
 
 
 
 
 

 
 
 



 
 
 
 
 



 
 
 
 
Locality: ……………………………………… Date:  …………………………………… Team:  …… 
 
 
 
Chart  
 BEFORE watermill AFTER watermill 
Temperature   0C                                         
Oxygen  mg/l   
Conductivity  µS                                         
Salinity  ppt   
pH-value   0 - 14                                         
Flow speed  m/sek   
Nitrate  (NO3-)                    -  
Phosphate (PO43-)                    -  
 
 
 
 PRESENT NOT PRESENT 
Trees along bank   
Submersed macrophytes   
Benthic algae on surfaces/grains   
 
 
 
 
 
 



Description of the physical and chemical variables 
  

Method 
 
Courses for variations 

 
Reference values 

 
Oxygen 

 
Measured in mg O2/l with 
electronic equipment 

 
High oxygen level indicates high level of 
photosynthesis, low respiration and / or 
good physical aeration (turbulence).  
Oxygen content decreases when 
temperature increases. Maximum content in 
freshwater is 14,63 mg oxygen /l at 0°C. 

 
Oxygen demands mg/l 
Salmon and trout >6-7 
Trout dies with < 4 
Pike and eel > 4-5 

 
Temperature 

 
Measured in °C with electronic 
equipment 

 
Temperature is basically controlled by the 
input of energy from the sun and mixing of 
water from different streams, drain water 
and subsoil magazine water 
Cold water has a higher density than warm 
water. 

 
•  Springs 7- 8 °C all year round 
Average summer  
•  Upstream watercourse:  ca. 10°C 
•  Downstream watercourse: ca. 17°C 
Day and night variations in downstream 
watercourses: 12 - 25°C 

 
Salinity 

 
Measured in ‰ salt with 
equipment. 
 
 

Salinity is  the amount of dissolved 
inorganic ions in water.  
‰ signifies gram of dissolved inorganic 
ions per thousand gram water. ‰ is the 
same as ppt (parts per thousand). 
Many elements in seawater occur in 
constant proportions no mattter the salinity, 
eg. Na+ and Cl- 

The higher salinity the higher density  of 
seawater. 

 
surface ocean waters 
Atlantic Ocean:  34 - 36‰   
North Sea:  30 – 34‰ 
Northern Kattegat/Skagerak:  20 - 30‰ 
Southern Kattegat: 14 - 20‰ 
The Sound; The Belts: 10 - 14‰ 
Southern Baltic: 7 - 10‰ 
Northern Botnic Bay: <5‰ 

Conductivity Measured in µSiemens with 
electronic digital meter 

The conductance is a measure of the total 
ion amount in the water. This value also 
includes the inorganic plant nutrients 
needed for plant growth. 

Nutrient deficient lake (oligotrophic): 50 - 
100 
Medium.rich lake (mesotrophic): 100 – 200. 
Nutrient-rich lake (eutrophic): 200 – 500. 

 
pH-value 

 
Measured at a scale from 0 – 14 
with a pH - meter. 
 
pH = - log [H+] 

The pH value expresses the amount of H+ 
ions in water. Many ions ~ low pH-value 
(acid water); less ions ~ high pH-value 
(alkaline water). 
High pH-value (>8,5)  during daytime 
indicates high level of photosynthesis. 
Low pH-value indicates low calcium 
content in the water - high value the 
opposite. 

 
Brown coloured lakes:  5,5 – 6 
Unpolluted oligotrophic lakes:  6,5 – 8,5 
Eutrophic lakes:  7,5 - 11 

Flowspeed Flow speed is given in m/sec and is 
measured by a flow meter. 

Flow speed decreases towards the bottom, 
the surface and banks of the stream – this is 
due to friction with the environment. Flow 
speed is also reduced in front of and inside 
macrophytes. The flow brings down oxygen 
from the atmosphere into the water. 
Obstacles in the stream like stones and the 
fall of water from one level to another will 
create turbulence which dissolves oxygen 
from  the air into the water. 

Average Danish water course – summer: 
0,1 – 0,5 m/sec 

 
Nitrat  NO3

- 
 
Measured in mg nitrate/l water  
with a Hach chemical analyses 
equipment (spectrophotometer) 

 
Ammonium ions (NH4

+) are oxidised to 
nitrite (NO2

-), which are oxidised to nitrate 
(NO3

-). Nitrate is an important nutrient for 
plants. 
Nitrite may accumulate in water with low 
oxygen content. Nitrite is toxic even in 
small concentrations. 
Nitrate is often the limiting factor for 
phytoplankton growth in the ocean – in 
freshwater Cyanobacteria will take over  
primary production when nitrate is used up 
by other phytoplankton. Cyanobacteria are 
able to extract N2 from the atmosphere and 
convert it to nitrate 

 
Uncontaminated oligotrophic lakes: 0 – 0,5 
Unpolluted eutrophic lakes: 0 - 5 
Polluted eutrophic lakes: 0,1 – 10 
Cleaned wastewater: 2 – 3 
 
Maximum levels for cleaned wastewater 
max. 8 mg N /l  
Nitrogen includes all N from ammonium, 
nitrite, nitrate og ammonia. 
 

 
Phosphate  
PO4

3- 

 
Measured in mg PO4

3- /l water 
using the Hach chemical analyses 
equipment 

 
Phosphate is an important nutrient to plants. 
It is often the limiting nutrient to plant 
growth in freshwater. 
Becomes unavailable to plant growth when 
linked to iron ions (Fe3+) during oxygenated 
conditions in the bottom sediment. Released 
as a plant nutrient when the sediment 
becoms anaerobic.  
No matter the oxygen level phosphate is 
also linked to aluminium and therefore 
unavailable to plant growth 

 
Ortho-phosphatecontent: 
Unpolluted oligotrophic lakes:  0 – 0,01 
Uncontaminated eutrophic lakes: 0 – 0,3 
Polluted eutrophic lakes: >0,3 
Cleaned wastewater: 0 – 1 
 
Maximum levels for cleaned wastewater: 
max. 1,5 mg phosphate/l of water 
 



 
 
 
Observations of surroundings:  
 
 Trees present/not present 
 Submersed, rooted macrophytes present/not present 
 Benthic algae (algae on surfaces and between sand grains) present/not present   
 
 
Laboratory work: 
 
 PowerPoint presentation on stream ecology 

Identification of animals 
 Ph-value 
 Nitrate 
 Phosphate 
              Discussion of results 
 
 
 
 
Registration form (invertebrate animals) 
Species  Animal group (snails, crustaceans etc.) 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 
 
 
 



 
 

3. september 2007 
 

 

Programme for examination of Esrum Stream  -  high school 
 
The aim of the day’s programme is to do an investigation of Esrum Stream, which primarily takes its 
water from Esrum Lake. Esrum Lake is a natural mineral-rich lake (eutrophic). Streams and rivers have 
a large contact surface with the surrounding land. This means that the eutrophic water flow is supplied 
with large amounts of dissolved ions, particularly plant nutrient ions and organic matter from the 
surroundings. It influences the water’s chemistry and thus also the living conditions for plants and 
animals in the stream. 
The water course never stands still and the transport of water is unidirectional downstream. These 
physical relationships influence the composition of animals and plants which often show special 
adaptations to the physical environment. The unidirectional flow of water also means that the water 
course acts as link and transport route between land, lakes and sea.  
 
Our investigation is an assessment of whether Esrum Stream is influenced by pollution or not. We use  
the sensivity of animals to pollution and the diversity of animal groups together with presence and non-
presence of animals to make our assessment. 
 
You’ll be instructed in how to perform the field investigations but be sure to keep up with doing all the 
investigations. Use the checklist below to ensure that you follow the whole programme.  
 
All the results are to be filled into the attached chart below. 
 
We end the day by discussing together our combined results and making conclusions on the ecological 
relationships inferred by our results, as well as assessing the stream’s general state of pollution. 
 
The full programme is aimed at a 3. grade high school class with high level biology, and with enough 
time available and few participants. The programme will be reduced according to grade, level, number 
of participants and time available. 
 
 
In the laboratory at Esrum Møllegård we will present a PowerPoint show on the ecology of streams. 

  
From the bank of Esrum Stream we obtain the following physical and chemical data: 
 
 Oxygen content in surface water BEFORE and AFTER the watermill. 
 Temperature BEFORE and AFTER the watermill. 
 Conductivity BEFORE and AFTER the watermill. 
 Salinity BEFORE and AFTER the watermill. 
 Flow speed BEFORE and AFTER the watermill in the middle of the water flow. 

Water samples in plastic bottles BEFORE and AFTER the watermill for determination of 
nitrate, phosphate and pH-value in the laboratory. 

 
 
In the stream we collect invertebrate animals with a net and put them in a bucket: 
 
 Large stones: Scrape stone surfaces with margin of net. 
              Water plants, root mats etc.: move net through the vegetation. 
 Bottom substrate: take samples with your net and sieve them carefully in watersurface.  
 Small stones: collect a stone the size of a fist or larger. 
 Brink:: search underneath overhanging vegetation along the bank 


