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Abstract 
Temperature dependence of marine plankton respiration is an important factor in 

understanding the function and changes in the ecosystem of the ocean. The aim of this study 

is to test the temperature sensitivity (Q10) of plankton respiration. The oxygen optode method 

was used to measure plankton respiration. Natural water samples from the Baltic Sea was 

incubated at short (in situ +1, +2, +3°C) and long (in situ +5, +10, +20°C) temperature 

intervals with influence of dissolved organic matter (DOC). The Arrhenius equation and Q10-

model was used to determine the temperature dependence (Q10) of respiration at different 

temperatures. There was a significant difference in Q10 between short temperature intervals 

at low temperatures (p=0,008) and long temperature intervals at higher temperatures. There 

was no significant difference between long and short temperature intervals when DOC was 

added (p=0,094). A significant effect could be seen with the DOC enrichment at low 

temperatures, where the Q10-values became significantly lower (p=0,002) after DOC 

addition. This effect could, however, not be seen at higher temperatures (p=0,117). Together 

with results from earlier studies it was concluded that the difference in temperature depends 

on the actual temperature and not the length of the interval. Lowered temperature 

dependence at raised DOC concentration, was the opposite of what was expected. The results 

suggest that the importance of temperature for CO2 emissions and development of hypoxia in 

the sea may have been underestimated.  
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1 Introduction  
 

1.1 Background 
About half of the planets primary production is represented by oceanic primary production 

(del Giorgio and Duarte 2002). Most of the produced material is eventually respired leading 

to oxygen consumption and CO2 emissions, with relevance to climate change drivers. The 

removal of oxygen created by respiration is also an important process in understanding 

hypoxia. Hypoxia is an increasing problem in the world’s seas, and the Baltic Sea has a 

coastal zone containing about 20 % of all known sites with hypoxia in the world (Diaz and 

Rosenberg 2008, Conley et al. 2011). This is due to the fact that the Baltic Sea is an enclosed 

Sea, exposed to high nutrient discharge from human activities, has no tidal mixing and also 

consists of complex topography with shallow sills which favour hypoxia. More information 

about the driving factors of hypoxia is needed to be able to improve the oxygen conditions in 

the world’s seas (Conley et al. 2011).  

The control of respiration represents one of the larger gaps in marine science, partly due to 

difficulties to measure low rates of natural oxygen consumption and CO2 production (del 

Giorgio and Williams 2005). Planktonic microbes, mostly heterotrophic bacteria, are 

responsible for the largest part of respiration in the oceans. They also represent a large part 

of the carbon flux through the food web (Cho and Azam 1988, del Giorgio and Duarte 2002). 

Control of respiration in bacteria and protozoa is therefore important to understand in this 

context. Temperature is a potential limiting factor as for most ecological processes and 

chemical reactions. For heterotrophic organisms availability of nutrients is another limiting 

factor. Several studies have found a positive effect of temperature on microbial respiration 

(Nydahl et al. 2013, Vaque et al. 2009,) and that availability of dissolved organic carbon 

(DOC) also influence respiration (Kirchman et al.. 2005). Still not many studies have been 

done regarding both temperature and DOC as interacting limiting factors (e.g. Pomeroy and 

Wiebe 2001).  

It is suggested that respiration is the most solid estimation of primary production in aquatic 

systems since it combines so many important functions in the ecosystem (del Giorgio and 

Williams 2005). Long-term shifts in respiration can function as a good warning system for 

global change. Climate change is predicted to raise the surface temperature in the oceans 

with 1,1° -6,4° C, with 3° C estimated for the Baltic Sea (Meier et al. 2012). Apart from an 

increased temperature an augmentation in precipitation is also expected, which will increase 

the infusion of DOC (Meier et al. 2006). The rivers contribute freshwater and apart from a 

decreased salinity it also introduce large amount of DOC from terrestrial areas to the coastal 

zone. These carbon compounds are later transported with sea currents to the rest of the 

Baltic Sea (Sandberg et al. 2004). 

Increased temperature and higher input of dissolved organic carbon will have a significant 

effect on the living conditions for different organisms and consequently also on the important 

processes they perform. To manage our Seas in an effective manner it is therefore important 

to understand how climate drivers will affect the respiration of organisms.  

1.2 Temperature coefficient (Q10) 
Temperature and DOC are important factors that affect the respiration of microorganisms 

(Robinson and Williams 2005). One method to calculate the temperature sensitivity of 

respiration is by the Arrhenius equation. This equation model describes the rate of a chemical 

reaction as a function of temperature. From the equation the reactivation energy (Ea) and 

temperature sensitivity (Q10) can be calculated. 
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Q10 is a unit-less factor that estimates the rate of a reaction (in this case respiration) increase 

with a 10 degree temperature rise. If the rate of the reaction is totally independent of 

temperature the Q10 value will be 1. If the rate is increasing with increased temperature the 

Q10 value will be over 1 and the higher the value the higher temperature dependence. Values 

below 1 means that the respiration rate is decreasing with increasing temperature. Biological 

processes have normally a Q10 value between 1 and 3. Recent studies (Panigrahi et al. 2013, 

Nydahl et al. 2013) has however shown that much higher Q10 values can occur, especially at 

low temperature when small increases in temperature are used (e. g. within 3° C from in situ 

temperature).  One hypothesis for this is that when long temperature intervals are used, 

respiration goes from being confined by temperature, to instead being confined by substrate. 

This may be due to increased substrate consumption at higher temperature and reduced 

supply of new substrate in an enclosed water sample. The Q10 method has been used for a 

long time, but mostly for long temperature intervals (e.g. in situ to a 25° C increase) and it 

does not include other potential limiting factors. That can lead to incorrect estimation of the 

Q10 value since respiration is also affected by other factors, such as access to carbon substrate.  

If the Q10 values for respiration are higher than are stated today it can have consequences for 

global carbon and climate models. Earlier studies may have underestimated the impact of 

temperature on the production of CO2 and consequently the impact of temperature on the 

consumption of oxygen. This would mean that the impact of eutrophication on hypoxia in the 

Baltic Sea would have been overestimated and call for a changed management strategy of the 

area.  

1.3 Aim 
The observed high Q10 values at low temperatures compared to typical values reported in the 

literature motivates the method for estimating Q10 to be evaluated. Earlier studies of Q10 

values have disregarded that respiration is dependent of other factors than temperature. 

Therefore it needs to be investigated if the temperature interval used affects the result. If 

short intervals give different values than long intervals, it is needed to decide which is most 

relevant when estimating the temperature sensitivity for respiration. The aim of this study is 

therefore to test how the temperature sensitivity of plankton respiration (Q10-value) is 

affected by the size of temperature shifts. Further it also aim to test if plankton respiration 

becomes limited by the amount of substrate at long temperature intervals.  

1.3.1 Hypotheses  

1. How is temperature dependence of plankton respiration (Q10-values) affected by the size of 

temperature shifts?  

2. Does plankton respiration become limited by the amount of substrate at long temperature 

intervals?  
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2 Method and materials 
 

2.1 Experimental setup 
This study is built on two experiments. Experiment 1 is testing if different length on 

temperature intervals gives different Q10 values. Experiment 2 is testing if plankton is 

substrate limited at large temperature shifts by adding glucose. All the studies were done at 

Umeå Marine Science Centre (UMF) and the Optode method (described below) was used to 

measure plankton respiration. The experiments were done during 12 days between January 

21th and February 6th 2016, where duplicate samples where incubated at in situ temperature 

and at +1°, +2°, +3° C from the in situ temperature. This was repeated following day with 

temperature interval +5°, +10°, +20° C from in situ temperature (figure 1). 

 

 

Figure 1. A. Experimental setup. Four incubation baths with two optodes in each bath. Alternating short (upper 

temperatures) and long (lower temperatures) temperature intervals repeated three times alternating days for 

both treatments. B. Glass bottle with optode. C. All measurement instruments. 

C. B. 

A. 
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This was further repeated alternating the designs to achieve 3 replicates per treatment due to 

limited number of experimental units. For experiment 2, glucose was added to increase the 

availability of carbon substrate during the experiment. The final concentration of glucose in 

the experimental bottles was aimed at 10 mg l-1 . 

Respiration was measured by Optode oxygen sensors (AanderaaTM) in 1 dm3 glass bottles 
according to Wikner et al. 2013. The oxygen optode is an optical sensor that measures oxygen 
consumption by using a method based on fluorescence quenching (AADI 2012). By managing 
precise temperature control during the experiments the oxygen optode method gives very 
accurate respiration measurements (Wikner et al. 2013). The experiments were performed in 
an incubation room with a temperature around 7°C and incubation baths with a temperature 
precision of ± 0,05°C was used. 

2.3 Experiments 

 
2.3.1 Preparation 
Before the start of the experiment the respiration measurement systems (oxygen optodes) 

were treated with sodium sulphite (10 g dm-3) to eliminate oxygen absorbed and limit 

background drift. The optodes were placed in closed glass bottles and submerged in sodium 

sulphite for at least 24 h. After the treatment they were carefully cleaned with hydrochloric 

acid (0,3 M HCl) and finally with Milli-Q water (MQ water). The optodes were then 

calibrated with the software Real-Time Collector (AanderaaTM) to make sure that they 

functioned properly. No cleaning with hydrochloric acid or MQ water was done between the 

replicate measurements. 

Before usage the Nunc bottles, syringe and Acrodish 0,2 µm filters (Supor, Pall Corporation, 

Ann Arbor, USA) and filter holders were rinsed carefully with MQ water. The filters were 

slowly rinsed with 20 ml of MQ water, one drip per second to not brake the filter. The filters, 

Nunc bottles and filter holders were left filled with MQ water for at least one hour. 

2.3.2 Sampling  

Sea water were filled in a 20 litre plastic carboy taken from the hose in the mesocosm 

laboratory at UMF taking water from surface water (8 m depth) 800 m from shore. In situ 

temperature and salinity was noted directly with a conductivity meter (Mettler Toledo, 

SevenCompactTM) after the sampling. Two samples to measure the amount of DOC were 

taken and one sample to measure the amount of nitrogen (N) and phosphorous (P).  

Eight glass bottles (figure 1) were then filled with sea water and plugged tightly with the 

optode sensor stopper. The top needs to be carefully lowered to avoid trapping air bubble in 

the bottle which can affect the measurement. The bottles were then placed in four incubation 

baths, two bottles per bath with each one sensor from both series in each bath. After the first 

test data showed an oxygen concentration over 100 %, probably because air bubbles formed 

in the bottles.  To avoid that the sample water was left to incubate for about 1,5 hour in the 

sample carboy, and another 1,5 hour in the bottles placed in the baths (no lid on).  Water 

movement was maintained by magnetic stirrers. The sensors were then connected to the 

computer and the measurement started with the Real-Time CollectorTM software. The 

measurement runs for about 24 hours. 

For experiment 2, DOC enrichment, the same sampling procedure was used as described 

above. After sampling 1 litre of the sample water was autoclaved at 121°C. The water was left 

to cool off before glucose was added. When the sterilised water had cooled it was added into 

the sample water. The final glucose concentration in the experimental bottles were then 

about 86,2 mg l-1. The plan was to increase the amount of DOC to about the double of the 

natural concentration, but miscalculations led to about 20 times higher addition. 
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Two samples for DOC analysis were taken from each replicate. Two blanks were included as 

control every second day. One sample for total amount of nitrogen and phosphorous were 

taken for each replicate. One blank was included for the second experiment every second day. 

The filters were rinsed with 10 ml of sampling water before 20 ml of sample water were 

filtered into sterilised TC-flasks. The filtering needs to be done slowly about 1 drop per 

second to get a correct filtering and to not risk breaking the filter. When the filtering was 

done 0,0425 ml of 2,5 % hydrochloric acid were added to the DOC samples and 1,5 ml of 

oxidation solution (10 g Potassiumperoxodisulphate, 6 g Boric acid in 200 ml 0,375 M 

NaOH) were added to the N/P samples. The samples were stored at 5°C before analysis were 

done by a chemist at UMF according to Grasshoff (1999, QuAAtro marine, 4-kanal, SEAL 

Analytical). DOC concentration was measured using a Shimadzu TOC-5000 (Shimadzu 

Corporation, Kyoto, Japan) high-temperature catalytic oxidation instrument with non-

dispersive infrared (NDIR) detection (Suzuki et al.  1992, Norrman 1993).The result of the 

analysis can be seen in appendix 1.  

2.5 Analyses  

Data was read by a software called Sensor Data Flow where the data was quality assured and 

subject to regression analysis to derive respiration rates. Data in the beginning of the session 

is often rejected since the measurement bottles needs some time to equilibrate with 

temperature. After about 12 hours the cooling system shuts done for a while and the 

temperature gets disturbed, producing a characteristic data anomaly which is also rejected. 

The quality assured time series were used to derive the respiration rate by the slope in linear 

regression or first derivative after 12,5 hours of a second degree polynom when non-linear 

models produced a better fit (deduced by R2).  
 

For calculating the temperature sensitivity of the respiration rate (Q10) the Arrhenius 

equation was used. It is used to estimate the reaction energy for a certain reaction or process. 

Following formula was used: 

ln(𝑟) = (𝐴) −
𝐸𝑎

𝑘𝑔
∗ (

1

𝑇
) 

Where r is respiration, A is a pre exponential factor, Ea is the activation energy of the process, 

Kg is the gas constant (Boltzmanns constant=8,31446 JK-1 mol-1) and T is the absolute 

temperature (K°). 

The Q10 value was calculated at selected temperatures from the first derivative of the 

Arrhenius slope according to: 

Q10=e(-10×m/Tis^2) 

Where e is the natural logarithm, m is the slope of the line at in situ temperature and Tis is the 

in situ temperature (Raven and Geider 1988). The slope m corresponds to Ea/Kg at a given 

temperature in the Arrhenius equation. For pure chemical reactions the Arrhenius slope is 

typically linear. However, in this study most slopes were clearly non-linear and a second 

degree polynom resulted in a better fit (R2), imposing use of first derivatives as slope for a 

given temperature.  

An alternative function for estimating Q10 from two data pairs the following formula was 

used. This was done to evaluate if the two models for estimating Q10 influenced the results. 
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𝑄10 = (𝑅2/𝑅1)10/(𝑇2−𝑇1) 

Where R2 is respiration at higher temperature, R1 is respiration at lower temperature, T2 is 

the higher temperature and T1 is the lower temperature.  

Q10 were then logarithm transformed due to the big difference in values obtained between 

temperatures. 

For the statistical analysis the program SPSSTM was used to run a non-parametric Mann 

Whitney U Test for testing difference between temperature ranges, while a Wilcoxon Signed 

Rank Test was used to conduct a paired test of the influence of glucose addition.  

3 Results 
 
Respiration measurements showed expected results with higher respiration rate at higher 

temperature. Examples of respiration measurements from some of the incubations can be 

seen in figure 4. Some of the tests showed some irregularities but no data was excluded.  

 

Figure 2. Examples of respiration measurements. Upper left: In situ temperature (3°C) and in situ temperature 

+1°c (4°C). Lower left: in situ temperature (3,4°C) and in situ temperature + 5°C (8,4°C). The blue line represent 

oxygen concentration and the red line represent temperature. The yellow marks show rejected data due to 

temperature anomaly. 

Respiration rates at every temperature were calculated and plotted as shown in figure 3. 

Respiration rates showed a non-linear dependence on the reciprocal temperature in most 

cases. One exception is shown for an experiment with short temperature interval and 

temperature below 5 °C, and glucose added.  
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Figure 3. Examples of respiration rates for temperature intervals calculated with the Arrhenius equation.  

A=short interval, B=long interval, C=short interval enriched with DOC and D=long interval enriched with DOC. 

By a non parametric test it was shown that short temperature intervals at lower temperatures 

had higher Q10-values than long temperature intervals at higher temperature (Mann Whitney 

U Test , p= 0,008, n=18,). There was however no significant difference in Q10 between short 

and long temperature intervals when DOC was added (Mann-Whitney U Test p=0,094, 

n=18).  

A significant effect of glucose addition could also be shown for short temperature intervals 

and lower temperatures, where Q10 values became lower after the addition (Wilcoxon 

p=0,002, n=12). No effect of the glucose addition could be shown in the experiments with 

longer temperature intervals and higher temperatures (Wilcoxon Signed Rank test, p=0,117 

n=12).  

In figure 4 both experiments are illustrated together. Here it is shown that the temperature 

sensitivity is lower when the DOC concentration is high in the short temperature difference 

interval (1-3 °C). For the longer temperature interval (5-20°C) there is no clear difference in 

temperature sensitivity.  
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Figure 4. Both experiments presented together. logQ10 against temperature difference from in situ.  Note that the 
distance on the x-axis is constant. White circles are no enrichment and grey circles are enriched with glucose.  

 

In figure 5 log Q10 is plotted against the absolute temperature instead of temperature 

difference from in situ. Here it is clear that Q10 is dependent on the actual temperature. There 

is a large effect on Q10 at temperatures from 0°C to about 5°C and after that it declines. An 

exponential model was fitted to compare with a similar analysis on field data by Panigrahi et 

al. (2013). The coefficients for this study compared with Panhigrahi et al. (2013) can be seen 

in table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. An exponential function was fitted to compare with a similar analysis of field data in Panigrahi et al. 
2013.  R2=0,286.  
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Table 1. Coefficients for this study (function shown in figure 5) and Panigrahi et al. (2013).  

 

4 Discussion 
Data from this study support the hypothesis that short temperature shifts gives higher Q10-

value than long temperature shifts. Although if it is the range of temperature interval or the 

low temperature per se that causes this cannot be determined from only this study.  

Similar results with high Q10 values, especially during winter, have been shown in previous 

studies (Panigrahi et al 2013, Nydahl et al. 2013). The relationship between log Q10 and 

ambient temperature which is shown in figure 5 showed the same coefficient as Panigrahi et 

al. 2013, suggesting that their few winter observations with extremely high Q10-values was 

true. This also indicates that the high Q10-values are explained by low absolute temperatures 

per se, not short temperature intervals. This is because the 3° intervals used by Panigrahi et 

al. (2013) year around produced high Q10-values during winter, but more typical Q10-values 

during summer at higher ambient temperatures.  

The strong temperature effect at low temperature vanish abruptly around +5°C, where at 

higher temperatures there Q10 is clearly lower, but still showing a decline with temperature 

up to maximum ambient temperatures observed in this subarctic estuary (Wikner and 

Hagström 1999) 

Further this study showed that the effect of the temperature is less at additions of DOC 

(glucose). This was rather unexpected. In the first experiment with no DOC added there was 

a clear difference in the temperature dependence of respiration (Q10) between short and long 

temperature intervals.  The Q10 values at higher temperatures was expected to increase when 

DOC was added. Instead we observed the opposite effect, where the high Q10 values at lower 

temperatures became significantly lower. It means that plankton respiration is less 

temperature sensitive at a higher availability of a carbon and energy substrate. The reason to 

this is unclear, but may depend on the energy metabolisms of primarily bacteria. It is 

conceivable that the response would have been different with another carbon substrate and 

the much higher DOC concentration compared to the natural concentration may also have 

affected the result.  

A response on temperature sensitivity by organic substrate has been reported for bacterial 

growth by Pomeroy and Wiebe (2001). They observed less reduction of bacterial growth at 

low temperatures when the level of organic substrate was increased. This was explained by a 

preferred temperature and substrate concentration for each organism where they grow faster 

than others. This is however not obviously related to a reduction in respiration at low 

temperature and higher concentration of organic substrate as observed in this study 

To take this result further it would be interesting to test short temperature intervals at higher 

absolute temperature and verify the coupling to ambient temperature. More studies in this 

field needs to be done to get more information about the impact of temperature and its 

interactions with other potential limiting factors. 

Coefficient Study p-value R2 

2,31e^(-0,073*t)  
 

Panigrahi et al. 2013 0,05 0,54 

2,40e^(0,081*t)  
 

This study 0,007 0,29 
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4.1 Implications of this study 
Climate change is predicted to raise the surface temperature in the oceans. What will this 

temperature rise do to the living conditions for microbial organism in the sea and how will 

respiration be affected? Only using long temperature intervals to test this could give 

misleading result when it comes to how respiration reacts on temperature rise, especially at 

cold temperatures. Temperatures below 5 °C is common in the world ocean especially at 

larger depth and during winter in temperate zones. Therefore the high Q10 values observed in 

this and recent studies may be relevant to a large part of the oceans. The influence of 

temperature on marine respiration rates may thereby have been underestimated. 

Consequently also the role of temperature for CO2 emissions and development of oxygen 

minimum zones and hypoxia might be more important than previously recognized. The 

potential temperature increase with climate change for the Baltic Sea, estimated to 3°C 

(Meier et al. 2012) may therefore increase areas with hypoxia in the Baltic Sea and other 

areas in the oceans.  

4.2 Conclusion  
Small changes in temperature can have a great effect on the temperature dependence of 

respiration, especially below 5°C. It seems to be the absolute temperature per se rather than 

the range of temperature intervals that causes this effect. The temperature sensitivity of 

plankton respiration seem to rapidly decline when exceeding temperatures of 5°C. Despite 

this the Q10 values observed in this study are still higher than the typical range of 1-3 for Q10 

reported in the literature. The typical range of Q10-values was obtained when approaching 

20°C without DOC addition, while with DOC addition it was reached already at 3 °C. 

Enrichment with DOC thus lowered the temperature sensitivity, opposite to what was 

expected. Further studies are needed to better understand the metabolic mechanism behind 

this, and the impact of the interaction between temperature and DOC on microbial 

respiration.  
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Appendix  
Appendix 1 

 
 Enrichment  Temperature  

Respiration 
(µmol dm-3 
day-1) 

Regression 
model  

DOC (mg 
l-1) 

TDP (µg l-

1) 
TDN (µg 1-

1) 

Day 1 no 3,5 5,50513 Linear 3,68 11,2 264 

 
no 3,5 3,606883 Linear 3,72 

  

 
no 4,5 14,21713 Nonlinear 12,5 h 

   

 
no 4,5 11,406883 Nonlinear 12,5 h 

   

 
no 5,5 18,12913 Nonlinear 12,5 h 

   

 
no 5,5 10,206883 Nonlinear 12,5 h 

   

 
no 6,5 19,44913 Nonlinear 12,5 h 

   

 
no 6,5 15,198883 Nonlinear 12,5 h 

   Day 2 no 4,2 19,01713 Nonlinear 12,5 h 3,73 11,5 268 

 
no 4,2 17,862883 Nonlinear 12,5 h 3,69 

  

 
no 9,2 17,74513 Nonlinear 12,5 h 

   

 
no 9,2 12,582883 Nonlinear 12,5 h 

   

 
no 14,2 16,06513 Nonlinear 12,5 h 

   

 
no 14,2 14,070883 Nonlinear 12,5 h 

   

 
no 24,2 12,87313 Nonlinear 12,5 h 

   

 
no 24,2 15,246883 Nonlinear 12,5 h 

   Day 3  no 3 2,07313 Linear 4,25 12,5 285 

 
no 3 1,734883 Linear 4,29 

  

 
no 4 7,59313 Nonlinear 12,5 h 

   

 
no 4 6,606883 Nonlinear 12,5 h 

   

 
no 5 11,69713 Nonlinear 12,5 h 

   

 
no 5 7,830883 Nonlinear 12,5 h 

   

 
no 6 15,65713 Nonlinear 12,5 h 

   

 
no 6 18,726883 Nonlinear 12,5 h 

   Day 4 no 3,6 1,35313 Linear 4,01 11,4 284 

 
no 3,6 2,406883 Linear 4,06 

  

 
no 8,6 10,35313 Nonlinear 12,5 h 

   

 
no 8,6 6,558883 Nonlinear 12,5 h 

   

 
no 13,6 20,28913 Nonlinear 12,5 h 

   

 
no 13,6 6,462883 Nonlinear 12,5 h 

   

 
no 23,6 9,89713 Nonlinear 12,5 h 

   

 
no 23,6 9,870883 Nonlinear 12,5 h 

   Day 5 no 3 1,01713 Nonlinear 12,5 h 5,36 11,1 301 

 
no 3 2,094883 Nonlinear 12,5 h 3,98 

  

 
no 4 3,27313 Linear 

   

 
no 4 3,414883 Linear 

   

 
no 5 5,14513 Linear 

   

 
no 5 3,678883 Linear 

   

 
no 6 14,64913 Nonlinear 12,5 h 

   

 
no 6 20,094883 Nonlinear 12,5 h 

   Day 6 no 3,4 3,34513 Linear 4,05 11,4 276 
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no 3,4 5,286883 Linear 4,03 

  

 
no 8,4 14,64913 Nonlinear 12,5 h 

   

 
no 8,4 20,094883 Nonlinear 12,5 h 

   

 
no 13,4 14,21713 Nonlinear 12,5 h 

   

 
no 13,4 13,950883 Nonlinear 12,5 h 

   

 
no 23,4 21,39313 Nonlinear 12,5 h 

   

 
no 23,4 33,438883 Nonlinear 12,5 h 

   Day 7 DOC 3,5 7,01713 Linear 83,9 12,9 264 

 
DOC 3,5 5,046883 Linear 84,1 

  

 
DOC 4,5 8,55313 Linear 

   

 
DOC 4,5 4,254883 Linear 

   

 
DOC 5,5 6,15313 Linear 

   

 
DOC 5,5 3,054883 Linear 

   

 
DOC 6,5 4,32913 Linear 

   

 
DOC 6,5 3,654883 Linear 

   Day 8 DOC 4,2 7,95313 Linear 90,1 14,7 268 

 
DOC 4,2 5,454883 Linear 88,4 

  

 
DOC 9,2 41,12113 Nonlinear 12,5 h 

   

 
DOC 9,2 24,510883 Nonlinear 12,5 h 

   

 
DOC 14,2 49,71313 Nonlinear 12,5 h 

   

 
DOC 14,2 45,270883 Nonlinear 12,5 h 

   

 
DOC 24,2 84,99313 Linear 

   

 
DOC 24,2 88,614883 Linear 

   Day 9 DOC 3 7,20913 Linear 87,0 13,6 285 

 
DOC 3 10,326883 Linear 86,3 

  

 
DOC 4 18,58513 Linear 

   

 
DOC 4 12,534883 Linear 

   

 
DOC 5 13,06513 Linear 

   

 
DOC 5 13,758883 Linear 

   

 
DOC 6 9,89713 Nonlinear 12,5 h 

   

 
DOC 6 6,270883 Nonlinear 12,5 h 

   Day 
10 DOC 3,6 12,72913 Linear 85,3 16,1 284 

 
DOC 3,6 10,926883 Linear 85,3 

  

 
DOC 8,6 55,78513 Linear 

   

 
DOC 8,6 46,230883 Linear 

   

 
DOC 13,6 67,37713 Linear 

   

 
DOC 13,6 78,606883 Linear 

   

 
DOC 23,6 93,36913 Nonlinear 12,5 h 

   

 
DOC 23,6 89,382883 Nonlinear 12,5 h 

   Day 
11 DOC 3 9,82513 Linear 85,4 15,1 301 

 
DOC 3 17,478883 Linear 85,6 

  

 
DOC 4 33,65713 Nonlinear 12,5 h 

   

 
DOC 4 15,438883 Nonlinear 12,5 h 

   

 
DOC 5 29,62513 Nonlinear 12,5 h 

   

 
DOC 5 12,534883 Nonlinear 12,5 h 
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DOC 6 22,40113 Linear 

   

 
DOC 6 25,638883 Linear 

   Day 
12 DOC 3,4 18,99313 Linear 86,6 15,5 276 

 
DOC 3,4 21,654883 Linear 85,9 

  

 
DOC 8,4 54,99313 Linear 

   

 
DOC 8,4 51,390883 Linear 

   

 
DOC 13,4 93,46513 Linear 

   

 
DOC 13,4 88,302883 Linear 

   

 
DOC 23,4 154,16113 Nonlinear 12,5 h 

   

 
DOC 23,4 96,678883 Nonlinear 12,5 h 
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