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Abstract 

Earlier studies indicate that the interaction between heterotrophic bacteria and dissolved 

organic matter is rather different in rivers and estuaries. The aim of my thesis was to 

elucidate if bacteria are regulated differently in the Råne river and estuary during a spring 

situation. Surface water was collected at both locations and a bioassay performed to study 

limiting substances for bacterial production, proportion bio-available dissolved organic 

carbon (DOC) in the water and bacterial growth efficiencies (BGE). The Carbon, Nitrogen 

and Phosperous concentrations were all higher in the estuary than in the river. The bioassay 

showed that nitrogen-phosphorus limited the bacterial production at both locations, while 

DOC occurred in excess. The bio-available part of the DOC pool was larger in the estuary 

(~6%) than in the river (~3%). However, the BGE was much higher in the river (~40%) than 

in the estuary (~5%), indicating that a larger proportion of the consumed DOC was used for 

respiration in the estuary. I conclude that heterotrophic bacteria are limited by the same 

substance, but that the bacterial metabolism is quite differently regulated in the river and in 

the estuary.  
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1. Introduction 

1.1. Background 

Estuaries form transitional zones between river and marine environments, where freshwater 

from the river mix with saltwater from the sea. Estuaries receive a large input of 

allochthonous dissolved organic matter (ADOM). However, this input is not evenly 

distributed over the year and is higher during periods with high flow rates. In northern 

Sweden this occurs during spring when the snow and ice melts causing the rivers to flush and 

carries with it organic matter from its catchment (Reader et al., 2014). For heterotrophic 

bacteria, which are at base of many aquatic food webs in this region, organic matter not only 

serves as a source of carbon and nutrients, but also provides attachment surfaces, depending 

on its physical dimension (Kirchman, 2008). However despite a seemingly large inflow of 

nutrients, bacterial production can still be limited as these nutrients are not always in a form 

that is available for bacterial uptake (Reader et al., 2014). 

1.2. Bioavailability of DOC 

Dissolved organic carbon (DOC) consists of various organic molecules of different origin. Not 

all of these molecules are suitable for bacterial consumption (Reader et al., 2014). DOC spans 

a range from labile to refractory. Labile DOC, which consists of for example sugars and 

proteins, are easy for bacteria to use and is usually utilized within hours, days or weeks. 

Refractory DOC is usually large and structurally complex molecules that is hard for bacteria 

to utilize, which means that they can remain for years (Kirchman, 2008). How much of DOC 

is available for bacteria varies depending on place and time, but is usually around 10% 

(Wikner et al., 1999). Bioavailability can be measured using bioassays where DOC 

concentration is determined in the beginning and the end of the experiment. The part of DOC 

that have been used up by bacteria is considered to be the bio-available fraction (Søndergaard 

and Middelboe, 1995). 

 

1.3 Nutrient limitation in various aquatic ecosystems 

Whether bacterial production is limited by nutrients such as nitrogen and phosphorous or 

carbon depends on the relative availability of these nutrients and carbon (Hiokala, 2009). In 

rivers the water is often rich in various carbon compounds, while concentrations of nutrients 

are low (Stepanuskas et al., 2002). This could lead to nutrient limitation of bacterial 

production, at least if the quality of carbon is sufficient.  However, as water passes through 

the water system, degradation and use by other bacteria further upstream can deplete the 

pool of bio-available carbon (Wikner et al., 1999), leading to a possibility that bacteria is 

carbon-limited despite seemingly high concentration of DOC.   

In the open sea, however, conditions are often the opposite with relatively low concentrations 

of carbon as carbon is brought into the system mostly by photosynthesis and only a fraction 

of the water mass receives enough light to enable photosynthesis (Kirchman, 2008). In 

addition to this there is often a relatively high concentration of nutrients, at least in the 

deeper parts of the ocean (Kirchman, 2008). These are conditions that would lead to carbon 

limitation.  While the sea has a lower total amount of DOC, the quality is often higher as a 

larger portion of carbon is of autochthonous origin, which is easier for bacteria to use 

(Figueroa et al. unpublished), and if there is enough of this high quality carbon that could 

shift the bacteria to instead become limited by Nitrogen and  phosphorus. However, both 
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nutrient limitation and carbon limitation has been found in various locations (Pinhassi et al., 

2006). 

Estuaries are transitional zones that have influences from both the sea and the river and the 

mixing of water with different biological and geochemical processes can in some cases 

transform organic matter into more labile forms (Wikner et al. 1999), altering the relative 

proportion of various nutrients, and possibly the limiting factor.  

1.3 Bacterial growth efficiency 

Bacterial growth efficiency is the proportion of the assimilated carbon used to build new 

biomass that potentially can be transferred to the next trophic level as opposed to being used 

for catabolic processes and then respired back into the environment as CO2 (del Giorgio and 

Cole, 1998). BGE is a useful tool for describing carbon flow and the efficiency of bacteria to 

utilize recourses in a system (del Giorgio and Cole, 1998). For larger organisms such as 

zooplankton, growth efficiency is usually around 30% (Straile, 1997). Bacteria however 

display a greater variability in growth efficiency. Estimates of BGE for planktonic bacteria 

range between less than 5 % to as much as 60% (del Giorgio and Cole, 1998). The reason for 

this variation is not entirely known but factors such as temperature, carbon quality, and 

nutrient availability, may affect BGE.  A general trend however seems to be that BGE varies 

across a productivity gradient where less productive environments also have lower BGE´s 

(del Giorgio and Cole, 1998). 

1.4. Theory of testing for limiting nutrients: 

One way of testing which nutrient limits the growth of, for example, bacteria is to perform 

bioassays. The idea is that you have different treatments in which the potentially limiting 

substances are added (Hitchcock and Mitrovic, 2013). There should also be a control with no 

additions, and a combined treatment with all tested nutrients added. According to the theory, 

the single addition giving the highest positive production response is the most limiting 

substance. The combined addition just serves as a “positive control”, where the maximum 

production response should take place. 

1.5. Earlier studies in råne 

An earlier study was performed by Figueroa et al. (unpublished) in Råne river and estuary in 

2011. The purpose of that study was to examine which factors drive bacterial production in a 

subarctic estuary that is highly influenced by ADOM. Field studies and bioassays were 

performed. The results of their study show that ADOM plays a large role in governing 

bacterial production. The highest bacterial activity was observed during spring, coinciding 

with the spring river flood. They also concluded that carbon quality and availability plays an 

important role as bacterial production in inner part of the estuary appeared to be carbon 

limited despite high concentration of DOC. However there was both a spatial and temporal 

variation in what appeared to limit bacterial production. However, since limiting factors were 

not thoroughly examined, the regulation of bacterial production in the Råne estuary is poorly 

understood. 

 1.6. The aim of my thesis was to elucidate: 

1) What is the most limiting nutrient for bacterial production in the Råne river and 

estuary.  
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2) What is the proportion of readily bioavailable DOC at the two study sites 

3) Bacterial growth efficiencies. 

1.7. I hypothesize that: 

1) Carbon would be the limiting nutrient in the river while nitrogen-phosphorus would 

be most limiting  in the estuary. 

2) The proportion of bioavailable DOC is higher in the estuary than in the river. 

3) The bacterial growth efficiency is lower in the estuary than in the river.  

I was especially interested in the spring condition, because maximum river flow occurs 

during that time of the year. Maximum influx of allochthonous organic carbon is occurring 

during this time of the year. I was also especially interested in potential changes in the 

transition zone between the river and the estuary. I therefore performed an experiment with 

water from the Råne river and estuary, situated in the sub-arctic northern Baltic Sea.  

 

2. Material and Methods 

2.1. Field Sampling  

Water for the experiment was collected in the Råne river/estuary, a subarctic estuary situated 

in the northernmost part of the Baltic Sea. Sampling took place on the 7th of May 2014. Water 

was taken at two locations: site A, which is located upstream in the river (65° 51.3383 N, 22° 

16.8642 E) and site B located in the river mouth down by the sea (65° 50.1147 N, 22° 20.5801 

E). See figure 1. 

  

Figure 1. Map of the two sampling cites in the Råne river (A) and estuary (B), northern Baltic Sea 

The water was sampled using a Ruttner water sampler at approximate 1 m depth. The in situ 

temperature was 3.8°C at both locations. The water was placed in 1 liter glass bottles that had 

been washed using HCL and rinsed with river water.  Four bottles were collected at each 
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location (4 Liter). A total of 8 liter of water was taken from Råne. The water was kept cold 

during transportation back to the laboratory at Umeå University. 

2.2. Experimental setup 

Upon arrival in Umeå 2, liter of water from each site was filtered using a GFF filter (~0.7 

μm), in order to remove large particulate matter. Unfiltered water was kept to be used as 

inoculum water. The water was then kept in refrigerator at 4°C until the next day and 

beginning of the experiment. 

1890 ml of filtered water was mixed with 210 ml of unfiltered inocculum water in order to 

create what will from now on be named “the original mixture”. 150 ml of the original mixture 

was poured into 12 sterile 200 ml plastic cell culture flasks.   

The 12 bottles were divided into four groups with three bottles in each group, each bottle 
being one replicate. The groups were then subjected to different treatments in which nutrient 
solutions were added. (For the control treatment (treatment 1) MilliQ water was added) 

 Table 1. Final concentrations of substances for each treatment, excluding any nutrients already present in the 
river water.  

Treatment  Final concentration (μmol/l) 

  P (K2H2PO4) N (NH4Cl) N (NaNO3) C (Mix*) 

1. Control   ----- ----- ----- ------ 
2. NP  0.077 0.172 1.06 ------ 
3. C  ------ ------ ------ 140 
4. C+NP  0.077 0.172 1.06 140 

*(mix of carbon sources: glucose, D-galactose, D-mannitol, sodium acetate and sodium 

pyruvate, at an equimolar concentration.) 

The same procedure was done with water from both sites resulting in a total of 24 culture 

flasks which was then incubated in the dark at at 6°C, a slightly higher temperature than the 

in situ temperature (3.8°C). The reason for using a higher temperature than the in situ 

temperature was to mimic the temperature increase that occurs during the spring-summer 

season. This would ensure bacterial growth, as 3.8°C was assumed to be a bit too cold. the 

bacteria was incubated for 10 days during which samples for bacterial production, total 

nitrogen and phosphorus and DOC was taken. 

2.3. Bacterial production 

Sampling for bacterial production was done on day 0, 2, 6 and 10 of the experiment. In order 

to measure bacterial production the 3H-thymidine incorporation technique was used. In 

which a radioactive isotope (3H-thymidine) is incorporated into the DNA during cell division 

and can be measured with a scintillation counter(Fuhrman & Azam, 1982).  

1 ml of water was added to three eppendorf tubes (1 control and 2 samples). The bacteria in 

the control tubes were then pre-killed using 100 μl ice-cold 50% trichloroacetic acid (TCA) 

and kept in the freezer for a few minutes. 2 μl 3H-thymidine was then added to all Eppendorf 

tubes and shaken. After that the samples and controls were incubated at 6°C for 60 minutes. 

The reaction was then stopped with 100 μl ice cold TCA (50%), and samples and controls 

were kept cold for 5 min. The samples and controls were then centrifuged for 10 minutes and 

non-incorporated thymidine was washed away with ice-cold 5% TCA. Finally, 1 ml of 
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scintillation cocktail (Optiphase, Hi-Safe 3) was added to each tube and shaken. The tubes 

was then put into then scintillation counter. 

A function was used to calculate bacterial production: 

    
     

 
    

                                          

       
 

DPMs = DPM counts for sample 
DPMC = DPM count for control 
4.5 * 10-13 = conversion factor from DPM to Ci 
1.4*1018 = conversion factor for cells/incorporate μmol 3H-thymedine for the Baltic sea 
1.7*10-9 =  bacteria carbon content μmol C/cell 
V= volume of sample 
δt = incubation time 
SA = specific activity of isotope (CI/mol) 
 
2.4. DOC and nutrients 

Samples for DOC were taken on day 0 and day 6 from the original mixture (day 0) and from 

the flasks that did not have any nutrients added (day 6), i.e. treatment 1 and 2. As DOC 

samples are easily contaminated care was taken in order to avoid this. Two plastic cell culture 

bottles (60 ml) for each sample (one sample and one control) was rinsed with milliQ and 

then filled with the same. The bottles were then left for an hour in order to leech out any 

carbon in the bottles. A plastic 50 ml syringe with an acrodisk supor syringe filter (32 mm) 

was used to filter the sample. This was also rinsed with milliQ.  About 30 ml of the sample 

was taken into the syringe. The first 5 ml was discarded and 25 ml of the sample was filtered 

into the TC bottle. Same procedure was done for the control samples but with milliQ water 

instead. 375μl of 0.2 M HCl was added to the bottles on order to conserve the samples. The 

samples were then sent to Umeå Marine Science Centre (UMSC) for analysis. 

Nutrient samples were also taken on day 0 and 6. On day 0 the samples were taken from the 

original mixture and on day 6 from the flasks without nutrient addition (treatment 1 and 3). 

30 ml of water was poured into 50 ml falcon tubes sand sent to UMSC to be analysed for total 

nitrogen and phosphorus. The reason for not taking samples from the treatments with added 

nutrients and carbon was that the high concentration of these substances would interfere 

with the sensitive calibration of UMSC’s equipment.  

 
2.5. DOC availability 

 
The proportion of DOC availability for bacterial consumption was estimated according to: 
 
bDOC (%) = (DOCstart – DOCend) / DOCstart x 100 
 
where DOCstart is the concentration of DOC at day 0 and DOCend is DOC at day 6. 
 
2.6. Bacterial growth efficiency 

 
The bacterial growth efficiency (BGE) was calculated according to: 
 
BGE (%) = BPintday0-6 / (DOCday0 – DOCday6) x 100 
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A prerequisite for performing this calculation is that bacteria are actively growing and that 

they have not reached the stationary phase. This prerequisite was met, as the bacterial 

production at both stations was observed to increase from day 0 to day 6.  

 

2.7. Statistical analyses 

The analysis of the bacterial production data was done using IBM SPSS Statistics 22.0 (IBM 

Corp., 2013).Tests were done to check for equal variance and normal distribution. The test 

for equal variance (Levene's) showed equal variance but normality testing showed that the 

data were not normally distributed. The data was then analyzed using mixed repeated 

measures ANOVA.  Bacterial production was the dependent variable. The sampling day was 

the within subject factor and the treatment the between subject factor. This was done 

separately for the estuary and the river location. Since the data was not normally distributed 

a non parametric post hoc test had to be used to identify which treatment was significantly 

different. The post hoc test was Tamhane’s T2 test. 

 The bDOC data was analyzed using unpaired T-test in Microsoft office Excel 2007 

(Microsoft, 2007).  

 

3. Results 

3.1. Limiting substance for bacterial production 

Both stations showed a similar response to the different treatments. In both stations the 

ANOVA shoved a significant difference between treatments. (P < 0.001) The treatment in 

which both carbon and NP was added showed the largest response, yielding an increase in 

bacterial production more than ten times that of the control treatment (Tamhane P<0.01). 

The NP added treatment also showed an increase in bacterial production compared to the 

control treatment and this was also significant according to the post hoc test ( P < 0.05) As 

can be seen on the graphs the rise in bacterial production does seem to level off at the river 

station or decrease slightly at the estuary station, at around day 6.  

The carbon treatment yielded the lowest bacterial production, even lower than that of the 

control treatment. These results were not significant according to the post hoc test (P > 0.05 
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Figure 2 a-b. Bacterial production during the experiment. Error bars denote standard error 

 

3.2. Nutrients 

3.2.1. Phosphorus 

The nutrient analysis showed differences between A and B and also between the carbon and 

control treatments.  The initial level of phosphorous was higher in the estuary than in the 

river (4.2 and 3.9 μg/l respectively). In the river the mean concentration of phosphorus in the 

control treatment was unchanged, but the variation was large (variance=0.4). In the carbon 

treatment the concentration increased between day 0 and day 6, variance being relatively low 

across replicates (0.01). In the estuary however the mean concentration in both the control 

treatment and the carbon treatment had dropped over the course of 6 days (fig. 3.a) 

(variance: 0.01 and 0.0033 respectively).   
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3.2.2. Nitrogen 

Initial levels were once again higher for location B (318.2 μg/l) than for location A (302.0 

μg/l) (fig. 3.b). The nitrogen level decreased with time in both locations.  In A there was no 

difference between the control treatment and the treatment with added carbon. In the water 

from the estuary location B however there was a greater decrease in the carbon treatment.  

3.2.3. Carbon  

The DOC concentration was higher at location B than at location A with 8.33 g/l and 7.82 g/l 

respectively (fig.3.c). In A the treatment with added nutrients, the DOC concentrations 

followed that of the control treatment, showing a decrease in carbon concentration. In B the 

carbon concentrations showed the same trend as in A.  
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Figure 3 a-c. DOC, Tot N and Tot. P during the experiment. Error bars shows standard deviation. 
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3.3. DOC availability 

Bioavailable DOC was higher in the water from the estuary station than in that of the river 

station (Fig. 4). Mean bDOC across treatments was around 2.6 % in the river. For the estuary 

it was 5. 2%, this proved to be a significant difference (table 2). There was also a non-

significant difference between the two treatments in which DOC was measured. The NP 

enriched treatment showed a slightly higher availability than in the control treatment.  

 

Figure 4. Bioavailable DOC as a percentage of total DOC. Error bar denotes standard deviation. 

 

Table 2. Results of unpaired t-test (two-tail, equal variance not assumed) of bDOC  

  
N Mean variance t t-crit df P Sig. 

Location 

River 6 2,59 2,36 
3,32 0,009 9 0,009 yes 

Estuary 5 5,18 1,07 

Treatment 

Control 6 3,29 3,14 

0,93 2,31 8 0,380 NS NP 5 4,34 3,90 
  

 

3.4. Bacterial growth efficiency  

BGE was higher at the river station than at the estuary station (Fig 5), while which treatment 

the bacteria had received seemed to have little to no effect on BGE. 
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Figure 5: Bacterial growth efficiency measured in the control and the NP amended microcosms. Error bar 

denotes standard Error. 

 

4. Discussion 

The main objective of this study was to investigate if bacteria in the subarctic Råne estuary 

are limited by carbon or by inorganic nutrients during the spring river flush. This was done 

using a bioassay where bacteria were grown in medium with added nutrients for ten days 

during which samples were taken to investigate bacterial production, nutrients and DOC. An 

earlier study done by Figueroa et al. (unpublished) indicated that bacterial production during 

the spring flush is limited by the availability of carbon in the inner parts of the estuary and by 

NP in locations out towards the sea. The result of this study however somewhat contradicts 

these results. 

4.1 Bacterial activity and limiting substance  

The single addition that had the most effect on bacterial production was NP. The NP 

treatment had a significantly higher production than the control or carbon addition, showing 

that bacteria in Råne river and the estuary are limited by nitrogen and/or phosphorous. The 

highest bacterial production was recorded in the combined treatment. This is expected since 

it is how the experiment is set up but it does confirm that when nutrient-limitation is 

alleviated the bacteria becomes limited by carbon instead, and that there isn’t something else 

limiting bacteria. That there was no difference between the river and the estuary is probably 

due to the high flow leading to the estuary being mostly influenced by the river water, thus 

the relative availability of nutrients and carbon being the same. 

4.2. Nutrients 

The analysis of tot-P, tot-N and DOC showed a higher concentration of all nutrients at the 

estuary station compared to that of the river. This could be that the nutrients accumulated at 

the mouth of the river. 
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For DOC and nitrogen there were decreases in concentrations over the course of six day. This 

is to be expected as bacteria consume these resources. The general pattern was that the 

concentrations in the NP enriched cultures decreased at a higher or comparable rate to that 

of the control.  This however was not the case for phosphorus. The data from the phosphorus 

measurement was quite erratic and a little puzzling. For the river, the control treatment 

showed  large variation but no change in mean. The carbon added treatment on the other 

hand showed an increased phosphorus concentration in all of the replicates. The estuarine 

station showed a decrease in both control and C treatment. Unlike the other nutrient the 

largest decrease was in the control.   

4.3. Bioavailability of dissolved organic carbon  

The bioavailability was relatively low in both the river and estuary with about 3 and 5% bDOC 

respectively. Previous studies show that the DOC availability is usually around 10-17 % 

(Søndergaard and Middelboe, 1995; Lignell et al., 2008). The hypothesis that DOC would be 

higher in the estuary was supported by the data. There are some theories that could explain 

why this is. One is that increased salinity, however small that may be in the Bothnian Bay, 

can stimulate flocculation that enhances bacterial degradation (Tranvik & Sieburth, 1989). In 

addition increased salinity can also change the structure of and coiling of organic molecule, 

making them easier for bacteria to use (Fellman et al., 2010). Another possibility is that there 

is a difference between bacterial communities and that the bacteria in the estuary are more 

efficient at removing DOC (Wikner et al., 1999). However since neither salinity nor the 

bacterial assemblages were measured here, these theories cannot be tested with data in this 

study. 

Bioavailability seems to increase in the NP treatments albeit not enough to be statistically 

significant. Other studies on bDOC have showed similar results: that addition of inorganic 

nutrients enhance utilization of DOC (Asmala et al., 2014). Although bDOC was low 

compared to what it is in most waters, it was relatively high if compared to the result of 

Figueroa’s(unpublished) earlier study in the area, specifically from the river in May in which 

bioavailability was only around 1 %. The slightly higher availability might be enough to cause 

bacteria to become NP limited especially if the availability of these nutrients are otherwise 

low.   

4.4. Bacterial growth efficiency 

BGE was higher in the river than in the estuary. In the river it was around 35-40% and in the 

estuary it was around 5-13%. These numbers are not uncommon and BGE values found in 

other studies are often around either 30% or 5% (del Giorgio & Cole, 1998). Nutrient addition 

does not seem to significantly affect BGE even though both the river and the estuary appear 

to be limited by nutrients.  There is a model by Fenchel & Blackburn (1997) in which the basic 

idea is that bacteria regulate the catabolism of organic substrates to attain the correct 

intracellular stoichiometry with respect to N (and other nutrients). Because the elemental 

composition of bacteria is relatively constant, BGE should be negatively related to the C:N 

ratio of the substrate, at least in the range of C:N where N, and not C, is limiting. This model 

has been supported by some studies such as Billen (1984) and Goldman et al. (1987) however 

several experimental additions, in a wide variety of aquatic environments, has given little or 

no effect on BGE. This does also seem to be the case in this study.  
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BGE showed a negative relation to the availability of carbon. In the estuary where bDOC was 

high, BGE was low and this was reversed in the river. This was the case in the study by 

Figueroa el al.(unpublished) as well. This uncoupling of bDOC and BGE could be due to the 

nature of the DOC-compounds, and that a higher proportion of consumed DOC is used for 

respiration in the estuary than in the river. 

4.5. Conclusion 

The aim of this study was to shed some light on what governs bacterial production in a 

subarctic estuary during spring. Nitrogen-phosphorus, rather than carbon, seems to be the 

limiting factor as shown by this bioassay experiment in which nutrient-addition gave a 

significant response whereas carbon did not. Another related question this study sought to 

answer was whether there is a difference in the bioavailability of DOC between the river and 

the estuary. The hypothesis that bDOC would be higher at the estuary proved to be 

supported. While bDOC was higher in the estuary, BGE was lower and the opposite was the 

case in the river, this indicates that in the river there is little carbon available for bacteria to 

use, but that what carbon there is can utilized relatively effectively from a production 

standpoint. In the estuary on the other hand there is more carbon but the bacteria there are 

not as good at utilize it. The net result is that production is about the same in both locations. 

This study and others show that what limits bacteria in estuaries are complex and varies in 

space and time. Depending on physiochemical and biological factors than in turn depends on 

other environmental factor such as land use, flow rate and climate. This is making it hard to 

make any generalizations, at least not without more data. 
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Appendix A 

 Raw data from 3-thymedine incorporation 

Day  Locale treatment sample DPM 

0 A NA AC 462,5 

0 A NA A1 1755,56 

0 A NA A2 1473,11 

0 A NA A3 1745,25 

0 B NA BC 488,89 

0 B NA B1 2069,07 

0 B NA B2 1967,41 

0 B NA B3 1626,48 

2 A CTRL A.1.1.C 442,96 

2 A CTRL A.1.1.1 2959,36 

2 A CTRL A.1.1.2 2630,76 

2 A CTRL A.1.2.C 547,82 

2 A CTRL A.1.2.1 2547,27 

2 A CTRL A.1.2.2 2565,06 

2 A CTRL A.1.3.C 319,07 

2 A CTRL A.1.3.1 2369,05 

2 A CTRL A.1.3.2 1727,85 

2 A NP A.2.1.C 608,91 

2 A NP A.2.1.1 3541,34 

2 A NP A.2.1.2 4351,24 

2 A NP A.2.2.C 62672,03 

2 A NP A.2.2.1 5150,66 

2 A NP A.2.2.2 3373,37 

2 A NP A.2.3.C 1893,74 

2 A NP A.2.3.1 8728,02 

2 A NP A.2.3.2 3373,22 

2 A C A.3.1.C 1010,67 

2 A C A.3.1.1 1376,43 

2 A C A.3.1.2 980,09 

2 A C A.3.2.C 2068,6 

2 A C A.3.2.1 804,52 

2 A C A.3.2.2 4019,56 

2 A C A.3.3.C 313,1 

2 A C A.3.3.1 1064,52 

2 A C A.3.3.2 1335,33 

2 A NPC A.4.1.C 351,69 

2 A NPC A.4.1.1 591,5 

2 A NPC A.4.1.2 569,19 

2 A NPC A.4.2.C 230,89 
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2 A NPC A.4.2.1 732,56 

2 A NPC A.4.2.2 865,67 

2 A NPC A.4.3.C 125,91 

2 A NPC A.4.3.1 905,75 

2 A NPC A.4.3.2 624,15 

2 B CTRL B.1.1.C 762,78 

2 B CTRL B.1.1.1 4307,85 

2 B CTRL B.1.1.2 2492,4 

2 B CTRL B.1.2.C 869,13 

2 B CTRL B.1.2.1 2589,09 

2 B CTRL B.1.2.2 3274,89 

2 B CTRL B.1.3.C 168,49 

2 B CTRL B.1.3.1 1662,48 

2 B CTRL B.1.3.2 1661,43 

2 B NP B.2.1.C 138,17 

2 B NP B.2.1.1 2815,42 

2 B NP B.2.1.2 3050,5 

2 B NP B.2.2.C 143,33 

2 B NP B.2.2.1 2519,05 

2 B NP B.2.2.2 2678,67 

2 B NP B.2.3.C 110,25 

2 B NP B.2.3.1 1702,59 

2 B NP B.2.3.2 2397,63 

2 B C B.3.1.C 213,39 

2 B C B.3.1.1 1775,21 

2 B C B.3.1.2 1682 

2 B C B.3.2.C 198,09 

2 B C B.3.2.1 1004,61 

2 B C B.3.2.2 543,13 

2 B C B.3.3.C 428,3 

2 B C B.3.3.1 690,49 

2 B C B.3.3.2 2642,3 

2 B NPC B.4.1.C 1566,45 

2 B NPC B.4.1.1 1156,02 

2 B NPC B.4.1.2 1490,24 

2 B NPC B.4.2.C 1365,95 

2 B NPC B.4.2.1 895,1 

2 B NPC B.4.2.2 1056,84 

2 B NPC B.4.3.C 365,17 

2 B NPC B.4.3.1 3857,5 

2 B NPC B.4.3.2 1258,67 

6 A CTRL A.1.1.C 368,53 

6 A CTRL A.1.1.1 4054,19 

6 A CTRL A.1.1.2 4235,68 



17 
 

6 A CTRL A.1.2.C 626,74 

6 A CTRL A.1.2.1 4571,74 

6 A CTRL A.1.2.2 5083,68 

6 A CTRL A.1.3.C 601,38 

6 A CTRL A.1.3.1 4146,44 

6 A CTRL A.1.3.2 3514,57 

6 A NP A.2.1.C 348,21 

6 A NP A.2.1.1 8675,8 

6 A NP A.2.1.2 6238,56 

6 A NP A.2.2.C 473,87 

6 A NP A.2.2.1 6219,94 

6 A NP A.2.2.2 7297,57 

6 A NP A.2.3.C 362,28 

6 A NP A.2.3.1 7638,22 

6 A NP A.2.3.2 7257,37 

6 A C A.3.1.C 1069,86 

6 A C A.3.1.1 2117,55 

6 A C A.3.1.2 1898,42 

6 A C A.3.2.C 411,68 

6 A C A.3.2.1 3120,93 

6 A C A.3.2.2 1949,51 

6 A C A.3.3.C 958,47 

6 A C A.3.3.1 914,66 

6 A C A.3.3.2 1286,23 

6 A NPC A.4.1.C 256,58 

6 A NPC A.4.1.1 23380,01 

6 A NPC A.4.1.2 22588,89 

6 A NPC A.4.2.C 525,64 

6 A NPC A.4.2.1 21615,08 

6 A NPC A.4.2.2 23612,76 

6 A NPC A.4.3.C 767,54 

6 A NPC A.4.3.1 21492,19 

6 A NPC A.4.3.2 19439,34 

6 B CTRL B.1.1.C 1459,34 

6 B CTRL B.1.1.1 3674,07 

6 B CTRL B.1.1.2 3444,3 

6 B CTRL B.1.2.C 416,67 

6 B CTRL B.1.2.1 3117,49 

6 B CTRL B.1.2.2 4060,11 

6 B CTRL B.1.3.C 284,95 

6 B CTRL B.1.3.1 4031,5 

6 B CTRL B.1.3.2 3745,84 

6 B NP B.2.1.C 711,91 

6 B NP B.2.1.1 5125,52 
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6 B NP B.2.1.2 5988,51 

6 B NP B.2.2.C 837,82 

6 B NP B.2.2.1 7602,51 

6 B NP B.2.2.2 8147,79 

6 B NP B.2.3.C 466,3 

6 B NP B.2.3.1 6352,28 

6 B NP B.2.3.2 6962,56 

6 B C B.3.1.C 549,36 

6 B C B.3.1.1 3211,7 

6 B C B.3.1.2 2071,3 

6 B C B.3.2.C 449,42 

6 B C B.3.2.1 1579,23 

6 B C B.3.2.2 2179,65 

6 B C B.3.3.C 630,21 

6 B C B.3.3.1 4006,38 

6 B C B.3.3.2 1514,62 

6 B NPC B.4.1.C 754,17 

6 B NPC B.4.1.1 22966,77 

6 B NPC B.4.1.2 23711,68 

6 B NPC B.4.2.C 1035,32 

6 B NPC B.4.2.1 23267,81 

6 B NPC B.4.2.2 22070,7 

6 B NPC B.4.3.C 912,13 

6 B NPC B.4.3.1 24696,6 

6 B NPC B.4.3.2 20951,73 

10 A CTRL A.1.1.C 1963 

10 A CTRL A.1.1.1 4287,08 

10 A CTRL A.1.1.2 4696,57 

10 A CTRL A.1.2.C 348,52 

10 A CTRL A.1.2.1 4237,59 

10 A CTRL A.1.2.2 5163,81 

10 A CTRL A.1.3.C 560,47 

10 A CTRL A.1.3.1 4344,49 

10 A CTRL A.1.3.2 3613,66 

10 A NP A.2.1.C 2232,78 

10 A NP A.2.1.1 9004,59 

10 A NP A.2.1.2 5125,42 

10 A NP A.2.2.C 465,81 

10 A NP A.2.2.1 6407,34 

10 A NP A.2.2.2 8209,08 

10 A NP A.2.3.C 863,69 

10 A NP A.2.3.1 7789,04 

10 A NP A.2.3.2 7165,5 

10 A C A.3.1.C 405,71 
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10 A C A.3.1.1 1653,62 

10 A C A.3.1.2 1761,25 

10 A C A.3.2.C 897,78 

10 A C A.3.2.1 2442,91 

10 A C A.3.2.2 2470,7 

10 A C A.3.3.C 265,48 

10 A C A.3.3.1 7553,4 

10 A C A.3.3.2 5771,59 

10 A NPC A.4.1.C 2189,97 

10 A NPC A.4.1.1 42520,77 

10 A NPC A.4.1.2 43076,91 

10 A NPC A.4.2.C 791,69 

10 A NPC A.4.2.1 34289,55 

10 A NPC A.4.2.2 40669,84 

10 A NPC A.4.3.C 517,62 

10 A NPC A.4.3.1 51000,45 

10 A NPC A.4.3.2 43979,68 

10 B CTRL B.1.1.C 668,11 

10 B CTRL B.1.1.1 3092,91 

10 B CTRL B.1.1.2 2971,57 

10 B CTRL B.1.2.C 976,24 

10 B CTRL B.1.2.1 4763,97 

10 B CTRL B.1.2.2 3926,28 

10 B CTRL B.1.3.C 508,92 

10 B CTRL B.1.3.1 3821,62 

10 B CTRL B.1.3.2 3642,51 

10 B NP B.2.1.C 340,85 

10 B NP B.2.1.1 6012,53 

10 B NP B.2.1.2 4760,22 

10 B NP B.2.2.C 370,97 

10 B NP B.2.2.1 4376,02 

10 B NP B.2.2.2 4929,11 

10 B NP B.2.3.C 380,87 

10 B NP B.2.3.1 5438,16 

10 B NP B.2.3.2 4761,2 

10 B C B.3.1.C 6914,29 

10 B C B.3.1.1 1471,63 

10 B C B.3.1.2 1946 

10 B C B.3.2.C 469,97 

10 B C B.3.2.1 1612,69 

10 B C B.3.2.2 1473,88 

10 B C B.3.3.C 494,57 

10 B C B.3.3.1 2466,49 

10 B C B.3.3.2 1185,11 
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10 B NPC B.4.1.C 447,86 

10 B NPC B.4.1.1 46403,87 

10 B NPC B.4.1.2 41965,29 

10 B NPC B.4.2.C 4006,44 

10 B NPC B.4.2.1 41526,68 

10 B NPC B.4.2.2 42270,65 

10 B NPC B.4.3.C 398,83 

10 B NPC B.4.3.1 47546,86 

10 B NPC B.4.3.2 51145,87 
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Apendix B 

Nutrient and DOC data 

Day Sample 
tot-P 
ug/l -P 

tot-N 
ug/l -N 

0 A 3,9 302,0 

0 B 4,2 318,2 

6 A.1. 1 4,1 294,4 

6 A.1. 2 3,9 300,6 

6 A.1 .3 3,7 297,6 

6 A.3. 1 4,1 303,9 

6 A.3. 2 4,2 295,7 

6 A.3. 3 4,3 291,6 

6 B.1. 1 3,7 324,1 

6 B.1 .2 3,6 302,2 

6 B.1. 3 3,8 310,0 

6 B.3. 1 3,9 309,6 

6 B.3. 2 3,9 300,8 

6 B.3.3 3,8 303,6 

 

 

 

 

Day sample 
NPOC 
mg/l 

0 A 7,8177475 

0 B  8,3307475 

6 A 1.1  7,7887475 

6 A 1.2  7,6097475 

6 A 1.3  7,6097475 

6 A 2.1  7,6857475 

6 A 2.2  7,5687475 

6 A 2.3  7,4287475 

6 B 1.1  7,9717475 

6 B 1.2  7,8877475 

6 B 1.3  7,9647475 

6 B 2.1  4,8027475 

6 B 2.2  7,9137475 

6 B 2.3  7,7587475 


