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Development of an LC-MS/MS method for the quantitative analysis of thyroid hormones































1 Samenvatting

Schildklierhormonen zijn van grote belang voor de optimale werking van het lichaam. Schildklier-hormonen worden geproduceerd door de schildklier. Het belangrijkste schildklierhormoon is thyroxine, ook wel T4 genoemd. Thyroxine kan worden omgezet in het biologisch actieve hormoon triiodothyronine (T3).[1] Deze twee hormonen regelen het metabolisme, de groei en ontwikkeling en de lichaamstemperatuur. Reversed T3 (rT3) is de inactieve vorm van T3. Ook deze wordt aangemaakt via T4 en T3, maar wordt vervolgens ook gelijk weer afgebroken. 

TRIAC (TA3) wordt gebruikt voor de behandeling van de Allan- Herndon-Dudley syndroom (AHDS).[10] TRIAC lijkt bijna precies op een T3-molecuul, omdat het TRIAC-molecuul iets anders is dan T3, het kan een andere poort in het membraan van de hersencel gebruiken. Dit biedt de mogelijkheid voor de hersenen om zich optimaal te ontwikkelen door TRIAC te gebruiken als vervanging voor T3. Patiënten die onder behandeling zijn door een schildklieraandoening is er een verhoogd TETRAC (TA4) level waargenomen. Er zijn nog geen studies die dit bewijzen en ook is het nog niet bekend wat het effect van TA4 op het menselijk lichaam is. TRIAC en TETRAC worden in dit onderzoek meegenomen, omdat dit een liggend onderzoeksvraag is (ook vanuit de artsen), of deze twee hormonen bepaald kunnen worden m.b.v. de LC-MS/MS. 

In dit project is er een LC-MS/MS-methode ontwikkeld voor de vijf schildklierhormonen T4, T3, rT3, TA3 en TA4. De volgende prestatiekenmerken zijn bepaald met behulp van de LC-MS/MS: Lineariteit, onderste kwantificatielimiet (LLOQ), precisie, carry- over en matrix effect. 

Er wordt geconcludeerd dat de LC-MS/MS-methode geschikt is voor de drie schildklierhormonen T4, T3 en rT3. Er moet verder onderzoek gedaan worden voor TRIAC (TA3) en TETRAC (TA4), voor het verkrijgen van een lineair en precies methode.   
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2 Terms 

TH: Thyroid hormones, two hormones produced and released by the thyroid gland, namely thyroxine (T4) and triiodothyronine (T3).[1]

TSH: Thyroid-stimulating hormone, is a hypophysis hormone that stimulates the thyroid gland to produce T4 and T3.[4] 
 
TRH: The hypothalamus releases thyrotropin-releasing hormone (TRH), which stimulates the hypophysis gland to release TSH.[4]

rT3: Reversed triiodothyronine 

TA4: Tetraiodothyroacetic acid or TETRAC, acetic acid derivative of the thyroid hormone T4.[13]

TA3: Triiodothyroacetic acid or TRIAC, acetic acid derivative of the thyroid hormone T3.[13]

FT4: Free T4, the portion of total serum thyroxine (T4) that is not bound to carrier protein.[7]

T4: Thyroxine

T3: Triiodothyronine

FT3: Free T3, the portion of total serum triodothyronine (T3) that is not bound to carrier protein.[7]

RIA: Radioimmunoassay, is an immunoassay that uses radiolabeled molecules in a stepwise formation of immune complexes.[12]

MCT8: MCT8 is a thyroid hormone (TH) transporter which is crucial for the transport of TH from the blood into different tissues.[10]

DLE: Diagnostic laboratory endocrinology 

SPE: Solid Phase Extraction 

MRM: Multiple reaction monitoring 

QC: Quality control 

3 Introduction

Thyroid hormones are hormones produced and secreted by the thyroid gland. Thyroid hormones are important for the cells in the body to function normally. If the thyroid gland is not producing the right amount of thyroid hormones, this increases the risk of thyroid disease. It is therefore very important that the production and secretion of these hormones take place in the right way for optimal functioning of the body.

The figure below shows the metabolic pathway of the thyroid hormones T4, T3, rT3, TA3 and TA4. The most prominent thyroid hormone metabolic pathway is deiodination, which forms iodothyronine metabolites (figure 1, black). Two major acetic acid derivatives of thyroid hormones, i.e. TETRAC and TRIAC are formed via oxidative deamination by an alternate metabolic pathway (figure 1, blue).[13] 


Figure 1 Thyroid hormone metabolic pathway

In the diagnostic laboratory endocrinology (DLE) at the Erasmus MC, most hormones are determined using liquid chromatography- mass spectrometry (LC-MS/MS). For the analysis of the thyroid hormones several immunoassays are developed in human serum. Interpretation of present analysis is disrupted due to large variations in observed concentration resulting from non-selective antibodies and non-standardized methods.[11] These limitations can be overcome by mass spectrometry (MS). Liquid chromatography- tandem mass spectrometry (LC-MS/MS) can determine compounds in a single analysis, is very selective, and has less analytical interference compared to immunoassays.[11] 

In this project an LC-MS/MS method is developed for the thyroid hormones Thyroxine (T4), Triiodothyronine (T3), reversed Triiodothyronine (rT3), TRIAC (TA3) and TETRAC (TA4). The publication of R. Jongejan is used as a guideline of this project.[11] 

The aim of this project is developed of an LC-MS/MS method for three iodothyronines T4, T3 and rT3 and two iodothyroacetic acids TA3 and TA4 in human serum. This project also mainly focused on the following sub-goals: 

o Developing a single analysis method for thyroid hormones.
o Optimization and validation of the developed LC-MS/MS method.
o Comparison of existing immunoassay with the LC-MS/MS method.

4 Theoretical background 

4.1 Thyroid hormones 

The thyroid gland is an endocrine gland located in the base of the neck. The thyroid produces several hormones, called thyroid hormones (TH). The main thyroid hormone is thyroxine, also called T4. Thyroxine can be converted to the biologically active hormone triiodothyronine (T3).[1] These two hormones control metabolism, growth and development, and body temperature. These hormones are important for the cells in the body to function normally.[3] 

Reverse T3 (rT3) is an inactive form of T3 and is produced in the body especially during periods of stress.[15] Under healthy conditions, T4 converted to T3 and rT3 hormones and the body eliminates rT3 quickly. Under certain conditions, more rT3 is produced, leading to a lower T4 and T3 hormone levels. This occurs during illness, starvation or stressful times.

Iodine is one of the main building blocks of these hormones. This trace element can’t be produced in the body. The way to get enough iodine is to eat food which are generally rich in iodine, such as seafood.  Iodine is absorbed via bloodstream to the bowel of the body and then transported to the thyroid gland. The thyroid gland uses iodine for the production of thyroxine (T4) and triiodothyronine (T3).  






4.2 The thyroid system

In detail, the hypothalamus releases thyrotropin releasing hormone (TRH). TRH stimulates the release of thyroid stimulating hormone (TSH). TSH stimulates the thyroid gland for thyroid hormone production and controls the synthesis and release of thyroxine (T4) and triiodothyronine (T3).[2] 

Conversion of thyroxine (T4) to T3 or reversed T3 (rT3) is catalyzed by the enzyme deiodinase.[8] Three primary deiodinases are responsible for thyroid hormone conversion and breakdown. Type 1 (D1) deiodinase T4 to the biologically active hormone T3, as well as the hormonally inactive and possibly inhibitory rT3.[9] Type 2 (D2) converts T4 into T3 and breaks down rT3. Type 3 (D3) produces rT3 from T4 and breaks down T3.[9] Imbalances of these hormones can lead to thyroid diseases.


4.2.1 Thyroid disorders

If the thyroid gland is not producing the right amount of thyroid hormones, it’s called a thyroid disease. This has an impact on the entire body functions. In response to a high or low concentration of thyroid hormones, the TSH production is either inhibited (hyperthyroidism) or elevated (hypothyroidism).[5]

Hyperthyroidism is an overactive thyroid at which the thyroid gland produces more thyroid hormones than the body needs.[6] Characteristic a decreased TSH and an increased free T4 level.[7] 
Hypothyroidism, an underactive thyroid that doesn’t produce enough hormones.[6] Characteristic is an increased TSH and a decreased free T4 level.[7] 
Optimal transport of these hormones is of great importance for the development of certain organs. Abnormalities in the transport of thyroid hormones can lead to diseases or syndromes, such as the Allan-Herndon-Dudley syndrome (AHDS). 
      
AHDS is a rare thyroid syndrome. The brain needs the thyroid hormone triiodothyronine (T3) to develop optimally. Triiodothyronine (T3) uses different gates in the cell membrane to enter the brain cell, called Monocarboxylate Transporter 8 (MCT8). Dysfunction of MCT8 causes T3 cannot reach the brain properly. In other tissues, such as the heart, muscles, liver, and kidneys, the T3 concentration is very high because these tissues use other gates for transport.


4.2.1.1 Treatment Allan Herndon Dudley syndrome (AHDS) 

TRIAC (TA3) is used for the treatment of AHDS (figure 2, blue).[10] TRIAC looks almost exactly like a T3 molecule, because the TRIAC molecule is slightly different from T3, it can use a different gate in the membrane of the brain cell. This provides the opportunity for the brain to develop optimally by using TRIAC as a replacement for T3.

Briefly, with an imbalance of these hormones, different types of diseases can develop. Patients in treatment for a thyroid disorder, a noted TETRAC (TA4) concentration is present in the blood. It is still unknown what causes this and what the effect in the body is. TETRAC will be included in this project to be able to observe the differences between patients.

4.3 Analytical techniques

In this project the Solid Phase Extraction (SPE) sample preparation method was used for the preparation of the thyroid hormones. The separation of the thyroid hormones was done by liquid chromatography and the detection was done by mass spectrometry.

4.3.1 LC-ESI-MS/MS 

There are different types of LC-MS/MS systems. In this project, the Xevo TQ-S will be used. This is a tandem quadrupole mass spectrometer with an ElectroSpray Ionization (ESI) technic designed for quantitative LC-MS/MS analysis. The Xevo TQ-S features a “StepWave” ion transfer technique that increases ion transfer efficiency from the ion source to the quadrupole MS analyzer. The StepWave also eliminates unwanted neutral contaminants at the same time. 

The Xevo TQ-S also features a “ScanWave” collison cell technology that provides the best Multiple Reaction Monitoring (MRM). The system incorporates IntelliStart technology, for automated system optimization and monitoring, to ensure the highest quality data is routinely available to all operators.

4.3.2 ESI- ionization  

After elution of the analyte, the analyte is ionized using the electro-ionization (ESI) before they are subjected to mass spectrometric analysis. ESI uses electrical energy to assist the transfer of ions from solution into the gaseous phase.[17]

The transfer of ionic species from solution into the gas phase by ESI involves three steps: (1) dispersal of a fine spray of charge droplets, followed by (2) solvent evaporation and (3) ion ejection from the highly charged droplets (figure 5).


 


4.3.3 Massa spectrometry 

Mass spectrometry is an analytical technique uses the mass to charge ratio (m/z) for the measurement of analytes. A mass spectrometer measures the mass +1 charge or mass -1 charge (depending on the ESI mode) of a charged fragment or parent ion (ions). If the analyte is charged, it has a magnetic field, which is influenceable. The mass analyzer sorts one type of mass using an electric magnetic field and this mass is measured by the detector. Subsequently, the software Masslynx is used to observe the chromatograms and for the concentration calculations of the analytes.

4.3.4 Multiple reaction monitoring (MRM)

MRM stands for Multiple Reaction Monitoring. MRM has two different stages of mass filtration. Stage one, a specific ion (precursor ion) is selected in Q1. This specific ion reaches the Collison cell, where fragmentation of the ion occurs. The fragmentation results in daughter ions. In stage two only a specific mass will pass on to Q3 and will be detected by the MS.  

4.3.5 Solid Phase Extraction (SPE)

Solid phase extraction (SPE) is a sample preparation process by which compounds that are dissolved in a liquid mixture are separated from other compounds in the mixture according to their physicochemical properties. SPE can be used to isolate analytes of interest from a wide variety of matrices and shows higher efficiency and flexibility than LLE.[18] 

5 Materials and methods

5.1 Chemicals 

Ultra-performance liquid chromatography (UPLC)-MS- grade acetonitrile (ACN), methanol (MeOH), and for- mic acid (FA) were obtained from Biosolve. A Milli-Q water purification system from Merck-Millipore was used to prepare de-ionized water (>18.2 MΩ.cm). T4, rT3 and T3 (100 mg/mL in MeOH with 0.1M NH3, all purity 98.0%), ammonia solution 25%, citric acid, ascorbic acid, and dithiothreitol were obtained from Sigma-Aldrich.TA3, and TA4 were obtained from Toronto Research Chemicals (all purity 95%). T4-13C6, T3-13C6 and rT3-13C6 (all purity 95%) were obtained from Isosciences, and TA3-13C6, and TA4-13C6 (all purity 95%) were obtained from Mercachem. 

5.2 Standard preparation 

Stock standard solutions of T4, T3 and rT3 was prepared at 800g/L in MeOH. Stock standard solution of TA3 was prepared at 0,22 g/L and TA4 at 0,24 g/L in MeOH. Stock standard solution of the internal standards was prepared at 100g/mL in MeOH. All standard solutions were stored in volumetric flasks (100mL) at -20C.

5.3 Calibrator preparation 

To prepare eight stock calibrators, the stock standards of T4, T3, rT3, TA3 and TA4 was further diluted in MeOH to obtain working standards of 1020nM. The eight calibrators were prepared in steroid free serum. The calibration standard at eight different levels of T4 is ranging from 1,95- 250 nmol/L. The calibration standard at eight different levels of T3 is ranging from 0,1- 12,8 nmol/L and for rT3, TA3 and TA4, ranging from 0,05- 6,4 nmol/L. All calibration standards (600L aliquots) were stored in amber glass vails at -20C. 

5.4 Quality controls (QC’s)

Quality control samples were prepared with Seronorm immunoassay serum level 1 (low) and level 2 (high) spiked with rT3, TA3 and TA4. This serum already contains a certain concentration of T4 and T3, so the quality control samples are not spiked with T4 and T3. QC-1 (low) was spiked with 0.6 nmol/L rT3, TA3 and TA4. QC-2 (high) was spiked with 4.8 nmol/L with rT3, TA3 and TA4. The quality control samples (600L aliquots) were stored in amber glass vails at -20C.

5.5 Internal standard solution 
The internal standard mixture of the five compounds was freshly prepared for every sample preparation. The stock internal standard concentrations were 8 mol/L of T4, 0.3 mol/L of T3 and rT3, 2 mol/L of TA3 and TA4. The mixture was prepared in MeOH from the stock standard solutions of the internal standards. 

5.6 Antioxidant mixture 
To minimize conversion of the thyroid hormone metabolites, an antioxidant mixture was prepared. This mixture was freshly prepared for every sample preparation and consisted of citric acid, ascorbic acid, and dithiothreitol in MilliQ (25mg/mL each). 

5.7 Sample preparation 

Serum, calibrator, or QC (500mL) was mixed with 50 mL IS mixture and 120 mL antioxidant mixture in a glass tube (75 x 12.00 x 0.8-1.0mm). Then, samples were deproteinized with 1.9mL ACN and centrifuged for 10 min at 10C. The supernatant was transferred to a new glass tube (75 x 12.00 x 0.8-1.0 mm) and evaporated to dry- ness under a stream of nitrogen for 45min at 50C. The sample was reconstituted in 450 mL 5% MeOH with 2% ammonia solution in MilliQ (v/v/v). 

Solid phase extraction 96-well plate cartridges (Waters Oasis MAX, 30mg, 30 mm) were conditioned, first with 250L 5% HCOOH in MeOH. This step ensures that all possible contaminants on the SPE are eluted. Next, wash with 250L MilliQ for neutralizing the SPE and lastly conditioned with 250L 2% ammonia solution in MilliQ. The final conditioning step ensures that the SPE plate is charged before applying the sample. Then, the sample is applied. The cartridges were washed (1mL MilliQ and 1mL MeOH) and THMs were eluted from the cartridge with 500 mL 5% FA in MeOH (v/v) into a 96- well plate with single use glass inserts. The eluate was evaporated to dryness under a stream of nitrogen for 45min at 50C. After reconstitution in 10L ACN and 90L 0,1% ammonia solution, samples were ready to be measured. 


5.8 LC-ESI-MS/MS

Chromatography was performed using a Ultra-Performance Liquid Chromatography (Waters Corporation). Separation was obtained by injection of 40L prepared sample on a C18 column (Acquity UPLC HSS T3, 1.8m, 2.1mm x 50mm) with a column temperature of 50C. Baseline separation was achieved using a gradient mobile phase A (0,1% FA in MilliQ) and mobile phase B (0,1% FA in ACN) at a flowrate of 0,30 mL/min. The total run time was 11 min for each sample. See table 1 for the gradient.

Table 1 Gradient settings
Time	(min)	Flow	(mL/min)	%A	%B
0	0.300	75.0	25.0
2.00	0.300	75.0	25.0
7.00	0.300	35.0	65.0
7.50	0.300	20.0	80.0
8.50	0.300	5.0	95.0
10.00	0.300	75.0	25.0
11.00	0.300	75.0	25.0


Mass spectrometry was performed using a XEVO TQ-S (Waters Corporation) tandem mass spectrometer. The five thyroid hormones were measured by electrospray ionization (ESI). T4, T3 and rT3 were measured in the positive mode with the following mass transitions: m/z 777.9 > 605.0 (T4),                     783.9 > 737.9 (T4-13C6) and 652.0 > 606.0 (T3 and rT3), 658.0 > 612.0 (T3-13C6 and rT3-13C6). TA3 and TA4 were measured in the negative mode with the following mass transitions: m/z 577.1 > 126.9 (TA3), 583.1 > 126.9 (TA3-13C6) and 746.9 > 127 (TA4), 752.9 > 127 (TA4-13C6). These mass transitions and settings were obtained while tuning the system. Other mass spectrometer settings were: capillary voltage 3.50kV, cone voltage 40V, desolvation temperature 625C at a gasflow of 1000 l/h and cone gasflow 200l/h. Argon was used as collision gas at a flowrate of 0.19 mL/min. 


5.9 Optimization LC-MS/MS

For the most stable and reliable signals, the LC-MS/MS was tuned at the beginning of the project and all settings were set optimally.

5.9.2 Tuning- settings MS

Five thyroid hormones were tuned. First, a working solution of 1mol/L in MeOH was made for all five thyroid hormones. This working solution was used for tuning the system. Optimal settings are installed such as the capillary voltage, cone voltage, desolvation temperature, ESI- mode and injection volume. See appendix 4 and 5 for the results.  

5.9.1 Mobile phase
In the endocrinology diagnostic laboratory, an assay is used for the analysis of steroids using the LC-MS/MS. The mobile phase of this existing steroid assay was used for the analysis of the thyroid hormones. In the steroid assay mobile phase A was 0.5% CH3COONH4 + 0.5% FA in MilliQ and mobile phase B was 0.5% CH3COONH4 + 0.5% FA in MeOH. This mobile phase was used for the analyzes of the thyroid hormones. Afterwards, the mobile phase was replaced with the mobile phase that had been used in the publication of R. Jongejan (mobile phase A (0,1% FA in MilliQ) and mobile phase B (0,1% FA in ACN)). This was done because the mobile phase of R. Jongejan gave a stronger signal to the components and gave more stable results after changing the gradient.

5.10 Optimization of sample preparation 

For optimal results, an optimal sample preparation must be carried out. Especially since the matrix is serum, which contains a lot of matrices. The most suitable sample preparation is using a Solid Phase Extraction (SPE) plate. 

5.10.1 Steroid assay for thyroid hormones 

For the analysis of steroids, the DLE lab uses the SPE sample preparation and determination using the LC-MS/MS. In the first part of this project, the sample preparation of the steroid assay was used. This worked very poorly. The Solid Phase Extraction (HLB- Hydrophilic-Lipophilic Balance) was used during sample preparation, then all fractions were collected (Load, wash 1, wash 2 and elute) and measured using the LC-MS/MS. 

5.10.2 Sample preparation R. Jongejan 

In the sample preparation of R. Jongejan is the Solid phase Extraction (MAX- Mixed-mode, strong Anion-exchange) used. This is a different type of SPE material. The same analyzes were done with this SPE sample preparation, all fractions were collected and measured (see appendix 6.2). 






5.11 Method validation 

The method validation was performed following the CLSI guidelines and FDA’s criteria. The following performance characteristics were performed for an optimal assay: linearity, Lower Limit of Quantification, precision, carry-over and matrix-effect. 

5.11.1 Linearity

The linearity has been determined to be able to conclude whether the analysis can also be performed with a different sample amount during sample preparation. In some cases there may be no possibility to use 500L serum, as in cases when the analysis has to be carried out with serum obtained from a baby. A reduced amount of sample should not deviate more than 10% from the original sample preparation. The linearity of the method was determined by preparing 500L, 250L, 125L and 62.5L serum. For the measurement of TA3 and TA4 serum samples were spiked with a concentration of 4nM. All measurements were done in three-fold. The linearity was calculated using the measured concentrations. Sample preparation with 500L was used as 100%. Based on this, the deviation between 500L > 250L, 500L > 125L and 500L > 62.5L is calculated. 

5.11.2 Lower limit of quantification

The lower limit of quantification (LLOQ) is the lowest concentration of analyte in a sample which can be quantified reliably. The LLOQ is determined by the three lowest calibration standards. These three-calibration standards were measured on ten working days. The lowest concentration with the imprecision of less than 20% and an S/N ratio of at least 10 is regarded as the LLOQ.

5.11.3 Precision 

The precision of the analytical method describes the closeness of repeated individual measures of analyte. The precision is determined by using quality control (QC) samples at two different levels, low and high (in concentration). Precision is expressed as the coefficient of variation (CV%). The samples were measured in each run on ten working days. The acceptable criteria for precision is CV < 15%. 


5.11.5 Carry-over

The carry- over was performed to conclude whether contamination occurred from the previous injections. Sample carry-over is determined by different concentration level analysis. The results, starting with the second sample, are used for data analysis from each run. The following specific sequence was analyzed in a run: Mid, High, Low, Mid, Mid, Low, Low, High, High, Mid. The carry-over is calculated using a standard Excel sheet that is arranged according to the criteria of CLSI EP10-A3-AMD. A carry-over less than 1% is acceptable for the method.

Table 2 Carry- over concentrations L, M & H
Compound	Low	Mid	High
T4	20000	95000	150000
T3	1000	6500	11000
rT3	500	3250	5500
TA3	500	3250	5500
TA4	500	3250	5500


5.11.4 Matrix effect 

LC-MS / MS is one of the most sensitive and selective analytical techniques, but often suffers from matrix effects, especially when using ESI ionization. Matrix effects are often caused by the change in the ionization efficiency of analytes due to presence of effects in a sample. Matrix effects can be observed as a loss in response (ion suppression) or as an increase in reaction (ion increase). 

Fifteen calibration lines were obtained by spiking fifteen different serum samples with four different concentrations (0nmol/l, 1nmol/l, 2nmol/l, and 4nmol/l) of T3, rT3, TA3 and TA4. Five calibration lines were obtained by diluting (25%MeOH) five different serum samples with four different dilution steps (0x, 2x, 4x and 8x) of T4. The slopes and intercepts of these lines were calculated using the Masslynx software of the LC-MS/MS. The slopes of the serum calibration lines were compared with the slope of a spiked calibration line with four different concentrations (0nmol/l, 1nmol/l, 2nmol/l, and 4nmol/l) in 25%MeOH as a measure of an absolute matrix-effect [16]: 

Absolute matrix effect: 

The relative matrix effect was calculated as 100% – CV% of the slopes of the twenty serum sample calibration lines. A relative matrix effect of 100  10% and an absolute matrix effect of 100  20% was used as a value for the method to be acceptable. 

5.11.6 Statistics 

All calibration lines and concentration of analysts are calculated using the Masslynx software. Quantification was performed using the peak area ratio of the analytes to internal standards. The LLOQ was calculated using the peak area ratio of the analytes to internal standards.

6 Results and discussion


6.1 Optimization sample preparation 

After the measurements of these fractions, we could see in which fraction the most analyte was lost. It was concluded that there was a lot of loss during the second wash step of the SPE plate (see appendix 6.1). The second wash step consisted of 0.2% NH3 in 20% MeOH. The wash step was replaced with 0.5% NH3 in 20% MeOH. This minimized the loss of the analyte, but it was still not good enough for the compounds TA3 and TA4 (see appendix 6.2). These two components remained in the SPE material and could not be measured. This was a problem and the only solution was to switch to an SPE with different chemical properties. The next step was to switch to the protocol of R. Jongejan.

The sample preparation of R. Jongejan was chosen for this project. Not every part was taken over. The sample preparation R. Jongejan was way too extensive and tedious. The protocol has been adapted and minimized for the five thyroid hormones. There was a big difference between the two SPE plates that were tested (see appendix 6.3). Solid phase extraction MAX is the most appropriate plate that can be used for the thyroid hormones. 





6.2 Calibration

All calibration lines were prepared and measured on ten different days. One of these days is shown as an example for each component.

6.2.1 Calibration T4


Figure 5 Calibration line T4

Table 3 Concentrations of calibration T4
T4	Pmol/L
Calibration 1	1953
Calibration 2	3906
Calibration 3	7813
Calibration 4	15625
Calibration 5	31250
Calibration 6	62500
Calibration 7	125000
Calibration 8	250000


The calibration line of T4 has a r2 of 0.999 and y= 1.98E-5* x + -0.00204292 was used for the concentration calculations of T4. Point 8 in the calibration is excluded because the peak in the chromatogram was saturated. This is because the concentration is much too high, making it unmeasurable.


6.2.2 Calibration T3


Figure 6 Calibration line T3

Table 4 Concentrations of calibration T3 
T3	Pmol/L
Calibration 1	100
Calibration 2	200
Calibration 3	400
Calibration 4	800
Calibration 5	1600
Calibration 6	3200
Calibration 7	6400
Calibration 8	12800


The calibration line of T3 has a r2 of 0.999 and y= 0.00130* x + 0.0948935 was used for the concentration calculations of T3. The concentrations for T3 are lower than for T4. Therefore, all points in the calibration line are measured without saturation. 


6.2.3 Calibration rT3


Figure 7 Calibration line rT3

Table 5 Concentrations of calibration T3 
rT3	Pmol/L
Calibration 1	50
Calibration 2	100
Calibration 3	200
Calibration 4	400
Calibration 5	800
Calibration 6	1600
Calibration 7	3200
Calibration 8	6400


The calibration line of rT3 has a r2 of 0.998 and y= 0.00211* x + 0.0693436 was used for the concentration calculations of rT3. Point three of the rT3 calibration line is excluded, because this gives a reproducibly higher number than point 4. This was seen in every series, it was decided to exclude point three. There was probably contamination during the calibration line preparation.








6.2.4 Calibration TA3


Figure 8 Calibration line TA3

Table 6 Concentrations of calibration TA3
TA3	
Calibration 1	50
Calibration 2	100
Calibration 3	200
Calibration 4	400
Calibration 5	800
Calibration 6	1600
Calibration 7	3200
Calibration 8	6400



The calibration line of TA3 has a r2 of 0.954 and y= 0.00181* x + 0.308481 was used for the concentration calculations of TA3. The points 1, 2 and 3 were excluded for the calibration line of TA3. A calibration line has an order of increasing concentrations. 
In this case the concentrations fall and after point 4 the concentration rises again, because this is not correct these three points are removed from the calibration line for the most reliable results. The uneven and unexplained concentrations may be due to the stripped serum used in the calibration line preparation. In previous tests, this calibration line was prepared in 25% MeOH, which gave a very nice and explainable line.

6.2.5 Calibration TA4


Figure 1 Calibration line TA4

Table 7 Concentrations of calibration TA4 
TA4	
Calibration 1	50
Calibration 2	100
Calibration 3	200
Calibration 4	400
Calibration 5	800
Calibration 6	1600
Calibration 7	3200
Calibration 8	6400


The calibration line of TA4 has a r2 of 0.976 and y= 0.00237* x + 0.509477 was used for all concentration calculations of TA4. Points 1 and 2 were excluded from the calibration line of TA4. The same problem as with TA3 has also occurred with the calibration line of TA4. Therefore, point 1 and 2 are excluded. 








6.3 Linearity

According to the determined linearity, 250uL serum can be used in a series for the components T4, T3 and rT3. The values for these components are within the set requirements of < 10%. So the method is acceptable for those three components. The quantities of 125L and 62.5L for rT3 are not linear and this will lead to unreliable results. These quantities are not accepted for rT3. All quantities of TA3 are above 10%, therefore TA3 is not accepted as linear. The linearity of TA4 is below 10% for the quantity of 250L, but not reliable result due to poor calibration line of TA4. See table 7 below for the linearity results. The unreliability in linearity may be due to the variation in calibration. Possible hindrance from the stripped serum.

Table 8 Linearity results of thyroid hormones
Compound	500L > 250L	500L > 125L	500L > 62.5L
	< 10%	< 10%	< 10%
T4	1.04%	1.23%	4.35%
T3	1.27%	2.54%	4.51%
rT3	9.04%	38.11%	98.84%
TA3	10.05%	17.33%	52.50%
TA4	7.68%	19.52%	57.00%



6.4 Lower limit of quantification (LLOQ)

The lower limit of quantification (LLOQ) is the lowest concentration of analyte in a sample which can be quantified reliably. The LLOQ of T4 is determined at 3906 pmol/L. The concentration at 3906 pmol/L has a CV% below 20% (17.32%) and a S/N ratio above 10 (218.97). The LLOQ of T4 is accepted at 3906 pmol/L. See table 8 for the LLOQ results of T4. 
 
Table 9 Lower Limit of Detection results of T4 
LLOQ- T4	Concentrations	CV%	S/N ratio
		< 20%	> 10
	1953 pmol/L	41.30%	320,30
	3906 pmol/L	17.32%	218,97
	7813 pmol/L	9.53%	166,02






The LLOQ of T3 is determined at 200 pmol/L. The concentration at 200 pmol/L has a CV% below 20% (8.01%) and a S/N ratio above 10 (163.13). The LLOQ of T3 is accepted at 200 pmol/L. See table 9 for the LLOQ results of T3.  

Table 10 Lower Limit of Detection results of T3
LLOQ- T3	Concentrations	CV%	S/N ratio
		< 20%	> 10
	100 pmol/L	17.81%	54,06
	200 pmol/L	8.01%	163,13
	400 pmol/L	3.53%	70,75



The LLOQ of rT3 is determined at 50 pmol/L. The concentration at 50 pmol/L has a CV% below 20% (11.52%) and a S/N ratio above 10 (43.79). The LLOQ of rT3 is accepted at 50 pmol/L. The LLOQ for rT3 has been calculated on two calibration points, partly because point 3 was removed. See table 10 for the LLOQ results of rT3.  

Table 11 Lower Limit of Detection results of rT3
LLOQ- rT3	Concentrations	CV%	S/N ratio
		< 20%	> 10
	50 pmol/L	11.52%	43,79
	100 pmol/L	9.07%	69,60


The Lower Limit of Detection for the TA3 and TA4 compounds could not be determined, because of the calibration line for both components were unreliable. This is due to concentrations variation and the response variation. Therefore, it was not possible to calculate a LLOQ for TA3 and TA4.

6.5 Precision- QC

The precision is calculated using 10 days data of the low and high concentrated quality control samples. The CV% between these measurements must be lower than 15%. The precision of this method is accepted for T3, rT3, TA3 and TA4. The results of TA3 and TA4 are unreliable due to the poor calibration line for both, but the precision also indicates that the method is reproducible for TA3 and TA4. 
The quality control of T4 high concentrated has a CV% of 18.41%, this is above 15% and is not accepted. The precision is also calculated for the first six days measurements (with old internal standard), here the precision is 2.59% and acceptable. The precision may be different due to the change of the internal standard; internal standard has been remade but with a lower concentration. This may have had an effect on the results. There is also a clear deterioration of the calibration line from day 7. See table 11 for the results of precision. 

Table 12 Precision results- QC  
Compound	CV%_QC- Low	CV%_QC- High	CV%_QC- High
	< 15%	< 15%	Day 1 – day 6
T4	1.29%	18.41%	2.59%
T3	8.54%	8.09%	
rT3	4.18%	4.87%	
TA3	8.86%	3.96%	
TA4	4.94%	2.26%	











6.6 Matrix effect (ME) 

The absolute matrix effect gives the difference in response between the slope of the serum calibration line and the calibration line performed with spiked 25% MeOH. The relative matrix effect is the coefficient of variation (CV%) between the 20 serum samples (15 for T3, rT3, TA3 and TA4 and 5 for T4).

The calculation of the absolute matrix effect of T4 was not possible, because the serum sample is not prepared in the same way as the 25% MeOH spiked with T4. Therefore, there is a big difference in results. The relative ME of T4 between the five serum samples is 89.9%, a variation of 10,1% between measurments. This is above the requirements of 10%. This means that the difference between the measurments is more than 10%.  
The absolute ME of T3, rT3, TA3 and TA4 are all less than 20% and all > 100, this means that the respons is amplified by ME. The variation of the relative ME between the fifteen samples of T3, rT3, TA3 and TA4 is less than 10%. The method is accepted for T3, rT3, TA3 and TA4. The matrix effect of T4 must be performed again.

Table 13 Absolute ME and Relative ME results 
Compound	Absolute ME	Relative ME
	100  20%	100  10%
T4	-	89.9%
T3	113.8%	92.0%
rT3	119.4%	91.4%
TA3	109.1%	97.9%
TA4	119.7%	98.6%


6.7 Carry-over

The carry-over is measured in the following order: M- H- L- M- M- L- L- H- H. To calculate the carry- over a standard Excel sheet is used. The carry- over in the method should be lower than 1%. There is no carry- over for T4, rT3, TA3 and TA4. The carry- over of T3 is determined at 10.28% this is higher than 1%. This is a very unexpected result for T3. If the carry-over test were to be performed again, a better result would most likely be obtained. This is also because T3 contains the most linear calibration line and is a component with the fewest problems. See table 14 for the results of carry- over and see appendix 12 for raw-data. 

Table 14 Results of carry- over
Compound	Carry-over%
	< 10%
T4	-0.43%
T3	10.28%
rT3	-3.23%
TA3	-1.42%
TA4	-0.26%

6.8 Discussion 

All results have been discussed separately. Here is a summary discussion for each section. The linearity is determined for the five thyroid hormones. The linearity results for TA3 and TA4 are not reliable due to an inappropriate calibration line. The resulting concentrations cannot be accepted. 
The LLOQ and precision for T4 produces strange results, no real explanation to be found. As previously described, a decreasing r2 has also been observed for the calibration line of T4 after six days. No LLOQ was determined for TA3 and TA4 due to an unacceptable calibration line 
The carry- over was acceptable for T4, rT3, TA3 and TA4, except for T3. This is also a very unexpected result for T3, this test has to be performed again in order to give the correct conclusion.

The calibrations were made in stripped serum. This was not a good idea after all. Before these calibrations were made in stripped serum, the stripped serum was prepared and measured to see if there were traces of thyroid hormones, but this was negligible. The results that are obtained seem to be disturbing. The errors for T4, T3 and rT3 are still negligible, but as noted in the results for TA3 and TA4 the values are inexplicable. In previous tests, the calibration line was performed in 25% MeOH and there were no similar problems as with the stripped serum.

The validation for this project is not fully completed, there are still some points that need attention. Validation points that still need to be performed are; the recovery, interferences, stability, method comparison and accuracy. This project took longer than expected. Unexpected problems have arisen, which cost more time. After a period of six months we were able to prove that there is a possibility for an LC-MS/MS method for the analysis of the five thyroid hormones.




7 Conclusion and recommendations


The aim of this project was developed of an LC-MS/MS method for three iodothyronines T4, T3 and rT3 and two iodothyroacetic acids TA3 and TA4 in human serum. This project also mainly focused on the following sub-goals; optimization and validation of the developed LC-MS/MS method. 

In this study, a method was nearly successfully developed, optimized and validated for the three iodothyronines T4, T3 and rT3. The method development for the two iodothyroacetic acids TA3 and TA4 are still under further research and performance. For further research of TA3 and TA4, a new and acceptable calibration line must be prepared first. A calibration in 25% MeOH can be chosen.

Recommendations for future research: First, re-create the calibration standard by using 25% MeOH and do not use stripped serum. The following validation points still need to be performed for a complete method: Recovery, Interferences, stability, method comparison and accuracy. All thyroid hormone solutions should be made and stored in glass. Thyroid hormones probably stick to the plastic, which causes concentration loss. The thyroid hormones T4, T3 and rT3 are supplied in amber glass vails, partly because these three components are probably light sensitive. This can become a research question.

For a complete method development, all validation points must be completed, and all components must meet the requirements. 
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	Calibration standard STOCK 1
	pmol/L

	T4
	1,03E+06

	T3
	1,229E+06

	rT3
	1,229E+06

	TA3
	3,537E+08

	TA4
	3,212E+08



	STOCK 2
	Dilute (x)
	L of stock 1
	L MeOH
	Working solution in pM

	T4
	1,01
	49533,75
	466,3
	1020000

	T3
	1,20
	20751
	4249,4
	

	rT3
	1,20
	20751
	4249,4
	

	TA3
	346,80
	72,09
	24927,9
	

	TA4
	314,90
	79,39
	24920,6
	




Calibration solutions

	Theoretical concentrations
	T4
	T3
	rT3
	TA3
	TA4

	Calibration 1
	1953
	100
	50
	50
	50

	Calibration 2
	3906
	200
	100
	100
	100

	Calibration 3
	7813
	400
	200
	200
	200

	Calibration 4
	15625
	800
	400
	400
	400

	Calibration 5
	31250
	1600
	800
	800
	800

	Calibration 6
	62500
	3200
	1600
	1600
	1600

	Calibration 7
	125000
	6400
	3200
	3200
	3200

	Calibration 8
	250000
	12800
	6400
	6400
	6400
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	STOCK 2
	1020000
	pM
	
	
	

	
	
	
	
	
	

	LOW

	POOLED SERUM
	
	
	
	 

	
	
	SPIKE (pM)
	Dilute
	L stock 2
	L pooled serum

	
	rT3
	600
	1700
	18
	29947

	
	TA3
	
	
	18
	

	
	TA4
	
	
	18
	

	
	
	
	
	
	

	
	
	
	
	
	

	HIGH
	POOLED SERUM
	
	
	
	

	
	
	SPIKE (pM)
	Dilute
	L stock 2
	L pooled serum

	
	rT3
	4750
	214,74
	139,7
	29580,9

	
	TA3
	
	
	139,7
	

	
	TA4
	
	
	139,7
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	Low
	Mid
	High
	

	T4
	20000
	95000
	150000
	pmol/L

	T3
	1000
	6500
	11000
	

	rT3
	500
	3250
	5500
	

	TA3
	
	
	
	

	TA4
	
	
	
	















[bookmark: _Toc74253880]Appendix 4 Tune concentrations

[image: ]


[image: ]


[image: ]






[image: ]


[image: ]




[bookmark: _Toc74253881]Appendix 5 Tune MS results 

[image: ]

[image: ]
[image: ]

[image: ]
[image: ]


[bookmark: _Toc74253882]Appendix 6 Collected fraction, graphics 

[bookmark: _Toc74253883]6.1 Fractions steroid assay

[image: ]

[bookmark: _Toc74253884][image: ]6.2 Fractions steroid assay, 0.5% NH3 + 20% MeOH

















[bookmark: _Toc74253885]6.2Fractions R. Jongejan procedure 

[image: ]


[bookmark: _Toc74253886]Appendix 7 Matrix effect 

[image: ]




[bookmark: _Toc74253887]Appendix 8 Calibration lines Day 1- day 10

[bookmark: _Toc74253888]8.1 Day 1

[image: ]

[image: ]
[image: ]

[image: ]

[image: ]

[bookmark: _Toc74253889]8.2 Day 2
[image: ]

[image: ]

[image: ]
[image: ]

[image: ]











[bookmark: _Toc74253890]8.3 Day 3 

[image: ]

[image: ]
[image: ]

[image: ]
[image: ]


8.4 Day 4
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	T4
	T3
	rT3
	TA3
	TA4

	106,117
	760,307
	357,613
	7,079
	9,889

	27,669
	92,046
	33,865
	0,664
	0,921

	51,908
	274,317
	92,356
	1,918
	2,736

	53,675
	255,225
	94,762
	1,91
	2,719

	27,842
	97,461
	37,466
	0,717
	0,921

	28,357
	108,834
	39,741
	0,696
	0,938

	101,876
	690,085
	345,814
	7,292
	9,816

	102,973
	943,402
	326,624
	7,114
	9,968

	49,158
	266,889
	81,378
	1,881
	2,494
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Compound 4: TA3

Concentration
Lineariteit 500_1 _Spiked_TA3&TA4 2608,549 100%
Lineariteit 500_2 _Spiked_TA3&TA4
Lineariteit 500_3 Spiked TA3&TA4 2208,711 100%
Compound 5: TA4

Concentration
Lineariteit 500_1 _Spiked_TA3&TA4 3152,835 100%
Lineariteit 500_2 _Spiked_TA3&TA4
Lineariteit 500_3 Spiked TA3&TA4 2713,68 100%
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Concentration % Deviation %
Lineariteit 250_1 107124,888 100,23 0,23
Lineariteit 250_2 145972,757 101,85 185
Lineariteit 250_3 130682,354

Concentration % Deviation %
Lineariteit 250_1 13533,109 101,17 117
Lineariteit 250_2 17543,979 98,63 137
Lineariteit 250_3 15728,926

Concentration % Deviation %
Lineariteit 250_1 241,936 107,15 715
Lineariteit 250_2 243,445 89,07 10,93
Lineariteit 250_3 316,061

Concentration % Deviation %
Lineariteit 250_1 _Spiked_TA3&TA4 2235,059 85,68 14,32
Lineariteit 250_2 _Spiked_TA3&TA4 4209,277
Lineariteit 250_3 Spiked TA3&TA4 2336,089 105,77 5,77

Concentration % Deviation %
Lineariteit 250_1 _Spiked_TA3&TA4 2727236 86,50 13,50
Lineariteit 250_2 _Spiked_TA3&TA4 4801,411
Lineariteit 250_3 Spiked TA3&TA4 2663,15 98,14 1,86
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Concentration % Deviation %
Lineariteit 125_1 106123,052 99,29 0,71
Lineariteit 125_2 145835,566 101,75 1,75
Lineariteit 125_3 129938,819

Concentration % Deviation %
Lineariteit 125_1 12969,891 96,96 3,04
Lineariteit 125_2 17427273 97,97 2,03
Lineariteit 125_3 15994,331

Concentration % Deviation %
Lineariteit 125_1 154,871 68,559 3141
Lineariteit 125_2 150,837 55,19 44,81
Lineariteit 125_3 197,136

Concentration % Deviation %
Lineariteit 125_1 _Spiked_TA3&TA4 1829,356 70,13 29,87
Lineariteit 125_2 _Spiked_TA3&TA4 5210535
Lineariteit 125_3 Spiked TA3&TA4 2103,154 95,22 4,78

Concentration % Deviation %
Lineariteit 125_1 _Spiked_TA3&TA4 2223,266 70,52 29,48
Lineariteit 125_2 _Spiked_TA3&TA4 6028,05
Lineariteit 125_3 Spiked TA3&TA4 2432,73 89,65 10,35
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Concentration % Deviation %
Lineariteit 62.5_1 102649,483 96,04 3,96
Lineariteit 62.5_2 136521,264 95,26 4,74
Lineariteit 62.5_3 128721,898

Concentration % Deviation %
Lineariteit 62.5_1 13062,822 97,65 235
Lineariteit 62.5_2 16602,401 9333 6,67
Lineariteit 62.5_3 16981,596

Concentration % Deviation %
Lineariteit 62.5_1
Lineariteit 62.5_2 3,176 1,16 98,84
Lineariteit 62.5_3 101,948

Concentration % Deviation %
Lineariteit 62.5_1 _Spiked_TA3&TA4 880,575 33,76 66,24
Lineariteit 62.5_2 _Spiked_TA3&TA4. 4440,754
Lineariteit 62.5_3 _Spiked_TA3&TA4 1352,733 61,25 38,75

Concentration % Deviation %
Lineariteit 62.5_1 _Spiked_TA3&TA4 921,786 29,24 70,76
Lineariteit 62.5_2 _Spiked_TA3&TA4. 5034,395
Lineariteit 62.5_3 Spiked TA3&TA4 1540,365 56,76 43,24
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T4 3 M3 TA3 TAG
slope 2 slope 2 slope 2 slope 2 slope 2
299,3>80,0 299,3>99,0 299,3>80,0 299,3>99,0 399,3>80,0
Blank 1,304 0997 72,577 1,000 53,870 1,000 1,261 0,999 1,595 0,999
Blank 1,300 0994 70,692 0,999 57,324 0992 1,276 0,999 1,584 0,999
Blank 1,334 0995 67,299 0,999 56,438 09% 1,355 0993 1,665 0,997
Blank 1,281 0,997 76,250 0,997 57,828 09% 1,336 0,997 1,725 0,989
1 80,644 0995 84,409 0991 61,439 09% 1,417 0998 1,928 0,999
2 80,373 0977 86,261 0,999 59,494 0,997 1,437 0,999 1,938 1,000
3 81,614 0977 78171 09% 64,751 0,999 1,384 0,997 1,981 0,999
4 96,664 0,949 73,497 0994 71,528 0,997 1,464 1,000 2,002 0,999
5 97,347 0973 78,858 0983 74,959 0979 1,486 0,999 1,976 1,000
6 93,184 0995 66,140 0995 1,378 0998 1,953 1,000
7 86,915 0982 71,570 0,999 1,432 1,000 1,977 1,000
8 78,055 0995 76,391 0994 1,437 1,000 1,964 1,000
9 79,225 0958 68,169 0,997 1,420 0,997 1,982 1,000
10 86,042 0975 56,293 0993 1,461 1,000 1,958 0,999
1 91,252 0956 71,767 0980 1,418 0,999 1,934 1,000
12 77,635 0975 68,753 0998 1,399 0,999 1,917 1,000
13 77,902 0986 64,312 1,000 1,420 1,000 2,005 1,000
14 70,741 0,987 66,781 0993 1,409 1,000 1,999 0,999
15
16
17
18
19
20
(Abs ME 6693,2 1138 1194 1091 1197
Reive I 899 r 920 r 914 r 97,9 r 986
[Abs ME [Abs ME [Abs ME [Abs ME [Abs ME
618090 117,717667, 109,002282) 108416657, 117,37559)
6160,16 120,300917 105551019 109,967653 118,031389
625526 109,017907 114,878104 105,861761) 120,618654
7408,76 102,500583 126,90101 111,99687 121,915026}
7461,07 109,976846} 132,987965) 113,68330¢ 120,30871
129,955571 117,34169} 105,410312 118,90944
121,21243 126,976597 109,533802) 120,367174
108,856829 135,529264 109,92403 119614559
110,487834 120,941987] 108,616366} 120,66127
119,995914 99,872127 111,7987] 119252866}
127,26103) 127,325395 108,496234 117748246}
108,27164 121,978803 107,077613 116,704571
10864401 114,09871 1086599 122,084304
98,6566003 118,479993 107,845076} 121,729917
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alidatie 4- Cal.1
20210506_012 4: MRM of 3 Channels ES-
714 TIC (TA4)
100 1.07e6
.
L A A A A A e A A AR L P
320 3.40 360 380 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 640 660 680 7.00 720 7.40 7.60 7.60
20210506_012 3: MRM of 3 Channels ES-
744 TIC (TA3)
LD 2.82¢6
B
632
L A e N A A A A A e R AR
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 6.40 660 680 7.00 7.20 7.40 7.60 7.60
20210506_012 2: MRM of 4 Channels ES+
447 TIC (T4)
Lo 6.73e7
B
L A R N A A A A A A e AL AR
320 3.40 360 3.60 400 420 4.40 460 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_012 1: MRM of 7 Channels ES+
376 TIC (T311T3)
LD 4.95e6
405
C L D A B L L R LA B S A L LA R VAL A A RS L Ml o L A A A LA LA A LA AL ARl VAL AROAS AR LS LA Ay LA RASAS RARRL ASAS AR Ry L Time
320 3.40 360 360 400 420 440 450 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 7.20 7.40 760 7.60
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Validatie 4- Cal.2

20210506_013 4: MRM of 3 Channels ES-
ion TIC (TA)
Lo 1.00e5
.
o R A A e A A A A A e s
320 3.40 360 380 400 420 440 450 480 5.00 520 5.40 560 560 500 620 6.40 660 680 7.00 720 7.40 7.60 7.60
20210506_013 3: MRM of 3 Channels ES-
744 TIC (TA3)
LD 2.63¢6
631
L A A e A A A A A e A AR
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 640 660 680 7.00 7.20 7.40 7.60 7.60
20210506_013 2: MRM of 4 Channels ES+
447 TIC (T4)
Lo 8.01e7
B
L A A N A A A e A A A e AL AR
320 3.40 360 3.60 400 420 4.40 450 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_013 1: MRM of 7 Channels ES+
376 TIC (T311T3)
LD 6.10e6
= 405
301
7
C L A A B LA L R LA RS S B A L LA R VA A L RS L LAl o S A A A LA LA A LA AL ARl VAL AROAS AR LS LA Ay LA ARSAS BARR AAAS AR R L Time
320 340 360 380 100 420 140 160 480 500 520 540 560 580 500 620 640 660 680 700 720 740 760 780
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Validatie 4- Cal.3
20210506_014

4: MRM of 3 Channels ES-

ian TIC (TAd)
Lo 9.80€5
. =
0Ly T T T T T A T T T T T ' T T T ' T 7 ' RARARAsas st
320 3.40 360 380 400 420 440 450 480 5.00 520 5.40 560 5.60 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_014 3: MRM of 3 Channels ES-
743 TIC (TA3)
LD 2.78e5
B
632
0Ly T T T T T T T T T T T T T T /\ T T T T T T AR RAsas sas
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 640 660 680 7.00 7.20 7.40 7.60 7.60
20210506_014. 2: MRM of 4 Channels ES+
447 TIC (T4)
Lo 1.05e8
B
Ol T T T T T e T T T T T T T T T T T T T T
320 3.40 360 3.60 400 420 4.40 450 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_014 1: MRM of 7 Channels ES+
376 TIC (Ta/rT3)
100 w0 7.43¢6
B
301
C sy T T T T T T T T T T T T T T T T T T T T Time
3.20 3.40 3.60 3.80 4.00 420 440 460 4.80 5.00 520 5.40 560 580 6.00 6.20 6.40 6.60 6.80 700 720 740 760 780
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Validatie 4- Cal.4
20210506_015

4: MRM of 3 Channels ES-

714 TIC (TA4)
100 1.01e6
=
0Ly T T T T T A T T T T T T T T T T T 7 T ARARAas pass
320 3.40 360 380 400 420 440 450 480 5.00 520 5.40 560 5.60 500 620 6.40 660 680 7.00 720 7.40 7.60 7.60
20210506_015 3: MRM of 3 Channels ES-
744 TIC (TA3)
LD 2036
B
632
0Ly T T T T T T T T T T T T T T /\‘ T T T T T AR RAsas sas
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 6.40 660 680 7.00 7.20 7.40 7.60 7.60
20210506_015 2: MRM of 4 Channels ES+
447 TIC (T4)
Lo 158e8
B
Ol T T T T T e T T T T T T T T T T T T T T
320 3.40 360 3.60 400 420 4.40 460 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_015 1: MRM of 7 Channels ES+
376 TIC (T3T3)
100 1.17e7
B 405
C T T T T T T T T T T T T T T T T T T T T T Time
3.20 3.40 360 360 400 420 4.40 460 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 7.20 7.40 760 7.60
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Validatie 4- Cal.5
4: MRM of 3 Channels ES-

20210506_016
714 TIC (TA4)
100 2.42e6
.
L A A A N A A A A A A e R AR
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 6.40 660 680 7.00 720 7.40 7.60 7.60
20210506_016 3: MRM of 3 Channels ES-
744 TIC (TA3)
LD 2.88¢6
632
L A A R N A A A A A A A e AL A
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 640 660 680 7.00 7.20 7.40 7.60 7.60
20210506_016 2: MRM of 4 Channels ES+
447 TIC (T4)
Lo 258e8
B
L A A A A A A A A A A e AL s AR
320 3.40 360 3.60 400 420 4.40 460 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_016 1: MRM of 7 Channels ES+
376 TIC (T3T3)
100 1.84e7
= 405
C L A A LA L R LA S LA B A R LA B VA A L R D L Al LA S A A A LA A A LA AL RN VAL RRAS AR LS LA Ay LA ARSAS BARRL AL AR R L Time
320 3.40 360 3.60 400 420 4.40 460 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 7.20 7.40 760 7.60
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Validatie 4- Cal.6
20210506_017

100

4: MRM of 3 Channels ES-

715 TIC (TA4)
3.24e6
" s
0Ly T T O R A A A A A e VAL S
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 6.40 660 680 7.00 720 7.40 7.60 7.60
20210506_017 3: MRM of 3 Channels ES-
744 TIC (TA3)
e 632 3036
0Ly T T O R A A A A s AR L A1 VAL S
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 640 660 680 7.00 7.20 7.40 7.60 7.60
20210506_017 2: MRM of 4 Channels ES+
447 TIC (T4)
Lo 3238
B
0Ly T T A N g A 1 A A 1A AL S pt
320 3.40 360 3.60 400 420 4.40 450 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_017 1: MRM of 7 Channels ES+
377 TIC (T3T3)
LD 31067
405
C T T T AR LA S A B VAR RS oA M nd LA ERas vALe RO A M e AL A LA LA LA MY LA LA LALRERASA AR A LA RRbns AR AaaAs sARal T Time
320 3.40 3.60
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alidatie 4- Cal.7
20210506_018

4: MRM of 3 Channels ES-

714 TIC (TA4)
Lo 5.35¢6
L
0Ly T T T T T T T T T T T T T T T T T 7 T ARARAas pass
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 6.40 660 680 7.00 720 7.40 7.60 7.60
20210506_018 3: MRM of 3 Channels ES-
631 744 TIC (TA3)
LD 3.08¢6
B
0Ly T T T T T T T T T T T T T T T T T T T AR RAsas sas
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 640 660 680 7.00 7.20 7.40 7.60 7.60
20210506_018 2: MRM of 4 Channels ES+
447 TIC (T4)
Lo 4.33e8
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0Ly T T T T T e T T T T T T T T T T T T T T
320 3.40 360 3.60 400 420 4.40 450 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 720 7.40 760 7.60
20210506_018 1: MRM of 7 Channels ES+
376 TIC (T31T3)
LD 59267
405
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C T T T T T T T T T T T T T T T T T T T T T Time
320 3.40 360 3.60 4.00 420 4.40 460 480 5.00 5.20 5.40 560 5.80 500 620 640 660 680 7.00 7.20 7.40 760 7.60
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latie 4- Cal.8

20210506_019

4: MRM of 3 Channels ES-

714 TIC (TA4)
Lo 1.05e7
L
L A A A N A A A A A e A e AL AR
320 3.40 360 360 400 420 440 450 480 5.00 520 5.40 560 5.60 600 620 6.40 660 680 7.00 720 7.40 7.60 7.60
20210506_019 3: MRM of 3 Channels ES-
632 TIC (TA3)
LD 6.20e6
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QC-L (4)

20210506_020 4: MRM of 3 Channels ES-

ion TIC (TA4)
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QC-H (4)
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image18.emf
Compound name: T4

Correlation coefficient: r = 0.999891, r^2 = 0.999782

Calibration curve: 1.98041e-005 * x + -0.00204292

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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-0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 220000 240000
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Compound name: T3

Correlation coefficient: r = 0.999723, r^2 = 0.999446

Calibration curve: 0.00129689 * x + 0.0948935

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Conc

-0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
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Compound name: rT3

Correlation coefficient: r = 0.999003, r^2 = 0.998007

Calibration curve: 0.00210945 * x + 0.0693436

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Conc

-0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
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Compound name: TA3

Correlation coefficient: r = 0.976820, r^2 = 0.954176

Calibration curve: 0.00181383 * x + 0.308481

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Conc

-0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
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Compound name: TA4

Correlation coefficient: r = 0.987713, r^2 = 0.975577

Calibration curve: 0.00236788 * x + 0.509477

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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-0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
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Compound name: T4

Correlation coefficient: r = 0.999845, r^2 = 0.999690

Calibration curve: 1.87489e-005 * x + -0.000587826

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.999684, r^2 = 0.999368

Calibration curve: 0.00131424 * x + 0.112938

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )
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Compound name: rT3

Correlation coefficient: r = 0.999013, r^2 = 0.998027

Calibration curve: 0.00208458 * x + 0.0736253

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )
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Compound name: TA3

Correlation coefficient: r = 0.968628, r^2 = 0.938240

Calibration curve: 0.00184134 * x + 0.277006

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA4

Correlation coefficient: r = 0.987074, r^2 = 0.974315

Calibration curve: 0.00231075 * x + 0.55071

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.999967, r^2 = 0.999934

Calibration curve: 1.84557e-005 * x + 0.000784999

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.999751, r^2 = 0.999502

Calibration curve: 0.0013074 * x + 0.0997976

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: rT3

Correlation coefficient: r = 0.999455, r^2 = 0.998911

Calibration curve: 0.00205406 * x + 0.0735656

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA3

Correlation coefficient: r = 0.970911, r^2 = 0.942668

Calibration curve: 0.001777 * x + 0.346126

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA4

Correlation coefficient: r = 0.989716, r^2 = 0.979538

Calibration curve: 0.00234264 * x + 0.561827

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.999960, r^2 = 0.999921

Calibration curve: 1.93742e-005 * x + -0.000487261

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.999721, r^2 = 0.999441

Calibration curve: 0.00129128 * x + 0.108034

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: rT3

Correlation coefficient: r = 0.999326, r^2 = 0.998652

Calibration curve: 0.00204753 * x + 0.0810825

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA3

Correlation coefficient: r = 0.970975, r^2 = 0.942792

Calibration curve: 0.00183749 * x + 0.346481

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA4

Correlation coefficient: r = 0.989313, r^2 = 0.978740

Calibration curve: 0.00232409 * x + 0.574276

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.999753, r^2 = 0.999507

Calibration curve: 1.9941e-005 * x + -0.000762856

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.999387, r^2 = 0.998775

Calibration curve: 0.00127606 * x + 0.107356

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: rT3

Correlation coefficient: r = 0.999314, r^2 = 0.998628

Calibration curve: 0.00211611 * x + 0.0842006

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA3

Correlation coefficient: r = 0.964258, r^2 = 0.929794

Calibration curve: 0.00185394 * x + 0.369735

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA4

Correlation coefficient: r = 0.986456, r^2 = 0.973095

Calibration curve: 0.00228462 * x + 0.590055

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.995806, r^2 = 0.991631

Calibration curve: 1.9979e-005 * x + 0.0169325

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.998916, r^2 = 0.997834

Calibration curve: 0.00129475 * x + 0.132941

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: rT3

Correlation coefficient: r = 0.999340, r^2 = 0.998680

Calibration curve: 0.00213149 * x + 0.0860648

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA3

Correlation coefficient: r = 0.972730, r^2 = 0.946203

Calibration curve: 0.00188191 * x + 0.399787

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA4

Correlation coefficient: r = 0.987078, r^2 = 0.974322

Calibration curve: 0.00231614 * x + 0.615715

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.977743, r^2 = 0.955982

Calibration curve: 0.00086863 * x + 1.95473

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.997917, r^2 = 0.995839

Calibration curve: 0.0733821 * x + 9.06867

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: rT3

Correlation coefficient: r = 0.999464, r^2 = 0.998929

Calibration curve: 0.0624582 * x + 3.14964

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA3

Correlation coefficient: r = 0.972472, r^2 = 0.945702

Calibration curve: 0.00180894 * x + 0.381676

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA4

Correlation coefficient: r = 0.988378, r^2 = 0.976891

Calibration curve: 0.00232208 * x + 0.612819

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.982169, r^2 = 0.964656

Calibration curve: 0.000843894 * x + 1.80512

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.998422, r^2 = 0.996846

Calibration curve: 0.0704689 * x + 7.6937

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: rT3

Correlation coefficient: r = 0.999207, r^2 = 0.998415

Calibration curve: 0.0662307 * x + 2.60722

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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image70.emf
Compound name: TA3

Correlation coefficient: r = 0.974077, r^2 = 0.948825

Calibration curve: 0.00186134 * x + 0.383458

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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image71.emf
Compound name: TA4

Correlation coefficient: r = 0.988452, r^2 = 0.977037

Calibration curve: 0.00230434 * x + 0.526063

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.981507, r^2 = 0.963356

Calibration curve: 0.000898056 * x + 2.03648

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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image73.emf
Compound name: T3

Correlation coefficient: r = 0.994194, r^2 = 0.988423

Calibration curve: 0.062578 * x + 9.6323

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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image74.emf
Compound name: rT3

Correlation coefficient: r = 0.997230, r^2 = 0.994468

Calibration curve: 0.0577954 * x + 3.66783

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA3

Correlation coefficient: r = 0.969716, r^2 = 0.940350

Calibration curve: 0.00181217 * x + 0.35807

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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image76.emf
Compound name: TA4

Correlation coefficient: r = 0.990152, r^2 = 0.980401

Calibration curve: 0.00231243 * x + 0.505965

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T4

Correlation coefficient: r = 0.984628, r^2 = 0.969493

Calibration curve: 0.000942653 * x + 1.98314

Response type: Internal Std ( Ref 6 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: T3

Correlation coefficient: r = 0.995462, r^2 = 0.990945

Calibration curve: 0.0595055 * x + 7.20657

Response type: Internal Std ( Ref 7 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: rT3

Correlation coefficient: r = 0.997944, r^2 = 0.995893

Calibration curve: 0.0634752 * x + 2.10645

Response type: Internal Std ( Ref 8 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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image80.emf
Compound name: TA3

Correlation coefficient: r = 0.974149, r^2 = 0.948966

Calibration curve: 0.00181457 * x + 0.320894

Response type: Internal Std ( Ref 9 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Compound name: TA4

Correlation coefficient: r = 0.987099, r^2 = 0.974365

Calibration curve: 0.00226168 * x + 0.559882

Response type: Internal Std ( Ref 10 ), Area * ( IS Conc. / IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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Loa-T4

1 2 3

Calibration 1 2017,982 2013,306 1982,735
Gemiddelde 1418,72

STDEV 585,92
Calibration 2 3853,799 3899,706 3872,033
Gemiddelde 4037,06

STDEV 699,41
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LoQ-13

1 2 3 4 5 6 7 8 9 10

Calibration 1 85,679 87,563 82,543 82,013 74,653 59,357 47,942 74,073 61,042 61,183
Gemiddelde 71,60

STDEV 12,75
Calibration 2 220,317 226,506 226,523 224,339 235,731 270,983 236,337 217,538 193,764 232,001
Gemiddelde 228,40

STDEV 18,30
Calibration 3 401,565 375,668 399,674 392,575 383,369 385,833 423,813 414,949 387,261 393,141
Gemiddelde 395,78

STDEV 13,96





