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Abstract 
 

Boreal lakes generally receive high loads of terrestrial organic matter. The three major 

fates for organic carbon in lakes are: mineralization, flocculation followed by 

sedimentation, and export via rivers. Flocculation and resulting translocation of organic 

matter from the water column to the sediments could be a significant link in the boreal 

carbon cycle. This investigation tries to unravel one of the mechanisms regulating 

flocculation to provide a better understanding of the carbon cycle. 

Four different treatments of artificial lake water were done to carry out the 

investigation, treatment with humic substances and algae inoculation, treatment with 

humic substances and without algae inoculation, treatment without humic substances 

and with algae inoculation, and treatment without humic substances and without algae 

inoculation as a control treatment. For each treatment 25 culture bottles of 800ml were 

prepared and they were put under light conditions inside a 20ºC room during five 

consecutive weeks. For each culture bottle, pH, absorbance, fluorescence, chlorophyll-a, 

dissolved organic carbon, particulate organic matter, particulate organic nitrogen and 

particulate organic carbon, parameters were measured. 

Data from the particulate organic carbon (POC) formation shows together with 

dissolved organic carbon (DOC) loss, that algae influenced the conversion from DOC to 

POC. It is hypothesized to be due to secretion of transparent exopolymer particles 

(TEP) that algae carries out, bridging humic substances together into large 

complexes.Results of this study revealed that presence of algae is a factor that influence 

flocculation and that this flocculation could be the factor for the POC-formation. 
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Introduction 

 
Boreal lakes generally receive high loads of terrestrial organic matter. The three major 

fates for organic carbon in lakes are: mineralization, flocculation followed by 

sedimentation, and export via rivers. 

 

Most of the studies of flocculation have been done in marine and river systems. Thus, 

there is a lack of knowledge which factors that influence and govern the flocculation in 

lakes. 

 

This investigation wants to unravel how algae influence flocculation. Algae secrete 

transparent exopolymer particles (TEP), which is a chemically diverse and 

heterogeneous group of particles consisting mainly of acidic polysaccharides. The 

TEP’s are sticky and exhibit the properties of a gel such as high flexibility and their 

volume to mass ratio depend on environmental factors (Passow 2002). The TEP’s can 

glue particles together and therefore could have a possible effect on sedimentation of 

particulate organic carbon (POC) (Passow et al. 2001). Organic particles in 

spontaneously formed assemblages of polymer gels range from colloidal (100-200mm) 

to micrometer size (6-8 um). These gels undergo transformations such as fragmentation, 

annealing, condensation, mineralization, dispersion and assembly, and influencing the 

residence time and sedimentation of the gels. The formation of polysaccharide particles 

can be a pathway for conversion of dissolved organic carbon (DOC) into POC during 

phytoplankton blooms in the oceans (Engel et al 2004). Thus, the conversion into POC 

could make the organic matter more recalcitrant and result in a transfer of organic 

matter from the surface waters (von Wachenfeldt E., 2005). 

 

The studies are so far done in marine environments. Whether the TEP’s and microgels 

are of importance for flocculation in freshwaters is unknown. It is due to this lack of 

knowledge that this investigation studies the importance of algal exudates and 

polysaccharides for flocculation in boreal lake water. 

 

It is worthwhile to carry out this investigation due to that flocculation and resulting 

translocation of organic matter from the water column to the sediments could be a 

significant link in the boreal carbon cycle (von Wachenfeldt E., 2005). This 

investigation tries to unravel one of the mechanisms regulating flocculation to provide a 

better understanding of the carbon cycle. The study of the influence flocculation of 

DOC by the algae biomass can open a way for further studies of quantification of the 

extent of the conversion from DOC to POC followed by sedimentation. 

 

Is necessary to unravel the mechanisms leading to flocculation and the extent of 

flocculation in lakes to predict how changes in the environment, such as climate change 

and acidification, will affect the carbon cycle and CO2 emission to the atmosphere (von 

Wachenfeldt E., 2005). 

 

The forecast of global warming is that temperature will rise and that precipitation will 

increase in certain regions. This could lead to an increased leakage of DOC into 

watersheds and flocculation could potentially increase (von Wachenfeldt E., 2005). 

There is a need for assessment of future effects on flocculation and carbon cycle, from a 

regional to a global scale. 
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The hypothesis that this research tests, is based in the algal exudates and 

polysaccharides, which influences in flocculation of DOC, making it a faster process. 

The result of this excretion is the transparents exopolymer partticles, which are 

aggregated to allochthonous DOC. After the aggregation the flocs precipitate, so the 

organic matter from the water column is translocated to the sediments (Figure 1). 

 

 
Figure 1. Flux diagram showing algae influence in flocculation cycle of organic matter. 

 

By analysing diverse parameters the aim of this investigation is to test the hypothesis 

and determinate the importance of algae influence, due to TEP, in flocculation in Boreal 

Lakes. 

Organic matter (DOM) 

Phytoplankton 

TEP 

Allochthonous DOC 
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Materials and methods 

 

 Experimental set up 
 

To test the hypothesis of the study an experiment was made. It consisted in 4 different 

treatments of artificial lake water (Table 1). 
 

Table 1. Set up of different treatments. 

+ ALGAE NO ALGAE  

A(+/+) B (0/+) + HUMICS 

C (+/0) D (0/0) NO HUMICS 

 

For each treatment 25 culture bottles of 800ml were prepared and they were put under 

light conditions inside a 20ºC room during five consecutive weeks. 

 

Algae culture was prepared inoculating 8 ml of lake water from St Skärsjön that was 

sampled February 2005 (stored at 20°C, light conditions) to 1l of filtered (GF/C, 

Whatman) humic lake water with added nutrients (P: 100 g/l; N: 700 g/l). The culture 

was grown 10 days in 20ºC under light conditions and prior to the experiment the Chl-a 

concentration of this algae culture was 37.1 g/l. For treatments with algae, 8 ml of the 

algae culture was inoculated to the samples giving an initial Chl-a concentration of 

0.3 g/l. During the days of the experiment bottles were shaken every 3
rd

 day, for 

facilitate the algae growing in the water column and prevent growth on glass surface. 

 

Dissolved organic carbon (DOC) source was collected from a highly concentrated 

solution (350 mg DOC/L) and was diluted 32 times to reach a concentration of 10.9 

mg/l in the treatments with humics, to mimic Boreal Lakes average DOC 

concentrations. 

 

Artificial lake water constituted of deionised pure water (< 25 g C/l) and nutrients 

was made added according to Lehman (1980) where a stock solution, 1000 times more 

concentrated was made and diluted to reach the concentrations in table (Table 2). 
 

Table 2. Final nutrient concentrations of artificial lake water modified from Lehman (1980). 

 

Constituents 

 

Final concentration in replicates by 

Lehman(1980) (mg/l) 

Concentration in stock solution (mg/l) 

 

Macroconstituents   

CaCl2 4 3200 

MgSO4 + 7 H2O 2 1600 

NaHCO3 1 800 

KHCO3 1 800 

Na2HPO4 0.48 384 

Microconstituents  

FeCl3 0.42 336 

CuSO4+5H2O 0.01 8 

ZnSO4+7H2O 0.022 17.6 

CoCl2+6H2O 0.0183 14.64 

MnCl2+4H2O 0.18 144 

NH4NO3 0.9 720 
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Before filling each culture bottle, 4 big containers (Nalgene, Polypropylene) of 25 liters 

were prepared, one for each treatment (Figure 2). Containers were acid-washed with 

HCl 10% and rinsed with Pure water (TOC <25 g/l) to avoid contamination of carbon. 

 

 
Figure 2. Set up for each treatment. 

 

In the containers pH was measured and if needed adjusted with HCl 0.03M until 

reaching a pH normal for a Humic lake. 

After adjusting the pH-values the culture bottles were filled using a peristaltic pump and 

the volume was determined. Culture bottles were previously acid-washed with HCl 10% 

and rinsed with Pure water. 

 

As Light source a light installation of 4 lamps with 2 fluorescent tubes each was used. 

Bottles received a 10% of the natural light during five consecutive weeks (from 7500 to 

3500 lux). Bottles were grouped by treatment and each treatment was under one of the 

lamps. Each 2 days the bottles were reorganized for avoid edge effects. 

 

 Chemical analyses 

 

For each sample parameters described in the following were measured. Before sampling 

needed material was prepared: 200 scintillation vials (20ml) were acid-washed with HCl 

10% and 330 GF/C filters (Whatman) were combusted in a high temperature oven at 

497ºC during more than 3 hours, both treatment were done to avoid possible 

contamination. 

 

pH analysis was performed on unfiltered water. It was measured with a standard pH-

metre with a combined glass membrane electrode according to the lab manual, Broberg 

(2003). 

 

Absorbance analysis of the samples was performed on filtered water. Water sample 

was filtered through GF/C precombusted filters. Filtered water was collected in 

scintillation vials and they were stored in dark for up to two days at 4-8ºC until the 

(799ml DEI + 

1ml nutrients) * 

28 bottles = 

22372 ml DEI + 

28 ml nutrients 
 

(791 ml DEI + 

1ml nutrients)* 

28 bottles = 

22148 ml DEI + 
28 ml nutrients 

(774ml DEI + 

1ml nutrients) 

* 28 bottles = 

21672 ml DEI 

+ 28 ml 
nutrients 

- 25l HS * 28 bottles = 700 ml HS - 8 ml algae * 28 bottles = 224 ml algae 

 

- 25l HS * 28 bottles = 700 ml HS 

(Humic sustances) 
 

(766ml Deionised 

pure water (DEI) + 

1ml nutrients) * 28 

bottles = 21448 ml 

DEI + 28 ml 

TREATMENT A= +HS +ALGAE TREATMENT B = +HS -ALGAE 

TREATMENT C= -HS +ALGAE 

- 8 ml algae * 28 bottles = 224 ml algae 

TREATMENT D= -HS -ALGAE 
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measurements were carried out. Absorbance (200-600 nm) was measured 

spectrophotometrically at a Lambda 40 (Perkin Elmer) for determinate spectral 

characteristics. All data was exported to Excel for analysis and processing. 

 

Fluorescence analysis of the samples was performed on the same unfiltered water that 

was used for absorbance analysis. It was measured using an ISA Jobin Yvon-Spex 

Fluoromax-2, to determinate the humic content. All data was exported to Excel for 

analysis and processing. 

 

Chlorophyll-a (Chl-a) analysis was performed on unfiltered water. It was measured by 

filtering a suitable amount of each sample through GF/C filters of 25mm or 50mm. 

Chlorophyll-a on filters was extracted with 10ml of ethanol (95%) in dark conditions 

over night before centrifugation for 10 minutes at 3000 rpm. The sample absorbance 

was measured spectrophotometrically at 750nm and 665nm without and with HCl (3 M) 

addition. By determination of Chl-a phytoplankton biomass can be estimated. 

Calculations were done according to the lab manual, Broberg (2003). 

 

Dissolved organic carbon (DOC) analysis was performed on filtered water. Water 

samples were filtered through GF/C precombusted filters. Filtered water was collected 

in scintillation vials and stored at 4-8ºC until the measurements were carried out. Acid 

(50 l HCl 1.2M) was added to each sample to transfer inorganic carbon into CO2 by 

purging. Filtered water samples were analysed in a Carbon Analysator (Shimadzu TOC-

5000) according to the manual of the equipment.  

 

Particulate organic matter (POM) of samples was determined by taking the weight of 

each filter, first after combustion and second after dry them with a dry freezer machine 

(-40ºC during more than 24 hours) when water samples were already filtered through, 

and calculate the difference between both weights. 

 

Particulate organic nitrogen (PON) and particulate organic carbon (POC) of 

samples were measured with Nitrogen/Carbon/Sulphur Analyzer (NA 1500, Carlo Erba 

Instruments). Before analysis of filters in the machine, in each filter a suitable amount 

of water sample was filtered and they were saved inside Petri dishes in the freezer until 

analysis. Filters were put into a tin container and combusted at 1000 °C. The 

combustion products were treated by the instrument before arrive to a thermal 

conductivity detector, which generates an electrical signal proportional to the 

concentration of nitrogen and carbon respectively. 
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Results 
 

During the experiment, absorbance at 250nm wavelength (Figure 3 and Appendix) 

decreased in treatment with humics and algae and in treatment with humics and without 

algae; while in treatment without humics and with algae, and in treatment without 

humics and algae it increased rather smoothly. 
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Figure 3. Measured absorbance at 250nm, in first and last day of the experimental work.  

 

Concentration of DOC (Figure 4 and Appendix) in samples with humics decreased 

during the experiment, while in samples from treatments without humics it fluctuated 

rather smoothly. One value of the results of treatment without humics and with algae 

was excluded due to its great difference in comparison with the other values. 
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Figure 4. DOC concentration during the experiment. 

 

Ratio between absorbance at 250nm wavelength and DOC concentration (Figure 5 and 

Appendix), showed how absorbance is related to DOC. A decrease in DOC caused a 

decrease in absorbance. During the experiment the ratio was more or less constant; the 

decrease of both was simultaneous. Values from treatments without humics were too 

low to show an interesting pattern of the ratio. 
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Figure 5. Ratio between absorbance at 250nm wavelength and DOC during the experimental work. 

 

POC in the samples (Figure 6 and Appendix) with humics and algae and in samples 

without humics and with algae increased linearly during the experiment, the increment 

was 3 times higher in treatment with humics and algae. While in samples with humics 

and without algae and in the control samples POC increased until the last sampling day 

where it decreased. In the control changes are not so high than in treatment with humics 

and without algae. There was a high increase in treatment with humics and without 

algae between day 6 and day 13. 
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Figure 6. POC concentration during the experiment. 

 

Algae biomass (Figure 7 and Appendix), determined by Chl-a, had a high increase in 

treatment with humics and algae during the first six days of the experiment, afterwards 

it decreased highly between second and third day and during the last days the decrease 

was almost constant. In treatment without humics and with algae the increase was 

constant until day 19 where it started to decrease. In both treatments without algae there 

was an increase of Chl-a after the second day of sampling. 
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Figure 7. Algae biomass as Chl-a during the experiment. 

 

While the algae biomass increased the POC increased too (Figure 8 and Appendix). The 

pattern in the treatment with humics and with algae differed due to the high growth of 

algae during the first six days of the experiment. 
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Figure 8. Relationship between POC and Chl-a. 

 

Ratio between POC and Chl-a (Figure 9 and Appendix) showed an exponential increase 

in samples with humics and algae; a smoothly increase until the middle of the 

experiment and a smoothly decrease afterwards in samples with humics and without 

algae and in the control’s samples; and a constant low increase in samples without 

humics and with algae. 
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Figure 9. Ratio between POC and Chl-a during the experiment. 

 

In treatment with humics and without algae, there was a good linear regression between 

Absorbance at 250nm and Chl-a (Figure 10 and Appendix). While algae biomass 

increased there was a lost of absorbance. In treatment with humics and algae this 

relation it was not clear due to the high growth of algae biomass during the first six days 

and the collapse that came afterwards. 
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Figure 10. Relationship between Absorbance at 250nm and Chl-a in treatments with humics. 

 

Relationship between DOC and POC (Figure 11 and Appendix) was indirectly 

proportional, while the DOC decreased the POC increased. Treatments with humics and 

algae showed a higher and faster change from DOC to POC (See linear regression 

equation in Figure 11). Values from treatments without humics were too low to show an 

interesting pattern of this relation. 
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Figure 11. Relationship between DOC and POC during the experiment for treatments with humics. 

 

Ratio values between Carbon and Nitrogen (Figure 12 and Appendix) during the 

experiment showed a linear and high increase in treatment with humics and algae; a 

fluctuation and a final decrease in treatment with humics and without algae; a linear but 

low increase in treatment without humics and with algae; and a constant pattern in 

treatment without humics and algae. Values of day 6 from the treatment without humics 

and algae were overestimated due to the low values of concentrations were close to 

detection limit. 
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Figure 12. C/N ratio during the experiment. 

 

Fluorescence results for 370nm excitation wavelength and 450/500 nm emission 

wavelength were not showing an interesting pattern for humic content in samples and 

had not been included. Average value for all samples was between 1.22 and 1.56. 
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Discussion 
 

The decrease of humic specific absorbance (250 nm) (Figure 3) in the treatment with 

humics indicates that humics was reduced. There was a more rapid and extensive 

decrease in the treatment with humics and algae indicating that algae stimulated the 

removal of humic matter possibly due to flocculation of DOC.  

 

DOC concentration (Figure 4) decreased in the treatment with humics. A higher 

decrease was expected in the treatment with humics and algae than in treatment with 

humics without algae. However, after the sixth day of the experiment growth of algae in 

the treatment with humics and without algae was detected. This growth makes 

comparison between treatments with humics difficult. 

 

Results from the ratio between Abs at 250nm and DOC (Figure 5), showed a constant 

decrease in both treatments with humics, which indicates a simultaneous decrease of 

those parameters. This decrease could come from a humics lost that could be caused due 

to flocculation, photobleaching or photomineralization. 

 

Linear increase of POC (Figure 6) and Chl-a (Figure 7) in treatments with algae 

indicates a relation between algal growth and formation of POC. The increase of POC 

(Figure 6) was three times higher in treatments with humics and algae than for the algae 

treatment. This may be explained by that the inoculated algae were adapted to humic 

lake water conditions or to that algae stimulated formation of humic matter increasing 

the POC. In treatments without algae there was not an increase of POC before the sixth 

day of the experiment. After this day POC started to increase, at the same time an algae 

growth in these treatments was detected. Thus, the POC formed was exclusively of algal 

origin. 

 

Results from algae biomass (Figure 7) showed a high growth of algae in treatment with 

humics and algae during the six first days. Afterwards the algae biomass collapsed and 

decreased. This collapse was not expected to be so early and it made difficult the 

interpretation of the final results. In treatment without humics and with algae there is a 

linear growth until the day 19
th
 when it started to decrease. The rapid growth supports 

that the inoculated algae thrived in the humic lake water conditions. After the sixth day 

algae was detected in the treatments without algae. This contamination caused algae 

growth in the treatments without algae and due to this growth comparison between 

treatments can not be done as was expected. The source of the contamination was tested 

and results showed that the acid-wash and extensively rinsing of big the 25 l containers 

(Nalgene, Polypropylene) for preparation of each treatment and of the incubation 

bottles, was not enough for sterilization of algae. So, in conclusion for further studies 

consideration for sterilization has to be taken autoclaving all the material in contact with 

algae.  

 

Results from the ratio between POC concentration and Chl-a (Figure 9) may be an 

indication that flocculation of DOC was enhanced by algae. The exponential increase of 

this ratio in treatment with humics and algae showed that a greater part of the POC 

formed originated from humic matter. 

 

Results from the relation between absorbance at 250nm and Chl-a (Figure 10) for 

treatments with humics showed how absorbance was related to Chl-a concentration in 
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the experiment. There was an interesting pattern in the treatment with humics and 

without algae where algae started to grow after the sixth day. The growth was linear and 

constant until the last day of the experiment. Results for this treatment support a loss in 

absorbance, understood like a loss of DOC, while algae biomass increased. However the 

pattern in the treatment with humics and algae deviates from the pattern in treatment 

with humics and without algae due to the high increase of algae biomass during the first 

six days of the experiment and the collapse afterwards. In this treatment the growth of 

algae was not linear and it becomes difficult to see a good relation between absorbance 

and Chl-a. 

 

The loss of DOC resulted in an increase of POC (Figure 11). The linear regression for 

the treatment with humics and algae showed a stronger relation than for the treatment 

with humics and without algae, which means that in this treatment the loss of DOC and 

the increase of POC are higher than in treatment with humics and without algae. 

 

Interpretation of ratio between Carbon and Nitrogen (Figure 12) could support that the 

detected carbon for treatment with humics and algae came from humic substances since 

in treatment without humics and with algae this ratio had lower values. 

 

Fluorescence results did not show any difference between the two treatments with 

humics. The fluorescence data will be further processed; therefore these results are not 

included. 

 

In conclusion, the data from the POC formation supports in the algae treatment together 

with DOC loss that there is an influenced flocculation of DOC by algae biomass. It has 

been tested that there is a conversion of DOC into POC and that this is higher in algae 

presence. The results show that algae influence flocculation and it must be due to the 

secretion of TEP that algae carries out. 

 

Results of this study revealed that presence of algae is a factor that influence 

flocculation and that this flocculation could be the factor for the POC-formation. The 

importance of algae influence has not been possible to determinate due to the growth of 

algae in control treatments has made difficult the comparison between treatments as was 

expected. 

 

Further studies are needed to know the extent of flocculation in lakes by algae and how 

significant is this flocculation in the boreal carbon cycle. 
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Appendix 
 

1. Measured absorbance at 250nm for each water sample, in first and last day of 

experimental work; average and standard deviation between analyzed samples. 

 

Treatment 
Abs 

250nm Average Stdev 

A5 d0 0.4989 0.493 0.009 

A10 d0 0.4806   

A15 d0 0.4891   

A20 d0 0.5032   

A25 d0 0.4922   

A12 d28 0.4315 0.432 0.004 

A13 d28 0.4260   

A17 d28 0.4374   

A23 d28 0.4332   

A24 d28 0.4329     

B5 d0 0.4954 0.490 0.004 

B10 d0 0.4865   

B15 d0 0.4922   

B20 d0 0.4904   

B25 d0 0.4863   

B12 d28 0.4425 0.443 0.004 

B13 d28 0.4460   

B17 d28 0.4404   

B23 d28 0.4378   

B24 d28 0.4486     

C5 d0 0.0119 0.007 0.005 

C10 d0 0.0128   

C15 d0 0.0010   

C20 d0 0.0027   

C25 d0 0.0068   

C12 d28 0.0091 0.008 0.002 

C13 d28 0.0087   

C17 d28 0.0046   

C23 d28 0.0094   

C24 d28 0.0083     

D5 d0 0.0000 0.000 0.001 

D10 d0 0.0000   

D15 d0 0.0000   

D20 d0  0.0000   

D25 d0 0.0012   

D12 d28 0.0000 0.003 0.004 

D13 d28 0.0093   

D17 d28 0.0000   

D23 d28 0.0022   

D24 d28 0.0022     
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2. Average values of DOC concentration in mg/l for each treatment during the 

experiment. 

 

  Treatment DOC (mg/l) 

Day 0 +HS+ALGAE 18.73 

 +HS-ALGAE 17.56 

 -HS+ALGAE 1.17 

  -HS-ALGAE 0.83 

Day 6 +HS+ALGAE 18.46 

 +HS-ALGAE 16.38 

 -HS+ALGAE 0.84 

  -HS-ALGAE 0.75 

Day 13 +HS+ALGAE 15.94 

 +HS-ALGAE 15.90 

 -HS+ALGAE 1.96 

  -HS-ALGAE 1.15 

Day 19 +HS+ALGAE 16.48 

 +HS-ALGAE 15.98 

 -HS+ALGAE 1.43 

  -HS-ALGAE 0.98 

Day 28 +HS+ALGAE 16.46 

 +HS-ALGAE 15.13 

 -HS+ALGAE 1.06 

  -HS-ALGAE 0.88 

 

3. Average values of measured absorbance at 250nm wavelength and DOC 

concentration for each treatment for each sampling day, and calculated ratio between 

those two parameters. 

 

  Treatment Abs 250nm 
DOC 
(mg/l) 

RATIO 
Abs250/DOC 

Day 0 +HS+ALGAE 0.4928 18.73 0.0263 

 +HS-ALGAE 0.4902 17.56 0.0279 

 -HS+ALGAE 0.0070 1.17 0.0060 

  -HS-ALGAE 0.0002 0.83 0.0003 

Day 6 +HS+ALGAE 0.4888 18.46 0.0265 

 +HS-ALGAE 0.4603 16.38 0.0281 

 -HS+ALGAE 0.0113 0.84 0.0134 

  -HS-ALGAE 0.0026 0.75 0.0034 

Day 13 +HS+ALGAE 0.4533 15.94 0.0284 

 +HS-ALGAE 0.4543 15.90 0.0286 

 -HS+ALGAE 0.0034 1.96 0.0017 

  -HS-ALGAE 0.0007 1.15 0.0006 

Day 19 +HS+ALGAE 0.4632 16.48 0.0281 

 +HS-ALGAE 0.4471 15.98 0.0280 

 -HS+ALGAE 0.0106 1.43 0.0074 

  -HS-ALGAE 0.0058 0.98 0.0059 

Day 28 +HS+ALGAE 0.4322 16.46 0.0263 

 +HS-ALGAE 0.4431 15.13 0.0293 

 -HS+ALGAE 0.0080 1.06 0.0076 

  -HS-ALGAE 0.0027 0.88 0.0031 

 

 



 18

4. Average values of POC concentration in mg/l for each treatment during the 

experiment. 

 

  Treatment POC (mg/l) stdev 

Day 0 +HS+ALGAE 0.30 0.01 

 +HS-ALGAE 0.26 0.01 

 -HS+ALGAE 0.15 0.05 

  -HS-ALGAE 0.10 0.01 

Day 6 +HS+ALGAE 4.11 0.17 

 +HS-ALGAE 0.37 0.03 

 -HS+ALGAE 0.87 0.06 

  -HS-ALGAE 0.10 0.01 

Day 13 +HS+ALGAE 5.40 0.73 

 +HS-ALGAE 5.61 0.30 

 -HS+ALGAE 1.96 0.35 

  -HS-ALGAE 0.79 0.04 

Day 19 +HS+ALGAE 7.24 0.38 

 +HS-ALGAE 6.57 0.27 

 -HS+ALGAE 2.95 0.22 

  -HS-ALGAE 1.45 0.22 

Day 28 +HS+ALGAE 7.74 0.42 

 +HS-ALGAE 4.68 0.40 

 -HS+ALGAE 3.63 0.89 

  -HS-ALGAE 1.06 0.13 

 

5. Average values of Chl-a concentration for each treatment during the experiment and 

standard variation between those values. 

 

  Treatment Chl-a ( g/l) Stdev 

Day 0 +HS+ALGAE 0.19 0.43 

 +HS-ALGAE 0.00 0.00 

 -HS+ALGAE 0.10 0.22 

  -HS-ALGAE 0.00 0.00 

Day 6 +HS+ALGAE 58.63 6.67 

 +HS-ALGAE 1.09 0.89 

 -HS+ALGAE 32.23 17.53 

  -HS-ALGAE 0.15 0.20 

Day 13 +HS+ALGAE 17.46 5.06 

 +HS-ALGAE 11.73 3.32 

 -HS+ALGAE 47.93 14.27 

  -HS-ALGAE 18.37 7.51 

Day 19 +HS+ALGAE 9.95 4.25 

 +HS-ALGAE 14.06 4.02 

 -HS+ALGAE 48.41 10.65 

  -HS-ALGAE 25.22 4.53 

Day 28 +HS+ALGAE 5.87 2.32 

 +HS-ALGAE 17.34 5.08 

 -HS+ALGAE 27.55 9.59 

  -HS-ALGAE 24.38 8.86 
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6. Average values for POC concentration and Chl-a for each treatment during the 

experiment. 

 

  Treatment 
POC 

(mg/l) 
Chlla 
(ug/l) 

Day 0 +HS+ALGAE 0.30 0.19 

 +HS-ALGAE 0.26 0.00 

 -HS+ALGAE 0.15 0.10 

  -HS-ALGAE 0.10 0.00 

Day 6 +HS+ALGAE 4.11 58.63 

 +HS-ALGAE 0.37 1.09 

 -HS+ALGAE 0.87 32.23 

  -HS-ALGAE 0.10 0.15 

Day 13 +HS+ALGAE 5.40 17.46 

 +HS-ALGAE 5.61 11.73 

 -HS+ALGAE 1.96 47.93 

  -HS-ALGAE 0.79 18.37 

Day 19 +HS+ALGAE 7.24 9.95 

 +HS-ALGAE 6.57 14.06 

 -HS+ALGAE 2.95 48.41 

  -HS-ALGAE 1.45 25.22 

Day 28 +HS+ALGAE 7.74 5.87 

 +HS-ALGAE 4.68 17.34 

 -HS+ALGAE 3.63 27.55 

  -HS-ALGAE 1.06 24.38 

 

7. Ratio between POC and Chl-a during the experiment. 

 

  Treatment 
Ratio  

POC/Chl-a 

Day 0 +HS+ALGAE 1585.51 

 +HS-ALGAE 0.00 

 -HS+ALGAE 1500.29 

  -HS-ALGAE 0.00 

Day 6 +HS+ALGAE 70.09 

 +HS-ALGAE 341.01 

 -HS+ALGAE 26.94 

  -HS-ALGAE 653.13 

Day 13 +HS+ALGAE 309.15 

 +HS-ALGAE 478.16 

 -HS+ALGAE 40.84 

  -HS-ALGAE 42.74 

Day 19 +HS+ALGAE 727.47 

 +HS-ALGAE 467.40 

 -HS+ALGAE 60.94 

  -HS-ALGAE 57.33 

Day 28 +HS+ALGAE 1318.89 

 +HS-ALGAE 269.67 

 -HS+ALGAE 131.88 

  -HS-ALGAE 43.61 
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8. Average values of absorbance at 250nm and Chl-a for treatments with humics during 

the sampling days. 

 

  Treatment Chlla (ug/l) 
Abs 

250nm 

Day 0 +HS+ALGAE 0.19 0.4928 

  +HS-ALGAE 0.00 0.4902 

Day 6 +HS+ALGAE 58.63 0.4888 

  +HS-ALGAE 1.09 0.4603 

Day 13 +HS+ALGAE 17.46 0.4533 

  +HS-ALGAE 11.73 0.4543 

Day 19 +HS+ALGAE 9.95 0.4632 

  +HS-ALGAE 14.06 0.4471 

Day 28 +HS+ALGAE 5.87 0.4322 

  +HS-ALGAE 17.34 0.4431 

 

9. Average values of DOC and POC for treatments with humics during the experiment. 

 

  Treatment DOC (mg/l) POC (mg/l) 

Day 0 +HS+ALGAE 18.73 0.30 

 +HS-ALGAE 17.56 0.26 

 -HS+ALGAE 1.17 0.15 

  -HS-ALGAE 0.83 0.10 

Day 6 +HS+ALGAE 18.46 4.11 

 +HS-ALGAE 16.38 0.37 

 -HS+ALGAE 0.84 0.87 

  -HS-ALGAE 0.75 0.10 

Day 13 +HS+ALGAE 15.94 5.40 

 +HS-ALGAE 15.90 5.61 

 -HS+ALGAE 1.96 1.96 

  -HS-ALGAE 1.15 0.79 

Day 19 +HS+ALGAE 16.48 7.24 

 +HS-ALGAE 15.98 6.57 

 -HS+ALGAE 1.43 2.95 

  -HS-ALGAE 0.98 1.45 

Day 28 +HS+ALGAE 16.46 7.74 

 +HS-ALGAE 15.13 4.68 

 -HS+ALGAE 1.06 3.63 

  -HS-ALGAE 0.88 1.06 
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10. Average values of PON and POC, standard variation between the values for each 

concentration, and C/N ratio values for each treatment during the experiment. 

 

  Treatment PON ( g/l) Stdev POC ( g/l) Stdev 
Ratio 
C/N 

Day 0 +HS+ALGAE 20.20 3.10 302.78 12.77 14.99 

 +HS-ALGAE 17.34 1.77 260.18 9.19 15.00 

 -HS+ALGAE 17.59 3.69 148.03 48.38 8.41 

  -HS-ALGAE 10.36 7.86 96.70 11.79 9.33 

Day 6 +HS+ALGAE 194.98 22.52 4109.70 170.23 21.08 

 +HS-ALGAE 41.02 3.83 370.05 29.76 9.02 

 -HS+ALGAE 140.76 13.43 868.32 62.10 6.17 

  -HS-ALGAE 5.01 1.33 95.19 8.67 19.00 

Day 13 +HS+ALGAE 188.01 32.60 5396.91 730.94 28.71 

 +HS-ALGAE 388.20 11.16 5607.34 302.41 14.44 

 -HS+ALGAE 296.89 43.18 1957.34 348.37 6.59 

  -HS-ALGAE 138.69 5.77 785.17 35.27 5.66 

Day 19 +HS+ALGAE 213.20 5.17 7240.18 383.56 33.96 

 +HS-ALGAE 369.63 16.27 6572.85 269.25 17.78 

 -HS+ALGAE 300.44 14.01 2950.26 224.73 9.82 

  -HS-ALGAE 262.35 43.88 1445.80 222.38 5.51 

Day 28 +HS+ALGAE 210.37 9.48 7742.28 422.72 36.80 

 +HS-ALGAE 352.34 10.88 4675.31 400.49 13.27 

 -HS+ALGAE 303.25 29.55 3632.72 886.47 11.98 

  -HS-ALGAE 195.40 35.88 1062.94 130.53 5.44 
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