660999999889	-25.649569	-25.24066699999981	-26.830842000000001	-24.958977999999988	-25.858563	-23.814052000000135	-26.549154000000001	-22.941727999999795	-25.676829000000001	-23.841313	-24.922631999999748	-26.403765999999987	-25.104366000000031	-26.867189	-26.549154000000001	-22.396525	-23.823138999999987	-26.839928000000135	-24.350169000000001	-26.567326999999889	-24.377428999999999	-24.441035999999986	-25.058931999999999	-24.286561999999989	-24.668203999999989	-24.677289999999999	-24.023046999999803	-26.067557999999988	-24.913544999999989	-24.650030000000001	-26.749061000000001	-24.940805000000001	-25.158886000000031	-25.158886000000031	-24.749984000000001	-23.314283000000035	-25.831302999999988	-26.194772	-25.1770600000002	-25.24066699999981	-25.204319999999989	-24.840851000000189	-24.495555999999986	-26.967141999999889	-26.431025999999999	-26.75814799999981	-24.041219999999889	-25.604134999999999	-23.523278000000001	-26.013037000000001	-25.376967000000135	-24.622769999999889	-23.741358999999999	-25.903997	-25.367881000000182	-24.441035999999986	-27.376045000000001	-24.931718	-24.213868000000215	-27.394217999999999	-26.612760999999999	-25.476921000000001	-24.695464000000001	-25.349706999999889	-26.658194000000005	-25.186145999999987	-27.130703	-23.49601699999981	-24.695464000000001	-25.258839999999989	-26.876275000000035	-24.477383	-23.595970999999999	-24.722723999999715	-24.740897	-22.078489999999817	-21.933102999999889	-22.060316999999795	-22.169357000000005	-21.942188999999889	-23.287022999999795	-24.840851000000189	-23.014422	-22.605518999999987	-21.914929000000001	-24.241128	-21.169819	-23.014422	-23.014422	-21.724108000000001	-25.476921000000001	-21.860408999999986	-23.341542999999799	-23.041682000000002	-23.868572999999795	-22.569172999999989	-22.959900999999999	-24.359255000000203	-21.887668999999999	-23.368803	-22.641866000000135	-23.014422	-21.605981000000035	-23.450583999999989	-23.550538	-21.515114000000001	-22.814513999999999	-22.650953000000207	-22.569172999999989	-22.532826	-21.151644999999988	-23.078028999999987	-22.850860999999998	-22.841774000000001	-23.087115000000001	-22.878121	-21.051691000000005	-23.014422	-24.104827000000135	-25.077106000000001	-22.769079999999889	-22.505566000000002	-23.168896	-22.814513999999999	-22.869033999999989	-22.151184000000189	-23.823138999999987	-25.640481999999999	-26.712713999999806	-26.140250999999999	-25.195233000000002	-28.520970999999999	-27.130703	-26.476459999999989	-26.340159	-25.994864000000035	-25.213407	-27.339697999999999	-24.422861999999999	-26.821755000000035	-24.095740999999759	-26.231119	-28.139329	-22.069402999999795	-25.367881000000182	-26.231119	-26.076644000000002	-25.903997	-24.986238999999795	-24.595509999999773	-27.893986999999999	-28.43919	-26.421939999999989	-24.995324999999784	-26.658194000000005	-27.312438	-23.314283000000035	-25.985776999999683	-25.349706999999889	-25.585961999999999	-26.46737299999981	-24.895371000000001	-26.321986000000031	-27.684992999999999	-24.777244	-25.467835000000001	-25.122538999999989	-26.948969000000002	-26.485546999999617	-25.813130000000001	-27.094356000000001	-27.475999000000002	-26.285638999999723	-26.476459999999989	-24.195694	-24.459208999999987	-24.168433999999795	-23.096202000000002	-24.36834199999981	-24.050307	-24.595509999999773	-22.505566000000002	-23.850398999999999	-23.350629999999889	-24.631857000000313	-23.895833	-23.250675999999999	-24.522815999999999	-21.733194999999988	-22.90538099999981	-22.660039999999817	-23.032595000000001	-23.568710999999762	-24.168433999999795	-22.060316999999795	-24.540990000000001	-24.313821999999998	-23.995786999999744	-23.941265999999999	-23.895833	-23.632318000000001	-23.623231000000001	-22.469218999999889	-22.378352	-21.433332999999784	-23.804966000000135	-22.478304999999889	-21.805889000000001	-24.104827000000135	-26.612760999999999	-25.413314	-25.313359999999999	-27.893986999999999	-25.695001999999999	-24.613683000000005	-23.850398999999999	-25.167973000000035	-25.386054000000001	-25.495094999999989	-27.475999000000002	-25.922169999999795	-25.822215999999987	-26.285638999999723	-25.376967000000135	-25.931256999999999	-24.986238999999795	-24.531903000000035	-25.131626000000001	-25.304273999999999	-26.140250999999999	-25.931256999999999	-23.196155999999998	-26.267465000000001	-26.040298	-25.249752999999806	-24.104827000000135	-26.067557999999988	-26.031210999999999	-24.468295999999889	-26.049384	-25.649569	-23.050768000000001	-25.204319999999989	-25.667741999999986	-27.403305	-27.058009999999989	-26.958055999999999	-25.031672	-23.868572999999795	-27.521431999999987	-26.08573099999969	-26.122077999999988	-25.440574000000002	-26.75814799999981	-24.595509999999773	-25.277014000000001	-23.777705999999988	-25.068018999999989	-25.158886000000031	-24.995324999999784	-23.614145000000189	-25.822215999999987	-23.795878999999999	-21.824062000000001	-24.604596999999988	-24.222954999999999	-25.222492999999744	-25.576875000000207	-25.540527999999806	-25.476921000000001	-26.449199999999788	-24.768156999999889	-24.940805000000001	-23.641404999999999	-24.913544999999989	-23.868572999999795	-23.605058000000035	-26.776320999999989	-27.830380000000005	-23.532364000000001	-23.141635999999988	-22.769079999999889	-22.541912	-21.842234999999889	-21.187992000000001	-22.641866000000135	-20.951736999999795	-21.887668999999999	-21.651413999999999	-22.269310999999806	-22.278397999999989	-22.451045000000001	-23.068941999999989	-21.506027	-23.250675999999999	-22.950814999999999	-22.033055999999998	-20.342928000000001	-22.305658000000001	-23.750444999999889	-23.405149999999683	-23.196155999999998	-21.669588000000001	-21.678674999999988	-24.141173999999999	-23.105288999999999	-22.087577	-22.660039999999817	-23.532364000000001	-22.578258999999999	-23.741358999999999	-23.359717	-22.232963999999999	-21.905841999999989	-20.860869999999988	-21.533287000000001	-22.869033999999989	-23.832225999999999	-24.032133999999989	-23.986699999999683	-21.669588000000001	-20.388361	-23.605058000000035	-19.806812000000001	-21.578721000000002	-22.496478999999987	-22.042142999999708	-22.387438	-23.804966000000135	-21.869496000000002	-22.660039999999817	-23.096202000000002	-21.515114000000001	-22.351091000000135	-21.896756	-22.278397999999989	-23.305195999999999	-22.242051	-22.660039999999817	-21.042604999999803	-22.769079999999889	-23.059855000000248	-22.805427000000002	-21.442419999999668	-22.023969999999988	-21.042604999999803	-22.214791000000005	-21.369725999999989	-22.578258999999999	-22.787254000000001	-22.532826	-22.096662999999989	-22.205703999999773	-23.623231000000001	-22.541912	-21.860408999999986	-22.05123	-22.160270000000001	-21.624154000000196	-21.351552999999999	-22.432872	-21.197079000000031	-21.124385000000135	-21.560546999999719	-22.005795999999989	-21.051691000000005	-21.487853999999999	-21.805889000000001	-21.760455	-22.05123	-23.014422	-21.006257999999999	-21.224338999999986	-22.823601	-22.787254000000001	-21.260685999999989	-24.104827000000135	-22.314744999999988	-22.432872	-22.396525	-22.950814999999999	-22.278397999999989	-22.823601	-21.287946000000002	-22.787254000000001	-21.142558000000001	-22.196617	-22.578258999999999	-23.032595000000001	-21.124385000000135	-22.850860999999998	-20.824522999999989	-23.532364000000001	-21.942188999999889	-20.115760000000005	-21.078951000000131	-23.096202000000002	-22.6873	-23.023508	-24.540990000000001	-23.205242999999708	-23.396063999999999	-21.396985999999998	-20.352014	-22.787254000000001	-21.605981000000035	-21.506027	-22.323830999999988	-22.287483999999989	-21.596893999999999	-22.096662999999989	-21.642327999999889	-20.479227999999889	-22.469218999999889	-20.879044	-21.615068000000196	-21.760455	-21.624154000000196	-23.850398999999999	-22.941727999999795	-23.377890000000196	-20.388361	-22.351091000000135	-22.578258999999999	-22.523738999999889	-22.187531	-24.940805000000001	-21.41516	-20.324753999999999	-22.523738999999889	-21.824062000000001	-22.178443999999889	-23.441496999999803	-21.360639999999744	-21.169819	-22.151184000000189	-22.332917999999999	-22.405611999999795	-21.378813000000001	-21.451506999999989	-21.069865000000135	-21.842234999999889	-21.242511999999795	-23.732271999999988	-25.149799999999889	-23.986699999999683	-23.023508	-22.996247999999795	-22.469218999999889	-23.705011999999989	-22.351091000000135	-23.804966000000135	-21.824062000000001	-22.205703999999773	-23.214328999999999	-22.841774000000001	-20.751830000000005	-20.83361	-21.333379000000001	-24.313821999999998	-21.951276	-21.987622999999701	-22.278397999999989	-23.550538	-21.506027	-22.859946999999988	-23.296109999999889	-22.878121	-20.033979000000031	-21.696847999999999	-22.750907000000005	-20.715482999999889	-20.470141999999989	-22.914467999999999	-21.242511999999795	-21.106211999999999	-21.824062000000001	-21.542373999999889	-21.960362999999777	-22.405611999999795	-23.223415999999986	-21.842234999999889	-22.396525	-22.178443999999889	-23.232502999999795	-23.087115000000001	-23.668665000000001	-22.578258999999999	-22.596432999999784	-23.023508	-22.959900999999999	-23.795878999999999	-22.387438	-23.196155999999998	-23.468756999999748	-23.668665000000001	-22.133009999999999	-22.441959000000001	-23.686838000000005	-24.740897	-22.641866000000135	-22.923553999999989	-21.769541999999795	-22.323830999999988	-25.867650000000001	-23.950353	-24.004873000000035	-23.396063999999999	-23.941265999999999	-22.005795999999989	-22.314744999999988	-23.205242999999708	-23.068941999999989	-22.033055999999998	-22.342005	-23.259763	-21.842234999999889	-23.159809000000031	-23.232502999999795	-21.769541999999795	-22.669125999999999	-22.923553999999989	-22.914467999999999	-21.860408999999986	-22.133009999999999	-22.887208000000001	-23.95943999999977	-22.750907000000005	-23.514191000000135	-22.923553999999989	-22.705472999999795	-22.296571	-21.796802	-22.887208000000001	-23.168896	-23.759531999999989	-22.342005	-21.551461000000035	-22.996247999999795	-23.632318000000001	-23.332457000000005	-22.532826	-22.923553999999989	-24.232040999999889	-22.714559999999999	-23.005334999999889	-21.324293000000001	-22.923553999999989	-22.823601	-22.896294000000001	-23.450583999999989	-23.750444999999889	-22.850860999999998	-22.460131999999803	-22.596432999999784	-22.05123	-22.878121	-22.623692999999989	-22.460131999999803	-21.715021	-22.523738999999889	-20.751830000000005	-22.169357000000005	-22.878121	-23.314283000000035	-22.569172999999989	-22.387438	-23.223415999999986	-20.960823999999889	-24.695464000000001	-22.332917999999999	-21.805889000000001	-22.923553999999989	-21.687760999999988	-21.151644999999988	-22.887208000000001	-24.168433999999795	-24.077566999999988	-21.287946000000002	-23.595970999999999	-20.869956999999999	-23.014422	-22.214791000000005	-21.587807000000005	-22.514652000000005	-22.369264999999999	-22.623692999999989	-20.342928000000001	-21.924016000000002	-21.451506999999989	-22.841774000000001	-20.879044	-24.595509999999773	-21.442419999999668	-23.032595000000001	-22.242051	-22.042142999999708	-23.586884999999999	-21.187992000000001	-21.660501	-19.434256000000001	-19.997632999999762	-22.133009999999999	-20.261146999999784	-20.997171000000005	-22.814513999999999	-24.213868000000215	-22.650953000000207	-22.932640999999759	-23.914006000000001	-22.778167	-22.987161	-20.233886999999999	-20.588268999999986	-22.614605999999998	-22.596432999999784	-21.406072999999989	-20.715482999999889	-21.369725999999989	-23.650492	-24.877198000000035	-24.177520999999999	-22.914467999999999	-23.595970999999999	-20.442881	-22.451045000000001	-19.270695	-21.006257999999999	-19.361563	-19.843157999999999	-23.659578000000035	-22.878121	-20.424707999999889	-20.951736999999795	-24.322908000000005	-26.185684999999989	-23.859486	-19.416083	-21.778627999999795	-24.177520999999999	-25.88582299999981	-22.460131999999803	-23.068941999999989	-24.804504000000001	-22.305658000000001	-23.096202000000002	-26.349245999999987	-23.114375000000251	-21.905841999999989	-25.086191999999986	-21.460592999999708	-20.924477	-22.787254000000001	-21.987622999999701	-23.223415999999986	-21.287946000000002	-23.886745999999889	-24.186608	-23.841313	-21.069865000000135	-24.550076000000001	-24.968064999999989	-22.187531	-22.078489999999817	-24.56824999999969	-23.668665000000001	-18.571017999999999	-22.242051	-24.032133999999989	-24.386514999999989	-23.832225999999999	-24.540990000000001	-22.342005	-18.498324999999795	-23.223415999999986	-25.1770600000002	-22.151184000000189	-22.460131999999803	-24.113914000000207	-25.249752999999806	-23.032595000000001	-23.232502999999795	-24.531903000000035	-24.695464000000001	-22.541912	-23.350629999999889	-23.523278000000001	-20.806349999999806	-22.741820000000001	-22.787254000000001	-23.068941999999989	-26.576414	-23.968526999999671	-24.831764000000035	-22.978075	-23.586884999999999	-21.987622999999701	-24.986238999999795	-22.160270000000001	-20.842696999999788	-26.276551999999999	-27.267004	-21.142558000000001	-22.10575	-25.804043	-21.814975000000327	-24.359255000000203	-22.432872	-22.360178000000001	-26.676368000000135	-22.441959000000001	-23.904920000000001	-23.078028999999987	-25.440574000000002	-19.688683999999814	-23.695924999999999	-19.479690000000002	-20.479227999999889	-23.750444999999889	-23.777705999999988	-21.56963399999977	-22.79633999999977	-22.741820000000001	-25.131626000000001	-22.578258999999999	-22.660039999999817	-24.768156999999889	-23.550538	-21.814975000000327	-24.159348000000001	-18.634625000000035	-21.460592999999708	-24.913544999999989	-22.578258999999999	-25.585961999999999	-25.822215999999987	-19.661424	-23.714099000000001	-21.924016000000002	-23.214328999999999	-18.834533	-21.424246999999788	-21.960362999999777	-24.350169000000001	-18.934487000000001	-19.734117999999999	-26.530980000000035	-22.005795999999989	-21.615068000000196	-23.232502999999795	-22.160270000000001	-23.904920000000001	-19.297956000000031	-22.987161	-24.840851000000189	-22.596432999999784	-23.759531999999989	-21.960362999999777	-24.441035999999986	-25.013498999999999	-25.42240099999977	-25.031672	-26.167511999999999	-23.823138999999987	-29.09343399999981	-22.63278	-22.287483999999989	-23.886745999999889	-21.56963399999977	-24.486468999999989	-24.659116999999988	-28.811745999999999	-21.324293000000001	-26.040298	-21.678674999999988	-21.297032999999889	-21.106211999999999	-24.068479999999777	-22.978075	-23.386977000000005	-25.149799999999889	-22.287483999999989	-22.10575	-25.585961999999999	-24.640943	-24.586422999999737	-25.258839999999989	-20.379273999999999	-21.869496000000002	-20.83361	-23.232502999999795	-28.130241999999999	-25.504180999999999	-20.333841000000035	-26.276551999999999	-24.659116999999988	-22.214791000000005	-20.597356000000001	-22.714559999999999	-23.977613000000002	-21.787714999999817	-26.903535000000002	-21.805889000000001	-22.769079999999889	-18.789099999999795	-22.532826	-25.558701999999986	-27.312438	-23.332457000000005	-24.831764000000035	-22.641866000000135	-22.142097	-25.286099999999784	-26.022124000000002	-26.003951000000189	-26.340159	-22.187531	-25.340620999999889	-21.433332999999784	-24.059394000000001	-24.840851000000189	-21.942188999999889	-25.195233000000002	-23.032595000000001	-23.168896	-21.251598999999999	-21.851322	-24.768156999999889	-20.83361	-24.359255000000203	-23.686838000000005	-27.566866000000001	-24.177520999999999	-21.615068000000196	-24.495555999999986	-23.114375000000251	-26.858101999999999	-24.922631999999748	-21.151644999999988	-25.049845999999999	-25.349706999999889	-25.840389999999989	-24.450121999999986	-23.477844000000001	-21.487853999999999	-24.095740999999759	-23.441496999999803	-26.849015000000001	-27.04892299999981	-25.104366000000031	-23.223415999999986	-24.840851000000189	-25.42240099999977	-24.686377	-26.412852999999988	-25.140713000000002	-23.477844000000001	-23.686838000000005	-25.022584999999989	-22.968988	-24.123000999999999	-28.566403999999817	-24.404688999999987	-22.650953000000207	-23.695924999999999	-22.142097	-22.769079999999889	-27.339697999999999	-25.349706999999889	-26.349245999999987	-26.340159	-27.303350999999999	-27.28517799999981	-26.285638999999723	-25.395140999999889	-25.367881000000182	-25.068018999999989	-23.868572999999795	-24.504643000000002	-25.158886000000031	-24.840851000000189	-20.25206	-28.693618000000001	-26.231119	-24.550076000000001	-23.777705999999988	-26.431025999999999	-22.269310999999806	-24.931718	-27.012575999999999	-25.531441999999988	-22.714559999999999	-26.503719999999795	-22.878121	-24.023046999999803	-25.585961999999999	-23.78679199999981	-24.840851000000189	-24.250215000000001	-26.158425000000001	-25.24066699999981	-25.104366000000031	-27.239744000000002	-23.550538	-27.585038999999806	-25.295186999999817	-22.133009999999999	-25.131626000000001	-24.886285000000001	-26.203858000000135	-27.376045000000001	-24.749984000000001	-23.332457000000005	-21.878582000000002	-26.567326999999889	-25.322446999999762	-24.450121999999986	-22.296571	-23.314283000000035	-26.049384	-28.484623999999748	-24.550076000000001	-25.695001999999999	-21.951276	-25.049845999999999	-23.614145000000189	-26.503719999999795	-23.559623999999989	-25.040758999999987	-22.369264999999999	-27.866726999999777	-25.349706999999889	-25.913084000000001	-22.914467999999999	-25.940343999999723	-26.976228999999989	-24.895371000000001	-24.577335999999999	-24.359255000000203	-25.231580000000001	-24.522815999999999	-26.812667999999999	-25.858563	-23.523278000000001	-25.695001999999999	-28.539144	-26.403765999999987	-24.613683000000005	-26.458285999999987	-22.369264999999999	-26.630934000000035	-25.277014000000001	-25.713176000000001	-29.047999999999988	-21.824062000000001	-25.504180999999999	-25.831302999999988	-25.349706999999889	-23.159809000000031	-26.003951000000189	-23.904920000000001	-27.076183	-26.1129910000002	-24.232040999999889	-27.775860000000005	-25.1770600000002	-26.46737299999981	-27.303350999999999	-25.295186999999817	-23.641404999999999	-25.713176000000001	-25.313359999999999	-23.859486	-25.558701999999986	-25.331534000000001	-24.250215000000001	-25.440574000000002	-21.987622999999701	-27.466911999999986	-26.103905000000204	-26.349245999999987	-23.623231000000001	-24.540990000000001	-26.131165000000266	-25.140713000000002	-26.185684999999989	-22.90538099999981	-25.994864000000035	-28.40284299999977	-26.558239999999795	-25.186145999999987	-30.429181	-25.131626000000001	-26.739975000000207	-25.040758999999987	-24.595509999999773	-23.732271999999988	-26.358332999999803	-24.913544999999989	-25.249752999999806	-25.585961999999999	-26.340159	-27.303350999999999	-28.321062999999999	-24.713636999999814	-28.048461999999986	-25.440574000000002	-23.759531999999989	-24.141173999999999	-29.502335999999989	-24.713636999999814	-22.90538099999981	-25.095278999999987	-20.606441999999987	-22.305658000000001	-25.095278999999987	-23.259763	-23.123462	-22.787254000000001	-21.551461000000035	-22.332917999999999	-23.923092999999799	-24.459208999999987	-23.650492	-21.297032999999889	-22.696387000000001	-23.995786999999744	-23.714099000000001	-22.923553999999989	-24.422861999999999	-21.878582000000002	-23.168896	-24.386514999999989	-22.869033999999989	-22.678213	-21.551461000000035	-23.823138999999987	-24.36834199999981	-26.122077999999988	-22.6873	-24.441035999999986	-23.068941999999989	-23.023508	-23.505103999999989	-22.950814999999999	-22.296571	-24.313821999999998	-23.49601699999981	-22.932640999999759	-25.277014000000001	-22.859946999999988	-23.586884999999999	-22.196617	-24.922631999999748	-20.969911	-22.123923999999999	-24.604596999999988	-24.486468999999989	-25.458747999999737	-23.059855000000248	-24.622769999999889	-21.596893999999999	-25.286099999999784	-23.377890000000196	-22.196617	-22.896294000000001	-23.059855000000248	-24.241128	-25.322446999999762	-24.822678	-24.977152	-23.714099000000001	-23.405149999999683	-22.778167	-25.667741999999986	-24.704550000000001	-23.586884999999999	-24.559163000000005	-24.286561999999989	-21.924016000000002	-24.277474999999999	-25.785869999999989	-23.214328999999999	-24.477383	-24.395601999999986	-23.886745999999889	-24.186608	-23.932179999999889	-24.259301000000001	-25.004411999999999	-23.414237	-23.659578000000035	-27.80312	-25.068018999999989	-24.032133999999989	-22.287483999999989	-24.041219999999889	-22.732732999999719	-21.224338999999986	-23.977613000000002	-24.595509999999773	-25.149799999999889	-25.158886000000031	-23.823138999999987	-26.249291999999986	-22.923553999999989	-27.194310000000005	-23.514191000000135	-24.995324999999784	-25.24066699999981	-24.113914000000207	-22.914467999999999	-23.150721999999988	-23.650492	-25.376967000000135	-24.604596999999988	-24.759070999999999	-24.195694	-23.332457000000005	-24.059394000000001	-28.184761999999999	-24.940805000000001	-24.949891999999988	-23.296109999999889	-25.95851699999977	-25.894909999999999	-22.705472999999795	-24.849938000000005	-26.003951000000189	-26.212945000000001	-25.576875000000207	-23.595970999999999	-23.468756999999748	-24.450121999999986	-22.360178000000001	-25.267927	-24.713636999999814	-24.222954999999999	-25.567788	-25.949429999999715	-24.050307	-25.058931999999999	-23.823138999999987	-23.49601699999981	-24.640943	-23.759531999999989	-23.150721999999988	-22.242051	-24.713636999999814	-25.604134999999999	-26.585499999999719	-24.759070999999999	-22.914467999999999	-24.259301000000001	-24.704550000000001	-23.605058000000035	-23.414237	-24.586422999999737	-26.712713999999806	-25.531441999999988	-23.923092999999799	-23.768618999999784	-24.032133999999989	-23.505103999999989	-24.213868000000215	-26.594587000000001	-26.1129910000002	-24.286561999999989	-24.640943	-23.223415999999986	-25.949429999999715	-24.768156999999889	-25.367881000000182	-28.339236	-26.967141999999889	-25.249752999999806	-24.313821999999998	-25.267927	-24.877198000000035	-26.939882000000001	-22.669125999999999	-24.831764000000035	-26.122077999999988	-25.113453000000035	-26.858101999999999	-25.976690999999889	-23.814052000000135	-23.450583999999989	-25.167973000000035	-26.394679	-27.403305	-25.504180999999999	-25.068018999999989	-25.195233000000002	-26.876275000000035	-23.586884999999999	-27.966680999999795	-25.658656000000001	-25.640481999999999	-27.557779	-25.140713000000002	-26.412852999999988	-27.148876999999999	-28.793571999999987	-27.357871000000266	-26.140250999999999	-28.511883999999998	-24.232040999999889	-24.686377	-26.912621999999889	-25.695001999999999	-23.414237	-23.986699999999683	-24.650030000000001	-23.368803	-23.650492	-21.796802	-21.615068000000196	-21.651413999999999	-21.615068000000196	-20.542835	-20.797263000000001	-20.651876000000211	-21.006257999999999	-20.324753999999999	Time (s)

Pressure (-mbar)


Sample 4
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Temperature °C


Sample 4
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Pressure (-mbar)


Sample 5
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Temperature °C


Sample 5
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Pressure (-mbar)


Sample 6
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Temperature °C


Sample 6
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Pressure (-mbar)
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Temperature (C)
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Temperature (C)
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Temperature (C)
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Temperature C
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Temperature (C)
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gas volume in %
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gas volume in %
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gas volume in %
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gas volume in %
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gas volume in %
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volume in ppm
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volume in ppm

SO2	0	0.5	1	1.5	2	2.5	3	3.5	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	11.5	12	12.5	13	13.5	14	14.5	15	15.5	16	16.5	17	17.5	18	18.5	19	19.5	20	20.5	21	21.5	22	22.5	23	23.5	24	24.5	25	25.5	26	26.5	27	27.5	28	28.5	29	29.5	30	30.5	31	31.5	32	32.5	33	33.5	34	34.5	35	35.5	36	36.5	37	37.5	38	38.5	39	39.5	40	40.5	41	41.5	42	42.5	43	43.5	44	44.5	45	45.5	46	46.5	47	47.5	48	48.5	49	49.5	50	50.5	51	51.5	52	52.5	53	53.5	54	54.5	55	55.5	56	56.5	57	57.5	58	58.5	59	59.5	60	60.5	61	61.5	62	62.5	63	63.5	64	64.5	65	65.5	66	66.5	67	67.5	68	68.5	69	69.5	70	70.5	71	71.5	72	72.5	73	73.5	74	74.5	75	75.5	76	76.5	77	77.5	78	78.5	79	79.5	80	80.5	81	81.5	82	82.5	83	83.5	84	84.5	85	85.5	86	86.5	87	87.5	88	88.5	89	89.5	90	90.5	91	91.5	92	92.5	93	93.5	94	94.5	95	95.5	96	96.5	97	97.5	98	98.5	99	99.5	100	100.5	101	101.5	102	102.5	103	103.5	104	104.5	105	105.5	106	106.5	107	107.5	108	108.5	109	109.5	110	110.5	111	111.5	112	112.5	113	113.5	114	114.5	115	115.5	116	116.5	117	117.5	118	118.5	119	119.5	120	120.5	121	121.5	122	122.5	123	123.5	124	124.5	125	125.5	126	126.5	127	127.5	128	128.5	129	129.5	130	130.5	131	131.5	132	132.5	133	133.5	134	134.5	135	135.5	136	136.5	137	137.5	138	138.5	139	139.5	140	140.5	141	141.5	142	142.5	143	143.5	144	144.5	145	145.5	146	146.5	147	147.5	148	148.5	149	149.5	150	150.5	151	151.5	152	152.5	153	153.5	154	154.5	155	155.5	156	156.5	157	157.5	158	158.5	159	159.5	160	160.5	161	161.5	162	162.5	163	163.5	164	164.5	165	165.5	166	166.5	167	167.5	168	168.5	169	169.5	170	170.5	171	171.5	172	172.5	173	173.5	174	174.5	175	175.5	176	176.5	177	177.5	178	178.5	179	179.5	180	180.5	181	181.5	182	182.5	183	183.5	184	184.5	185	185.5	186	186.5	187	187.5	188	188.5	189	189.5	190	190.5	191	191.5	192	192.5	193	193.5	194	194.5	195	195.5	196	196.5	197	197.5	198	198.5	199	199.5	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	700.5	701	701.5	702	702.5	703	703.5	704	704.5	705	705.5	706	706.5	707	707.5	708	708.5	709	709.5	710	710.5	711	711.5	712	712.5	713	713.5	714	714.5	715	715.5	716	716.5	717	717.5	718	718.5	719	719.5	720	720.5	721	721.5	722	722.5	723	723.5	724	724.5	725	725.5	726	726.5	727	727.5	728	728.5	729	729.5	730	730.5	731	731.5	732	732.5	733	733.5	734	734.5	735	735.5	736	736.5	737	737.5	738	738.5	739	739.5	740	740.5	741	741.5	742	742.5	743	743.5	744	744.5	745	745.5	746	746.5	747	747.5	748	748.5	749	749.5	750	750.5	751	751.5	752	752.5	753	753.5	754	754.5	755	755.5	756	756.5	757	757.5	758	758.5	759	759.5	760	760.5	761	761.5	762	762.5	763	763.5	764	764.5	765	765.5	766	766.5	767	767.5	768	768.5	769	769.5	770	770.5	771	771.5	772	772.5	773	773.5	774	774.5	775	775.5	776	776.5	777	777.5	778	778.5	779	779.5	780	780.5	781	781.5	782	782.5	783	783.5	784	784.5	785	785.5	786	786.5	787	787.5	788	788.5	789	789.5	790	790.5	791	791.5	792	792.5	793	793.5	794	794.5	795	795.5	796	796.5	797	797.5	798	798.5	799	799.5	800	800.5	801	801.5	802	802.5	803	803.5	804	804.5	805	805.5	806	806.5	807	807.5	808	808.5	809	809.5	810	810.5	811	811.5	812	812.5	813	813.5	814	814.5	815	815.5	816	816.5	817	817.5	818	818.5	819	819.5	820	820.5	821	821.5	822	822.5	823	823.5	824	824.5	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	11.806154000000001	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	17.538201000000001	18.375938000000001	19.603106	21.277701	21.277701	25.758459999999996	26.790913	25.369028999999998	26.498838999999997	27.206765999999995	30.174313999999999	29.882239999999992	30.466386999999997	30.596197	30.433934000000001	31.829395000000005	31.732036999999991	32.802972000000004	32.738067000000001	32.997687999999997	33.095046000000011	32.932783000000001	32.900330000000004	32.900330000000004	33.030140000000003	32.413540999999995	32.381088999999989	32.510898999999995	32.608257000000002	32.835425000000001	32.575804000000005	32.705615000000009	31.991658000000001	32.153921000000004	32.153921000000004	32.121468	33.257308000000002	33.257308000000002	34.879937000000005	35.009748000000002	36.567471000000005	36.502566000000002	38.190100000000008	38.190100000000008	39.293488000000011	39.066320000000012	40.396875000000001	40.364422999999995	41.273095000000005	41.110832000000002	42.116861999999998	43.934205999999996	43.836847999999996	43.804395	45.719097000000005	45.621740000000003	48.153040000000004	48.088135000000008	51.722823000000012	51.755276000000002	56.103921	56.168826000000003	60.128040000000013	60.128040000000013	64.866114999999994	64.638946999999987	69.669094999999999	69.571737999999968	74.212455000000006	74.601885999999979	79.989012000000002	79.989012000000002	87.323291999999981	93.943615000000008	94.073425999999998	101.89449399999999	101.79713599999999	101.89449399999999	108.77443700000001	108.806889	116.95248199999999	124.90335899999998	125.26033799999999	133.860265	133.53574	133.60064499999999	142.07076199999997	141.94095199999998	150.15144800000004	150.08654300000001	158.36194500000002	166.79960799999998	166.60489299999998	166.60489299999998	175.17236600000001	175.23727099999999	184.25907999999998	183.93455399999996	195.16313600000001	206.71624199999999	207.04076799999999	219.502544	218.85349400000001	219.14556599999997	231.57488999999998	231.83450999999999	245.04269399999998	258.83502199999992	258.77011699999997	272.52999199999999	272.72470699999997	287.58796699999999	287.62042000000002	303.35989700000005	303.32744500000001	319.06692099999992	319.034468	334.61168099999998	334.54677599999997	350.41605999999996	350.38360699999993	350.48096500000003	367.35627599999992	367.35627599999992	384.71837399999987	384.97799399999997	401.10689500000001	401.30160999999993	401.20425299999999	401.26915799999995	401.43141999999995	401.23670499999986	401.46387299999992	401.23670499999986	476.85105700000003	487.49547899999993	498.52933099999996	498.75649799999997	511.80240500000002	511.76995199999999	528.38563399999998	528.41808600000002	544.70924100000002	544.6767890000001	559.60493899999994	559.66984400000001	573.23498800000004	573.46215499999983	586.44315399999994	586.31334400000003	598.51548200000002	609.32216299999982	609.22480499999995	609.15989999999999	619.90167499999984	629.05327799999998	629.24799299999984	628.89101599999992	637.32866399999989	637.45847400000002	645.08480899999995	645.019904	652.80850199999998	653.13302699999997	659.42881	659.59107200000005	664.68611299999998	664.91328099999998	670.30039399999998	670.43020399999989	675.75241199999994	675.46033999999997	680.06859299999996	680.03613999999993	683.60591399999998	683.89798699999983	684.02779599999997	685.68287300000009	685.91004099999998	686.88361499999996	687.07833000000016	687.40285499999993	687.33794999999986	688.11680999999999	688.40888199999995	688.47378700000013	688.14926199999991	688.08435699999995	686.91606799999988	687.143235	686.91606799999988	686.94851999999992	685.61796799999991	685.45570599999996	682.72969699999999	682.98931700000003	679.776521	679.38709099999994	675.10336199999995	674.97355200000004	669.55398700000001	669.74870200000009	663.16084599999999	663.32310899999993	655.72922599999993	655.33979599999998	645.89612099999988	645.79876400000012	635.90075400000001	635.67358700000011	624.93181199999992	625.02916899999991	625.02916899999991	612.6972219999999	612.470054	599.84603399999992	586.60541599999999	586.47560599999997	572.78065300000003	572.78065300000003	559.15060399999993	559.11815100000001	558.890984	544.54697899999996	544.80659899999989	528.87242099999992	529.09958900000004	513.52238799999998	513.61974500000008	498.91876099999996	482.85477100000008	483.14684300000005	468.25114299999996	468.25114299999996	454.49127899999991	454.29656399999993	441.44537000000003	441.25065499999999	430.21680099999992	430.21680099999992	430.184348	419.79954400000003	410.97246000000001	410.81019699999996	402.46990099999999	402.56725899999992	395.84958799999998	395.88204000000002	390.33265999999992	390.49492199999992	390.49492199999992	384.62101699999994	377.741083	377.83843999999993	371.67246100000006	371.80227200000002	371.76981899999993	371.93208199999992	371.67246100000006	371.83472399999999	371.86717700000003	371.64000900000002	343.14669500000002	343.179147	340.48558799999995	338.11655399999995	338.21391099999994	335.84487700000005	331.106808	331.33397599999995	331.106808	326.693265	322.40953099999996	322.60424600000005	318.41786999999999	318.22315499999991	313.74470600000001	313.80961100000002	308.68211199999996	308.51984900000002	308.68211199999996	303.97649499999994	303.84668499999998	300.56898000000001	297.03165399999995	297.22636899999986	291.87170099999992	291.48227100000003	291.35246100000006	287.78268200000002	287.55551499999996	284.01818899999995	284.18045100000001	279.92916999999994	279.86426500000005	276.26203299999992	272.72470699999997	272.33527699999996	268.79794999999996	268.89530799999994	265.68250699999999	265.39043400000003	262.14518099999998	262.21008599999999	262.33989600000001	259.74369300000001	259.74369300000001	259.28935799999994	258.70521199999996	258.99728499999992	258.86747500000001	262.50215899999995	262.37234799999999	268.70059300000003	268.66813999999994	277.26806199999999	277.36541899999992	287.23098899999997	287.263442	297.87542000000002	297.81051499999995	308.42249199999992	308.19532400000003	317.70391499999994	317.89863000000003	325.00573299999996	325.16799600000002	330.62002000000001	330.78228300000001	332.372457	332.24264699999998	332.01547900000003	331.88566900000001	330.68492500000002	330.49020999999993	329.22456199999999	328.90003599999994	328.4781539999999	327.47212499999995	327.69929300000001	327.634388	325.94685699999997	325.589879	323.28574899999995	320.62464200000005	320.85181	320.59218999999996	318.32051299999995	316.69788599999998	317.05486400000007	316.89260200000001	316.27600399999994	316.27600399999994	317.63900999999993	317.15222200000005	318.90465799999993	319.034468	321.79293299999995	321.76048100000008	322.99367699999993	322.92877199999987	323.220844	323.28574899999995	322.63669899999996	322.70160399999992	317.96353499999987	318.19070299999993	313.45263399999999	313.32282300000008	307.05948500000005	307.18929600000001	300.4067169999999	300.60143199999999	292.52075199999996	292.81282499999998	284.21290399999992	284.14799900000008	275.32091000000003	275.38581499999992	267.43494399999992	267.56475399999999	260.32783899999993	260.52255399999996	253.93468899999999	253.86978399999998	248.74228299999999	248.87209300000001	245.75664999999998	245.85400700000002	244.393643	243.84195	243.80949700000002	243.74459199999995	243.38761400000001	242.96573100000001	242.21932299999997	242.08951299999998	241.01857899999999	240.98612600000004	240.01254999999998	239.98009800000003	238.16275499999998	238.29256599999997	235.82617300000001	235.79371999999998	233.48958999999999	233.45713700000005	229.66019	229.465475	224.98702400000002	224.85721400000003	220.34631000000002	220.50857299999998	216.09502700000002	216.38710000000003	212.03845900000002	212.16827000000001	207.94943900000001	208.24151199999997	203.47098800000001	203.600798	201.65364499999998	201.361572	199.83630300000002	199.771398	199.02498900000001	199.12234700000005	200.25818599999999	200.19328099999998	202.36760100000001	202.107981	204.541922	204.70418399999997	207.33284100000003	207.23548299999999	209.44225599999999	209.377351	209.47470799999999	211.71393399999997	211.584124	213.30410900000001	214.34259	214.08297000000002	214.31013700000003	214.31013700000003	213.433919	213.27165599999998	212.03845900000002	211.941102	208.01434399999999	208.33886900000002	204.931352	204.931352	201.49138200000002	201.71854999999999	198.05141300000003	198.14876999999998	193.57296099999999	193.832582	189.159415	189.45148800000004	184.22662700000001	184.38889000000003	179.58591300000001	179.91043800000003	176.37311099999999	176.47046800000001	174.13388499999996	174.10143200000002	171.69994299999999	171.66749100000001	170.01241100000001	169.97995799999998	168.35733100000004	168.09771000000001	166.767156	166.79960799999998	164.722645	164.722645	162.64568099999997	162.58077599999999	160.60117099999999	160.53626600000001	159.23816299999999	159.20571099999998	159.335521	158.29703900000001	158.232134	158.004966	157.842704	157.842704	156.99893700000004	156.67441199999999	154.95442600000004	155.051784	152.90991600000001	153.007273	150.962762	151.18993	150.8005	148.65863100000001	145.80280600000003	145.83525900000001	142.65490800000001	142.65490800000001	139.40965299999996	139.53946299999998	135.22327299999998	135.32063000000002	130.58255700000001	130.64746199999999	126.915418	126.94787100000002	126.98032300000001	122.63168	122.696585	118.99699400000002	114.97287599999999	115.037781	110.624233	111.078569	110.91630600000002	106.600115	106.600115	102.770713	102.60844999999999	97.967732999999981	98.032639000000003	93.294564000000008	93.683994999999982	88.556489999999982	85.148969999999991	84.921802	81.644092999999998	81.579187999999988	81.838807999999986	78.301479	78.106763000000001	74.244907000000012	74.277360000000002	70.934745000000007	71.064555999999996	67.624583000000001	67.657035999999991	64.671399999999991	64.703851999999998	60.679733000000013	60.614827999999996	56.882781999999999	57.012593000000003	54.091860999999994	54.189219000000001	51.820181000000005	51.690371000000013	49.970385	48.282851000000001	48.380207999999996	47.439083999999994	47.439083999999994	46.335696000000006	46.627769000000001	45.784003000000006	45.816454999999998	45.621740000000003	43.707038000000004	42.149314000000011	42.214219	42.246672000000004	40.916116000000002	40.039896999999996	40.007443999999992	40.104801999999999	39.033866999999994	37.184069999999998	37.086712000000006	37.021806999999995	35.821061999999998	35.334272999999996	35.756157000000002	35.496536000000013	34.977294999999998	33.744097000000004	33.841454999999996	33.679192000000008	32.186373000000003	32.381088999999989	31.537322	31.407511999999997	31.147891000000005	31.050532999999998	30.985627999999988	31.018080999999999	29.849788	29.882239999999992	28.713947999999995	28.584136999999991	28.713947999999995	28.973568	29.200735999999996	28.941115999999997	28.616589999999999	28.389421999999996	28.421873999999999	28.194706	28.454326999999996	28.292064	27.805275999999999	27.902632999999998	27.123771000000001	26.929055999999999	27.415845000000001	27.156224000000005	26.929055999999999	27.221128999999998	26.572078000000001	26.636983000000004	25.923025999999997	25.923025999999997	25.241521999999996	25.533594999999995	25.825668	25.663405000000001	25.501142000000002	25.793215999999997	25.403784999999996	24.916996000000001	24.819638000000001	24.560017999999996	24.689827999999999	24.657374999999998	24.332850000000004	24.267945000000001	23.716251000000003	23.067198999999999	23.067198999999999	23.034746999999996	22.547958000000005	22.904935999999999	23.781155999999999	24.138134000000001	24.267945000000001	24.073228999999998	24.332850000000004	23.878513999999996	23.846060999999999	24.040775999999997	23.424177	23.424177	22.969840999999995	23.034746999999996	22.028716999999997	22.223431999999995	21.801548999999998	21.963811	21.217402	21.347211999999999	20.081562000000002	20.406088	20.016656999999999	19.951751999999999	20.276277	20.211372000000001	20.016656999999999	20.016656999999999	19.821940999999999	19.984203999999991	19.464963000000001	19.594773	19.757035999999999	20.049108999999998	19.951751999999999	19.919298999999999	20.146467000000001	19.886845999999995	20.341182	20.276277	20.665707999999995	20.730613000000002	20.763065999999995	20.633256000000003	20.698160999999999	20.633256000000003	20.535898000000003	20.568351	20.503444999999996	20.600802999999999	19.821940999999999	19.854393999999999	19.302700000000002	19.432509999999997	19.464963000000001	19.432509999999997	20.146467000000001	19.984203999999991	19.659678000000003	19.984203999999991	19.302700000000002	19.075531999999995	18.978173999999996	18.913269	18.783458999999997	18.815911000000003	19.302700000000002	19.010626999999996	18.978173999999996	19.043078999999999	18.361574999999995	18.491385000000001	17.842333999999997	17.485354999999991	17.680071000000005	17.452902999999996	17.485354999999991	17.680071000000005	17.615166000000002	17.225734999999997	17.095925000000001	16.511778000000003	17.128377	17.290639999999996	17.420449999999992	17.680071000000005	17.517808000000002	17.809881000000004	17.712523999999991	17.744976000000001	17.907238999999997	18.134406999999999	18.166860000000003	18.199311999999999	18.231764999999999	18.134406999999999	17.842333999999997	17.777428999999998	17.485354999999991	17.582712999999988	17.063471999999997	17.095925000000001	16.284609999999997	16.122346999999998	16.446873	16.122346999999998	16.317063000000005	16.933662000000002	16.901208999999998	17.128377	17.290639999999996	16.868755999999998	16.966113999999997	16.641587999999999	16.609135999999999	16.41442	16.381968000000004	16.966113999999997	16.933662000000002	16.868755999999998	16.901208999999998	16.641587999999999	16.674040999999999	17.095925000000001	17.387998000000003	17.647618000000001	17.582712999999988	17.907238999999997	18.004597	18.718554000000001	18.588742999999994	18.199311999999999	18.134406999999999	17.323093	17.095925000000001	16.641587999999999	15.635558	15.570653	14.791790999999998	14.661981000000001	14.207645000000001	14.045382	14.889149000000002	14.661981000000001	15.148769999999999	14.986507000000001	15.797820999999999	15.895179000000002	15.960084000000002	16.803851000000009	17.063471999999997	16.836303999999995	17.063471999999997	17.095925000000001	17.420449999999992	17.323093	17.258187	17.615166000000002	17.582712999999988	18.264216999999995	18.101954000000003	17.777428999999998	17.874786	16.641587999999999	16.641587999999999	15.181221999999998	14.467266	14.726886	14.240096999999999	14.434812999999998	14.240096999999999	15.213674999999999	15.27858	14.986507000000001	15.213674999999999	15.083865000000001	14.986507000000001	15.148769999999999	15.051412000000001	14.369908000000002	14.661981000000001	14.14274	14.045382	14.14274	13.850667000000001	14.175192000000001	14.045382	15.018959000000001	15.246126999999998	15.27858	15.440843000000001	15.635558	15.668010999999998	16.057442000000002	15.895179000000002	16.122346999999998	15.927632000000001	15.343485000000003	15.440843000000001	14.629528000000001	14.077835	13.980477	13.396330000000003	13.655951	13.428783000000001	14.467266	14.369908000000002	14.921602	14.889149000000002	15.246126999999998	15.440843000000001	15.668010999999998	15.765369	15.375938000000001	15.213674999999999	15.051412000000001	15.181221999999998	15.700464	15.668010999999998	15.732915999999999	15.440843000000001	15.505748000000002	15.538200999999999	14.207645000000001	14.207645000000001	13.493688000000002	13.298972999999997	13.331425000000001	13.526141000000001	13.363878	13.428783000000001	13.169162	13.071805000000001	12.325395	12.3903	11.286912999999998	11.416723000000001	11.449176	11.578986	11.806154000000001	12.877089000000002	12.714825999999999	12.812184000000002	13.591046	13.558593	14.694434000000001	14.661981000000001	15.311033	15.246126999999998	15.018959000000001	14.791790999999998	14.532170999999998	14.467266	15.181221999999998	14.954054000000001	15.27858	15.538200999999999	15.375938000000001	15.603106	14.694434000000001	14.921602	13.948023999999998	13.980477	14.40236	14.467266	15.148769999999999	14.921602	15.181221999999998	15.246126999999998	15.181221999999998	15.116316999999999	14.045382	14.077835	14.240096999999999	13.850667000000001	12.909542000000002	13.039351999999999	13.331425000000001	13.396330000000003	13.298972999999997	13.331425000000001	13.298972999999997	Time (s)

volume in ppm
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volume in ppm
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volume in ppm
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Temperature (C)
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Temperature (C)
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Temperature (C)
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Temperature (C)
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Temperature (C)
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volume in %
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volume %
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gases volume in %
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volume in %
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volume in %
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volume in ppm
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volume in ppm
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volume in ppm
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volume in ppm
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volume in ppm
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Temperature (C)
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Temperature (C)
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Temperature (C)
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Temperature (C)
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Temperature (C)
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volume in %
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volume in %
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volume in %
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volume in %
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