Why analyse the water of a river ?
In a river you can find elements of the rocks it went through on its underground passage, elements carried away by rains and running on neighbouring grounds, gases mixed with the air, traces of living beings that are to be found there, and finally unwanted contribution of human activity.

The analysis of the composition of a river water enables students to put their knowledge of chemistry into practice, in a correct way.

The analysis “bag” does not claim to compete with the equipment of university or professionnal laboratories for analyses.

It was made up to provide quantitative measures, giving examples of different basic chemical methods, suggested to students of secondary education : acid-base reactions, oxydo-reduction reactions, volumetric titrations, colour measuring, or just the direct use of coloured strips.

We offer the following observations :

· Description of the environment : subsoil, rocks, kinds of valleys.

· Physics measures : flow, temperature, conductivity.

· Chemical measures : PH, O2, nitrate...

· Biological observations.

The chemical parameters were chosen to make up an ionic diagram of the water in connection with its geological origin, and to enable a comparison between the different rivers.

Example :

Ionic diagram

Samon

Moreover, establishing products, derived from nitrogen and from phosphorus, enables an estimate of the pollution level of the water.

The biological analysis method, and the counting of the different invertebrates found in running waters, will determine the water quality on the sampling spot.

At the end of this measuring, the students should get a first chemical and biological evaluation of the state of their river, estimate the human contribution, so as to finally share their experience with other European students.

A. Measurements on the site

A.1. Measurement of a waterway flow
Aim : determine the flow of a waterway by evaluating its section and by measuring its speed.

A.1.1. Determining of a waterway section
Divide the river width into equal distances of 0.5 or 1m. If a bridge can be used, mark those distances on the parapet. Fix a load to a cord and let it go down to the water surface. Take a firm height reference on the bridge and put a clamp on the cord at that height. Let the load go down to the river bottom and put a second clamp on to the cord, in front of the reference point.

Measure the distance between both clamps to obtain the depth of the river. Do it again to cover the whole width of the river.

Do it again to cover the whole width of the river.

If there is no bridge and if the river is not very deep, a cord can be fixed across both river banks, and the depth can be measured with a double folding rule; the same distances must be respected.

The river section can be represented by a succession of trapezia.

The surface of this section is more or less S = W. Da.

“W” is the width of the river and “Da” is the average depth, obtained by dividing the total amount of all the measured depths by the number of measurements. (if necessary, a more precise calculation of the section can be made by using a more developed mathematical formulation.)

A.1.2. Determining of the speed
Spot 2 points separated by a few meters, on the river : both parapets of a bridge or 2 cords fixed above the water. Measure the distance “W” that separates them. Drop a wooden block upstream and measure the time needed to go from one point to another, with the help of a stopwatch.

Repeat the measurement several times by dropping the block at different places, to obtain an average time Ta.

Calculate the average speed : Sp = W/Ta

A.1.3. Calculating of the flow
The water volume, flowing during the average time Ta is obtained by multiplying section S by distance W, separating the two points V = S.W

The flow equals the flown volume per unit of time : F = V/T

Date :

Name of the waterway :

Commune :

Measurement of the flow

	
	Symbol
	Formula
	Answer

	Length
	L
	
	

	Width
	W
	
	

	Depth
	D
	
	

	Average depth
	Da
	
	

	Time
	T
	
	

	Average time
	Ta
	
	

	Speed
	S
	
	

	Volume of water
	V
	
	

	Flow
	F
	
	


A.2. Physics – Chemical measurements
A.2.1. The temperature
The temperature reading in the river is made with the help of an appropriate thermometer.

The temperature has an influence on two main aspects :

· It alters the gases solubility in the water.

Example : Solubility of atmospheric O2 in unsalted water at different temperatures.


· The temperature alters the speed of chemical and biochemical reactions.

When the temperature rises, bacteria use more dioxygen, which decreases the quantity available for other living beings of the ecosystem.

A.2.2. Electrical conductivity

The conductivity is measured with the help of a conductimeter.

It expresses in uS/cm (microsiemens per cm).

It gives the total number of ions present in the solution.

A.2.3. Hydrogen potential
It is measured with the help of a pocket Hp. Meter.

The latest must be held in the water long enough to indicate a stable value.

It should be calibrated before the measuring by using a “buffer” solution (solution with constant potential).

The Hp influences the rocks dissolving and the precipitation of some salts.

The Hp has an enormous influence on the production of some plants and is necessary to keep other living organisms in the river.

The Hp is important in rivers with few carbonates that have very little “buffer” capacity.

Thus, they are more influenced by outside contributions of a different Hp.

The Hp is also important in rivers suffering from too little dioxygen : the damage done to organic molecules is often limited to the stage of organic acids.

A.2.4. Dioxygen : O2
· Pole of dioxygen in the water
Dioxygen plays a central role in the ecosystem. When oxygen rarefies, living conditions become unfavourable for many animals : bacteria, unicellulars, fishes...

An organic pollution, of which the effect is to lower the oxygen rate of the river, results in a rapid disappearance of species requiring oxygen (ephemera larvae, brown trouts...), then in a gradual degenerating of both the fauna and flora, to end in an ecosystem only made up from “tolerant” species.

· Exchange with the atmosphere
The amount of dioxygen circulating in the atmosphere depends on the temperature, on the water surface on contact with the air, compared with the volume of the river and the turbulence of the current.

· Consumption and production of dioxygen by the ecosystem
The consumption of dioxygen depends on animals, fishes, active bacteria... present in the river whereas the production by photosynthesis depends on the luminosity on green plants and algae, thus on the sun exposure and on the water turbidity.

· Immediate analysis of BDO5
The analysis at the river side enables to determine the dioxygen quantity dissolved in the water of the river at the moment the sample is taken.

This one is given in mg/l.

It is, however, useful to take the water temperature into account and also to give this concentration in percentage of the maximum cencentration indicated in the chart.

In addition, the quantity of dioxygen left after 5 days in a sample kept in a closed flask and in darkness, can be measured.

The biological demand in oxygen for 5 days, BDO5, is determined through difference.

It enables to determine the number of bacteria and unicellulars present in the water.

· Quantity determination  of dioxygen through the Merckz box
The quantity determination of dioxygen can be made through Winkler’s method, based on oxydo-reduction reactions.

In an alkaline environment, the dissolved oxygen reacts quantitatively with manganese hydroxide (II) :

MnSO4 + 2KOH → Mn(OH)2↓ + K2SO4
Mn(OH)2↓ + ½ O2 → MnO2 . H2O

In an acid environment, hydrated manganese dioxyde reacts with an iodide to release iodine.

MnO2 . H2O + 2 KI + 2H2SO4 → MnSO4 + K2SO4 + 3 H2O + I2
The quantity of released diode is determined by a titrated solution of sodium thiosulfate together with starch.

I2 + 2Na2SO3 → 2NaI + Na2S4O6

	Notice :
	during the adding of  H2SO4, the nitrites that interfere with this titrating can be destroyed by sodium.


2HNO2 + 2NaN3 + H2SO4 → Na2SO4 + 2N2 + 2N2O + 2H2O

Instruction for use
1. Rinse the glass flask, containing four glass balls, several times with water to control and fill it up to the miximum.

2. Successively add 5 drops of Reagent 1 and 5 drops of Reagent 2. Close the flask with the bevelled glass stopper, shake correctly and let it settle for a munute while closed.

3. Add ten drops of Reagent 3, close again and shake correctly again.

4. Rinse the testing container with the obtained solution and fill it up to the mark (corresponding to 5 ml).

5. Add a drop of Reagent 4 and shake. Depending on the oxygen content, the solution gets a colour going from violet to blue.

6. Simply place the titration device and fill it with Reagent 5 (titration solution) while slowly pulling the syringe, until the inferior side of the black joint coincides with the O of the mg/l oxygen scale.

7. Remove the titrating tube and rub the tube tip on the flask side for a short time. Then add the titrating solution drop by drop to the sample of prepared water, until the colour of the sample changes from blue to colourless.

8. Read the oxygen content of the water in mg/l on the titrating tube scale.

9. When the analysis is finished, push the titrating tube to the bottom and screw it firmly on the reagents flask.

	Type of rocks
	Clayey
	Siliceous
	Calcareous
	Carbonaceous
	Conglomeratic
	A.3. Recognition of rocks

	Movable rocks



Metamorphic rocks
Other rocks


Growing consolidation 


	
	
	Reaction to acid
	
	
	

	
	Clay :

Sticks on the tongue

Humid state :

compact and malleable.

Dry state : splits, easily breaks up in thin dust.
	Sand :

Crunches under one’s teeth grains visible to the naked eye or with a magnifying glass.
	Animal remains containing calcium (skeletous, shells) or Calcium carbonate precipitates.
	Vegetal remains.
	Gravel

Grains of more than 2 mm diameter.
	

	
	Schist

Schist stones are flat and foliated on the sheet.

A penknife can easily detach sheets.

A nail can scratch it.
	Sandstone

Scratches glass (same composition : silica : SiO2)

Sand grains can be detached with a penknife.
	Chalk

White colour. Stains fingers.

Easily weatheres. Limestone

Grey colour.

It doesn’t scratch glass.
	Coal

Black colour.

Stains fingers.


	Puddingstone

Kind of gravel compact (constituent elements soldered to each other) or cemented (coated with a hardened paste)
	

	
	Slate (or phyllade)  stones are even flatter.

Sheets can’t be detached any more.

The nail can always scratch.
	Quartz rock

Scratches glass.

Grains can’t be detached because they are literally soldered to each other.
	Marble

Varied colours.

Decorative aspect when polished.

Doesn’t scratch.
	Anthracite

Idem, but more compact and shiny aspect.
	Metamorphic puddingstone

Idem
	

	
	
	Flint

(SiO2, precipitate)

Scratches glass.

Silky feel on the sides; cutting on the slab.
	
	Graphite an diamond 

(Pure carbon : are no longer rocks but minerals)
	
	


Instructions for the recognition of Belgian sedimentary rocks

	Remark  :
	endogenous rocks, be they volcanic or magmatic, are extremely rare in Belgium, which limits recognition to sedimentary rocks.


Necessary material

· a hammer to take rocks “in place”

· a glass slab for scratching test of siliceous rocks

· a penknife (grain test for sandstone or sheets test for schist)

· a little diluted acid for the carbonate test

· a magnifying glass to distinguish the constituent grains of sands, sandstones or quartz rocks

· little plastic bags as used for deep freezing and indelible marker for the stocking of samples.

Samples of coherent rocks must always come from rocks “in place”; they can absolutely not be mere stones picked up from the ground or in the bed of a waterway

In short

Movable rocks

The recognition criteria are mainly visual and tactile.

Coherent rocks

Recognition criteria are mainly the hardness (scratching test – scratching of glass or scratching with a nail) and the reactivity to acid.

The colour is never a deciding criterian for clayey and siliceous rocks; it can, however, be referred to for chalk,  limestone, coals and marbles (provided the samples are clean).

Important remark

Rocks of composite type are frequently found.

Examples :

· calcareous sandstones

· calcareous schists

· sandy schists

When combining criteria, a reliable typing can, however, always be obtained.

Where can those different rocks be found  ?
· Movable rocks can be found (sand, clay and gravel) in the bed of waterways (Ourthe and Blanc Gravier)

· Sandstones or quartz rocks will be found in the banks of rocks that are at the same level as the river side Blanc Gravier.

· The cliffs of the place “Rochers du Bout du Monde” are made of limestone.

· The trench of the motorway on-ramp shows the presence of quartz rocks and schists.
B. Laboratory Analyses

B.1. Chemical analyses

B.1.1. Hydrogen carbonates HCO3 and carbonates CO32
The presence of CO2 and of carbonated ions largely depends on the HP of the water. The following chart shows the theorical percentage curves of every type according to the HP.

· Quantity determination of ions CO32.

Those ions are only present in measurable concentration in waters of which the HP is higher than 8.

The alkalimetric titrating (AT) is the acid volume at 0.02 mol/l of ions H3O+ necessary to measure out 100 ml of water in presence of phenol phtalein.

Quantity determination method.

Some drops of phenol phtalein (colour changing zone from 8.2 to 10 HP unities) are added to a solution of 100 ml. The latest becomes red. Titrating occurs by H2SO4 0.01 M until the indicator becomes colourless, according to the reaction :


CO32 + H3O+ → HCO3 + H2O

Next the carbonate concentration is calculated.

· Quantity determination of ions HCO3
Those ions make up the greatest form under which mineral carbon can be found, in natural waters.

The complete alkalimetric titrating (c.a.t.) is the acid volume at 0.02 mol/l of ions H3O+ neccesary to measure out 100 ml of water in presence of bromocresol green.

Quantity determination méthod

It concerns a base acid titrating according to equation : 

HCO3 + H30+ ↔ H2CO3 + H2O ↔ 2H2O + CO2

Some drops of the bromocresol green indicator (colour changing zone from 3.8 to 5.4 HP unities) are added to 100 ml of water and titrating happens with a H2SO4 0.01 M solution until the colour changes from blue to yellow. Titrating requires intense shaking to get rid of the CO2 gas. Heating at 50° C also helps this elimination.

Concentration of HCO3 ions can then be calculated.

B.1.2. Total hardness in Ca2+ and Mg2+

The hardness of water represents the concentration in calcium and magnesium ions. 

The hardness of a river water largely depends of the soils it passes on.

If water is very hard, calcareous deposits will quickly be noticed while heating it for domestic use (kettles, water-heaters....).

The softeners we find in washing powders (and that end in the rivers) complex those ions to maintain them in an aqueous stage.

· Quantity determination of Ca2+ and Mg2+ ions by the Merck box.

The Merck method to measure the total hardness of water is a titrating using a complexation reaction.

The reaction equations are those represented hereafter in the operative mode suggested for a quantity determination with laboratory equipment.

Instructions for use

1. Rinse the test tube with the water that must be analysed and fill it up to the 5 ml mark.

2. Add 3 drops of indicator solution and shake. If hardness generators are present, the sample gets a red colour.

3. Simply place the titrating pipette and by pulling slowly, fill the syringe with the titrating solution, until the lower side of the black joint of the piston squares with the ° dH division of the scale.

4. Remove the titrating pipette, briefly rub the end of the dropper. Then add the titrating solution to the prepared water sample, until the colour of the water sample changes from red to green by first getting violet-grey (a short time before the change) while doing this, shake the test tube.

5. Read the total hardness of the water in nmol/l or in °d on the corresponding gauge of the titrating pipette.

6. When the analysis is finished, push the piston of the titrating pipette down and correctly screw it on the reagent flask.

· Quantity determination of Ca2+ and Mg2+ ions in water, through complex-metry.

a) Description of the reaction.

The complex used is a salt of the acid Acetylene tetradiamine that can be represented by
Na2H2Y


YH2Na2
The complexation reaction is written :

Before adding ATDE, another Ca2+ and  Mg2+ complexor black of eriochromium T (BET) is added in a very small quantity to the solution, to act as indicator.

With Ca2+ and  Mg2+ ions it forms complexes of a red colour Ca BET and Mg BET.

During the titrating, the added ATDE progressively complexes the Ca2+ and  Mg2+ ions of the solution.

At the end of the titrating, complexes Ca BET and Mg BET disappear and the released black of eriochromium appears in the solution with its blue colour.

It is necessary to work in an environment where the HP remains constant.

HP (  = 9.5) to observe the changes of colour correctly.

Practical use

· Introduce 50 ml of the solution to analyse in an Erlenmeyer flask of 250 ml.

· Heat up to about 60° C

· Add 10 ml of the constant HP solution meant to fix the HP.

· Add a small amount of BET.

· Titrate with solution ATDE 0.002 M until the colour changes from red into blue.

b) Quantity determination od Ca2+ ions alone.

When the HP is at least equal to 12, the ATDE only reacts with ions Ca2+.

Ions Mg2+ precipitated in the form of Mg(OH)2 are not determined.

Then murexide must be used as indicator.

Practical use

· Take 50 ml of solution to be analysed.

· Add 5 ml of a solution of NAOHO. 1M to obtain a HP = 12.

· Add a small quantity of murexide.

· Titrate quickly with the solution of ATDE until the colour changes from pink to blue.

c) Calculation of the concentration in ions Mg2+.

Concentration in ions Mg2+ is obtained by difference starting from the results of previous titrating, expressing all concentrations in moles/liter.

d) Use for river waters.

Ordinary concentrations are espressed in mg/liter.

Concentration in ions of a river in the Ardennes, like the Ourthe vary between 20 and 60 mg/l for Ca2+ and between 2 and 10 mg/l for Mg2+.

B.1.3. Chloride ions
Chloride ions of geological source are present in all natural waters : average underground waters contain between 5 and 30 mg/l of Cl.

Chlorides like calcium chloride, like sodium chloride, together with carbonates guarantee the mineralogical balance of the rivers.

A serious disturbance of this balance entails growth and development problems for aquatic plants.

Chlorides can exist in high concentrations of human origin (extractive industries, metallurgic indutries...).

Water is considered to be polluted above 200 mg/l.

The excessive presence of Cl in water contributes to the corroding of metals, makes it unfit for irrigation, for plant life and animal life.

· Quantity determination of chlorides with the Merck box.

The Merck box suggests a titrating through reaction with a solution of mercury nitrate.



2 Cl + Hg2+ → HgCl2
Mercury chloride HgCl2 is practically not dissociated in water.

When a nitric solution, the in excess ions Hg2+ form a violet-blue complex with diphenyl-thio-carbazone, used as indicator.

B. Instructions for use

1. Rinse the test receptacle with the water to be analysed and fill it up to the 5 ml mark.

2. Add two drops of reagent 1 (indicator solution) and shake carefully. Generally, the solution gets a blue colour.

3. Go on shaking while adding reagent 2, drop by drop (nitric acid) until it becomes yellow.

4. Simply place the titrating pipette and fill it by pulling the syringe piston slowly upward until the lower side of the piston black joint coincides with the 0 mg/l graduating on the scale.

5. Remove the titrating pipette. Briefly rub the end of the dropper. Then add the titrating solution (reagent 3) drop by drop to the prepared water sample, while continously shaking the test receptacle until the colour of the water sample changes from yellow into violet.

6. Read the chlorides content of the water in mg/l on the scale of the titrating pipette.

7. At the end of the analysis push the piston of the titrating pipette down and correctly screw it on the reagents receptacle.

The quantity determination can also be performed with a silver nitrate solution by finding the eqivalent mark with a potentiometer.

· Quantity determination of Cl ions with a potentiometer.
a) Description of the method.

Ions Cl react together with ions Ag+ according to the precipitation reaction

Ag+ + Cl° ↔ AgCl (solid)

The solubility product Kps joins the concentration of those ions into a solution



Kps = [Ag+] ° [cl°]

The relation between the concentration of Ag+ ions and the concentration of Cl° ions is:



[Ag+] = Kps / [Cl°]

Thus the potential of a silver electrode plunged into a solution depends on its concentration in Cl° ions.



E Ag = E° Ag+ / Ag + 0.059 log [Ag+]



E Ag = E° Ag+ / Ag + 0.059 log Kps / [Cl°]

When a solution of AgNO3 is progressively added to the solution containing Cl° ions, the latter disappear through formation of the AgCl precipitate.

The silver electrode potential jumps at the moment when the same level of concentration of ions Ag+ and Cl° is reached.

The potential jump enables to find the eqivalent point in a graph connecting the electrode potential and the added AgNO3 volume.

b) Instructions for use
Place 100 or 200 ml of water to be analysed in a becher.

Plunge a silver electrode into the water and connect the becher to a reference electrode with a tube in U form, containing KNO3 to obtain an electrolytic axle.

Measure the silver electrode potential with the help of an electronic millivoltmeter.

Add 0.5 ml volumes of AgNO3 5.10.3 solution and write down the potential.

Draw the potential line according to the added AgNO3 volume, and take the eqivalent volume in the midst of this jump of the curve.

Calculate the Cl° ions concentration in moles/L and in g/l.

B.1.4. Phosphates
The most important part of phosphates found in the water of a river originates in the cleaning of agricultural soils enriched by fertilizers, in wastes of domestic waters and industrial activities.

Phosphates react in the presence of calcium ions present in the rivers and alter natural balances.

Moreover, they enable the increase of algae that consume dioxygen present in water and bring about the eutrophication process : the disappearance of life in the river through asphyxia.

Phosphates are used to complex calcium and enable the action of detergents in washing powders (softeners).

The coming on the market of ecological washing powders, that is to say without phosphates, has also had evil effects.

Indeed, nitrilotri-acetic acid (NTA) can be found in those “green” washing powders and it complexes calcium, even at 90° C, and it is suspected of sweeping along heavy metals of rivers toward subsoil layers.

We also find TDEA (tetracetic diamine ethylene acid) suspected of being very toxic in rivers.

Finally, those washing powders contain zcolites (alumino-silicates, in short clays) not toxic that also pick up calcium; however, to obtain the same characteristics as polyphosphates it is necessary to add wetting agents that are as pollutant and oxygen consuming.

· Quantity determination of phophates with the help of Merck’s reflectometer
The determination of the total phosphorus contained in water requires rather long handlings : a limit will be set to the determination of orthophophates (PO45) through a colour-metric method.

Instructions for use

Follow the Reflex plus reflectometer handbook.

For the Phophates Test :

Proceeding E (for quantity determination in tanks).

Memoried reaction time : 5 seconds.

Prepare the sample to measure and the blank sample.

	
	Sample to be measured
	Blank sample (only one per category)
	

	Prepared sample

(20 (30°C)
	5 ml
	5 ml
	Fill the test tube up to the 5 ml mark

	Reagent PO4-1
	5 drops
	
	Add carefully and mix

	Reagent PO4-2
	1 blue microspoon

(held in the flask cap PO4-2)
	-
	Add and dissolve while shaking


Take the sample to be measured and the blank sample with the help of a different pipette for single use from two separate tanks and fill both partitions of each tank until the upper mark of the transparent part.

Measuring

· Put the tank containing the blank sample into the measuring partition, close the cover and push the START key.

· When the instruction appears on the board, place the tank containing the sample to be measured in the measuring partition, close the cover and push the START key again.

· Read the analysis result in mg/l of PO43- on the board.

· The result is automatically memorized.

· Immediately after measuring take the tank out of the measuring partition.

B.1.5. Sulphates.

Natural water sulphates come from the dissolving of gypsum (CaSO4 2H2O) or from the cleaning of soils containing pyrites of which the carried sulphides become oxidized into sulphates when exposed to the air.

Cencentrations of less than 200 mg/l are not a problem.

Cencentrations for more than 200 mg/l cause the precipitation of calcium sulphate into calcareous waters. Concentrations of more than 100 mg/l encourage metal corroding.

The sulphates concentration admissible for man is 250 mg/l. When there are more than 250 mg/l, they have an excessive laxative effect.

· Quantity determination of sulphates
The standard method of sulphates quantity determination is the precipitation of barium sulphate and the quantity determination by turbidimetry.

Ba2+ 
+ 
SO42-

→
BaSO4
(aqueous)  
(aqueous)

(solid)

B.1.6. Sodium and potassium ions.
Those positive ions are present in very variable concentrations in natural waters.

Sodium may be carried in important quantities in industrial or domestic wastes (cooking salt...).

· Quantity determination of K+ ions with the help of the Merck’s relectometer
Introductions for use

Follow the reflectometer Raflex plus handbook.

For the kalium test :

E proceeding (for the quantity determination in tanks)

Memoried waiting time : 300 seconds.

Memoried reaction time : 5 seconds.

Prepare the sample to be measured and the blank sample

	
	Sample to be measured
	Blank sample 

(only one per category)
	

	Prepared sample

(20 – 40 °C)
	5 ml
	5 ml
	Fill the test tube up to the 5 ml mark



	Reagent K-1
	10 drops
	-
	Add and mix



	Reagent K-2
	6 drops
	-
	Add and mix



	Reagent K-3
	1 blue microspoon

(held in the k-3 flask cap)
	
	Add and dissolve while shaking, then push START key of the reflectometer




At the end of the waiting time (the reaction time appears on the board) shake the sample to be measured, then take the sample to be measured and the blank sample with a different pipette for single use in two separate tanks and fill both partitions of each tank up to the upper limit of the transparent part.

Measuring

· Place the tank containing the blank sample into the measuring partition, close the cover and push the SART key.

· When the order appears on the board, place the tank containing the sample to be measured into the measuring partition, close the cover and push the START key again.

· Read the analysis result in mg/l of K on the board. The result is automotically memorized.

· Immediately after measuring, take the tank out of the measuring partition.

· Determination of Na+ ions concentration
Quantity determination of Na+ ions is not possible with simple colorimetric methods. Thus those ions concentration will not be determined directly.

However, an approximate estimate can be obtained by drawing up a balance of positive and negative ions in the water.

Indeed, the analysis enables to measure the most importantpart of negative ions (HCO3, NO3, Cl, SO42+,...).

If Fe3+ ions are not present in important quantity it can be considered that Na+ ions must complete the total of positive ions (Ca2+, Hg2+, K+,...).

B.1.7. NH4+ ammonium ions, NO2 nitrites and NO3 nitrates
Those ions mainly come from agricultural fertilizers and the mineralization of organic nitrogen left by human beings. Half the simple nitrate fertilizers used by agriculture exist in the form of ammonitrates : ammonium ions partially fix in the soil, but very soluble nitrates migrate to waters and rivers if they are not absorbed by plants.

Underground waters may contain small amounts of ammonium ions, usually lower than 1 mg/l. In sewage waters, those ions are released because of the deterioration of proteins and urea. The presence of high concentrations in a waterway prove an organic pollution area or a eutrophication area.

Nitrites may be present in aquifers because of anaerobic denitrification.

In rivers they are the result of ammonium oxidizing because of bacteria and their concentration is very low.

Fishes would be unable to get rid of nitrites : those are deadly for trouts at quantities lower than a microgram per liter.

1. Follow the instructions of the Raflex reflectometer.

2. For the Ammonium Test.

3. Proceeding A.

4. Memorized reaction time : 480 seconds.

5. Rinse the test tube several times with the prepared sample (20 – 30°C), then fill it up to the 5 ml mark.

6. Add 10 drops of NH4 .1 reagent and shake.

7. Add 1 blue microspoon (attached in the cap of the NH4 – 2 flask) of NH4 – 2  reagent and dissolve by shaking.

8. Take 1 strip and immedialtely block up the tube again.

9. Push the START key of the reflectometer and absolutely at the same time place the analytical strip into the solution to measure, for 8 minutes, so as to have both reaction zone entirely moistened.

10. 10 seconds before the end of the reaction, take the strip out of the solution and shake it vigorously to get rid of the excess of liquid.

Then, immediately introduce the strip into the reading partition up to the stop, the reaction zones being turned towards the reading board.

11. Read the analysis result in mg/l of NH4+ on the board.

12. The result is automatically memorized.

· Quantity determination of nitrites with the Merck reflectometer

Instructions for use
1. Follow the instructions of the Raflex reflectometer.
2. For the Nitrates Test : 

3. Proceeding A. Memorized reaction time : 15 seconds.

4. Take 1 strip and immediately block up the tube.

5. Push the START key of the reflectometer and, at the same time plunge both reaction zones of the strip inot the solution to be analyzed (15 –30°C) for about 2 seconds.

6. Shake the strip to get rid of the liquide excess.

7. As soon as the beep starts (5 seconds before the end of the reaction) introduce the strip into the reading partition up to the stop, the reaction zones being turned toward the reading board.

8. Read the analysis result on the board. The result is automatically memorized.

· Quantity determination of nitrates with the Merck reflectometer
Instructions for use
1. Follow the instructions of the Raflex reflectometer.

For the Nitrates Test : Proceeding A.

Memorized reaction time : 60 seconds.

2. Take 1 analytical strip and immediately block up the tube.

3. Push the START key of the reflectometer and, absolutely at the same time, plunge both reaction zones of the strip into the prepared sample (15 – 30 °C) during about 2 seconds.

4. Vigorously shake the strip to get rid of the liquid excess.

5. As soon as the beep starts (5 seconds before the end of the reaction) introduce the strip into the reading partition up to the stop, the reaction zones being turned towards the readind board.

6. Read the result of the analysis in mg/l of NO3 on the board.

7. The result is automatically memorized.

B.2. Biological valuation of the water quality with the determination of the biotic indicator.
The quality of waters can be estimated with a biological method based on the analysis and counting of different invertebrates in running waters.

In a small stream with rapid current, the diversity of living communities is important ; on the other hand, populations are not numerous.

In a zone hit by a pollution source, we are struck by the populations density and the extreme poor fauna.

The biotic indicator

You are in possession of specimen samples you have taken on the required site.

You are going to estimate the biotic indicator of this site.

We chose an average resolution key, neither too easy nor too complicated.

It is specific for Walloon rivers and could be applied to other rivers, provided some alterations are made, due to the change in the fauna.

· Biological valuation of the water quality with macro-invertebrates
The biological checking of the water quality may occur at different organisation levels : cell, organ, population, community, ecosystem. All offer a real interest but two organisation levels (individual and community) lend themselves rather well to a biological control. Biological observations can give a more reliable control than chemical analyses, because they take concurrent past and present effects into consideration whereas chemical results are only exceptional.

A biological community in harmony, with its environment lasts continously. Thus any change in the community composition shows variations of its environment.

We will remember : a biotic indicator of the waters quality is set up depending on the number of gathered organisms and on their reaction degree to pollution.

It enables to estimate the biological quality of water.

This technology has some limits.

It is put into practice in not too deep waterways. Moreover, it mainly measures the impact of domestic pollutions, of farming, of slaughterhouses, food industries...

How establish a biotic indicator ?

With the help of a magnifying glass you can observe the gathered species and you classify the specimens according to their belonging to one of the seven (in fact ten) fauna groups (the groups are described in the following pages).

Then the number of systematic unities is determined for each fauna group.

Attention : a systematic unity does not correspond to an individual but merely to the existence for a species.

So if 2, 4 or 28 Grammarus are found, the result will be the same : one and only one systematic unity (at least 2 individuals are needed to take a S.V. into consideration).

On the other hand, if 3 leeches (I.S.U.), 5 asellidae (I.U.S.), 1 sphaeriidae (O.S.U.) and 14 hemipters are found in the same group, the final S.U. number is three.

Then the chart is used in the following way :

The group that reacts most to pollution is searched.

You look at the top of the chart to find the column corresponding to the total S.U. number in the entire sample.

The biotic indicator is found in that way.

Example : if you have found 1 SU of Plecoptera (for ex. 6 individuals), 1 S.U. of Ecdyonuridae P and 5 S.U. on the whole groups, the biotic indicator equals 7.

	
	Total number of present systematic unities

	Group
	1 S.U
	From 2 to 5 S.U.
	From 6 to 10 S.U
	From 11 to 15 S.U
	More than 16 S.U

	1a: More than 1 S.U 

Plelicoptera

?
	
	7
	8
	9
	10

	1 b: 1 S.U

Plelicoptera

?
	5


	6
	7
	8
	9

	2a: More than 1 S.U

Trichoptera 

with sheathes
	
	6
	7
	8
	9

	2b: 1 S.U

Trichoptera 

with sheathes
	5
	5
	6
	7
	8

	3a: More than 1 S.U

Ancylidae

Ephemeroptera

(except ?????)
	
	5
	6
	7
	8

	3b: 1 S.U

Ancilidae

Ephemeroptera

(except ?????)
	3
	4
	5
	6
	7

	4: ?????????????

Odonates

Grammaridae

Molluses

(except Sphaeridae)
	3
	4
	5
	6
	7

	5: Asellus

Hirudinae

Sphaeridea

Hemptera

(Except ?????????)
	2
	3
	4
	5
	

	6 : Tubificidae

Chironomidae
	1
	2


	3
	
	

	7 : Syrphidae
	0
	1
	1
	
	


Tuffery’s and Verneaux’s grid simplified by M. Hilbert.

The squares in blue indicate a polluted river.

The following agreements will be respected if maps are made.

	Indicators 1 – 2 – 3 

Category 1

Very high pollution

Red colour
	Indicators 3 – 4 

Category 2

High pollution

Orange colour
	Indicators 5 – 6 

Category 3

Average pollution

Yellow colour
	Indicators 7 – 8 

Category 4

Low pollution

Green colour
	Indicators 9 – 1 0

Category 5

No pollution

Blue colour


Group number one a and b (reacting most to pollution)

	Antennes = feelers

Tête = head

Metanotum = ?

Pronotum = ?

Mésonotum = ?

Cerques = cerci

Segments abdominaux = abdominal segments

Fourreaux alaires = wing sheaths
	Plecoptera (pearl grub)

· 2 cerci

· No abdominal branchiae

· Rather long feelers

· Tarsus with 2 nails

	
	Ecdyomides ?

· Often 3 cerci (sometimes 2)

· Very flattened

· Dorsal eyes (do not reach the lateral side of the head)


Group number two a and b

	Sheath
	Trichoptera with sheathes

· Last abdominal segment always provided with a pair of false legs with 1 or 2 fangs.

· Soft abdomen, not hardened

· Grubs living in a protecting sheath.


Group number three a and b

	
	Ancylidac (ancylus)

· Shell in the form of a hood and not in the form of a spiral

	7 pairs of branchiae
	Ephemeroptera (except Ecdyonurides ???°

· Generally 3 cerci (sometimes 2)

· Branchiae present on abdominal segments

· Rather short feelers

· Tarsus with one nail


Group number four

	Rostrum
	Hemipters (Aphelocheirus?????)

· Head as wide as long, ending with a long rostrum, reaching the lower part of the back feet.

· Insect generally without wings

	
	Grammaridea (Grammarus)

· Compressed body (flattened at the side) often curved.

· 7 pairs of thorastic feet divided into 2 groups : 4 forward, 3 backward

	Branchial lamellae
	Odonates Zygoptera

· Thin and long body

· Abdomen ending with 3 branchial lamellae of variable shape

· The larvae swim by lateral undulation of their abdomen

	Spiralled

Dexter shell

Operculum

loot


	Ordonates Anisoptera

· Stocky body, thick

· Abdomen end without branchial lamellae

· Larvae swim by “reactions” expelling water

	
	Molluses

(Planorbidea, Lymnaea lamellibranchia)

· All organisms provided with a shell except Spharidae.


Group number five

	
	Sphariidae

· Bivalve shells of small size (25 mm) not long.

	Dorsal surface

Eyes

Segments

Sucker

Fore end

Back side end
	Hirudinea (leech)

· A sucker at each end

· Very extensible body, more or less dorsal – ventrally flattened

	Larvae

Larvae

Respiratory tube
	Hemipters (Corixa, Nepa) 

(Except Aphelocheirus)

· Head : prolonged by joined buccal parts and forming a stinging rostrum looking like a tapering case. This rostrum is often ventrally turned-down backward between the feet

· Fore wings, horny at the bottom and, in theory, membranous at the end

	
	Asellus (Asellidae)

· Flattened body (dorsal – ventrally flattened)


This key was built based on probio.

Group number six

	Backward and forward

Colonies

Fore ends
	Tubificidae (Tubifex)

· Adults bigger than 20 mm

· Many Tibificidae live with their head in the sediment, the extreme backside end having more or less rapid movements

· They form colonies on organic silts that have red spots

	Pseudopodia
	Chironomidae (chironomus)

· A pair of prothoracic pseudopodia, more or less merging at the bottom, and another pair on the last segment of the body

· Clear segmentation of the abdomen

· Regularly cylindrical body

· Sometimes coloured in red


Group seven (most resistant to pollution)

	Respiratory tube
	Syrphidae (Eristalis)

· Body prolonged by a long respiratory tube often in retractlile parts

· Small head, atrophied, not visible

· Cylindrical body and very contractible

· They live vertically sunk into the silt, their siphon craned toward the water surface


The drawings represent the individuals most observed in our areas.

If you find other organisms, they can be :

· Either a larva (animal in the making)

· Or an individual not represented (there exist a lot)

In that case, you use its characteristics to assciate it to a group.

Then you obtain an additional SU.

