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Tuesday, 21 May 2002
9h00

> Opening of the Workshop
> 1st session : Water treatment

9h30

Wastewater depollution by photocatalytic and bidegradation
processes
Khadija Aitali (Morocco)

10h15

Removal of dissolved heavy metals from pre-settled stormwater
runoff by iron-oxide coated sand (IOCS)
Jens Møller (Denmark)

11h00

Coffee break

11h15

Use of macrophytes for domestic waste water treatment in
developing countries
Joseph Wéthé (Cameroun)

12h00

Treatment of Moroccan sewage sludge by composting
Soumia Amir (Morocco)

> 2nd session : Urban runoff sources
14h30

Stoechiometry and load of nutrients exported
from urban catchments by storms
David Lewis (USA)

15h15

Material balances for modelling non-point source pollution
Matli Chandra Sekhar (India)

16h00

Coffee break

16h15

Localisation, nature and dynamics of the water-sediment interface:
application to the combined sewer system of Le Marais (Paris)
Claire Oms (France)

18h00
23h00

> International solidarity
development

and

sustainable

Discussion between the workshop scientists and young people
from the Val de Marne county about water and solidarity
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Wednesday, 22 May 2002
> 3rd session : Urban impacts
9h00

Impact of stormwater outfalls on sediment and water
ecotoxicity in an urban stream, Store Vejleå, Denmark
Anne Munch Christensen (Denmark)

9h45

Characterizing anthropogenic sources of pollution for
tropical urban river management: a proposed case study
of the Nairobi River Basin
Sharon Njambi Kahara (Kenya)

10h30
10h45

11h30

14h00
17h30

21h00

Coffee break
Modelling of combined sewer overflows transfert and selfpurification into a small river
Frédéric Ruysschaert (France)
Impact of urban water discharge on the water and
sediment quality of a river in the South of Morocco
(Ouarzazate region)
Mustapha Sadani (Morocco)

> International collaborative project design
During this afternoon the workshop participants will work
together within small groups and prepare several
collaborative research project. These projects aim at
improving South-North collaboration on water management

> The water fight
A discussion between Prof. Riccardo Petrella who
promotes a new vision of water management and Jean-Luc
Trancart, delegate director from Ondeo, with questions from
the audience.
Transfer by bus to the Maison des syndicats
11, Rue des archives
94000 Créteil
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Thursday, 23 May 2002
> 4th session : Hydrology
9h00

An assessment on hydrologic condition in Khorram Abad (West of Iran)
Nasser Tahmasebi (Iran)

9h45

Effects of urbanization on quality and quantity on water in the watershed
Mohammad Javad Pouraghniaei (Iran)

10h30

Coffee break

10h45

Generation of discharge on urban surfaces
David Ramier (France)

11h30

Distributed hydrological modeling of urbanizing ecosystems:
Investigating the impact of urbanization pattern in Baltimore, Maryland
David Tenenbaum (USA)

14h00

> Technical Visit :
River Marne managment plan
Transfer by bus

20h00

> Together against the water privatisation
A discussion with NGO ’s members about water privatization in
the world, its consequences and the possible solutions
Transfer by bus to the
Salle des fêtes Eglantine
1, impasse des Ecoles
94800 Villejuif
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Friday, 24 May 2002
>

8h45
9h30

5th session : Management and risks
The impact of source control measures on stormwater
pollution load – discussion from a sustainability point of view
Stefan Ahlman (Sweden)
Hazard identification of rainwater collected for non-potable
reuse in households
Eva Eriksson (Denmark)

10h15

Coffee break

10h30

Stormwater treatment and management in Sweden
Jonas German (Sweden)

11h15

Security of waterworks’ systems in Poland
Justinya Anna Szulinska (Poland)

12h30

14h30
17h30

Designing an integrated management storm water
management plan of the river Glems
Ullrich Stephan Zimmerman (Germany)

> International collaborative project design
During this afternoon the workshop participants will finalize
their projects and presents them to a panel of experts in
order to further develop them and set-up scientific
exchanges and collaboration

18h00

> Closing ceremony
With the participation of
Jacques Perreux, Conseiller général du Val de Marne
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Practical information
Map of the Domaine de Chérioux (site of the workshop)
7 route de Fontainebleau, RN.7, 94407 Vitry-sur-Seine, France

Communication
Phone. 01 41 73 11 00
E-mail (during the workshop) : daniel.thevenot@cg94.fr

Ground transportation
Metro : Ligne 7 – stop : Louis Arago (sortie/exit: Villejuif)
then bus : n°185 – Stop : Ecole Départementale

HOTEL DU DEPARTEMENT - Préfecture
Metro : Ligne 8 – Balard / Créteil; stop : Créteil Préfecture (terminus)
Bus : n° 117 – 317 – 181 – 281 –308; stop: Créteil Préfecture
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Wastewater depollution
by photocatalytic
and bidegradation processes
Melle Khadija AITALI
UNIVERSITE HASSAN II, Faculté des sciences Ain Chok, département de chimie,
Ufr des études supérieures approfondies, option : eau et développement durable

INTRODUCTION
The total water that exists on the Earth surface, is present as a water of oceans, lakes, rivers and
glaciers (Figure 1).[1]
The small cube corresponds roughly to 9000 km3 of drinkable water per year
This diagram illustrates the importance to control the storage and the treatment of water.

It is estimated that:
•

1,2 billion people (a quarter of the world population) have no direct access to drinking water.

•

1,4 billion people are without effective evacuation of waste water

•

More than 80 countries (> 40% of the world population) are lacking tap water.
[1] http://antoine.piscopo.free.fr/premier.chapitre.htm
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Water Pollution
Demographic and industrial developments are accompanied by important water degradation due to:
•

water resources exhausting

•

water contamination by industrial effluents that are directly rejected in the environment.

In Morocco, for example the flow of industrial effluents is estimated to 964 millions m3, (89% of the
used water volume).
The obtained results from water caracterisation are as follow :
BOD and COD are around 58.000T/year et 100.000 T/year, respectively. Whereas suspended matter is
evaluated to 6.5 millions de T/year. Nitrogen and phosphore occurrence is about 3,300 T/year and
200T/year, respectively. Moreover the yearly dissipation of chromium, mercury and sulphurs is
estimated to 10, 15 et 140 Tonnes, respectively.
In front of this critical situation, wastewater treatment is a must.
The treatment of water is divided into two parts:
♦ Physico-chemical treatments concerning the non-biodegradable materials such as heavy metals,
persistent pesticides that occur in underground and surface waters.
♦ Biological treatments which are devoted to biodegradable compounds.
Since 25 years, research on the water treatment processes has been strongly intensified. The pollution
monitoring is more rigorous and the legislation becomes more and more strict on the standards of
distributed water.
Several new processing techniques such as the Advanced Oxidation Processes (AOP) were developed.
These techniques are alternative and very useful for the degradation of nonbiodegradable organic
pollutants.
Moreover, they are much more efficient than the conventional techniques such as flocculation,
precipitation, adsorption on activated carbon. The chemical processing by AOPs could lead to the
complete mineralisation of pollutants, and in the case of halogenous compounds to the formation of
halogenous ions.
AOPs are based on the property of generation and use of the radicals hydroxyls like primary oxidant
for the degradation of organic pollutants.
POAs, using U.V.-peroxide, ozone or photo-Fenton systems have largely showed their efficiency in
oxidation of organic compounds.

THE PHOTOCATLYTIC PROCESS
The photocatalytic process is emerging as a promising technology for the oxidation/degrdation of
organic contaminants in environmental control.
It has been widely established as an alternative physical-chemical process for the elimination of toxic
and hazardous organic substances and metals in wastewater, drinking water, and air.
In this process a semi conductor actived by ultra-violet (UV) radiation is used as a catalyst to destroy
organic contaminants. (Figure 2) [1]
[1] http://antoine.piscopo.free.fr/premier.chapitre.htm
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The process has several advantages compared to biological and traditional chemical oxidation
processes.
•

First, the photocatalytic reaction is not specific and, therfore, is capable of destroying a spectrum
of organic chemicals. These compounds include hydrocarbon fuels, halogenated solvents,
surfactants, pesticides and many hazardous organic chemicals.

•

Second, the process is very powreful, often achieving a complete miniralization of organics.

•

Third, the process is immune to organic toxicity. This advantage makes the photocatlytic process
particularly attractive for the degradation of recalcitrant and toxic xenobiotic compounds.

•

Fourth, the process can be applied aqually well to liquid and gaseous streams.

Finally, there is a potential to utilize sunlight instead of an artificial light as an UV source, there by
reducing the energy cost for the process.
In conventional photocatalytic processes, powder titanium dioxide (TiO2) is used for organic
destruction. These fine particulates with an average diameter of 0,2 µm, are added to the waste stream
that is placed under an UV-Vis. irradiation.
The powder catalyst, however, suffer from two serious drawbacks which limit its pratical applications.
•

First, the settling velocity of powder TiO2 is very slow requiring a long retention time in the
clarifier.

•

Second, as the dosage of TiO2 is increased in order to increase the photocatlytic rate, the high
turbidity created by the high TiO2 concentration can actually decrease the depth of UV
penetration. This “ shadowing effect” can drastically lower the rate of photocatalytic reaction on a
unit TiO2 weight basis. To eliminate the need for a follow-up clarifer, techniques were developed
to immobilize TiO2 on a solid carrier.

DESCRIPTION OF PROJECT
The biological treatment is widely used, it concerns domestic and some industrial effluents, but it is
limited only to biodegradable compounds. Therefore we propose in the frame of this project to
combine two treatment techniques:
•

Photocalytic treatment has a first step to transform non-biodegradable persistent compounds such
as PAH’s and thus make them amenable to biodegradation.
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•

Followed by a biological treatment on downstream that degrade the compounds produced by the
first process

Photocatalytic technology has demonstrated its great potential for treating different varieties of waste
streams containing pollutants.
This process may be prohibitively expensive when used the achieve complete oxidation of all organic
material present to carbon dioxide, therefore it is usually integrated with the conventional biological
oxidation.
Due to the presence of a catalyst much higher oxidation rates are achieved and consequently, one can
use less severe reaction conditions to reduce COD/TOC to the same degree as in the case of a
noncatalytic process.
The aim of this study is to develop a water treatment method using photocatalytic oxidation process
which could transform compounds into intermediate products that are more amenable for further
biological treatment than those formed during noncatalytic oxidation.
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Removal of dissolved heavy metals
from pre-settled stormwater runoff by
iron-oxide coated sand (IOCS)
Jens Møller*, Anna Ledin** and Peter Steen Mikkelsen**
*Rambøll, Water and wastewater, Teknikerbyen 31, DK-2830 Virum, Denmark,
jnsm@ramboll.dk
**Environment & Resources DTU, Technical University of Denmark, Bygningstorvet,
Building 115, DK-2800 Kgs. Lyngby, Denmark, anl@er.dtu.dk / psm@er.dtu.dk

Abstract
Sorption to iron-oxide coated sand (IOCS) is a promising technology for removal of the dissolved
heavy metal fraction in stormwater runoff. The development of a new technology is necessary since
studies of stormwater runoff from traffic areas indicate that an oil separator and detention pond may
not guarantee that emission limit values set by the Danish EPA are satisfied. Runoff water was
sampled from an urban highway, allowed to settle for 24 hours to simulate the effect of a detention
pond, and finally spiked with metals to ensure concentration levels similar to high levels reported in
the literature (Pb=20, Cu=40, Zn=110, and Cr=15 ppb). Column experiments were conducted to test
the influence of the infiltration rate (1 or 3 m/h) and the type of iron(hydr)oxide mineral (amorphous
ferrihydrite and goethite coated sand). The results show that at least 90% of lead, copper and zinc can
be removed by IOCS after 480 pore volumes. Control columns with uncoated filter sand show that
lead, copper and zinc were removed with >95%, 35% and 5%, respectively. The removal of the
negative metaloxy-ion, CrO4-3 was insignificant in both IOCS and sand columns at pH=7.7.
Destruction of the columns after the experiments showed, that Pb, Cu and Zn penetrated to different
depths in the columns. No saturation of lead was found in the first cm of the column after 1696 pore
volumes of treated water. Copper showed a curved adsorption front, indicating that an infiltration
speed of 3 m/h is slightly too fast for the equilibrium between water phase and IOCS to be reached.
The column with ferrihydrite was fully saturated with regard to zinc after 1696 pore volumes. In
general the coating of goethite is found to be at least twice as effective as ferrihydrite with respect to
the adsorption capacity of copper and zinc. Furthermore, desorption of metals from the IOCS by
soaking in weak acid (pH=2.25) showed that 20%, 58% and 75% of the adsorbed Pb, Cu and Zn was
recovered. Reuse of the IOCS after soaking in weak acid is possible, but it is likely to lower the
adsorption capacities found in this study.

Keywords:
Iron-oxide coated sand, IOCS, stormwater runoff, stormwater treatment, adsorption, heavy metals

Introduction
The impacts of discharged stormwater runoff to freshwater recipients have received increasing
attention during the last couple of years with regard to the presence of xenobiotics (Berbee et al.,
1999; Kjølholt et al., 1997; Legret and Pagotto, 1999; Makepeace et al., 1995) and the ecotoxic effects
(Kjølholt et al., 2001; Marsalek et al., 2001). The pollutants in stormwater from motorways originate
primarily from traffic related sources such as exhaust, tyre- and road wearing and dust from brakes.
Erosion of building materials and pesticides/herbicides for maintenance may however also influence
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the stormwater quality. The stormwater runoff in urban areas is often discharged to a traditional
combined sewer where it is mixed with household wastewater. The drawback of combined sewer
systems is that the large water volumes during rain events decrease the efficiency of the wastewater
treatment plant and lead to overflow with untreated diluted wastewater from detention ponds directly
to the recipients. To avoid these problems modern sewer systems separate the stormwater and the
wastewater from households/industry. The solution with a separate system leads to other problems
concerning whether treatment of the stormwater runoff is necessary before discharge to recipients or
alternatively infiltration through soil. The Danish environmental law prescribes that discharged
stormwater is led through an oil separator and subsequently is allowed to settle for 24 hours.
Conventional treatment systems, typically an oil separator and a detention pond, cannot remove the
xenobiotics associated with the fine particles and dissolved species of heavy metals. International
studies (Legret and Pagotto, 1999; Berbee et al., 1999; Kjølholt et al., 2001) have furthermore found
that the fraction of heavy metals <0.45 μm is often larger than what is accepted by the Danish EPA
(Department of Environment, 1996). The fact that settling of particles smaller than 2 μm is unlikely
(Andral et al., 1999) and that the dissolved heavy metal fraction is relatively more toxic to microorganisms (Kjølholt et al., 2001) makes the development of new technologies for post-treatment of
stormwater runoff necessary.
The mobility and distribution of heavy metals in natural systems is regulated by sorption/desorption to
clay minerals, metal-oxides and material of organic nature, and (co-)precipitation/dissolution
processes. It is therefore interesting to investigate if a natural sorbent can be used in treatment of the
dissolved heavy metal fraction. The sorbent should fulfill three preliminary conditions: 1) cheap and
easily available 2) high capacity for heavy metals at the actual pH-value of the storm water 3)
effective separation of sorbent from water phase after sorption of the heavy metal.
Iron-oxides/hydroxides (hereafter iron-oxides) satisfies the first two conditions. The fine particle size
of the iron-oxides makes it very difficult to separate from the water phase or to infiltrate through. A
simple method (Edwards and Benjamin, 1989) has however made it possible to coat the surface of
ordinary filter sand with fine iron-oxide particles. This makes it possible to infiltrate through the ironoxides and effectively limits the loss of iron-oxides.
In the present study, experiments were conducted on natural stormwater to test: 1) which type of ironoxide (ferrihydrite or goethite) that have the highest capacity for heavy metal sorption 2) if high speed
infiltration can effectively remove the heavy metals and 3) if regeneration of IOCS by an acid solution
is possible without dissolving the iron-oxides. The regeneration of heavy metals from the surface of
IOCS was done by soaking the sand in an acid solution. Unfortunately the iron oxides begin to
dissolve at pH below 3. Reuse of IOCS requires that an acceptable trade-off between the desorption
efficiency and the dissolution of iron-oxides is found. The IOCS was treated with both a strong and a
weak acid in order to evaluate if such trade-off is likely to exist.
Infiltration through granulates of iron-oxides is not used, since a significant fraction of the granulates
is likely to be destroyed during the backwash of the filter. Especially treatment of stormwater runoff
requires backwash due to clogging of the filters with suspended matter originating from the roads.

Experimental Iron oxide coated sand
The coating process contains the following steps: preparing the Fe(III) solution from Fe(III)Cl3
followed by raising the pH-value with NaOH to 9.5 or 11.5 for ferrihydrite and goethite, respectively,
mixing 100 ml Fe(III) solution with 200 g sand and heating at 105°C for 24 hours. Finally rinsing of
the surplus of precipitated iron oxides that are weakly bond to the surface of the sand grains. A precoating step is added to obtain a more uniform final coating of the sand.
The sand used for the coating is ordinary filter sand with a grain size of 0.32-0.71 mm, porosity of
38% and with a dispersion grade D60/D10 of 1.5. The iron-oxides on the sand were by visual
observations found to be ferrihydrite and goethite when the Fe(III) solution had a pH-value of 9.5 and
11.5, respectively. The amount of iron oxides coated on the sand grains was 1.7 mg Fe/ g sand for
ferrihydrite and 4.2 for goethite.
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Materials
All used materials in contact with the water were acid washed for 24 hours with 0.1 M HCl, unless
otherwise noted. The containers were made of polyethylene, the tubing was silicone and PVC and the
plugs were silicone. The filters used were 0.05 μm polycarbonate and 0.45 μm dura membrane HV.

Columns
A plexi-glass column with an inner diameter of 32 mm and a length of 1 m was selected, since the
possible wall effect has to be considered. Montgomery (1985) recommends that the column diameter
is between 50 and 100 times the diameter of the average sand grains in order to minimize the possible
wall effect. A sand depth of 0.3 m is chosen since it is the minimal acceptable filter depth suggested
by Masschelein (1992), when the mechanical filter effect is to be measured on sand grains. The
minimum depth may vary if large grains and/or non-typical types of media are used.

Stormwater sampling and spiking
Stormwater samples were collected from a pipe system draining runoff water from a highly trafficked
highway near Albertslund, Denmark. Sampling was done in a manhole placed in the emergency lane
just upstream of the point where the system discharges into an artificial detention pond. The collected
water was later spiked with heavy metals to simulate stormwater runoff concentrations published in
the international literature. A magnetic agitator was used to keep the water mixed during the
experiment. During extended dry periods stormwater runoff could not always be collected from the
manhole. Instead, water was collected from the pond receiving runoff water during rain. This water
was also spiked with heavy metals in order to reach concentrations similar to the water used in the
earlier part of the experiments.

Analysis
The metal concentrations in the water samples were measured by an Analyst 600 Atomic Absorption
spectrophotometer with an extraction system. Samples with high concentrations were measured on the
Perkin Elmer 5000 atomic absorption spectrophotometer. The Perkin Elmer spectrometer Lambda 2
was used for the phosphate measurements. Finally the total inorganic carbon, TIC, and total organic
carbon, TOC, were determined by the 700 TOC analyzer.

Design of experiments and sampling
A total of 6 columns were used in the experiment for the cross examination of two flow rates (1 and
3m/h) and two types of iron oxides (ferrihydrite and goethite). Two of the columns packed with
uncoated sand were used as blanks to test whether the treatment efficiency is associated with the
IOCS. The two columns containing sand coated with either ferrihydrite or goethite and a constant
flowrate of 3 m/h were used to estimate the capacity. The columns were opened after ended treatment
and divided into slices. The upper slices were approximately 1 cm thick with increasing thickness
down through the column. The suspended matter in the slices was separated from the sand by washing
with ion-exchanged distilled water (hereafter ID-water). The pH-value of the ID-water was adjusted to
the pH-value of the pore-water, around 7.7, to secure that no desorption of heavy metal would occur
from the surface of the IOCS. The sand was dried and mixed with HNO3 (adjusted with ID-water to
pH=2.5) to simulate a weak acid desorption of the heavy metals. The sand was dried again and a weak
alkaline desorption was conducted with a NaOH solution (adjusted to pH 11 with ID-water). A total
desorption was done by soaking the dried sand in warm 5% HNO3 for 2 hours.

19

First World Wide Workshop for Junior Environmental Scientists (21-24 May 2002)

Results and Discussion
Characterization of runoff water
The sampled water, table 1, have a relatively low content of heavy metals, phosphate, suspended
matter and total organic carbon compared to other studies (Kjølholt et al., 1997; Berbee et al., 1999).
The fact that the sampled stormwater was from the very last part of the rain event and that it was
allowed to settle for 24 hours may explain the low concentrations. The main change of water
chemistry between the runoff and pond water is that the suspended matter and total organic carbon is
significantly higher in pond water.
Table 1. Characterization of the runoff water before spiking.
pH
Cond
TIC
TOC
SS Phosphate Pb
Cu
μS/cm

mg C/l

mg C/l

mg/l

mg P/l

4.5

3.5

9.8

0.027

5.7

17

Runoff water

7.8

1100

Pond water

7.7

1230

Zn

Cr

μg/l
3.1

3.4

16

0.5

1.5

5.5

23

1.0

Infiltration through the columns
The mechanical filter effects reduced the amount of suspended matter from 10 to around 2.5 mg SS/l,
even though the stormwater was settled for 24 hours prior to the treatment. The settled materials were
mainly minerals, since the stormwater content of organic carbon was unchanged by the treatment. The
columns with IOCS were able to reduce the phosphate concentration from 0.027 mg P/l to below the
detection limit of 0.010 mg P/l, whereas the effluent concentration from the ordinary sand columns
was 0.020 mg P/l. The effective removal of phosphate is interesting, since it may reduce the possible
eutrophication of the freshwater recipient in which the stormwater is discharged. Infiltration through
the IOCS does not seem to change the general water chemistry of the stormwater, since no significant
change was found in pH (around 7,9), conductivity (1200 μS/cm) and total organic carbon (3 mg C/l).
The iron-oxides are found to be stable with respect to dissolution, since the iron concentration of the
water is actually reduced by the treatment.

Heavy metal removal before break-through ( 19 hours)
The columns containing sand coated with ferrihydrite and goethite were both able to efficiently
remove heavy metals from pre-settled stormwater runoff. Table 2 shows that lead, copper and zinc
were removed with >95%, 91-94% and 95%, respectively by the columns containing IOCS. The sand
column with a flow of 3 m/h clearly demonstrates that the iron-oxide coating is responsible for the
removal of Cu and Zn since only 35% copper and 5% zinc was removed. Lead, however, was removed
equally by the IOCS and the plain sand columns. The adsorption kinetics of all heavy metals was
found to be fast since the removal efficiency did not decrease by increasing the flow from 1 m/h to
3m/h. An infiltration rate of 1m/h is equal to a contact time of 6 minutes between water and IOCS.
This indicates that sorption equilibrium between the water phase and IOCS is reached within 6
minutes. The very efficient heavy metal removal by all the columns containing iron-oxides made it
impossible to detect whether one of the iron-oxides has a higher adsorption capacity compared to the
other.
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Table 2. Heavy metal removal efficiencies after 19 hours of treatment in the 3 m/h (480 PV) and the 1
m/h (160 PV) column.
3 m/h infiltration
1 m/h infiltration
Pb

Cu

Zn

Cr

Pb

Cu

Zn

Cr

Ferrihydrite

>95%

91%

>95%

26%

>95%

94%

>95%

11%

Geothite

>95%

93%

94%

23%

>95%

94%

>95%

19%

Plain sand

>95%

35%

5%

17%

>95%

57%

23%

21%

The removal of the negative metal-oxy ion, CrO43-, was found to be rather limited. The columns with
plain sand show a similar low removal of chromium indicating that the iron-oxide coating has no
influence on this constituent. The effluent concentrations decreased from 1 hour to 19 hours of
treatment, so saturation of the column cannot be the reason for the limited removal.

Break-through of heavy metals in the 3 m/h columns
The inlet water source (Figure 3) was switched from spiked stormwater runoff to spiked detention
pond water at 481 PV.
Table 3. Inlet and effluent concentrations from the 3 m/h columns.
Sample
Type of iron-oxide
Pb
Cu
Zn

Cr

all in ppb
Inlet
27 PV (1 hour)
480 PV (19 hours)
534 PV (21 hours)
1113 PV (40.5 hours)
1996 PV (61.5 hours)

16.9

42.6

115

13.2

Ferrihydrite

<1

<2

<5

11.8

Goethite

<1

<2

<5

12.4

Ferrihydrite

<1

3.2

<5

10.1

Goethite

<1

2.6

<5

10.5

Ferrihydrite

1.7

10.2

9

11.7

Goethite

1.4

9.3

<5

12.7

Ferrihydrite

3.6

15.3

75

Goethite

3.7

16.6

16

Ferrihydrite

3.5

17.0

53

13.5

Goethite

4.0

14.6

40

13.2

3.2

12

110

12

EPA limits

PV = pore volumes. Inlet concentration is measured from the spiked detention pond water.

The rapidly increased concentrations of the effluent between 480 PV and 534 PV could be caused by
presence of higher content of dissolved organic matter in the pond water, which strongly binds
especially copper and thereby increases the total amount of dissolved Cu-species (Stumm and Morgan,
1996). The effluent concentrations of heavy metal show that copper is likely to be the first metal that
exceeds the Danish EPA emission limit values. The limit is exceeded in the interval between 534 and
1113 PV, which is equal to at least 19 hours of treatment when an infiltration rate of 3m/h is used.
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Depth-distribution of heavy metals in the IOCS columns
Figure 1 shows how lead, copper and zinc desorbed from the IOCS with strong acid were distributed
through the columns after infiltration of 1696 PV of water. The depth-profiles clearly show that lead,
copper and zinc have different affinity for iron-oxides. For lead the adsorption fronts are sharp, as
would be expected for heavy metals, when sorption of inorganic species is the dominating process.
However, the corresponding depth profiles are relatively curved for copper. A likely explanation is
that a large fraction of copper is associated with the dissolved organic matter that is naturally
occurring in the pond water. The high flow rate in the columns simply doesn’t allow the distribution of
copper between the water and solid-phases to reach equilibrium. The non-equilibrium may explain that
the effluent concentration of copper exceeds the Danish EPA emission limit value of 12 μg/l although
the columns are not saturated with copper. The equal distribution of zinc in the ferrihydrite column
indicates complete saturation with zinc. This corresponds well with the fact that the inlet concentration
of zinc, see table 3, was only reduced with around 50% or less after 1113 and 1696 PV of treatment.
Figure 1. Depth distribution of lead, copper and zinc in the IOCS columns, as assessed by a strong
acid desorption after 1696 PV of infiltration.
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Figure 2. The amount of filtrate and heavy metals bond to filtrate as a function of depth in the goethite
column.
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It is also evident that the ferrihydrite and goethite have different adsorption capacities for heavy
metals. Figure 1 shows that the adsorption capacity is not possible to evaluate for lead after 1696 PV
of treated water, since not even the first cm of the IOCS is saturated yet. Also for zinc (figure 1)
goethite shows superior adsorption capacities compared the ferrihydrite. The adsorption capacity of
goethite is compared to ferrihydrite estimated to be around twice as high for zinc and more than two
times higher with regard to copper.
Figure 2 shows that nearly all suspended matter is trapped within the upper 10 cm of the goethite
column. The amount of heavy metal in the filtrate is actually higher than what is found in the >0.05
μm fraction. A likely explanation, supported by visual observations, is that a significant amount of
iron oxides is lost from the IOCS during the separation of the filtrate from the IOCS. The efficiency of
the filtration is therefore overestimated, since heavy metals adsorbed on the lost iron-oxides will be
counted as removed by mechanical filter effects instead of adsorption.
100%
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Figure 3. Mass balances of heavy metals.
The mass balances of lead, copper and zinc (Figure 3) show that 70-82% of the metals can be
accounted for. One reason causing the relatively low metal recovery could be relatively low inlet
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concentrations, so even a limited adsorption to experimental material e.g. tubes and containers may
cause a relatively large loss.

Efficiency of regeneration
The two upper categories in figure 3 shows a comparison in extraction efficiency between the weak
and total desorption. The efficiency of the weak desorption procedure is “inversely proportional” to
the adsorption efficiency since it decreases as follows: Zn>Cu>Pb. The calculated values of efficiency
in table 4, indicates that desorption is more difficult from goethite compared to ferrihydrite. It is not
likely that the lead can be fully desorbed without significant destruction of the iron-oxides, whereas a
regeneration for copper and especially zinc seems possible by optimizing the process.
Table 4. Efficiency of the weak desorption.
Ferrihydrite
Goethite
Pb

50%

20%

Cu

72%

58%

Zn

85%

75%

It has to be investigated further whether the adsorption capacity decreases for each re-generation or if
it is a one-time loss. Lo et al. (1997) regenerated the IOCS over 50 times and reported that that it was
without noticeable decrease in treatment efficiency. Lai et al. (2000) reported an accomplishment of a
complete desorption at pH=3 and Benjamin et al. (1996) have found that 90% of the heavy metals are
released by desorption with acid at pH= 2 for 10-15 minutes. Part of the reason for lower desorption
efficiency in this study is likely to be the 10-100 times lower concentrations of heavy metals, which
makes the impact from the strong adsorption sites on the sorption behavior relatively more important.

Conclusions
Column experiments with high speed infiltration (3 m/h) of pre-settled stormwater runoff through two
different types of iron(hydr)oxide coated sand (goethite and ferrihydrite) showed that:
•

The efficiency to remove the heavy metals: copper, lead and zinc is good, indicated by e.g.
>90% removal of all three metals still after 480 pore volumes. However, at higher loadings it
is likely that the Danish emission limit values for discharge of urban runoff to recipients will
be exceeded. This was e.g. illustrated by a break-through for zinc after appr. 1700 pore
volumes.

•

The removal of phosphate and suspended solids were somewhat lower (at least 67 % and 75%
respectively), while the removal of the metaloxy-anion of chromium was insignificant.

•

There were differences between the iron(hydr)oxides coatings; the adsorption capacities for
copper and zinc were higher for goethite coated sand compared to the ferrihydrite surfaces.

Desorption of the metals from the column material were carried out in order to simulate an on-site
regeneration step. The results showed that:
•

The metals can partly be removed from the surfaces, 75%, 58% and 20% recovery for zinc,
copper and lead, respectively, by soaking in weak acid. These findings indicate that the
adsorption capacity will decrease with time, and finally the surfaces become saturated.

•

The efficiency in the regeneration step was dependent on the metal; Zn>Cu>Pb and on the
iron(hydr)oxide; ferrihydrite>goethite.

•

The desorption of metals can be improved by using a stronger acid solution. However,
lowering the pH results in an increased dissolution of the iron(hydr)oxide, and thereby
reducing the adsorption capacity.
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The results are promising regarding the application of infiltration through iron(hydr)oxide coated sand
as a technology for treatment of urban runoff. However, the regeneration step needs to be improved in
order to optimize the number of repeatable cycles, including adsorption of metals from the urban
runoff followed by desorption by acid.
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Introduction: Urbanization background in Africa
Population of main African cities are in constant growth since the independence. The growth rate is
equal tow time the world average or four time the developed average. [Requier – Desjardin, 98].
Yaoundé for example has known a growth rate of 6,2% par year form 1977 to 1988, population of
Ouagadougou has increase from 60,000 inhabitants in 1960 to 890,000 inhabitant in 1990. (Abdellaoui
& al, in [Dubois & al, 97]). The consequence of this growth is space extension of urban areas. This
form of urban development is not very well mastered by urban planners and decision makers who lack
funding for maintaining existent urban facilities and carrying out the realisation of required project.
Two main urban tissues feature the landscape of African cities due to this situation: administrated
settlement and shanty town.
Planned or administrated quarters are well equipped with urban network facilities (road, water supply,
electricity, phone, sewer, etc.). These quarters are equipped with a few sewerage facilities built during
punctual and spontaneous operations (sewer, treatment plant as activated sludge, oxidation pound and
channel, lagoon system, etc.). Nevertheless such areas occupy less than 40% of urban space where
only less than 35% of household of city live: [Pages, 80] [Wethe, 99]. According to the “Comité InterAfricain d’Etude Hydrauliques – CIEH”, less than 220,000 citizens (in Senegal), 195,000 (in Côte
d’Ivoire), 30,000 (in Cameroon), 25,000 (in Mauritania) and 5,000 (in Bénin), were connected to the
sewerage network in 1993. [CIEH, 93].
Area with spontaneous habitat is the siege of flimsy construction; locals are household with low
income; their houses are for most of them endowed with off-line sewerage facilities. The most used of
the facilities are: septic tank, ventilated improved pit latrine, traditional pit latrine, etc. More than 60%
of urban citizen live in this area.
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Table 1: Relative importance (in number and in capacity of treatment) of paths of purification met in
African country member of CIEH in 1993. (CIEH, 1993)
Type of process

Number

Activated sludge and oxidation ditch

Capacity (e-h)

%Number

%Capacity

116

356 646

74,8

74,8

Bacteria bed

11

16 211

7,3

3,4

Macrophytes lagoon

10

3 338

6,6

0,7

Microphytes lagoon

4

95 360

2,7

20

13

5 245

8,6

1,1

Septic pit /tank
Total

155

476 800

100

100

I/- Sanitation problematic in Africa
Without being comprehensive, sanitation problematic in Africa can be summarize as follow:

Facilities design level
•

Wrong knowledge of population to be connected to the sanitation network and growth forecast at
the project horizon (span), considering existing urban tissue; the same problem is applied to waste
water that should be collected and treated;

•

Use of technical solutions experimented and successful elsewhere in a particular environment
without adaptation to local social, economical, technical and environmental reality;

•

Arbitrary choice of dimensioning parameters due to a shortage in the specific studies: it is always
admitted, without local verification, that a person can discharges 30 to 120 waste water per day, or
that he can produces an average of 30 to 60g of BOD per day. The consequence is that facilities
are either under or less evaluated.

Realization, exploitation and monitoring level
•

Realization of facilities without respecting technical specification: weak slop, inappropriate flow
rate to be collected, insufficient waterproof quality of dikes, etc.;

•

Lake of maintenance and spare parts, haltering frequently treatment plant;

•

Discharge in the nature of non-treated waste and consequently the pollution of surface and ground
water that supply household in spontaneous and poor areas;

Sanitation management is influenced in African cities by the diversity of actors whose roles are not
clearly defined. The consequence is institutional and responsibilities conflicts. The drop of treatment
plants and their dysfunctions, after only a few year of utilization, are the result of that situation.
Sanitation problems are crucial in Africa. The dysfunctionning of facilities, the behaviour of users and
the lack of material means, financial and human resources are principal factors that lead to a drop of
sanitation facilities. This situation is made worse by the absence or poor updating of urban sewerage
network guiding pattern the number of intensive treatment plant is important in some African cities.
Nevertheless, due to the prohibitive exploitation cost and a shortage of spare parts, theses treatment
plants are abandoned. Intensive treatment plants (activated sludge process for example) are more
affected by this problem: in Yaoundé nine (09) activated sludge process to eleven (11) that have been
constructed are drop out since ten year.
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II/- Place of natural sanitation and experiences of lagoon system in
African countries
In the actual context of African countries featured by permanent economic stress, the difficulty of
satisfying power demand, the disposal of qualified personal, it is difficult to prescribe intensive
techniques. Alternative solutions such as lagoon (macrophytes or microphytes) system present some
assets. They are rustic, simple in their design and implementation, and not sensitive to pollutant load.
They do not require qualified personnel and important energy consumers. This process stills to be
more experimented in Africa context.
African context presents many assets for the development of natural treatment plant using lagoon
system: climate is hot and moisture, lands still available at low cost and, labourers are available at low
cost. Many treatment plant using specially lagoon process are constructed in Africa

III/- Ongoing research in subsaharian countries: Burkina Faso,
Cameroon, Côte d’Ivoire, Niger and Senegal
This research is carrying out due to the fact that because of lack of water, especially in arid region in
African, reused of treated or untreated wastewater is developed. [Cissé, 97]. Aims of that reuse are to
ameliorate agriculture production and to contribute to the financing of treatment of wastewater
produced;
It is consequently necessary to reduce sanitary risk by ameliorating purification performance in
treatment plant. According to what have been said, lagoon process with macrophytes or microphytes
species present some asset because of the possibility of reusing biomass.
Some treatment plants, using macrophytes in lagoon system, are constructed in some African cities.
Ongoing experiments are proving their performance in physical, chemical and bacteriological
treatment. [Koné, 01], [kengné, 01], [EIER/CEREV, 02]. But, results are not well capitalized.
The goal of the research in five African countries (Burkina Faso, Cameroon, Côte d’Ivoire, Niger,
Senegal, with complementary countries as Ghana and Maroc) is to evaluate purification performance
of macrophytes treatment plant and possibility of reuse of by-products of purification (sludge, treated
effluent, biomass) in order to partially funding treatment system.

III.1/- General methodology
1. Preliminary studies: elaboration of investigation sheet, discussion with the research team and
correction
2. Site survey in ten lagoon (macrophytes and microphytes) treatment plant to collect institutional,
technical, managerial, economics and potential reuse of by products;
3. Data treatment and analysis and interpretation of results
4. Writing of reports.
Three investigations sheet have been elaborated. The first sheet permits to identify the treatment plant
(location, aim of treatment plant and characterization of wastewater, hydraulic parameters, description
of sites. The second sheet concerned technical data (site area, geometrical and technical parameters,
etc.). The third sheet concern by-products reuse activities in and around treatment plant sites.

III.2/- Partial results
Actually, three countries have yet been visited: Burkina Faso, Cameroon and Niger. The summary of
the investigation are as shown in the tables bellow.
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Table2: Identification parameters
Parameters

Burkina Faso

Cameroon

Niger

Name

EIER 1

EIER 2

Biyem Assi

Université de Niamey

Location

Secteur 13

Secteur 13

Biyem Assi

Commune 3 Niamey

Organism in charge

EIER

EIER

MAETUR

AQUADEV

Funding

EPFL – EIER

EPFL – EIER

MAETUR

European Union

Vocation

Treatment
research

Type of lagoon

Microphytes

Macrophytes

Macrophytes

Mixte

Capacity (E-H) and

400

/

600

50

Average Flow (m3/day) 45

3

45

4,5

Wastewater origin

Household

Household

Household

Household

Cost of realization

/

CFA 7,5 millions

/

CFA 85 millions

Dimensioning model

Vincent and al.

Charbonnel

Marais – 1996

No information

and Research

Treatment
research

and Research

Table: Collect and feeding of treatment plant
Parameters

Burkina Faso

Cameroon

Niger

Name

EIER 1

EIER 2

Biyem Assi

Université de Niamey

Network type

Separate

Separate

Separate

Separate

Material of canalisation

PVC

PVC

Mixed (PVC +concrete)

Mixed (PVC +concrete)

Length

548

/

3400

Unknown

Type of alimentation

Pomp and gravity

Pomp and gravity

Gravity

Pomp and gravity

Parameters

Burkina Faso

Name

EIER 1

COD

Table: Purification performance of treatment plant
Cameroon

Niger

EIER 2

Biyem Assi

Université de Niamey

86%

/

91%

75%

BOD

94%

90%

88%

/

SS

80%

60%

96%

84%

NH4

/

46%

57%

/

4 Log unit

2 Log unit

3 to 5 Log unit

Faecal and streptococcus 3 Log unit
coliform
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Parameters

Table: Operations of maintenance
Burkina Faso
Cameroon

Niger

Name

EIER 1

EIER 2

Biyem Assi

Université de Niamey

Organism in charge

EIER

EIER

Wastewater
Research Wastewater
Unit
(Yaoundé
1 Unit
university)
university)

Quality survey

Water and soil unit Water and
/EIER
unit/EIER

State of function

Average

Parameters

Table: Purification by-products reused
Burkina Faso
Cameroon

Name

EIER 1

EIER 2

Biyem Assi

Université
Niamey

Treated effluent

Agriculture

Agriculture

Non specify

Pisciculture
arboriculture

Biomass

Not produced

Compost

Not

Pisciculture,
compost,
construction
material, etc.

Sludge

Not extracted

Not extracted

Horticulture

Not extraction

Reused quantity

21m3/day
wastewater

Unknown

2
m3/day
wastewater
biomass

Reused conditions

Free cost

Free cost

Free cost

Parameters

Table: Existing potentialities for reuse of by-products
Burkina Faso
Cameroon

Niger

Name

EIER 1

Université de Niamey

Domain

Agriculture,
pisciculture
garden

Areas available (ha) 0,65ha
Potential
products

by- 21m3/daiy
effluent

Good

soil Wastewater

Research Wastewater
Unit
(Yaoundé
1 Unit
university)
university)

Average

of /

Free cost

EIER 2

Niger

Biyem Assi
Agriculture,
and pisciculture
garden

0,65ha

1,5ha

Agriculture,
and pisciculture
garden
of 2m3/day
wastewater

/day

and

of
and

and

Concurrent Products “chimical fertilizer” “chemical fertilizer” Permanent
and
lake
Compost

for

of Unknown data for
biomass and sludge
produced

200kg of biomass
Unknown data in
sludge produced
Unknown data in 1,25m3/month of sludge
sludge produced
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de

1hq

of 15m3/day
wastewater
15tonnes
biomass

Research
(Niamey

Good

Agriculture,
and pisciculture
garden
of 1m3/day
wastewater
available

Research
(Niamey

rivers
and
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IV/- Specific research in Yaoundé
Research carried out in Yaoundé (Cameroon) uses the “Mosaïque Hiérarchisée des Ecosystèmes
Artificiels – M.H.E.A.” method developed since 1977 by Professor Michel Radoux of the “Fondation
Universitaire Luxembourgeoise (FUL)”, Manager of experimental station at Viville (Arlon –
Belgium). The general method of the M.H.E.A. is based on the fact that although extensive treatment
systems sued in Africa present some qualities, they are limited in their implementation in Africa.
Some of the reasons are:
•

Dimensioning rate are not adapted to local conditions: climate, characteristic of waste water,
human capacities, financial and material resources, etc.;

•

Extensive systems used in the developed countries, in a specific technological context are
transferred in the developing countries without any adaptation of the technology to local realities;

•

Local availability and possibility of reusing aquatic and semi-aquatic plants used in extensive
systems are not always considered in the design and implementation;

•

No natural system, using only one specific plant in the treatment of waste water yield good results
for all pollution parameters.

•

Tree fundamental requirement are necessary for the successful design and judicious choice of the
best M.H.E.A.:

•

Good knowledge of climatic and urbanistic (urban tissues) conditions of the site of project;

•

Good knowledge of waste water characteristics to be treated with respect to urban tissues;

•

Making sure that plants species to be used are available and can easily be mobilized; these species
most offer possibilities of being reused;

That is the prime goal of the ongoing research carried out in Yaoundé with the coordination of
Professors Michel Radoux and Emile Tanawa of National higher school of engineer (Yaoundé), with
the participation of Amadou Hama Maiga of the Inter-state higher school of rural equipment (EIER) of
Ouagadougou.

IV.1/- General objective
The main objective of the research project in Yaoundé is to contribute to the implementation of an
optimised system for treatment of urban wastewater adapted to social, economical, climatic, urban and
environmental context of Yaoundé.
Specific objectives are as followed:
•

Determination of parameters able to influence potable water consumption and waste water
discharge;

•

Characterization wastewater produced by the household with respect to existing urban tissue;

•

Identification of plants species that can being easy to be mobilized and indicate their seasonal
importance or variation;

•

Identification of possibilities and conditions under which aquatic and semi-aquatic plants can
being reused;

•

Determination of advantages and drawbacks of M.H.E.A. in the Yaoundé context and Suggestion
of a flexible technology, effective and adapted to local conditions.
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Theme

Table 1: State of general advancement of the research.
Activities

Advancement

Completed
Theme 1: Knowledge of research Characterization of urban growth in Yaoundé
framework
Analysis of institutional, socio-economic and urbanistic Completed
aspects of the sanitation field
Theme 2: Survey of the present Characterization of domestic wastewater with respect to Ongoing
state of wastewater sanitation in urban tissue and season
Yaoundé
Identification and analysis of perception of households Completed
and actors concerning wastewater disposal
Description of the functioning of sanitation facilities Completed
used by households
Assessment of water consumption in households Ongoing
according to urban tissue
Theme 3: :Assessment of sanitary Analysis of the sanitary and environmental impacts of Ongoing
and environmental consequences the discharge of treated wastewater
Theme 4: Knowledge of the plant Inventory of plants species in humid zones used in Completed
species of water plans and humid wastewater treatment
zones of Yaoundé
Survey of seasonal importance of purification plants and Ongoing
different field of valorisation by-products of sanitation
Elaboration
of Acquaintance with the M.H.E.A: methodology and the Completed
Theme
5:
methodology
for
the management of experimental plant
implementation
of
adapted
Analysis of natural and urbanistic parameters to be Ongoing
M.H.E.A. system.
considered in the implementation of the system
Identification of shapes of by-products of purification

Ongoing

Elaboration of a dimensioning methodology of treatment
plan using M.H.E.A. technology
Analyse of the availability of
implementation of the chosen system

free

space

for Yet to start

Suggestion of development plant of chosen sites and Yet to start
survey of the and drawbacks of the chosen system with
respect to other classic systems

IV.2/- Methodology of investigations in households of Yaoundé
The investigation aimed at:
1. Determining the consumption of drinking water in administrated areas of Yaoundé;
2. Characterizing the domestic wastewater with respect to the existing urban tissues;
3. Assessing the perception of households concerning wastewater disposal.
Investigation was carried out in areas already endowed with the sewer network and treatment plant
and those equipped with sufficient road network appropriate to support sewer system.
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The methodology used to lead this investigation includes tree (03) main steps: Preliminary work, Site
investigation and Data treatment and analysis

A/- Preliminary work
•

Elaboration of the investigation sheet, discussion with the team and validation in some support "
households "

•

Choice of the representative households sample to be investigate, taking in consideration of the
complexity and the diversity of the urban tissue of Yaoundé with 180 areas and seven urban
tissues. The choice was made after stratification and application of “Quotas method” especially
used in such a context as Yaoundé with non-updated demographic data since 1987, date of the
last census in Cameroon. General methodology is shown as follow:

Update demographic census
of 1987

•

Application of growth rate : 5,2% par year;

•

Site visit to update aerial photography of 1993
and identify all quaters (total of 179)
E i

Identification and constitution of
urban tissue

Extraction of primary sample

•

i

l i

dh

h ld

Elaboration of belonging criteria

•

Constitution of urban tissue with respect of
criteria.

•

Elaboration of stratification criteria

•

Choice of primary sample with respect of
criteria;

! 127 areas moved
Choice of secondary/final
sample

•

Elaboration of criteria and Quota rate (1/50) to be
applied

•

Choice of final sample with respect of criteria;
! 06 areas with treatment plant and 09 areas with road
endowed chosen

Belonging Criteria to urban tissues

! 517 (600) households to be investigated

1. standard of living of households (status of the parcel) in the area,
2. nature of the dominant activity in the stratum,
3. water supply system dominating in the parcel,
4. wastewater treatment system in the stratum.
Stratification or primary sample criteria
1. belonging to a maximum of subdivision (06) of the Yaoundé (geographical criteria); in order to
insure a good spatial representative of the city;
2. the occupation of the stratum by households with income superior or equal to the average (socioeconomic criteria): this criteria founds on the necessary involvement of the beneficiary users;
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3. sufficient road network (urbanistic criteria): this criteria permitted to select strata equipped with
appropriate framework road to support sewer system;
4. the presence of a purification station to the outlet of a sewer network existing (technical criteria);
this criteria allows focalised on the main object of our survey.

B / - Site investigation
Investigators have been recruited and formed in order to insure the good understanding of the
investigation sheet. Every investigator was affected to one area with respect to the proximity. “Politz
method”, often used in investigations in urban environment [GRAIS, 98] was used in order to limit
initiative of investigators in the choice of households. That method doesn't require existence of a poll
basis. It imposes to investigators an itinerary in order to insure spatial coverage of the area and also to
avoid risks of repetition. Precautions as respect quotas by area, not to select only neighbouring
households of their domicile or belonging to friends and knowledge.
Filled investigation sheet were regrouped by two supervisors for verification and validation, stratum
by stratum, of the replenishment.

C / - Data treatment and analysis
Validated investigation sheet have been treated in Excel software. Result will be analysed and
interpreted.

IV.3/- Methodology of investigations in market gardeners of Yaoundé
The aim of this activity is to identify the main sites gardening in the humid zone of Yaoundé and to
characterize shapes of wastewater reused in urban agriculture. Investigation started in last summer, at
the same time as aquatic and semi - aquatic plant species identification. The methodology used was
strongly closed to the one that guided investigations in households. This survey is not yet finalised.

IV.4/- Assessment of sanitary and environmental impacts of wastewater discharge
The objective of this activity is on the one hand, to search for indicators of the pollution of humid zone
by discharge of non-treated wastewater disposal and on the other hand, to value within the riparian
population the main illnesses of which it endures while looking at the interrelationship between these
illnesses and practices of sanitation.
This activity is not yet finished. Methodology used for survey of the pollution of humid zone by
wastewater is:
1. choice of points to sample: outlet of treatment plants, humid zone, lakes and the swampy zones.
This activity is started;
2. cartography of these humid zone in GIS in order to visualize importance of pollution of the sites;
This activity is started;
3. punctual withdrawal and analysis of soil samples of humid zone to search for the physical,
chemical and bacteriological parameters of the receiving environment, the biotic indicators of the
pollution and parameters fluently quoted like feature of the pollution of the zone. [RADOUX, 77].
This step is not yet started.
The sanitary impacts assessment will consist on collecting and analysing some hospitals data in order
to identify zones of proliferation of water illnesses.

IV.5/- General methodology of plant species survey in humid zone of Yaoundé.
This activity has for goal to identify hydrophytes and helophytes, their potentialities and diversities in
regard to future experimentation of the M.H.E.A methodology in Yaoundé. The survey will also
permit to identify potential field of valorisation.
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A total of 25 humid zones (marsh, lake, swampy, low land) have been study. " Sigmatiste " method,
clarify by the “Géobotanic Mediterranean International Station and Alpine in France (Method
SIGMA)”, has been used. That method includes two phases: an analytic phase and a synthetic phase.
Among the sited of survey, nine (09) are outlet of existing treatment plant, nine (O9) are situated
downstream of those treatment plants, and seven (07) are not feted by any wastewater discharge.
Sites were spatially delimited into homogeneous surfaces with respect floristic, pedologic and
topographic criteria. Species were picked up, annotated following the diagram below presenting the
spreading in every site according to a device in snail of the cure area - species.

S1

S2

Si ! delimited area I
Circulation

S4

S3

Every species collected in every reference mark were immediately put between newspapers before
being transported to the National herbarium laboratory where identification was conducted. More than
106 species have been already identifying. Waiting for the final results, we could note that Poaceaes
and Cyperaceaes are families most present in all sites. Some lakes are occupied by a main species as
Cyperus papyrus.
After identification, species will be classify with regard to these criteria [RADOUX, 77]:
•

aptitude to purification

•

importance of their productivity (size, volume or weight);

•

plants must not be exotic (not introduced in the zone of survey, but must exist for a long time in
the country or in the zone);

•

plants must be able to live in surroundings eutropheses, and must be able to support variations
of pollution charges;

•

plants must belong to the gregarious " species " group, able to live in massif or in group;

•

plants must have a possible local valorisation means, in agriculture, livestock farming,
handicraft.

IV.6/- Perspectives
•

•

Theme 2: Survey of the present state of the water purification used to Yaoundé
•

Characterization of wastewater in regard to the urban tissues and seasons

•

Assessment of the water consumption in households with regard to types urban tissues

Theme 3: Sanitary and environmental impacts assessment
•

•

Survey on sanitary and environmental impacts of untreated wastewater discharge.

Theme 4: Knowledge of the plant species of water plans and humid zones of Yaoundé
•

Identification of the different field of valorisation of by-products of the purification (mud and
biomasses).

36

First World Wide Workshop for Junior Environmental Scientists (21-24 May 2002)
•

•

Theme 5: Development of an approach methodology for the setting up of M.H.E.A system.
adapted to Yaoundé
•

Identification of parameters natural and urbanistic of the setting up of a M.H.E.A system.

•

Analysis the available free space availability for the implantation of the MHEAS systems

•

Proposition of amenities types and survey of advantages and inconveniences of the system
chosen

Complementary activities
•

Monograph of the land problem in Yaoundé and in Cameroon

•

Description of the national and local politics of sanitation: taxes, conditions of applicability of
the polluter tax

•

Exam of conditions of portability of this normative aspect systems

•

Survey and assessment of the Cost / Health rate of the wastewater purification used by the
vulnerable social groups (children, young women)
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Introduction
In Morocco, the waste water inevitably generated by different activities of the country continuously
accumulate from one year to the next. This water was usually discharged into river or sea, or in zones
outside built-up areas, or sometimes directly used to irrigate land. The use of these waste water in
untreated state causes numerous environmental and sanitary problems such the presence of the
pathogenic agents, the development of the anaerobic digestions. Thus, the treatment of this water
before any re-use is imperative, and presents an environmental interest to avoid disastrous
consequences of pollution. Besides, Morocco is characterized by arid to semi arid climate with
aftereffects of repeated dryness and significant water shortages, especially in the south regions. This
requires the recycling of this waste water, which constitutes a considerable hydric resource estimated
to 350 millions m3 in 1985 (report of the Ministry of the Civil Engineering, in 1988), and according to
studies realized by the Ministry of the Agriculture and Agricultural Development, this quantity would
passed to 370 million m3 in 1990 and would reach a billion m3 in the year 2025. This hydric potential
can cover, partially, the water requirements of the farming sector. Among the 63 water treatment
plants of waste water, which were built in Morocco since 1958, only 26 are functional, especially
those managed by the private or para-public sector about 15 stations, while numerous exploited by the
municipalities are abandoned, due to maladjustment of the field of treatment to the means and to the
local needs, and the lack of maintenance. However, the improvement of the networks of purification
collides globally with difficulties: absence of appropriate budget for the purification, lack of
information from the local councilors, lack of training for the engineers and municipal technicians, the
absence of economic planning of realization at short and long term. The consequence of the
purification of this water is an inevitable production of sewage sludge in great quantities, which
elimination shows underestimated problems, and is not considered in the installation projects, and
evacuation possibilities generally are not numerous and are subjected to various constrains of
technical, economic, lawful, or environmental orders. Currently in Morocco, the evacuation ways are
storage near to station or in wild discharges, or directly applied to land, what could cause many
environmental constraints. This leads to think to respectful sludge treatment for environment. Among,
the used treatment there are the incineration, controlled discharges, agricultural use after digestion,
drying or composting. The selection of one from those is closely related on the economic context and
rank of the country. For example, the incineration is an expansive technique in investment and in
exploitation, besides severe regulation against the combustion gas emissions (dioxin) and the quality
of the ultimate residues. So, agricultural re-use is interesting to avoid squandering of the organic and
mineral matter, and a recovery of indispensable elements to soil and overall to the ecological cycles,
but a chemical or biological pretreatment is essential to avoid many probable constraints. The
persistence of the inorganic pollutants and possible presence of the organic pollutants constitute
currently sources of hindrance following to an excess of normalization and increase of the laws which
neglect sometimes global sight of all data, such as fixing of the standards on the limit contents of
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heavy metals which do not reflect the risk of their presence. In contrary, the determination of the
chemical forms of these elements partially contributes to estimate the mobility and the availability of
these elements to the plants. According to numerous studies, the composting constitutes the excellent
treatment, which replies to all of these conditions within very accessible costs. Composting is defined
as a process of aerobic thermophilous microbial degradation or an exothermic biological oxidation of
various organic wastes by many populations of the indigenous microorganisms which lead to a
stabilized, mature, deodorized, hygienic product, rich in humic substances, easy to store and
marketable as organic amendment or manure (Mustin, 1985, Stevenson and He, 1990, Ouatmane et al,
2000). Moreover, it makes it possible to reduce very significantly or to remove completely various
pollutants:
♦ a great reduction or a total removal of adventitious seeds and pathogenic germs following to the
high temperatures generated by the intense microbial activity (Dumontet et al.1999).
♦ decrease of the availability of heavy metals during composting process. This change is related to
the complexing actions of the newly formed humic compounds to these metallic micropollutants
(Echab et al., 1998; Pare et al., 1999)
♦ the possibility of a biodegradation of organic micropollutants with a wide class of bacteria and
actinomycetes often present in the sewage sludge compost (Kästner and Mahro, 1996;
Doddamani and Ninnekar, 2000).
Accordingly, we suggest treating two types of Moroccan sewage sludge by composting. During the
process, all physico-chemical characteristics will be followed, as well as the becoming of metallic and
organic micropollutants in the system soil-sludge-plant. Thus, we proposed to realize the composting
trials at industrial scale.

Methodology and followed steps
1) Composting
Two trials of composting at great scale were carried-out on a platform designed especially for this.
Two type of sludge are used: Sludge of anaerobic lagooning (Marrakesh) and activated sludge
(khouribga). These materials are subjected to the optimal conditions of composting by considering
C/N ratio (near to 30), a moisture (near to 65%) and the mixture structure by an addition of organic
substrate (straw and grass). Microbial activity was followed by measurement of heap temperature
during 4.5 to 9 months of composting. the compost was turned one time every 15 day for airing the
substrate. For supervising the progress of process and the changes produced within the mixture on the
samples taken at various stages of composting, we have determined the different physicochemical
characteristics (pH, C/N, nitrogen forms, phosphorus content, decomposition rate)

2) Assessment of compost humic fraction
The content and the structure of humic substances are largely considered as index of stabilization and
maturation of compost (Adani et al. 1985, Ouatmane et al., 2000). Thus, various chemical techniques
were applied to analyse humic acid fraction extracted from compost at different stages of composting:
Gel permeation Chromatography, Elemental and Functional analysis, Infrared Spectroscopy, Nuclear
Magnetic Resonance Carbon and Proton.

3) Follow-up and dosage of metallic micropollutants during composting
The selective extraction described by Sposito et al (1982) was realized to determine chemical forms of
heavy metals during composting process (Exchangeable KNO3; Soluble H2O; Organic X-NaOH;
Inorganic precipitated form X-HNO3 + X-EDTA)
Total content of heavy metals (Zn, Cu, Pb, Cd and Ni) were determined according to AFNOR NF X
31-151.
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4) Determination of compost content of organic micropollutants
The total extraction of phthalates was made directly on compost by using
dichloromethane/diethylether mixture (Lega et al. 1997). The other extraction was realized on the
aqueous extract of the compost to estimate the bioavailability of the phthalates towards plants, by
using isopropyl acetate as solvent. The HAP and PCB extraction was made by two type of solvents,
the dichloromethane widely used in literature and the hexane/acetone mixture recommended for
sewage sludge in AFNOR XP X 33-012 (2000).

5) Agronomic test
The agronomic interest of the final product was determined by vegetation vase test, by using two
plants (ray grass and corn). Three different amounts of final compost were applied with regard of
nitrogen content (100, 200, 400 Kg de N /ha). The test was followed during 4 months with 3
successive crops for ray grass. The crop production was determined at each crop. Samples of soil
amended by sewage sludge were taken at different time of agronomic test to estimate heavy metal
bioavailability.

Analyse of total content of heavy metal in vegetable crops (ray grass and corn)
The true bioavailability of heavy metals to plants and its change was revealed by measurement of their
total contents in collected samples during agronomic test

Selective extraction of heavy metal in soil used for agronomic test
Selective extraction was applied on different soil samples to determine the change of biavailability of
heavy metals. The selected protocol is that recommended by the Community Bureau of Reference
BRC, (Ure et al. 1993).

Results and discussion
Compost stability
The composting process comprised two phases: a stabilization phase (characterized by a maximal
temperature) and a maturation phase (characterized by a temperature decline) (fig. 1).
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Figure 1. Temperature curves of lagooning (a) and activated (b) sewage sludge during composting
The physicochemical characteristics of lagooning sludge mixture show after 9 months of composting a
decrease of C/N ratio from 24 to 15, a decomposition rate of 42 %, an enrichment in humic substances

41

First World Wide Workshop for Junior Environmental Scientists (21-24 May 2002)
especially in humic acids. While, the activated sludge compost is characterized by a reduction of C/N
ratio from 30 to 12 and decomposition rate about of 60 %, after 4.5 months of composting (table, 1).
Table I. Changes in some physicochemical parameters during the process of composting

Lagooning Sewage Sludge

Activated Sewage Sludge

initial stage

final stage

initial stage

final stage

pH

7.30

6.80

6.36

6,23

C.org (%)

17.74

13.45

35.7

20,55

MO (%)

30.58

23.18

61.56

36.85

NKT (mg/g dm)

7.42

8.82

12.00

16.90

C/N

24.00

15.24

29.75

12.16

DEC ( % )

/

41.50

/

60.82

HS (mg/g dm)

18.12

22.80

/

/

HA (mg/g dm)

8.80

12.70

/

/

C. org : organic carbon ; M.O. : Organic matter ; NKT : Total kjeldahl nitrogen; DEC: decomposition rate; HS:
Humic substances; HA : Humic acids; dm : dry matter

The analyse of humic acids formed during composting of lagooning sludge, by various chemical
techniques: chromatography on sephadex gel, elemental analysis, FTIR Spectroscopy, 13C-RNM, HNMR (fig. 2), shows that the humic acids are constituted mainly by a large molecules, highly
polymerized, lignin like, on which are connected peptidic and lipidic chains.
During composting occurs a great reduction of aliphatic compounds in parallel with an increase of
intensity of aromatic compounds, more oxidized, and more resistant to microbial biodegradation.
Many researchers as Senesi et al. (1996), Schnitzer et al. (2000) consider the increase of aromatic
character to the detriment of aliphatic compounds readily decomposable as a good index of compost
stabilization and maturation. After 4.5 months of processing for activated sludge mixture, and 9
months for lagooning sludge, the final compost is hygienic, stable, and mature.
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Figure 2. Spectroscopic analysis (FTIR, 13C-NMR, H-NMR) of humic acids extracted from compost of lagooning
sewage sludge at initial stage T0 and final stage T9 of treatment.
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Becoming of micropollutants in sludge-soil-plant system
In order to assure of the becoming of metallic and organic micropollutant fraction, which are able to
induce a toxicity, a follow-up of the content and the bioavailability of these micropollutants was
realized.

1. Metallic micro-pollutants
The presence of heavy metals is the main constraint being able to restrict the agronomic value of
sewage sludge and to limit their re-use (Tessier et al. 1979; Sims and Sklin, 1991). The determination
of total content of heavy metals in lagooning sludge compost shows values significantly lower than
those of compost authorized for agricultural use (Class A) determined by Canadian Council of
Ministers of the Environment (CCME) and the Bureau de Normalization du Quebec (BNQ) (Ure et al.
1993).
Table 2. Comparison of total content of heavy metals between final lagooning sludge compost and the
values of sewage sludge compost authorized for the agricultural use according to (CCME) and (BNQ)
(1995).

CCME, BNQ

Metal

Final compost content
(mg/kg ms)

Category A (mg/kg ms)

Zn

233

500

Cu

61.6

100

Pb

101.2

150

Ni

23.4

62

Cd

ndc*

3

ndc : non detectable

However, the knowledge of total content of heavy metals remains insufficient to estimate the mobility
risk, where from the necessity of determining the metal biovailability towards plants. The results of
selective extraction realized on compost at different stages of composting show that the main part of
the metal elements about of 80.74 % for Ni, 97.7% of Zn and Cu, and until 100 % of Pb, concentrate
in the most resistant fractions not or weakly bioavailable to plants, and only a weak proportion
approximately 2.3 % for Cu and Zn, and 19.3 % of Ni represents the unstable fraction easily
bioavailable (exchangeable + soluble). The total content of Cd is lower to the detection limit.

The agronomic test showed that application of lagooning sludge compost to soil lead to a
significant increase of crop production of ray grass and corn, which is attributed to the
fertilizing effect of the compost in phosphor, nitrogen, and humic substances. Moreover, we
observed that an application of sludge compost to soil at the rate of 22,7 tons/hectare not
attributed to an increase of heavy metal absorption (Cu, Ni, Cr) by plant tissues. In contrary,
the contents of heavy metals absorbed by plant tissue are lower compared to control soil, what
indicates that compost matrix may immobilized a part of heavy metals (Corey et al. 1987,
Boukhars, 1997).
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2. Organic micro-pollutants
The preliminary results of analysis by gas chromatography coupled with mass spectroscopy of content
of lagooning and activated sludge compost, showed the presence of some organic micropollutants at
the initial stages such as Flouranthene and benzo(a)pyrene. These latter disappear completely after two
months of treatment. Nevertheless, additional analyses are already underway to determine the
becoming of their biodegradation products.

Conclusion
The obtained results show the interest of treatment by composting of two type of Moroccan sludge:
lagooning sludge (Marrakesh) and activated sludge (khouribga). Indeed, the change of the main
physicochemical characteristics (disappearance of nauseous smells, C/N ratio, enrichment in humic
substances especially in humic acids) indicates the great stability and maturity of the final compost.
For the case of lagooning sludge, this compost maturity is confirmed by the structure of humic acids,
which show the high aromatic character to detriment of aliphatic compounds. The total content of
heavy metals of lagooning sludge compost are significantly lower than values of sludge compost
authorized for agricultural re-use (Class A) determined by CCME and BNQ. The analyse of obtained
results from agronomic test show the significant increase of crop production for ray grass and corn
with rate of compost applied to soil. This is attributed to the fertilizing effect of the compost in
phosphor, nitrogen, and humic substances. Furthermore, the application of the compost at the rate of
22,7 tons/hectare does not lead to the increase of metal absorption by culture. In contrary, compost
matrix contributed to reduce and to immobilize a part of heavy metals.

All these data allow us to suggest the field of composting as promising way for the treatment
of sewage sludge in Morocco.
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Stoichiometry and load of nutrients and
metals discharged from urban
catchments by storms
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Abstract
I investigated factors influencing the chemistry of storm water runoff in cities. I analyzed data
collected from water discharged from instrumented, delimited hydrologic catchments. Six hypotheses
were formulated regarding the roles of storm characteristics and urban demography on the chemistry
runoff. The first two were that the (1) stoichiometry and (2) load of constituents in runoff are
influenced by features of storms. Within a contiguous metropolitan area (i.e., Phoenix, Arizona,
USA), no features of storms explained variation in the ratios total nitrogen (TN) : total phosphorus
(TP) or inorganic N (iN) : organic N (oN). Among 102 storms, the median TN : TP ratio = 17.5 (st.
dev. = 27.2); the median iN : oN ratio = 0.92 (st. dev. =2.38). Loads of TN, TP, and metals, exhibited
a positive relationship with storm intensity (maximum precipitation / 5 minutes), but not with storm
duration or total rainfall. Among storms, load of all constituents was log-normally distributed. In
runoff from single events, median TN load = 123.2 g / ha (st. dev. = 205.7); median TP = 16.3 g / ha
(st. dev. = 33.6); and median metals load = 10.4 g / ha (st. dev. = 25.3). My third and fourth
hypotheses addressed temporal variation in deposition of material flushing rates. They predicted (3)
that load of material in runoff would be positively correlated with the number of dry days prior to a
storm, and (4) that runoff chemistry would differ between summer and winter storm systems. These
hypothesis were unsupported, as I observed no systematic temporal variation in runoff chemistry.
From the final two hypotheses, regarding the relationship between runoff chemistry and population
density, I predicted (5) that the TN : TP ratio and (6) that TN and TP loads were correlated with
housing density (housing units / hectare). Among 12 municipalities in the Phoenix metropolitan area,
the TN : TP ratio and TN load (but not the TP load) both increased with housing density. Among 13
municipalities across the United States, TN : TP ratio and TN load also increased with population
density, but the relationship was much weaker than among municipalities within the Phoenix
metropolitan area. These findings can inform management efforts concerned with influence of water
discharged from urban catchments on recipient systems.

Introduction
The export of material and energy from ecosystems presents a problem of both ecological and
social significance. With inputs and internal cycling, export constitutes one of the three major features
of any ecosystem budget. Such budgets are often critical for testing predictions from the basic
theories that describe how ecosystems might accrue, retain, and export nutrients.
Policy issues further demand a comprehensive understanding of nutrient export. Out of
concern for the status of recipient systems, regulatory interests have long focused on pollutant
discharge from point and, increasingly, non-point sources. The loading of excessive nutrients and
other pollutants into recipient systems often generates controversy over the responsible sources. These
arguments particularly develop between agricultural and urban advocates. Solutions to these disputes,
in addition to the development of basic ecosystem budgets and the crafting of effective management
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policies, will benefit from focused research on the factors responsible for nutrient export from
ecosystems. In this paper, I test several hypotheses regarding the factors influencing the stoichiometry
and load of constituents in storm water discharged from urban catchments.
By transporting material and triggering biogeochemical processes, storms provide potentially
effective vectors of nutrient export from ecosystems. Understanding is far from complete, however,
about how storms initiate transport and about the amount of material they transport. This knowledge
gap derives from the difficulty in quantifying storms and runoff from start to finish, and in
determining the area over which runoff integrates material. I overcame these problems by analyzing
runoff from well-delimited catchments instrumented with auto-sampling devices. This small
watershed approach facilitates an understanding of ecosystem biogeochemistry by defining the spatial
bounds of an ecosystem as those of a hydrologic catchment.
I employ the small watershed approach in urban ecosystems to investigate spatial and
temporal variability in the concentration and load of constituents transported by storm water runoff.
Much of this research focuses on the desert metropolis centered around Phoenix, Arizona, USA. Arid
cities provide models for studying the interactive roles of storms and landscape management in the
biogeochemistry of ecosystems. In these ecosystems, material accumulates during protracted dry
periods on an impermeable landscape, only to be rapidly mobilized by intense, flashy storms. These
conditions, in addition to intense management and rapid growth, place arid cities near the extreme end
of Earth’s ecosystem types, thus recommending them as study units potentially informative to
ecosystem science.
The last thirty years have witnessed a growing public awareness that human activities on land
influence freshwater resources. The implementation of the Clean Water Act reflects this awareness.
In accordance with the Clean Water Act, the U.S. Environmental Protection Agency oversees the
National Pollutant Discharge Elimination System (NPDES). The NPDES requires permits for the
discharge of pollutants from point sources. Amendments to the Clean Water Act, in 1987, recognize
municipalities as point sources. Consequently, cities must now receive permits for the discharge of
storm water runoff. This permitting process entails monitoring the load of constituents in storm water
runoff. These monitoring activities, in turn, provide data for addressing my basic question.
Most generally, I ask: what controls the stoichiometry and load of constituents in storm water
discharged from cities? To begin answering this question, I test predictions deriving from several
specific hypotheses about how discharge is influenced by storm characteristics and demography.
Storm characteristics examined include total precipitation, precipitation intensity, storm duration,
number of dry days preceding the storm, year in which the storm occurred, and season in which the
storm occurred (summer monsoon or winter cold front). Precipitation intensity equals the amount of
rain to fall during the most intense 5-minute period of the storm, or maximum cm / 5 min. The
demographic feature examined for each city is housing density (housing units per hectare). I list the
specific hypotheses below.

Hypotheses
For brevity in this conference abstract, I only list the hypotheses and predictions. The line of
reasoning underlying each hypothesis is full explicated in a manuscript currently being edited.
My first hypothesis is that in arid cities, storm activity influences the stoichiometry of runoff.
Specifically, I predict an inverse relationship of both total nitrogen (TN) : total phosphorus (TP) and
inorganic N (iN) : organic N (oN) ratios with storm activity, measured as duration and as total rainfall.
The predictions from an alternative hypothesis are that no relationship exists of either TN : TP or iN :
oN ratios with storm activity.
My second hypothesis is that storm characteristics influence the load of constituents in storm
water runoff. Specifically, I predict a positive relationship of constituent loads with storm duration,
total rainfall, and storm intensity. Alternatively, the load of material in runoff bears no relation with
storm duration, with total rainfall, or with storm intensity. Rather, most material is discharged at the
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threshold storm size required to generate runoff. From this alternative, I predict (1) no relationship of
load with storm characteristics, and (2) that most material will be in the observed in the first flush of
runoff, with little exported in the hydrologic runoff occurring thereafter.

Co
lo
ra
do

Ri
ve
r

My third hypothesis is that the rate of
dry deposition that occurs between storms is
uniform through time, and all storms are
equally effective at transporting material
stored on the ground surface. Thus, I predict
a positive relationship of constituent load in
storm runoff with the number of dry days
prior to a storm. From the alternative
hypothesis, that deposition rates are not
uniform through time, and that not all storms
are equally effective at removing material
stored on the surface, I predict no
relationship of load in runoff with the
number of dry days prior to a storm.

Phoenix

Sonoran
Desert

My fourth hypothesis is that, in the
northern Sonoran Desert, where Phoenix is
located (Fig. 1), factors influencing runoff
chemistry differ seasonally. The northern
Sonoran desert experiences two distinct rainy
seasons. Monsoons, occurring between July and October, are typically brief, intense thunderstorms
that originate in the Gulfs of Mexico and California. Cold fronts, occurring between November and
March, are typically protracted, gentler rainfalls that originate in the Gulf of Alaska. From this
hypothesis, I predict that load and stoichiometry of runoff should differ between summer monsoons
and winter cold fronts. An alternative hypothesis predicts that load and stoichiometry of runoff will
not differ between summer monsoons and winter cold fronts.
Figure 1. Locations of the Sonoran Desert, in
northwestern Mexico and southwestern USA, and
of Phoenix, Arizona, USA.

My fifth hypothesis is that population
density disproportionately generates greater
deposition of storm-mobile N, relative to stormmobile P. From this hypothesis, I predict a
positive relationship of TN : TP with housing
density. I also predict that this relationship will
be stronger (i.e., greater R2) among
municipalities within the metropolitan area
surrounding Phoenix than among municipalities
across the United States (Fig. 2). One alternative
hypothesis
is
that
population
density
disproportionately generates greater deposition of
storm-mobile P, relative to storm-mobile N.
From this hypothesis, I predict an inverse relation
Figure 2. Location of 13 municipalities,
between TN : TP ratio and population density.
across the USA, used to evaluate the
Again, I add the prediction that this relationship
relationship between runoff chemistry and
will be stronger among municipalities within
housing density.
Phoenix than among municipalities across the
United States.
An additional alternative
hypothesis predicts no relationship of runoff stoichiometry with housing density.
My sixth hypothesis is that denser aggregations of people generate greater deposition of
material capable of being mobilized by storms. I thus predict a positive relationship of constituent
load in storm water runoff with the housing density of cities. This relationship will be tighter among
municipalities within Phoenix than among municipalities across the U.S. An alternative hypothesis,
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that the density of human
aggregations does not influence
the deposition of mobile material,
predicts no relationship between
load of constituents in runoff and
housing density.

Study Area
I analyzed storm runoff
data collected from hydrologic
catchments within the greater
metropolitan area of Phoenix,
Arizona, USA (hereafter referred
to as the Central Arizona –
Figure 3. Locations, within CAP, of catchments from
Phoenix, or CAP, ecosystem). CAP
which runoff chemistry and storm data were collected by
rapidly grew from a population of
the USGS. Data for six catchments, circled, are analyzed
50,000 residents in the mid-1940s to
in this paper.
approximately 3 million people
presently living in nearly 30
municipalities. This urban ecosystem sits 300 – 400 m above sea level in a broad valley that is part of
the Basin and Range province of the American Southwest. CAP experiences a hot, dry climate. From
1968-1998, the maximum mean monthly temperature, in July, was 40.7 C, and the minimum mean
monthly temperature, in January, was 5.3 C. For the years 1954-1990, mean annual rainfall was 19.5
cm. As described above, two weather patterns account for 90% of this precipitation.
I analyzed storm runoff collected from 15 drainage basins, 1.4 – 1918.2 ha in size, within the
CAP ecosystem (Fig 3). Data for six representative catchments are presented here. Drainage basins
consisted of both mixed and homogenous land uses, including residential, industrial, commercial, and
undeveloped. The proportion of drainage area comprising impervious surface varied among the basins
from 0.01 – 0.94. Flow emanates from these catchments only as storm runoff. Other than storm
runoff, no stream flow discharges from these catchments.
We also analyzed estimates of constituent load discharged from the entire spatial extent of 24
municipalities. Twelve of these were located within the metropolitan area surrounding Phoenix.
Thirteen of these, including Phoenix, were located throughout the United States (Fig. 2)

Methods
I obtained data on precipitation and on the physical and chemical attributes of runoff from
each catchment for storms occurring during 1991-1998. Precipitation and runoff data were only
collected for rainfall events that persisted for a minimum duration and delivered a minimum amount of
rainfall. These criteria varied seasonally. The United States Geologic Survey (USGS) and the Flood
Control District of Maricopa County (FCDMC) collected and analyzed samples. Storm water runoff
was channelized into stream flow at the outlet of each catchment. Dataloggers were used to measure
precipitation and the stage (depth of flow) of runoff, and to activate automatic pumping samplers.
Precipitation (cm of rainfall) was measured every minute using tipping-bucket rain gages. Stage of
runoff was measured every minute using a pressure regulator system, and then converted to discharge
(L s-1) using rating curves.
I investigated factors that influenced the load of constituents (mass ha-1). Load was calculated
as event-mean concentration (mass / L) x runoff (L) x surface area of catchment-1 (ha-1). The USGS
and FCDMC obtained event-mean concentrations by collecting flow-weighted discrete samples.
Using this method, a specified volume of water is pumped from the centroid of flow every time a
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specified volume of runoff has discharged past the collection point. Discrete samples are aggregated
into a single composite sample for chemical analysis.

constituent load (g / ha)

Some of my hypotheses require estimates of runoff from the entire spatial extent of 24
municipalities. To estimate loads for each municipality, load per hectare was first modeled for various
land use categories and storm conditions. Second, these model estimates were scaled up to an entire
municipality based on the area of the city comprised of each land use category and on the mean storm
conditions for each season (summer
monsoon, winter cold front, and spring
1000
with mixed systems). This approach
provides estimated load of constituents
in storm runoff from entire cities for
100
each season and for the whole year. I
obtained demographic features of cities,
total N
such as housing density, from the U.S.
10
Census Bureau.
Data were analyzed using
general linear models, including
regression and ANOVA. Prior to all
analyses, nutrient data were logtransformed to normalize variance.

1000
100
10

total P

Results
1000

Storm water runoff chemistry
was characterized from 102 storm
100
events occurring in 6 catchments in
CAP. The TN : TP ratio was log10
normally distributed around a median
value of 17.5. The iN : oN ratio was
1.0
total metals
log-normally distributed, as well,
around a median value of 0.92. Neither
0.1
ratio correlated significantly with any
0.0
0.3
0.6
0.9
storm characteristic or differed between
precipitation intensity (cm / 5 min.)
monsoon and cold front storms. The
loads of TP, TN, and metals all
Figure 4. Relationships between load and storm intensity.
correlated with storm intensity (Fig.
Each point represents one storm. For TN and TP, data are
4). Loads did not correlate with
presented from a single, representative catchment. Data
storm duration, total rainfall, or
from all catchments are presented for total metals. Total
antecedent dry days, and did not
metals equals the sum of arsenic, cadmium, chromium,
differ between monsoon and cold
copper, lead, nickel, and zinc. Similar relationships were
front storms.
observed for individual metal species in individual
Runoff
chemistry
was
catchments. In all cases, p < 0.05.
correlated with housing density in
cities. Both TN load (Fig. 5) and the
TN:TP ratio increased with population density. This relationship was stronger among 12
municipalities in CAP than among 13 municipalities across the U.S. Total P did not exhibit a
relationship with housing density (Fig. 5)

Discussion
Storm characteristics and demographic features both influence the chemistry of storm water
runoff from urban ecosystems. I developed various hypotheses as to how storm features and
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population density may influence runoff. Below, I evaluate the support for these hypotheses provided
by data in this paper, and I briefly comment on some implications of these findings for management of
storm runoff in cities.
Figure 5A. Municipalities within CAP
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Figure 5B. Municipalities across the U.S.
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Figure 5. Relationship between
estimated annual load from the entire
spatial extent of municipalities and
housing density. In both panels, p <
0.05 for TN and p > 0.05 for TP.

From my first hypothesis, that storm activity
influences the stoichiometry of runoff, I predicted an
inverse relationship of both TN : TP and iN : oN ratios
with storm activity, measured as duration and as total
rainfall.
My data provided no support for this
hypothesis, as these predictions were wrong. There are
several reasons why storm activity may have little
influence on the stoichiometry of runoff. First, alteration
of nutrient ratios may require that biotic processes, such
as denitrification, operate for several days. The short
duration of storms, typically < 24 hours, may induce an
insufficient magnitude of microbial processing to
substantially alter nutrient ratios. Second, even if storms
stimulate enough microbial processing to alter nutrient
ratios, it may only matter that the ground is wet. That is,
any microbial processing that does occur may be
triggered by some threshold amount of moisture. Once
the ground is wet, additional rainfall beyond this
threshold has an unappreciable impact on nutrient
processing. Consequently, nutrient ratios will not change
along a gradient of rainfall amount. Third, even if biotic
processing changes along a gradient of storm activity, the
wet conditions caused by storms may facilitate similar
magnitudes of countervailing biotic processes. For
instance, N-fixation, nitrification, and denitrification may
all exhibit similar increases with greater storm activity.
This phenomenon would leave N : P and inorganic N :
organic N ratios virtually unchanged. These possibilities
all represent post-hoc hypotheses suitable for evaluation
in future studies.

From my second hypothesis, that storm characteristics influence the load of constituents in
storm water runoff, I predicted a positive relationship of constituent loads with storm duration, total
rainfall, and storm intensity. Loads of TN, TP, and metals increased with increasing storm intensity,
but not with other features of storms. Load may have increased with intensity owing to the nature of
urban land cover. Mobile material accumulates on available surfaces. Thus, on the rugose surfaces of
asphalt and concrete, most mobile material accumulates in fine fissures, cracks, and dimples. This
material will be mobilized by the scrubbing action of intense storms. Long storms, if they are gentle,
will not necessarily generate greater loads. Additionally, large volumes of total precipitation will not
necessarily generate greater loads. Once a sufficient amount of rainfall has occurred to initiate
hydrologic runoff, there may be no influence of additional water on the ground.
An alternative hypothesis suggests that this relationship between load and storm intensity is
spurious. It is possible that storm intensity does not generate load. Rather, storm intensity merely
covaries with the time of year (summer) exhibiting the highest rates of interstorm deposition, and
interstorm deposition underlies variation in load. For this hypothesis to be supported, however, load
would have to be greater during summer storms than during winter storms. Such a pattern, however,
was not observed, thus undermining this alternative and further supporting the hypothesis that
constituent load in urban runoff derives from storm intensity.
From my third hypothesis, that deposition is uniform through time, and all storms are equally
effective at transporting material, I predicted a positive relationship of constituent load in storm runoff
with the number of dry days prior to a storm. Again, my data provided no support for this hypothesis,
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as TN, TP, and metals were all unrelated to antecedent dry days. There may have been at least two
reasons why load did not exhibit a positive relationship with antecedent dry days. First, the rate of
deposition (mass / day) may have varied among interstorm dry periods. Second, there may have been
differential flushing among storms. After of long period of great material accumulation, a relatively
gentle storm may export only small amounts of material, leaving great amounts of material available
for export by the subsequent storm. An intense storm, occurring quickly thereafter may export most of
the material deposited over several prior interstorm dry periods.
From my fourth hypothesis, that factors influencing runoff chemistry differ seasonally, I
predict that load and stoichiometry of runoff should differ between summer monsoons and winter cold
fronts. No data supported this hypothesis. The lack of seasonal difference in runoff chemistry
suggests that there is no seasonal difference in the factors influencing runoff chemistry. For instance,
the relationship between load and storm intensity, coupled with the purported difference in intensity
between monsoons and cold fronts, collectively suggest that loads should differ between monsoons
and cold fronts. No such difference was observed. It is possible, that despite stereotypes and popular
intuition, storm intensity did not differ between summer and winter in these particular catchments
during the years these data were collected.
From my fifth hypothesis, that population density disproportionately generates greater
deposition of storm-mobile N, relative to storm-mobile P, I predicted a positive relationship of TN :
TP with housing density. My results support this hypothesis that more people add more N faster than
they add more P. Enhanced TN : TP in storm load may derive from enhance N, but not enhance P,
deposition. Through industrial processes and automotive combustion, people fix large quantities of
atmospheric N2 gas. Human activities, such as land clearing and the exposure of clay and rock in
building materials, may enhance weathering and deposition of P, as well. Compared to the strong
influence of humans on the gaseous N cycle, and owing to a lack of an gaseous P cycle, this increased
deposition of P may be relatively small. This change in the TN : TP ratio with population density
derives from the influence of people on individual nutrient cycles.
From my sixth hypothesis, that denser aggregations of people generate greater deposition of
mobile material, I predicted a positive relationship of TN and TP with housing density. I also
predicted that any relationships of runoff chemistry with housing density will be stronger at a finer
spatial scale (among municipalities within CAP) than at a broader spatial scale (among municipalities
across the United States). As suggested above, TN, but not TP, increased with housing density. This
increase likely reflects the unique influence of people that the gaseous N cycle. These correlations are
weaker at broader spatial scales, however. Additional climatic and geologic drivers, which do not
vary among municipalities within CAP, likey vary at a broader scale.
Research on storm water can inform management efforts concerned with discharge permitting
and the influence of urban catchments on recipient systems. Urban management can impose no direct
or immediate control over the climatic forces that dictate storm frequency, origin, and intensity. Once
the role of storms in generating discharge is understood, however, landscape management decisions
can incorporate that knowledge. If storm intensity generates runoff, management can reduce the
effective storm intensity on load-bearing surfaces, and reduce the actual amount of load-bearing
surface. For instance, load reductions might result from maintaining well-paved streets with minimal
interstitial fissures; by frequent street sweeping (as street sweepers behave like intense storms); and
by constructing narrow streets with overarching canopies. In addition to reducing the amount of
impervious surface, narrow streets can be completely overarched by tree canopies. An overarching
canopy that intercepts rainfall destined for an impervious surface may reduce the impact of rain drops.
Such a landscape design may provide additional, conspicuous ecological services for urban dwellers.
Narrow, shaded streets will generate less of a heat-island effect, thus cooling neighborhoods in intense
climates like Phoenix. Shade trees on parking strips may aesthetically complement the structural
diversity of yards with other forms of xeric or mesic landscaping, perhaps facilitating animal diversity
and human-nature interactions in habitats most familiar to people, their own yards, parks, and
neighbourhoods.
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ABSTRACT
River systems generally are polluted by both point and non-point sources. At present very little/no
effort is directed towards monitoring, assessment, modeling and control of non-point source pollution
in many of the developing countries. Also, on several occasions, lack of storm water collection
systems (urban drainage) leads to urban non-point source pollution. In large river basins, monitoring
all sources of pollution is rather difficult/impossible and time consuming. Hence, indirect approaches
such as regression models and material balances which make use of in stream water quality data of the
river and land use information of the basin for modeling non-point source pollution are of great
importance. The use of such approaches is more important in conditions where there are data
constraints and lack of resources for extensive experimental data collection. The results of the study
applied to the Krishna river system indicate that the contribution from non-point source is considerable
and hence, there is a need to include control of non-point sources of pollution in the future water
quality management programs. At present, nearly all of the emphasis of pollution abatement in the
watershed has been placed on the construction of elaborate wastewater treatment plants, it seems
obvious that there is a need to re-evaluate with consideration given to control of non-point source
pollution.

INTRODUCTION
Water quality management studies to achieve goals of any water quality management programme
must contain evaluation of pollution loads from various sources. Catchment management plans require
to recognize that total pollutant load to a water body consists of three components: 1. Direct/ point
wastewater discharges; 2. Diffuse/ non-point contribution in seepage and runoff water from the
catchment manipulated/ managed by man; and 3. A background contribution from natural sources
(possibly due to scouring/ erosion from catchment surfaces and in stream secondary pollution).
Maintenance or improvement of water quality and control water quality degradation may require
control of both point and non-point sources. An assessment of non-point source pollution has, to
certain extent been overshadowed by the urgent need for treatment of domestic and industrial
wastewaters. Consequently non-point source pollution has not been adequately studied, and its role in
water quality degradation is poorly understood. Now, it is becoming evident that to establish the goals
of water quality management programme, regulating and controlling only point sources is not
sufficient. In fact, in many cases, the pollutants emanating from non-point source comprised major
contribution of pollutant load into the receiving water bodies. At present, huge sums are being
invested in treatment works in an attempt to revitalize streams/lakes and protect water resources, yet as
investigators have pointed out, there is evidence that the clear water objectives will not be realized
because of runoff wastes that reach the streams/lakes without being processed. It seams reasonable
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that the identification, evaluation and modeling of this type of pollution should be considered as an
integral part of all watershed water quality management projects. Hence, modeling of NPS pollution,
however complex, is very essential for any water quality management programme. The purpose of this
paper is to present results obtained from two approaches for modeling pollution from a river basin.

APPROACHES FOR MODELLING NON-POINT SOURCES
Maintenance and improvement of water quality requires control of both point and non-point sources.
Although the significance of non-point pollution is generally recognized no truly operational
procedure exists for including an analysis of non-point sources in regional water quality plans
(Environmental Protection Agency, 1973). Assessments of the non-point source problems, causes,
control measures, costs and socio-economic impacts have the weakest technical database for purposes
of the inventory. An evaluation of non-point source pollution within the control of regional or river
basin water quality study has three components:
♦ Estimation of the magnitude and significance of the non-point source,
♦ Determination of the effectiveness of control measures, and
♦ Development of a cost-effective management programme for meeting water quality goals.
The last step must, of course, be integrated with point source wastewater controls. Operational
methods for steps 1 and 2 of the evaluation can be equivalent. That is, an estimating procedure which
is sensitive to a particular area’s weather, soils, land uses, and management will also serve to
determine the effectiveness of non-point source controls, which are primarily changes in land uses and
management. Such sensitivity is one of the requirements of operational methods. A second
requirement, which may be important in planning studies that have limited time and money budgets, is
the reliability of the readily available data.
Two broad categories of methods are available for estimating non-point pollution sources to surface
waters. The first is an indirect approach that utilizes measurements of water quality parameters in
streams, rivers, or lakes to infer the importance of pollution sources. The alternative direct approach
focuses on the non-point sources and attempts to mathematically describe the transport of pollutants to
the water body (Haith and Dougherty, 1976).

Indirect Approach
The indirect approach utilizes water quality data (immission data) from streams, rivers or lakes and
infers the importance of non-point source pollution from these in-stream observations. These provide
general indications of the quality and quantity of non-point pollution. However, their focus is on the
observed water quality of a water body than on sources or causes of pollution. Loading factors based
on measured in-stream water quality parameters have limited credibility, since the values of such
parameters are affected by a variety of pollution sources as well as in-stream physical and chemical
processes. However, the influence depends on the nature of pollutant (conservative/non-conservative),
time of travel, flow characteristics, etc.,.
Indirect approaches are generally based on comparisons of pollutant export in stream flow from
watersheds. Watersheds are characterized according to land use and pollutant exports, e.g., urban
agricultural and forested watersheds. The result is pollutant-loading factor, e.g., kilograms per km2 of
phosphorus for agricultural land and urban areas. The water quality planner can apply these reported
values to his study region by taking an inventory of land uses and multiplying the areas of each use by
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the appropriate loading factor (Hartigan, et al., 1983). Alternatively, when time and money permit, the
planner may isolate small single land use watersheds within the study area, undertake a water quality
sampling program, and determine this loading factors. The indirect inference approach can be
extended beyond simple loading factors by the use of regression models, which have land use
characteristics as independent variables and in-stream water quality parameters as dependent variables
(Haith, 1976).
Indirect approaches may provide general indications of the relative magnitudes of non-point sources,
but they have two serious drawbacks. First, they are typically insensitive to regional variations in soils
and weather and do not distinguish between alternative land management options. For example, the
methods can seldom identify the effects of variations in cropping practices. It may be difficult to
evaluate non-point source controls using the methods. Second difficulty is the focus on the observed
water quality of the water body (stream, river, lake) rather than on the sources or causes for that
quality. Numerous physical and biochemical sources and sinks, natural and man-made, will be
integrated in time and space to produce the level of quality parameter that is measured in a water
sample. The ability to infer the relative impact of any one source on in-stream water quality is
inherently limited, even with large sampling programs.

Direct Approach
The direct approach focuses directly on the non-point source pollution by sampling small,
homogeneous land use watersheds and attempts to mathematically describe the chain of events that
result in non-point source water pollution. Unlike the indirect methods for non-point source analysis,
simulation models are suitable for evaluating control measures, and when sufficient time and money
are available, they are the preferred methods for a non-point source evaluation. Data requirements will
prevent simulation models from being operational in many planning studies, however, it is desirable to
have methods that mirror the direct approach of simulation modelling but rely on readily available
data and do not require calibration (therefore, water quality sampling).
Non-point pollution sources in runoff are by their nature not directly measurable. A direct or rational
approach involves quantitative descriptions of: 1. Land use and management and the resulting waste
products (organic matter, nutrients, pesticides, etc.); 2. The interactions of the wastes in the runoff to
surface water bodies. Descriptions are combined into mathematical simulation models, such as those
developed for urban storm water management and pesticide transport. Generally, they provide a
comprehensive capability for non-point source prediction, since they are typically sensitive to
hydrologic, soil, and land use characteristics. Their principal draw back is the need for large amounts
of data. Detailed land use and drainage network information is required, some of which is seldom
readily available. In addition, water quality sampling is needed in order to calibrate the models.

STUDY AREA
The Krishna river is the second largest eastward draining, perennial river in the peninsular India. The
river basin is the second largest river basin which is situated in the Deccan plateau. The river Krishna
drains an area of 258,948 km2, which is nearly 8% of the total geo-graphical area of the country. The
total population in the basin as per 1991 causes has been estimated as 60.78 million. There are about
25 towns within the basin with the population more than hundred thousands. The river and its
tributaries flow through different terrain having varied land use activities, soil conditions, vegetation
and agricultural practices. The water potential of the River Krishna and its tributaries are mainly used
for drinking, industries, irrigation and power generation. The average annual rainfall in the river basin
is about 780 mm. The wet seasons sets in by the middle of June and withdraws by the middle of
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October. About 90% of the rainfall occurs during the wet season (June-October) and during the rest of
the year (dry season) there is very little rainfall with no regular pattern. Typical tropical climate
prevails in the basin for better part of the year. For practical considerations two seasons: dry
(December – May) and wet (June – November) seasons exist in the area. The river basin has various
land use patterns, of which agricultural land use (double crop – 35 %; single crop – 25 %), forests
(15%), waste land (15%) and mixed land use (10%) are the important land use classifications. The
predominant soils in the area are sandy loams and loams. The study area in particular is part of the
Krishna River reach between two monitoring stations: Pondugala (upstream) and Wadenapalle
(downstream) as shown in Fig. 1. The river reach between the monitoring stations is approximately 80
km long along the river. In addition to other districts, major parts of Nalgonda and Guntur districts
drain into this part of the Krishna river reach in Andhra Pradesh.

MATERIALS AND METHODS
Taking rainfall distribution into account, the water quality and flow data of upstream and downstream
stations during the dry seasons are used to estimate the point loads. As little or no rainfall occurs
during the dry season the differential loads between downstream and upstream monitoring stations
should account for point loads. The total pollution load (point and non-point) of the river is assessed
using the water quality and flow data of the wet season. Mass balance approach, suggests the use of
differential loads between the upstream and downstream monitoring stations to obtain loads
contributed by the area between the monitoring stations. Mathematically, the approach can be
represented as L Wet – L Dry = L Non-point load. This is possible, as the pollutants selected for the
study namely K+, Na+ , Ca++ , Mg++ , HCO 3 - , Cl - , F- , SO 4 - , NO 3 - and SiO3 -- are
conservative and the time of travel between the two monitoring stations is around 12 – 14 hours during
the lean flows. As such, not many losses can occur during the travel time. The river morphology
suggests no storage and no sudden changes in the gradients between the monitoring stations. Hence,
the possibility of losses/additions due to sedimentation or re-suspension are assumed to be minimum.

RESULTS AND DISCUSSIONS
Correlation Studies
Nitrates are highly correlated with agriculture and forest land uses, with largest positive correlation
with agricultural land use. This is due to the application of excess nitrogenous fertilizers which
reappear in nitrates form in the runoff from agricultural lands. High negative correlation of Nitrates
with forest land use is due to absorption and leaching by soil and vegetation. Phosphates are available
in the form of ortho phosphate, poly phosphate, and organic phosphate. Ortho phosphates are present
for biological metabolism with out further break down. Phosphates did show marginal negative
correlations with some of the land uses. This is possibly due to transformation and absorption of
phosphorous by the soil media during its travel. Potassium and sulphates had no significant
correlations with any land use as land uses are not all independent of one another in the watersheds
under study.

Regression Studies
The regression equation obtained for Potassium explains 81% of observed variation in potassium
concentrations, with forest area accounting for 4%, agricultural single crop accounting for 1% ,
agricultural double area accounting for 2% and waste land accounting for 73%. The regression
equation for sulphates explains 90.5% variation of sulphates concentration of which 9.5% is with
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agriculture single crop, 17.5% is with forest, 3% is with agriculture double crop, and 60.5% is with
waste lands. The concentration of Sulphates is 104.47 mg/L if the river basin is used for 100%
agriculture single crop. The regression equation for Nitrates explains 75.5% of the observed variation
in nitrogen concentrations, with agriculture double crop accounting for 54% and agriculture single
accounting for the remaining 21.5%. The concentration of Nitrates will be 15.7 mg/L if the river basin
is used for 100% agriculture double crop. As the explained variance did not improve considerably in
any of the steps during regressions, no equation could significantly explain the variation of phosphates
in the study area.

Mass balance studies
Indirect estimation of loads from polluting sources using upstream and downstream river water quality
is quite helpful for monitoring studies with limited data. If one is interested in information of
constituents from individual sources, then indirect measurement of the sum the sources is possible in
the receiving water using the following equation.
n

Q DC D − Q U C U = ∑ Li
i =1

where QD and QU are downstream and upstream flows, CD and CU are the downstream and upstream
concentrations in the river water and Σ Li, is the sum of all individual point loadings to the river.
The equation represents the mass budget and can be used to determine a much more accurate estimate
of than that likely to be obtained from summing the individual loadings. Here, the term ΣLi is not
only the sum of loadings entering the receiving water body, but rather the net effect of the loading plus
any loss/ generation within the water body. For pollutants that undergo significant volatilization/
degradation, this approach will not give accurate segments, unless the time of travel between upstream
and downstream stations is small compared to the pollutant decay constants. The same is true for
pollutants that settle from water column. This indirect approach is useful for measuring the changes in
the differential concentration and/or load to the river from year to year (Dolan and El-Shaarawi, 1989).
Such a study is very useful when the difference in the concentrations and/or loads are of interest. This
approach has been utilized in the present study to assess the contribution of point and non-point
sources of pollution to the river and the results have been presented in Table 2.
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Table 2 Differential loadings during the wet season (all loads in Metric tons/day)
1992 - 1993
Upstream

K+

Na+

Ca++

Mg--

HCO3-

Cl-

F-

SO4--

NO3-

SiO3

-

-

624

8464

4328

2334

10251

7090

152

768

496

6087

Downstream

1872

24288

15230

7001

37100

22972

608

2305

1984

15825

Diff.
Loading

1248

15824

10902

4667

26849

15882

456

1537

1488

9738

542

15652

22545

9454

64410

20679

564

18678

1722

13209

Downstream

1625

25555

36183

14856

94920

37419

1356

26683

4478

21662

Diff.
Loading

1083

9903

13638

5402

30510

16740

792

8005

2756

8453

Upstream

1393

9036

19324

10419

45765

22790

1000

13723

2214

5435

Downstream

4179

18893

59404

48620

202674

63304

2357

34307

6643

13586

Diff.
Loading

2786

9857

40080

38201

156909

40514

1357

20584

4429

8151

1993 – 1994
Upstream

1994 – 1995

The estimated differential loadings for the various water quality constituents compare favorably with
point source loadings of the corresponding constituent, considering that the later does take into
account uncharacterized non-point sources of pollution. Therefore it can be argued that the difference
in loadings may be mainly due to the contribution of non-point sources of pollution resulting from
agricultural activities, groundwater intrusion and/or sediment water interactions. Similar conclusions
were drawn by Latimer, et.al (1988). for the increase in metal ion concentration in the d/s sections of
the river Pawtuxet. Berndtsson(1990) also established water budgets and chemical mass balance of
some constituents for small reach of the river Hoje and reported that half of the transported zinc is
retained in the stream sediments. The loadings contributed by point sources between the upstream and
downstream stations are presented in Table 3. Further classification of point loadings is not possible in
the present study due to lack of classified data.
The percentage contribution of point and non-point sources of pollution are presented in Table 4.
However, analysis of suspended and bed sediment samples (not attempted in the present investigation)
could have provided valuable information regarding the observed differences in concentrations and/or
loads to the river (Berndtsson, 1990). The analyses of sediments permits us to detect pollution that
could escape water analysis and also provides information about that the critical sites of the water
system under consideration. Additional inputs regarding the changes/losses of pollutants during the
travel time are essential to explain source contributions within the river system. As the present
investigation is the first of its kind on assessment of pollution loads from different sources in the river
system, such limitations regarding source classification, data limitations, changes/losses during the
time of travel, etc., could not be overcome.
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1992-1993

Table 3 Differential point source loadings(all loads in Metric tons/day)
K+
Na+
Ca++ Mg-HCO3ClFSO4--

NO3-

SiO3
--

Upstream

126

2013

1704

587

4322

2009

158

1281

50

380

Downstream

230

2511

2138

1256

5288

2954

633

1441

153

507

Diff. Loading

104

498

434

669

966

945

475

160

103

127

Upstream

124

2038

2095

747

4438

2820

239

2565

156

994

Downstream

177

2770

2824

912

6657

3867

669

3493

269

1210

Diff. Loading

53

732

729

165

2219

1047

430

928

113

216

Upstream

149

1265

1478

411

3908

1861

266

2282

200

475

Downstream

295

2300

2605

912

8543

3501

976

4563

448

1141

Diff. Loading

146

1035

1127

501

4653

1640

710

2281

248

666

1993 -1994

1994 –1995

Table 4 Percentage estimation of point and non-point source pollution
(All loads in percentages)
+

Mg--

HCO3-

Cl-

F-

SO4--

NO3-

SiO3 --

3.90

14.33

3.60

5.96

9.42

9.41

6.93

1.31

96.85

96.10

85.67

96.40

94.04

89.58

89.59

93.07

98.69

4.89

7.40

5.35

3.06

7.28

6.26

5.5

4.11

4.11

2.56

95.11

92.60

94.65

96.94

92.72

93.74

94.5

95.89

95.89

97.44

Point Source

5.25

9.541

2.72

1.32

2.97

4.05

5.24

11.09

5.6

8.18

Non-Point Source

94.75

89.49

97.18

98.68

97.03

95.95

94.76

88.91

94.4

91.82

Na

+

1992 –1993

K

Point Source

8.33

3.15

Non-Point Source

91.67

Point Source
Non-Point Source

Ca

++

1993 -1994

1994-1995

CONCLUSIONS AND RECOMMENDATIONS
The estimated differential loadings for the various water quality constituents compare favourably with
point source loadings of the corresponding constituent. Therefore it can be argued that the difference
in loadings may be mainly due to the contribution of non-point sources of pollution resulting from
agricultural activities, groundwater intrusion and/or sediment water interactions. Further classification
of point loadings is not possible in the present study due to lack of classified data. The analyses of
sediments permits us to detect pollution that could escape water analysis and also provides information
about that the critical sites of the water system under consideration. Additional inputs regarding the
changes/losses of pollutants during the travel time are essential to explain source contributions within
the river system.
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The study indicated that watershed land use has significant impact on water quality. Agricultural land
uses had a major impact on water quality parameters namely: Potassium, Nitrates, Phosphates
concentrations. Waste land accounted for impact on concentrations of Phosphates and Sulphates.
Forest land has little impact on water quality. Equations obtained by regression analysis express a
quantitative relationship between Nitrates, Sulphates and Potassium concentrations and land uses.
These are useful for both prediction and hence, for water quality management programme. It is
difficult to infer the importance of non-point source pollutants from the data, because the relative
magnitude of individual point and non-point sources cannot be estimated from the information used in
the study. Water quality management planning must, in the future, include provisions for the control of
water pollution associated with land use and non-point sources.
The quality of the river water deteriorates considerably as a result of pollutants discharged into the
river from both point and non-point sources. The increased pollutant loadings obviously reduce the
self purification capacity of the receiving water body. The present investigation provides an account of
the advantages of using upstream and downstream river water quality data to estimate pollution loads.
This approach is also useful to detect changes in water quality constituents within the system.
However, the limitations such as short time of travel, changes/losses with respect to time and distance,
source classification, data limitations, etc., have to be considered carefully. As the study indicates
major contributions of pollution from non-point sources, it is essential to emphasize the importance of
control of non-point sources to achieve goals of water quality management programs.
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Introduction
Sediment transport and erosion of deposits in combined sewer systems play an important part
in the pollution of urban wet weather discharges. Several studies undertaken in Europe
(Crabtree, 1989; Ristenpart, 1995; Verbanck, 1995; Arthur, 1996; Ahyerre, 1999) have shown
that the contribution of sewer deposit to wet weather flow pollution is linked to the erosion of
an organic deposit situated at the water-sediment interface. However, the experimental
methods used to study this organic stock differed from one site to another and results were not
concordant about the nature of this organic stock : a moving bed-load, a fluid sediment, a
dense undercurrent or near bed solids.
In Le Marais catchment (Paris), Ahyerre (1999) observed directly the interface using a
profiled plastic box, with a glass front, fixed to the sewer wall. He identified the watersediment interface as an immobile organic layer. This device has been developed and
ameliorated : the new box can embedded in the sewer-wall to reduce hydraulic impact and an
off-line system has been placed inside the box to obtain pictures of the interface at regular
time steps. The system has been installed in one collector of Le Marais catchment and, on this
site, water velocity and water level are measured continuously. All these data will give
information on the evolution of the organic layer during a long period and will permit to relate
its evolution to the hydraulic conditions in the sewer.
However this method cannot be used to localise the organic layer on a large scale because the
observing box needs some concrete work to embed it in the sewer-wall before any
observation. Therefore, we developed a new protocol based on an endoscope that makes it
possible to observe in a non-destructive manner the interface and to localise it along an
important length of sewer. This system has been applied on “Le Marais” catchment. The
discussion of results will give us information about the nature and the localisation of the
organic stocks deposited at the water-sediment interface.
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2. Material and methods
2.1. Characteristics of the studied catchment
“Le Marais” catchment area in the centre of Paris is a sub-catchment of the main sewer
system. It is a combined man entry sewer system (7.6km of pipes), composed of three main
trunk sewers with a dry weather channel and either one or two walkways on the sides:
-

Saint Gilles trunk sewer, 798m long, average slope 0.04%, flow section 0.7m high,
0.6m wide. It drains 13 ha (about 3,000 inhabitants).

-

Vieille du Temple trunk sewer, 596m long, average slope 0.06%, flow section
0.6m high, 0.6m wide. It drains 10 ha (about 5,000 inhabitants).

-

Rivoli trunk sewer, 430m long, average slope 0.09%, flow section 1.1m high, 1.2m
wide.

2.2. A portable observation device
The material was designed to respect two main criteria (Oms et al., 2002):
♦ it had to be handily carried in sewers to perform experiments along an important length of
collector ;
♦ it had to make possible a cross section view of sediments without destroying it.

As Ahyerre (1999) described the organic layer as a very weak and easily removable layer, the device
needed to have a very small surface of approach so as not to disturb the organic layer. Therefore, the
system of observation is based on an endoscope, protected by a graduated plastic tube.
The endoscope has a length of 104 cm with a diameter of 8 mm and a lateral (90°) direction of view. It
is associated with a tungsten halogen light source (150 W). The system concentrates light into a lightguide to permit illumination of the viewing area. It is used on 12 V supply. The observed area has a
diameter of 4 mm. A digital camera can also be adapted to the endoscope’s ocular and pictures of
sediments can be taken on site. A tube of Plexiglas has been designed to protect the endoscope : it has
a length of 100 cm and a square section of 2 cm x 2 cm. Four flexible plastic tongues permit to hold
the endoscope in position inside the tube during the experiments. The bottom of the tube is closed and
profiled to penetrate easily into the gross sediment. Graduations have been engraved every 5 mm on
one face of the tube with reference marks every 5 cm.

2.3. Localisation methodology
The endoscope observations were performed :
•

every 25 m on Saint-Gilles collector during December 2000. The upstream part of the collector
was studied a second time every 10 m to 15 m, in February 2001, to find more precise data about
the presence of organic layer.

•

every 50 m on Vieille du Temple collector, during January 2001.

•

in a few points only, in the upstream part of Rivoli collector, during January 2001. The number of
observation points had to be limited on this collector because of difficulties to access it.

At each experimentation point, we performed two observations in the cross section and two more in
the middle-flow at one meter upstream and downstream so as to make sure that the observations were
characteristic of the site. To do an observation, the tube of Plexiglas is drove in one movement into the
water and the sediment. Then the endoscope can slide in the tube from the bottom to the water surface.
After focussing, observations and pictures can be taken. The surface height of each type of sediment is
read with the graduations. As sometimes the concrete bed could not be reached, we decided to
measure the depth of type A sediment and the water level with a measuring rod at the same point, after
the observation with the endoscope.
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We also measured the velocity profile with a micro-propeller at each experimentation point. The most
important part of the experiments was carried out during afternoon so as to have a relatively stable
flow.

2.4. A long-term observation device
Ahyerre (1999) used an observation system composed of a PVC box 1.5m long, 55cm high and 11cm
wide to observe the water-sediment interface. The box was pressed into the deposit and fixed against
the sewer wall. It was installed at least one week before observations started because it disturbed the
surface of the deposit. The front of the box is glass and at the bottom there is a mirror inclined at 45°
that reflect the image of the water-sediment interface. This mirror rests on adjustable legs. The easy
access to the observing box permitted Ahyerre to remove the biofilms that grew up in the front glass
every 4 days with a small brush.
Despite the profiled structure of the box, an acceleration of the flow was observed in front of the box.
So, it has been decided to embed the observation device in the walk-way that surround the dry weather
channel. More, to reduce the cleaning operations that modify the interface, a self-cleaning glass
provided by Saint-Gobain Glasses was used : this glass is covered by a “photocatylitic” layer that
reacts to ultraviolet radiation.
Finally, we placed inside the box a light system supplied by two small 12V batteries and a digital
camera to take pictures off line during several days. The system is controlled by a sequencial timer to
light up the zone and to take pictures at regular time steps. The lighting periods also reduce the biofilm
growing on the front glass.

3. Results
3.1. Nature of the interface
The endoscope makes it possible to identify clearly the gross bed sediment in Le Marais: it looks very
dark (black and grey) and particles appear well defined with millimetric diameters. The wastewater
appears in a grey colour with bright small particles. At the water-sediment interface we observed (cf.
Figure 1):
•

an immobile layer in which particles are bigger than particles from gross bed sediment but their
outlines are quite imprecise. They show brown and orange colours. The depth of this layer reached
2 cm to 15 cm. It seems to be similar to the one observed in one site of collector Vieille du
Temple by Ahyerre (1999).

•

a second layer situated above the organic layer. This layer looks “creamy”, it seems to have a very
weak resistance, it reflects light (white colour) and gas bubbles have been observed in it. It has
been observed in decelerated zones, at the upstream of floating barriers or upstream of significant
lateral inflows. Its depth reached up to 15 cm in the upstream part of Saint-Gilles.

The immobile organic layer was also sampled on two sites, separated by 50 m, in collector SaintGilles. These points have been selected because the cartography of the organic layer showed the
presence of an important stock in this zone. Samples have been taken three times at PK600 during
February 2001 and three times at PK650 during March 2001. Analyses from samplings in collector
Saint-Gilles (VS content, COD and BOD5) are shown in Table1. The particles loads from the
immobile layer observed with endoscope are coherent with the particles loads of the organic layer
sampled by (Ahyerre,1999) in Vieille du Temple collector.
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Table 1 – Pollutant loads of the organic layer particles (min-mean-max)
VS content (%)

BOD5 load (g/g)

COD load (g/g)

COD/BOD5 (g/g)

Site 1

66 -77- 82

0,29 -0,44- 0,46

0,46 -1,39- 1,90

1,61 -3,39- 4,29

Site 2

44 -68- 84

0,21 -0,37- 0,60

0,79 -1,35-1,67

2,57 -3,31- 4,22

Ahyerre(1999)

60 -77- 98

0,10 -0,25- 0,36

0,19 -0,90- 1,43

3,87 -4,22- 4,86

Figure 1 – Pictures from sewer sediments

3.2. Cartography of the organic layer
The organic layer has been observed in the upstream part of all three collectors of Le Marais
catchment. However the thickness of this layer is from 2 cm to 15 cm in Saint-Gilles, in Vieille du
Temple it reached 10 cm and in the upstream of Rivoli only 5 cm. Figure 2 show the cartography in
the upstream part of Saint-Gilles collector.
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Figure 2 – Sediment profiles at the upstream of collector Saint-Gilles (February 2001)

The organic layer was present in places where the three following conditions where put together :
•

flow was very slow (under 0.1 m/s),

•

concrete bed slope was very low (j < 0.05 %),

•

gross bed sediments create pools in the sewers.

3.3. Evolutions of the water-sediment interface
The observing box was installed in Saint-Gilles collector. In Figure 3 we present one of the most
impressive phenomenon that we observed on site : after the “disappearing” of an organic layer piece
(03/04/02 02:30) it takes less than 2 hours to full up the hole.
So it seems that the organic layer grows up quickly and then stabilises at a certain depth that could be
dependent on the sewer hydraulic conditions. But all the results have been not analysed and it is not
possible to conclude definitively about it.
Figure 3 - Example of an organic layer evolution sequence

03/04/02 02:30

03/04/02 00:00
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03/04/02 03:00

03/04/02 04:30

4. Conclusions
A new endoscope system has been designed enabling to observe the water – sediment interface and to
determine the nature of this interface. Results, as nature and depth of sediments (gross bed sediments,
organic layer), are quickly available. The device is easy to carry and to use in man-entry systems, like
in Paris. It is thus very useful when studies of long trunks of collectors have to be realised.
The endoscope revealed the presence of an immobile organic layer in the upstream part of the main
collectors of Le Marais catchment. Some criteria for the presence of this organic layer have been
highlighted: it appears in depressions in the bulk bed sediment, at the upstream of collectors, in zones
where flow is very slow. Moreover the presence of a creamy layer, overlying the organic layer, was
observed in zones where the flow decelerates. Some samplings have to be done to determine its
characteristics.
A ‘round’ of tests looking at the water-sediment interface needs to be carried out using the endoscope
in various locations (Paris, Marseille, Dundee,…). The results can then be compared and classified by
attributes such as the physical characteristics of individual sewers and their associated hydraulic
characteristics
Results obtained with the observing box are still incomplete. However we observed a quick re-built up
of the organic layer after a disruptive phenomena. More periods of dry weather and some periods of
wet weather will be studied to find information on the organic layer development.
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Abstract
In the present study a stream (Store Vejleå) receiving discharges of urban runoff was investigated,
using biotests and chemical analysis with special focus on ecotoxicological effects of organic
compounds in the water phase and organic and inorganic compounds in the sediment layer. The urban
stormwater and road runoff had no or little effect on the survival of the test organism Daphnia magna
and on the reproduction of the alga Pseudokirchneriella subcapitata in samples collected in the Store
Vejleå. When concentrating the water samples by solid phase extraction (SPE), toxic effects were seen
in all the samples. Furthermore, it is possible to detect differences in toxicity depending on time and
location of sampling, e.g. inlet of road runoff was more toxic than inlet of stormwater from an urban
area. No toxicity was detected in an unpolluted reference sample pre-concentrated 100 times.
Bioassays combined with pre-concentration proved to be a useful screening and monitoring tool for
initial assessment of water pollution by organic compounds from urban runoff. One of the major
environmental problems in the stream is identified to be the accumulation of metals in the sediment.
The pore water from the sediment samples had to be diluted from 4-14 times before they proved a
toxic effect of 20%, in comparison the background toxicity in the reference sample required a dilution
factor of 1.6. In almost all of the samples there was a correlation between the toxicity of the pore water
and the degree of pollution as evidenced by the metal concentration.
Keywords: Urban stormwater, road runoff, biotests, pore-water, solid phase extraction (SPE),
toxicity.

Introduction
In recent years the focus on environmental impacts of discharges of urban storm-water and road runoff
have increased. This has occurred mainly because of observations of physical and environmental
impacts in the receiving aquatic environments [1-4]. In several investigations a number of different
chemicals in urban stormwater have been found, especially heavy metals and PAHs. Discharges of
urban stormwater to recipients causes accumulation of heavy metals and PAHs in the sediment and
results in findings of different organic chemicals in the water phase [2-4]. Many of the compounds are
known to be toxic to animals and humans and have potential for carcinogenic, mutagenic and/or
allergenic effects [6].
Traditionally, when contaminated surface water is investigated, water samples are analyzed for
priority pollutants. The information obtained from the analyses is subsequently compared to water
quality criteria for aquatic life protection. This approach is however prone to several weaknesses,
where the greatest is that the samples are only analyzed for a relatively limited number of chemicals.
Other weaknesses include the analytical limitations of chemical methods to measure bioavailability
and the aggregate toxicity of chemicals in aquatic ecosystems. Establishing the relevance of data from
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chemical specific analyses to observed toxicity is therefore difficult and synergistic or antagonistic
effects are ignored.
The present study focused on measuring toxicity both in the water and in the sediment phase in the
stream St. Vejleå located 20 km west of Copenhagen (Denmark). The water in the stream originates
primarily from discharges of urban stormwater and road runoff. Due to a knowledge of low toxicity
and relatively high concentration of organic chemicals in the water phase [5, 6], two approaches for
toxicity testing were applied and evaluated:
1

Biotests carried out directly on whole samples.

2

Biotests carried out on samples fractionated and pre-concentrated by solid phase extraction
(SPE) to quantify the extent of non-volatile organic chemical contamination.

Two freshwater test species that represent the primary producers and zooplankton were selected: the
alga Pseudokirchneriella subcapitata and the crustacean Daphnia magna. An algal test procedure using
P. subcapitata with pore water from the sediment was used. Pore water is assumed to contain the
bioavailable fraction of the chemicals in the sediments [4, 7].
The biotests are used as indicators for toxicity and hazard ranking of both the sediment and the water
samples. The toxicity ranking and the ranking based on results from chemical analysis are compared to
see if any connections can be made.

Materials and methods
Site
The stream Store Vejleå, shown in Figure 1, is dry most of the year upstream the inlet from basin 4.
Basin 4 is a detention pond, which receives runoff water from both a motorway and an urban area.
About half of the water in the stream originates from basin 4, and around one third of the water flow in
the stream can be attributed to the inlet from “Dybendalsgrøften”, which can be characterized as urban
runoff. The stream Store Vejleå has several small inlets connected to the urban rainwater system.

Sampling
A total of 12 water samples and 9 sediment samples were collected from both the stream and the inlets
to the stream. Additionally, one water sample and one sediment sample were taken in an unpolluted
stream (Fønstrup Bæk, Denmark) as a reference. The samples were collected in acid washed bottles
and placed in 4 °C. Sediment samples were filtrated in the laboratory (1.5 mm) to remove larger
particles. The samples were adjusted to almost the same dry weight and shaken to ensure homogeneity
before samples were taken to biotests and chemical analyses.
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Figure 1. Map of Store Vejleå. Inlets are illustrated with arrows, water samples with numbers and
sediment samples with letters.
Water samples were collected on four occasions in 2001. Figure 2 shows the precipitation in the area
in the sampling period. Sample 1 was taken on the 13th of March, sample 2 and 3 on the 27th of March,
sample 4-6 on the 20th of April and sample 7-12 were taken on the 7th of May.

Precipitation (mm)

14
12
10
8
6
4
2
0
5-Mar

19-Mar

2-Apr

Date

16-Apr

Precipitation

30-Apr

Sampling

Figure 2. Precipitation in the period of sampling.
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Solid phase extraction
Pre-concentration by means of solid phase extraction (SPE) followed by biotests was used to
investigate the toxicity of organic chemicals in the water phase. Isolute ENV+ columns were used as
SPE resins. Prior to the loading, the ENV+ columns were rinsed with 3 mL of both Methanol,
Hexane/Acetone (85/15 v/v) and Acetone and conditioned with Milli-Q water at a pH of 7.0.
The ENV+ columns were loaded with 1 L of sample at a pumping rate of 20 mL/min. After the
loading, the columns were dried with N2. Elution of columns were carried out as described by Baun
and Nyholm [8] using 9 mL of Hexane/Acetone (85/15 v/v) followed by 6 mL of Methanol,
additionally 3 mL of Acetone was used. The solvents were changed into Acetone followed by a drying
step where the Acetone was almost removed. At last 10 mL of ISO freshwater algal test media was
added [8]. Prior to testing in the bioassays, the remains of Acetone was removed from the test medium
by gentle aeration for 18 hours. The results of the biotests from SPE-extracts were expressed in mL/L
referring back to the original water volume used for pre-concentration (i.e. 100,000 mL/L equals 100
times pre-concentration).

Sediment samples
The toxicity of the sampled sediments was compared by testing the pore water. The pore water was
separated from the sediment by centrifuging followed by filtration (1.2 µm).

Biotests
Two standardized biotests were chosen as indicators of toxicity for hazard ranking of the contaminated
samples. The algal tests were performed in accordance to the ISO-standard [9] where the test flasks
are inoculated to 104 cells/mL with an exponentially growing pre-culture of Pseudokirchneriella
subcapitata (formerly known as Selenastrum Capricornutum). The tests were incubated for 48 hours as
recommended by Nyholm & Källquist [10].
Concentration-response curves were described by the Weibull model, which was fitted to data using
non-linear regression applying a computer program developed by Andersen et al. [11].
When testing the whole water samples and the pore water three replicates of each concentration were
made. Due to the small amount of extract (10 mL) the tests with the SPE-extracts were made with one
replicate for each concentration.
The 48-hour immobilization tests with Daphnia magna were performed only on the whole water
samples. Tests were performed according to the ISO-standard [12] and the test results were analyzed
by Probit analysis with maximum likelihood estimation [13].
Toxicity results are expressed as EC20 and EC50 values, i.e. concentrations yielding 20% effect,
respectively

Chemical analyses
The collected water and sediment samples were analyzed for a number of chemical substances. Water
samples were analyzed for the metals Cr, Cu, Pb and Zn by AAS with grafit furnance and BTEXs by
GC-FID. All sediment samples were analyzed for the metals Cd, Cr, Cu, Ni, Pb and Zn by AAS-flame
and in three samples (B, E and G) the content of PAHs were screened by GC/MS.

Results and discussion
Toxicity of whole water samples
As shown in Table 1 two water samples (sample 1 and 7) collected in basin 4 proved toxic in standard
laboratory test with algae. The toxicity of sample 1 can probably be explained by the high content of
copper in this sample.
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Table 1. Toxicity of whole water samples tested in 48 h algal toxicity test (P. subcapitata) and conc. of
Copper.
Sample

EC20 (mL/L)

Cu (µg/L)

1

1007 [777;1604]95%

25

7

894 [773;1126]95%

5.5

Radix et al. [14] has with the same algal test found the following EC-values for Copper:
EC10 = 12 µg/L [1;150]95%
EC50 = 47 µg/L [8;260]95%
There was no acute toxicity to Daphnia magna in any of the water samples. The results obtained when
testing the whole water samples indicate that the urban runoff is not very toxic. However, First flush
effects have not been taken into consideration. Conc. of BTEXs were below the detection limit (0.2
µg/L) in all the water samples.

Toxicity of pre-concentrated water samples
All the water samples from Store Vejleå showed at least 20% inhibition in algae tests when preconcentrated 100 times. Whereas no significant changes in the algal growth rate was observed with the
reference sample. The most toxic sample reflecting road runoff had to be concentrated only 5 times to
result in 50% inhibition of the algal growth rate (Table 2).
The overall findings show that biotests applied on pre-concentrated water samples can be a useful tool
for toxicity characterization and hazard ranking of recipient water receiving urban runoff.

Table 2. EC50, predicted no-effect concentrations (PNEC) and dilution factors for samples preconcentrated by solid phase extraction (SPE) and tested in 48 h algal toxicity tests (P. subcapitata).
Sample

EC50 (1000 mL/L)

PNEC (mL/L)

Dilution factor

2-outlet from basin 4

0-10

~50

~20

3-Dyb. grøften-inlet

0-10

~50

~20

4-road runoff

4.7 [3;7]

47

21

5-urban runoff

25 [16;39]

250

4

6-stream water

28 [13;65]

280

4

7-12

~100 and higher

~1000

no dilution

Reference sample

no effect

no effect

no dilution

Estimation of environmental impact
The results from the pre-concentration technique can additionally be used to evaluate if toxic effects
on aquatic organisms are likely to occur. This is done by estimating the predicted no-effect
concentration (PNEC). According to the European Commission principles for risk assessment of
individual chemicals [15] a PNEC value is derived from a set of EC50 values from short-term tests, by
division of the lowest reliable EC50 value available with an uncertainty factor (UF). The amount and
quality of data available and the variation in toxicity are the parameters that determine the magnitude
of the uncertainty factor. For complex samples the interspecies sensitivity variation is assumed to be
much less than that reported for pure chemicals [15] and as suggested by Pedersen et al. [16] in a
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report prepared for the Danish Environmental Protection Agency, an uncertainty factor of 100 is used.
Therefore, PNEC-values are estimated as:
PNEC =

EC 50, SPE
100

The calculated PNEC-values are shown in Table 2, and these values are used to calculate the dilution
factors necessary to get below PNEC.
By performing this evaluation, it proves to be necessary to dilute several of the inlets to the Store
Vejleå stream in order to protect the aquatic organisms in the stream. Sample 4, 5 and 6 were taken
immediately after a period of rain, therefore the water can be characterized as road runoff, urban
runoff and as a mixture of both respectively. Sample 2 and 3 were taken in a period with almost no
precipitation. Both samples need to be diluted about 20 times to get below the PNEC-values. The
cause for this is probably, that a period with low precipitation gives rise to higher concentrations of
chemicals in the runoff. In the period before the samples 7-12 were taken there had been much
precipitation and these samples were much less toxic than the samples 2-6. This supports the
assumption that dilution has lead to lower concentrations of toxic compounds.

Toxicity of sediment samples
One of the major environmental problems in the stream is the accumulation of metals in the sediment.
As shown in Table 3 significant concentration of metals were found in a number of sediment samples.
In Table 3 the sediment samples are also ranked according to the criterias proposed for classifying
polluted soil (se Table 4). By dividing the sediment into these classes it is possible to compare the
results from the biotests with those for content of metals.
Table 3. Concentration of metals in sediment samples collected in the Store Vejleå system. Each
sample is assigned into a class according to the level of pollution (of Table 4).
Sample
Metal

A

4M

B

C

D

E

G

H

Reference

Pb

76

201

92

56

33

14

47

33

18

Cd

1.2

1.4

0.8

0.3

<0.01

0.2

1.4

0.6

<0.01

23

26

15

3

2

2

11

15

<0.01

116

119

103

51

28

9

51

33

15

Ni

18

30

29

115

13

158

71

67

7

Zn

410

562

449

322

172

40

325

244

68

Class

3

3

2

4

1

4

3

3

1

Cr

Unit

mg/kg TS

Cu

Table 4. Class-criteria by indicating the highest average concentration for selected metals [17].
Metal
Pb
Cd
Cr
Cu
Ni
Zn

Unit

1
40
0.5
500
500
30
500

mg/kg TS

2
120
1
500
500
40
500

Class
3
400
5
750
750
100
1,500

4
>400
>5
>750
>750
>100
>1,500

Class 1 - Clean soil; Class 2 - Slightly polluted soil; Class 3 - Polluted soil for cleaning or land filling;
Class 4 - Highly polluted soil for cleaning before land filling
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In sample B and G no PAHs were found, in sample E there were only trace amounts of PAHs.
EC20 values obtained in the algal test for the sediment samples are converted into toxic units (TU) by
the following relation:
TU20 =

1000
EC20

Results expressed in terms of TUs are more easily grasped, as a higher number means higher toxicity.
TU20-values can be interpreted as the number of times the sample needed to be diluted in order to
produce a 20% effect. In Figure 3 the results of toxicity tests of porewater is shown along with the
degree of pollution of the sediments as classified by the criterias listed in Table 4.
The results for the pore water showed that toxicity of the sediment increased at the inlet to the lake
Tueholm sø. This could be due to settling of the smallest particles, as metals tend to sorb to the clay
particles [18]. The pore water from all the samples, except the reference sample required several
dilutions before they were non-toxic. In almost all of the samples, there is a correlation between the
toxicity of the pore water and the amount of metals. In basin 4 the TU20 values varies from 5.9 to 6.8,
while the sediment can be classified as class 2 to 3. For sample C – taken in an inlet to the stream - the
porewater is more toxic than for those in basin 4, additionally the sediment can be classified as class 4.
In the lake Tueholm sø the classification of the two sediments are the same while the toxicity of the
pore water is very different. The difference in toxicity is probably caused by different bioavailability
of the toxic compounds in the samples or by chemicals that have not been analyzed.

Figure 3. Toxicity of pore water and pollution classification of sediment samples collected in Store
Vejleå. TU20-values for sediment samples are illustrated as intervals. The number in the middle of the
circle shows the pollution classification of the sediment (Table 4). Sample F was not tested and the
results of sample D were neglected due to statistical considerations.
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Conclusions
Using standardized bioassays with algae and crustaceans only low toxicity was detected in whole
water samples from the stream Store Vejleå and in its inlets. However, pre-concentration by SPE
resulted in full concentration-response relationships in the toxicity tests with pre-concentration factors
up to 100 times. The overall findings indicate that biotests applied on pre-concentrated water samples
can be a useful tool for toxicity characterization and hazard ranking of recipient water receiving urban
runoff. The results from the pre-concentrated samples show that it is necessary to dilute several of the
inlets to the Store Vejleå stream in order to protect aquatic organisms in the stream. Especially the
road runoff appears to be more toxic than runoff from the urban area.
One of the major environmental problems in the stream is identified to be the accumulation of metals
in the sediment. The pore water from the sediment samples had to be diluted from 4-14 times before
they proved a toxic effect of 20%, in comparison the background toxicity in the reference sample
required a dilution factor of 3.
The toxicity of the water and the sediment samples cannot entirely be explained by the chemical
analyses that have been performed on the samples. It is therefore essential to consider both the
environmental effects of the total sample of urban runoff and chemical analysis of single components
in the samples, when evaluating the environmental hazards.
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Introduction
The Nairobi Rivers form the mid-section of an extensive tropical river system whose headwaters are
located in the highlands of central Kenya. (Fig 1) The Aberdare mountain range form the catchment of
the rivers approximately 3100m above sea level. This is a forested region from which the first order
springs originate then pass through the capital city and finally discharging their waters 600km away
into the Indian Ocean (Fig 2).

Fig1: Base map of Kenya and neighbours. Note the shared resources e.g. L. Victoria
There are three main tributaries that flow through the capital city’s Central Business District (CBD),
namely R. Nairobi, R. Mathare and R. Ngong, all of which are subjected to extreme levels of pollution
ranging from agricultural fertilizers and raw domestic sewage, to industrial waste. In most cases, solid
and liquid waste from these sources are discharged directly into the river system having undergone no
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treatment whatsoever, thereby severely damaging the river ecology as well as posing serious risks to
human health. The rivers themselves are now considered an environmental health hazard due to the
high concentrations of chemical and bacteriological pollution, despite this, nearly half of the urban
population are at one time or other, dependent on them as a source of water for domestic use and in the
worst cases, for drinking.

Fig 1: Basic map of Nairobi River Basin and surrounding provinces

Fig 2: Base map of Nairobi and surrounding provinces. The Rivers begin as on the left hand side
flowing towards the right
Most heavily affected are the urban poor, who are also dependent on the sewage lines for irrigation of
vegetables and other crops that they grow within the city as a source of income. Unfortunately, many
of the city's sewage lines are deliberately damaged or blocked in order to obtain the nutrient rich water
for agriculture. These crops inevitably find their way to middle class homes as the public buy the
cheap, healthy looking produce from urban farmers, not knowing the potential dangers posed through
the uptake of heavy metals and bacteriological contamination. It is important to create awareness
among all stakeholders to avoid the destruction of expensive infrastructure and encourage more
hygienic and sustainable practices among the riparian communities.

Background
The City of Nairobi was established in 1899 as a railway depot for the then Uganda Railway. At that
time it was well known as a watering place for herdsmen, and had the advantage as being a source of
large quantities of clean water (Otieno 2001). Since that time, rapid population growth, urbanization
and industrialization have put enormous pressure on the rivers of Nairobi. Untreated industrial
effluents, raw sewage and waste (liquid and solid) from human settlements situated along the rivers
have severely impacted the rivers quality and quantity, resulting in eutrophication, proliferation of
hazardous microbes and acute chemical stress on the aquatic ecosystem.
In a study conducted for the Nairobi River Basin Project in the year 2000, the source was observed as
being generally clean and free of pollution. Farmers around the Ondiri Swamp at the source of Nairobi
River, use the water to irrigate land and plant vegetables as well as other crops (Plate 1). They also use
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the water for drinking and watering their animals. Pollution of the rivers becomes most apparent as it
flows through the slum areas and finally reaches alarmingly high levels in the industrial areas. It is
important to note that almost half of the urban population live in unplanned settlements (slums), which
for the most part lack basic water and sewerage facilities (Plate 2). It is not surprising that these
communities are established next to the rivers, and it is here that the river begins to exhibit alarmingly
high levels of organic and bacteriological pollution.

Plate 1b: Informal Agriculture and Housing

Plate 1: Small scale farming along the
river

Plate 2: A section of the Kibera slum in Nairobi

Plate 2: Kibera slum built along the
Ngong/Motoine River

Increased discharges of mostly untreated or poorly treated municipal waste water from sewage
systems in the city have literally turned these rivers into open sewers. Industries within Nairobi that
have very poor waste treatment, if any, are discharging their waste waters into the existing municipal
sewerage system and/or directly into the rivers. Non-biodegradable waste accumulates, thus
overloading the system effectively reducing its self-purification capacity (NRBP-UNEP 2000). The
water supply of Nairobi was initially designed to serve a population of a few thousand, however, it has
become increasingly clear that the system is inadequate to serve the current population of over two
million. Numerous studies have already been conducted over the past two decades (see. OhayoMitoko 1996, Wandiga 1996, Olago & Aketch 2000, Issaias 2000, Kithaka 2001), to assess the rivers
water quality and results indicate that the levels of pollution are rising progressively.
In each case study the main sources of pollution to the rivers were identified, and all agree on the
following; a) Non-implementation of legislature to protect urban water resources; b) Intentional or
accidental blockage of sewer lines and manholes various reasons; c) Poor planning of settlement along
rivers and water bodies and; d) Acute shortage of funds in Local Government Authorities to sort out
the problems.
Although the Kenya Water Law provides adequate legislation for the control of water pollution
countrywide, much of the failure is blamed on the fact that the Local Government bodies responsible
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are ill equipped to actually implement it. As a developing country, such economic handicaps are not
unheard of and therefore several donor-sponsored projects have been initiated to tackle the problems
of pollution and most are focusing their efforts on the unplanned settlements. Their main objectives
are to assist the residents to solve their waste problems through recycling, construction of sanitation
facilities and provision of safe drinking water. Considering the number of projects involved it has
become a national dilemma as to why there has been minimal or no improvement at all.
The reasons for lack of success have nevertheless been attributed to several factors, which the project
reports themselves state as; a) Size and growth rate of unplanned settlements along the river; b) Lack
of sustainable support from the Local and National Government to external project intervention, thus
no continuity; c) Lack of coordination between the different projects dealing within the same area or
problem and; d) Inability to establish the exact sources of pollution due to poor data record and
irregular monitoring patterns (Olago & Aketch 2001, Issaias 2000, Krhoda 2002).

River Classification
Previously, rivers were classified according to their physical attributes and ecological functioning such
as that published by Ward & Stanford in 1983, i.e. the river orders beginning with zero order basins at
the source to 12th order rivers. In this classification system, it was established that rivers could indeed
be grouped into classes depending on the number of tributaries that joined them and that each group
shared common ecological characteristics such as depth, width, shape of river bed, and flow rates.
These physical factors in turn influence the communities of flora and fauna that can establish
themselves in the river as well as the biochemical functions they can perform. The river continuum
concept forwarded by Bretschko in 1995, builds on this classification system, in that it describes the
functions of the river under pristine conditions, from its source to the more mature sections
downstream. The river continuum concept is based on the principles of production and respiration
within the rivers' biological communities and how these in turn influence river water quality.
Nevertheless, the two classification systems do not extensively address the problem of allochtonous
input into the river beyond that of riparian vegetation. The effects of anthropogenic point and nonpoint source pollution have been described by other authors, however how they can be related to the
river sections as described in the river order of classification is not clearly addressed, and this in turn
could influence the remediation measures already in place. It is important to note that the rivers of
Nairobi have not as yet been classified into the different orders.
One of the main aims of external project interventions is to provide support to the Local Authorities in
capacity building, however, poor coordination and often intense rivalries have meant that water
policies have been generally sub-optimal. A major constraint on efficient water management during
the past has been the weaknesses of institutions involved not being capable of dealing with emerging
water management problems. In order to manage water in its totality, inter-institutional collaboration
has to be substantially improved. This will involve institutional and legal-capacity building, human
resource development and participatory approaches.
All the above suggestions are indeed correct, but the crux of the problem lies in its multiplicity, and
the fact that there that the range of river pollution is very broad in terms of pollutants and the area
affected. The following proposal has taken into account the various studies that have been conducted
on the Nairobi Rivers and its environs, and from them, attempts to develop a strategy through which
the problem can be classified and adequately tackled.
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Although much of the data that has been collected thus far has tended to be both spatially and
temporally disjointed (due to lack of a basic monitoring criterion), it has provided a sufficient base to
assume a general pollution trend (see fig 3). Although the data collected has not been subjected to
rigorous statistical analysis, it does present the possibility that there may be three or more basic groups
of anthropogenic pollution sources, from the time the rivers begin to be of economic or social use, till
they depart from the CBD. Each class or group of polluter presents a set of problems, which are by
comparison, very different from the other. It is appreciated though, that for adequate statistical
analysis, the sampling methodology and overall long term monitoring design should be adjusted to
provide an objective and realistic basis for comparison. It is generally cautioned that statistical tools
cannot substitute the interpretation of data, but only offer an objective criteria to make conclusions.
When resources are limited, it becomes necessary to maximize the relevancy of field information
(Gonzales 2001).
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If this hypothesis should hold true, then it raises several questions about the remedial measures that
were formerly suggested. It becomes clear that no matter how much effort is placed on rectifying the
pollution at one section or group, this strategy will ultimately be negated by the other groups of
polluters. It would also bring to light the error of attempting to deal with all polluter types as a single
unit when in reality, each case is different and therefore requires a slightly modified approach. While it
would be a monumental and economically unfeasible to deal with individual problems, the groups
would each contain those polluters displaying similar traits in terms of demography, types of pollution
released, socio-economic structure and overall effect on the ecology.
The basic groups, herein referred to as Polluting Units, can be divided theoretically into the
following:
1. Individual Polluting Units (IPUs), which are found in the upper reaches of the river basin, where
the population densities and growth rates are relatively low. Their main activities include crop
farming and animal husbandry which usually results in low to medium pollution due to
agricultural chemical and fertilizer usage. Other problems such as high turbidity may occur due to
deforestation and poor land management practices. Removal of riparian vegetation could also
increase risks of flash floods downstream. Many of the problems in such areas can be solved
through education and awareness programmes to suit the needs of the area and to improve land
management.
2. Collective Polluting Units (CPUs), These are usually found within the city limits, and are
characterized by high population growth and density, mainly due to unplanned settlements, which
encroach on the river-banks. The level of pollution produced in such areas can be equated to
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several IPUs both in quantitative and qualitative effect on the river ecology. Here the main
pollutants are domestic organic waste (equivalent in composition to fertilizer/manure), and large
amounts of non-biodegradable solid waste with high plastic content. The population in such areas
is highly dynamic and therefore it may be difficult for awareness/ education campaigns to effect
sustainable changes. CPUs may require a more technical approach such as planning connections to
main sewerage lines and the establishment of definite guidelines that can be enforced by the
Community Based Organisations (CBOs) in the area. These areas also require a greater support
and cooperation from the Local Authorities to be able to plan effectively.
3. Mega-Polluting Units (MPUs), include large-scale manufacturers and industries, which discharge
pollutants in vast quantities and high concentrations directly into the river water. This may be
done intentionally or as a result of faulty sewer lines, which require unblocking or upgrading. The
pollutants produced here are usually rich in toxic chemicals and heavy metals, as well as high
concentration of organic waste. Although in terms of their human population, their size, growth
and density is low, production rate may increase to cater for an overall growing population
(market), thus resulting in more pollution being released. In many areas the main problem occurs
due to blocked, overflowing sewers, a problem which simply needs requires rectification by the
Local Authorities. An obvious setback to solving this is the lack of available funding to undertake
building of new sewers. The process of unblocking the sewers is also hampered by the lack of
facilities, therefore it could be suggested that the Industries take it upon themselves to contribute
to the correction of sewer breakage's and take responsibility

Description of the Study area in relation to the PU's
The Nairobi River Basin according to Krhoda 2002, may be divided into four sections, the stretch
upstream of the Nairobi dam, the dam, and the dam outlet and the stretch from the dam outlet to the
confluence with Nairobi River. The area of the basin upstream of the dam is 52.6 km2. The total area
of the Ngong/Motoine River catchment from the source to the confluence with Nairobi River is about
127 km2. The basin of River Motoine/Ngong comprises of various land use types, namely forest,
grasslands, farmlands, limited to flood plains and around the dam; and built area, including buildings
and roads. The following are descriptions of the river basin specifically as it relates to the proposed
Polluting Units. The entire river basin is about 42.3 km long and narrow.

The IPU section
The source of Motoine/Ngong River is Motoine swamp and Dagoretti forest, possibly from springs
issuing between lava flows with differing porosities and permeability as a result of vesicularity. The
river flows through a series of four man-made dams before River Motoine crosses Ngong Road
Bridge, and two larger dams at the Race Course. A small tributary joins the Motoine near the Race
Course, before it flows into Nairobi Dam marking the southern boundary of the Kibera informal
settlement (CPU section). The river basin in this section is about 42.3 km long and narrow.
Up to the dam where the CPU section begins, the river basin is about 26.7 km long and not more than
5 km at its widest breadth. The river channels are steep, V-shaped cross-sections as a result of the
continued uplift and deposition of lava and tuff and deeply incised and or re-excavated their own
valleys.

Erosion and sediment deposition in the upper reaches
Sediment is produced wherever soil is exposed to rainfall energy and flowing water. Erosion from
farms, gardens, roads as well as footpaths are common. Other sediment sources include construction
sites, earth-lined channels and mass wasting processes including avalanche, landslides and mudflows.
Most of these sediment drain into the dam, but the sediment-bound trace elements from the catchment
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into the river at not yet known. This is a problem that needs to be addressed through out the river
basin, but most urgently, in the upper reaches where deforestation and encroachment onto the riparian
way leave has led to heavy damage due to soil erosion. This also increases the risk of flooding as
communities encroach on the floodplain (Krhoda 2002).

Activities along the river
The Motoine River rises from Riu Swamp and is heavily used in the settled Dagoretti area. As the
river flows eastwards (mainly underground) for most of its course, farmers in the valley impound its
water for irrigation agriculture as shown in and several other domestic uses. The water colour in this
section of the river is mainly red due to the soil characteristics of the area. Other polluting activities
include dairy and abattoirs. Therefore, the Motoine River starts receiving agrochemical pollution right
from its water head water in the Dagoretti area, and picks other forms of pollution as it flows through
the Ngong Forest and the Kibera area (Plate 5).
A second IPU section may exist after the Industrial area, approximately 20 km up to the confluence
with the Athi river.

B) The CPU section
Much of the Ngong River from the Nairobi Dam spillway right through the Langata Road Bridge
flows through concrete and lined channels. River-bank erosion was noted only at the Langata Road
Bridge. The stretch from the dam outlet to the confluence with Nairobi River is about 21.0 km long.
Down cutting has incised the river valley to about 15 to 30m deep. The impact of concrete lining on
groundwater recharge to the adjacent floodplain and discharge to the stream during the dry season are
not known, however the lack of lateral connectivity is very likely to have an effect on the water
quality.
The Nairobi Dam is shallow; it has a surface area of about 356,179 m2 and a volume of 98,422 m3.
The average depth of the dam is 2.76m. The dam inlet is about 1700m while the dam crest is about
1680m above mean sea level. The dam is heavily silted by sediments from erosion and solid waste
dumped at various places to reclaim land for agriculture. Water hyacinth (Eicchornia crassipes) as
well as various other aquatic macrophytes such as common reeds and bulrushes have infested the
water body disrupting fisheries and recreation.

Hydrological regime of Nairobi dam
The Nairobi dam was constructed in the late 1940's as a source of fresh drinking water for the city of
Nairobi, however over the past decade has reached hypereutrophic levels and is generally of little
socio-economic use to the city, despite its unique position in the CBD. It is nevertheless an essential
part of the river course as a number of biochemical reaction take place within the anaerobic water
column.
Over dam precipitation is about 875mm per annum the surface area of the dam is only 356,179 m2.
The total contribution of rainfall to the dam is 311,656m3 per year. The evaporation rate is about
1750mm per annum as temperature and wind velocity increase while relative humidity decreases
towards the lower part of Nairobi. Evapotranspiration from the water hyacinth may be higher than
potential evaporation. An estimate of 1.13 times the rate of potential evaporation has been adopted for
the water balance calculation. The total water loss as a result of evapotranspiration is about 711,289m3
per annum (Plate 3a &3b).
The densely populated settlements beside the dam are the most important source of both solid and
liquid pollution, but it is possible that the river can purify most of the domestic pollutants naturally
given adequate amounts of time. Solid waste is much more difficult to deal with and this has led to a
dramatic decrease in the residence time within the reservoir. Change on water storage in the dam may
be measured by continuous recording of water levels over the years. Currently, there is no record.
However for Nairobi Dam rearranging and solving for outflow through Ngong River, we obtain:
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Qm = P + R – dS – E
Rearranging and simplifying, the change in storage, dS, is negligible (Krhoda 2002). It is important to
note that none of the studies have as yet properly addressed the problem of water and mass balances
for the rivers reservoirs, and most are simply estimates from old data. For the purpose of management
it is suggested that a clear record of the reservoir mass/water balance be kept in order to monitor the
input of pollutants and the changes undergone during their residence in the dams.

Activities along the river
The Motoine River is the main inlet into the Nairobi Dam, but other streams and springs discharge into
the Dam as well. Runoff from the impervious surfaces, such as iron sheet roofs of the Kibera
settlement as shown on also contribute significant amounts of flow into the Dam, especially during
rainstorms. The amount of discharge from within the catchment into the Dam at base flows is about
0.5 cumecs, including underground seepage. The amount leaving the Dam through the spillway as the
Ngong River is variable. During dry years, it becomes a mere trickle, but when there are heavy rains,
it floods. In November 2001, the flow from spillway was measured at 0.2 cumecs. However, a
significant amount of Nairobi Dam water discharges into the aquifers of the Kerichwa Valley Tuffs.
Various activities such as car washing, small-scale industry and urban farming have been observed in
this area, all of which are dependent on the river water both as a source as well as a drainage system.
Due to lack of a waste management mechanism for Kibera slum, the Motoine River system has
become a natural receptacle for all the uncollected waste emanating from the area. Dumping of solid
waste is serious at bridges and crossing points. Drainage systems within the slums have also become
channels of domestic sullage from the unserviced informal settlements. These polluting outfalls have
made the water quality of Motoine to deteriorate further as it flows through Kibera into the Nairobi
Dam1. Eutrophication of the Nairobi Dam is largely responsible for the Water Hyacinth infestation as
shown in the panoramic and aerial views of the Dam. The Motoine leaves the Nairobi Dam as the
Ngong River at the spillway, and data shows that it undergoes some natural purification process as it
cascades through concrete the channel in the South C area and the Industrial Area (Plate 6). This
situation does not persist for long, as more serious forms of pollution are released into the Ngong
River in the Industrial Area (Ndede 2002).

The MPU section
Downstream of the Nairobi dam and starting with the weir, the river channel is for the most part
channelised as it flows through the Industrial area. The stream in this section is fast flowing and much
of the riparian vegetation has been removed resulting in the exposure of the river to heavy pollution
from runoff. The channels are usually wide and shallow with concrete lining, and several bridges cross
over the river beneath which a lot of garbage is dumped. The distance covered by this section is quite
short, covering between 2-4 km.

Activities along the river
Just before the Industrial area, the river passes through another CPU section (Mukuru slum), where
various activities such as several small scale industries have been set up along the river bank. Car
garages and other large industries have been observed discharging their effluent directly into the river.
Pollutants ranging from automobile oils, pigments detergents and unidentified solid material are found
emerging from broken sewer lines. As the river departs the MPU section, the discharge rises quite
steeply and it has been suggested that this is a result of direct sewage input.
The section downstream of the confluence with the Nairobi River is characterized by low human
activity apart from some agriculture towards it’s confluence with the Athi river. Several tributaries
join the river at this stage and the Dandora Sewage Treatment Works also discharge treated sewage
into the waters.
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Water Quality Modeling
The water quality of Motoine/Ngong River deteriorates as it debouches from the forested upper reach
and flows through the settled areas (Plate 4). The flow into the dam is already loaded with domestic
effluence to the extent that the waters downstream can no longer be used for domestic purposes. The
long-term annual and seasonal flows through the dam are very useful in water quality studies and
modelling of the dam. The Nairobi dam residence time or flushing time is the time it would take to
replace the water volume of the dam. It assumes a complete flow through of water in the dam, which
in reality may not exist. The residence time is computed from the expression:
T = (V(3.171x10-8))/Qm
Where:
T

residence time, years

V

volume of the dam, equal to 98,422 m3;

3.171x10-8

conversion factor from seconds to years;

Qm

flow through Ngong River, m3/second.

The residence time is between 10 to 23 days, based on original design. This is assumed to have
decreased considerably because of reduced dam storage due to siltation and well-defined channel ways
through the reservoir. Most sewerage ponds require, on the average, 7 to 20 days for biodegradation.
Aerial photographs of the dam also suggest that the water passing through the dam has developed a
channel, which short-circuits the edges and flows relatively quickly through the main water body.

Data Collection Methods
It has already been mentioned that several studies have been conducted on the Nairobi rivers,
however, each one differed in several aspects including the parameters sampled, sampling stations and
the number of samples. This has posed several problems in comparing the data and therefore it has
become necessary to develop a uniform sampling strategy that can be carried out in the long term. This
could be subject to change due to the different objectives of each study.
The following briefly describes a recent study carried out by the Nairobi River Basin Project, which
attempts to develop a long term sampling strategy for the Nairobi Rivers. The aim of this is to
establish the effectiveness of several project interventions including the possibility of using
constructed wetland technology as a cost effective and simple way of solving the urban water
pollution problem.
20 sampling points were selected out of 26 visited during a field reconnaissance . The rationale behind
the choice of stations for the NRBP-PMN were:
•

To avoid polluted water at major outfalls such as drains, industrial outfalls, stagnant pools and
areas of standing water.

•

To determine the effects of the dam and any standing water bodies along the stream

•

Accesibility to sampling points.

•

Cost effectiveness for collection, analysis and reporting

•

To obtain spatially, hydrologically and temporally distributed samples.

•

Sustainability of the monitoring system in the long term.

The 20 sampling stations were further sub-divided into 3 types for long term-monitoring i.e.
•

Baseline or Control stations- Located in the pristine area of the catchment.

•

Impact and/or trend stations-Downstream of major anthropogenic activities.
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•

Impact or flux stations-Downstream points for flux computation .

Materials and methods
Water samples were collected from all sampling stations and the entire sampling programme was
conducted twice. In addition, quality control samples were also collected from three stations to be
analyzed at a different laboratory. Thus in total, 46 samples will be collected from the study area.
During sampling, date, time, exact location, temperature, pH, TDS and conductivity were recorded on
site. Water samples were collected at right angles to the flow of the stream on straight stretches of the
stream. Sediment samples were collected at station 5, with a shovel. 1 Kg of Sediments were then
transferred to a plastic bag and stored below 4oC until analysis. Water samples for BOD analysis will
be collected in clean dry 500ml glass bottles covered with aluminium foil. Water for Turbidity, Heavy
metals, Phosphorous, Nitrates and Nitrites will be collected in 5 L plastic bottles acidified to pH 2
using Nitric acid and stored below 4oC until analysis.
Samples for fecal coliform counts were collected in 150 ml glass bottles. All samples will be
transported to the laboratory in cool boxes with freezer packs. Samples shall be analyzed at the
Nairobi City Council (NCC) laboratories. Quality control samples were delivered to Kenya Bureau of
Standards laboratories (See Annex 1 for a description of materials used during sampling). It is
important to note that sample collection was done through the Local Authorities and the supply of
materials also dictated the numbers and types of parameters analyzed. Therefore for long term
sampling cost effectiveness needs to be addressed extensively.
The purpose of this study was to obtain a baseline account of the rivers condition before the
implementation of project interventions so as to determine their effectiveness. The project proposes six
interventions including a public awareness and education campaign, two constructed wetlands, a water
hyacinth purification pond, and water hyacinth utilization projects. The changes in water quality as a
result of these interventions will be monitored over a period of a year.

The Way Forward
Although such project interventions are not new and several projects are also already in place within
the same area, it is proposed that the three Polluting Units categorization method be tested in order to
manage different activities along the river, as well as to obtain results that can be compared and stored
for future reference. A long term data collection strategy should be developed with the aim of
discerning the different polluter types and determining whether seasonal and diurnal variation exist
that could influence the categorization method.
The unsatisfactory dissemination of data has led to repetition of many studies when funds could be
directed at implementation and remediation. If a central database can be collated then there would be
no need for duplication of activities as the data concerning each completed study would be readily
available. This could also improve credibility and establish 'ownership' of various findings from the
studies conducted. Project accountability, and a clearly defined data collection strategy for each
project should be described in the central database.
The Local Authorities would be the obvious choice for such a database to ensure accessibility to all
interested parties , however this would require support for initial establishment. It would also prove
useful to keep track of the many projects being carried out within their jurisdiction. Support in the
form of electronic storage facilities may be a worthwhile long-term investment. Investing in their
technical capability (Laboratory renovation and upgrading) would also be more effective as it would
be longer lasting than many other "quick-fix" project interventions, which usually revolve around the
unplanned settlements and are rarely maintained after the project ends.
The categorization would also assist in coordination as well as collaboration within and between the
different donor-sponsored projects. It could shed light on which areas need to be explored and which
areas have already been exhaustively studied. For example, the use of bioremediation in terms of
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natural purification ponds and biological water quality monitoring have not as yet been tested as cost
effective methods of water quality control. Alternative technologies such as ecological
microorganisms in water purification are another option. But a lot of care must be taken to equate each
intervention to it's effects and thereafter develop the optimal methodology in each case.
It is suggested that data be collected and incorporated in a model designed to correlate population
density, and size to the level of pollution contributed to the river basin. This data should also include
the type of polluter as described in a Polluting Units system and the quality and quantity of pollution
each is responsible for. Each category can then be approached and assessed separately from the other
as part of a long-term monitoring programme.
The fact that data collection for the rivers of Nairobi has been an uncoordinated and often disjointed
exercise, it is important to note that the time has come when a clear methodology is defined. Several
aspects of the river basin are still not defined and could be incorporated into the proposed study such
as:
•

Classification of the Nairobi Rivers in the river order system

•

GPS mapping of the river channel to identify point and non-point sources of pollution

•

Mapping of the river catchment area and collection of demographic and souci-economic data
within this area

•

Establishment of baseline sampling points along the river that reflect the state of the river water
quality. In addition to these, there could be secondary sampling points used to monitor polluter
effluent into the stream to establish their quality.

•

Mass balances of the dams along the river to determine residence times and also to determine
effects of retention on water quality through physical and biochemical reactions

Many more studies to determine the resident flora and fauna of the rivers could also be carried out
over the long-term to determine the effects of any changes that may take place in the river ecology.
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Annex 1
Table 1: Items carried during the field for sampling:
Materials

Number (where applicable)

Conductivity & pH meters

2

100 ml glass bottles (D.O)

2

Glass thermometers

2

250 ml glass bottles (BOD)

63

150 ml glass bottles (fecal coli)

6

500 ml plastic jars (sediment)

2

2.5 L plastic bottles

43

Aluminium foil

2 rolls

TDS meter

2

Oranges

2 bags

Meter rules

2

Winklers reagent

2 bottles

Rubber boots
Latex gloves (disposable)
Nitric acid

2 bottles

Freezer packs (Dry ice)
Cool boxes
Shovel
Masking tape
Marker pens (water proof)
•

Two teams of two technicians (One chemist and one biologist) will conduct sampling of the river.
One team will deal with the river section from the Motoine dam to the Nairobi river confluence,
whereas the second team will collect samples from the section after Hurlingham slaughter house
up to the confluence with the Athi river.

•

Both teams will begin sampling at 8:30am starting from their most downstream sampling station,
working their way upstream.

•

Samples from stations 1, 5 and 11, which fall under the first teams’ section, will be transported to
KEBS before the end of the day.

•

Sediments will only be collected on Tuesday 12th March 2002. These shall be analyzed at
University of Nairobi, dept. Geology.
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Abstract
The purpose of this PhD. thesis is the modelling of the fate of urban storm-water runoffs discharged
through combined sewer overflow (CSO) in a small river. The final aim is to provide an assessment
tool of the self-purification capacities of small rivers. The instrumentation of a stream located in the
western part of the Lyon's agglomeration has been developed and a protocol for extended hyporheic
measurements is actually being proposed. A review of previous results (distribution of benthic and
hyporheic invertebrate assemblages, chemical and isotopic analyses) is presented. A good ecological
quality occurred at control site (1) and CSO impacted sites show altered invertebrate assemblages (2,
3, 4). At site 3, hydric exchanges between surface and groundwater tend to stimulate the selfpurification capacity of the site. The results indicate that the exchanges of water and dissolved
substances between surface and subsurface through the hyporheic zone are a key factor when
explaining the ecological status of the river. A first stage of system analysis is now beginning.

Study context
The restoration ecology of aquatic ecosystem is now one of the challenges of the future. Nevertheless,
it is difficult to propose restoration rules, including limitations on polluted inputs, without focusing on
the study of aquatic ecosystem functioning (Lafont, 2001). Self-purification processes must be
considered in the management of aquatic systems, particularly in the context of the UE Directive (UE,
2000) which emphasises the conservation or restoration of good ecological quality. The main problem
comes from the difficulty of research about aquatic ecosystem functioning, because of multiple and
complex interactions between physical, chemical and biological factors.
The objective of this PhD thesis is to assess the physical conditions (hydraulics, hydrogeology,
geomorphology…) that favour the self-purification capacity of a small river with low dilution
capacities, and receiving urban storm-water runoffs discharged through combined sewer overflows
(CSOs). At long term, the final aim is to contribute to minimize the ecological effect of CSOs on the
urban running-water ecosystems.
In particular, hydric exchanges between surface and groundwater are important factors playing a role
in the self-purification processes. Pathways through the stream-bed actually determine the driving,
removal, retention and uptake of particulate or dissolved matters like nutrients (Hendricks & White,
1991). Much of these exchanges take place in the saturated sediment below the surface and the banks,
the hyporheic zone. The definition of this zone has laid to conceptual debates (White, 1993) which are
out of the subject of the present paper. Moreover the nature of the hyporheic zone varies tremendously
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from reach to reach within a stream, depending on local geomorphology. Thus, Palmer (1993) insists
that investigators describe their particular system in manner relevant to their experimental question.
According to Boulton et al. (1998) “the hyporheic zone can be defined as a spacially fluctuating
ecotone between the surface stream and the deep groundwater where important ecological processes
and their requirements and products are influenced at a number of scales by water movement,
permeability, substrate particle size, resident biota, and the physicochemical features of the over lying
stream and adjacent aquifer”. Such a definition shows that inter-disciplinary researches are needed for
studying the role of the hyporheic zone in aquatic ecosystems.
Furthermore, the importance of hydrology in ecological studies on hyporheic zone has been
emphasized since 1959 by Orghidan (cited by Brunke & Gonser, 1997) and many recent works (e. g.
Bencala, 1993 ; Hendricks, 1993 ; Valett et al., 1996 ; Fellows et al., 2001). In particular, quantitative
data of water discharges through this zone are needed, as well as information about pathways
(direction of flow, duration, etc.).

Study site
This PhD. thesis will focus on the study of a 1.5 km reach of the stream Chaudanne, an intermittent
right bank tributary of the river Yzeron. The river Yzeron itself flows in the right bank of the river
Rhône at Oullins, a city located in the western area of the Lyon’s agglomeration (Bernoud, 1998). The
stream is 2 743 m long and it flows from the north-west to the south-east, from 443 m elevation to its
mouth in the river Yzeron at 306 m height. The basin (0.283 km2) is located in the district of Grézieula-Varenne, a town of the western part of the Lyon’s agglomeration. The head of the basin is located in
a rural area (0.222 km2).
Groundwater is present all the studied reach long. Four sites have already been studied (Fig. 1) by
biological and chemical surveys. The site 1 is located near the spring, out of agricultural, road, or
urban inflows. It is considered as a reference or at least as a control site, as it receives no polluted
inputs but only overflows from the rain.
The site 2 is located 1 km below site 1 and receives a first polluted input, from the drainage ditch of a
factory. The site 3 is situated 100 m downstream site 2, and just below (20 m) the CSO inputs of the
“Pont de la Barge”. The site 4 is located 300 m downstream the CSO and receives a third input, from
the parkway of a commercial area. All the polluted inputs are very active during rainfall times, and
less or no active during dry times.
This complex situation (at least 3 main polluted inputs over a distance of 1500 m) is in fact
representative of the sub-urban zones, and other polluted inputs are possibly existing in the same
studied area. The river Chaudanne is thus considered as a good example of aquatic ecosystem flowing
in urbanised areas.
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Fig. 1 - Location of sampling sites in the river Chaudanne
In addition, 13 surface and 9 hyporheic water samples were collected for isotopic measurement of
Oxygen-18. The experimental reach is equipped with discharge measure devices just below the CSO.

Preliminary results
Biological investigations (Lafont et al. 2000; Nogueira, 2001; Breil et al., 2001; Lafont
et al., in preparation)
The oligochaete and crustacean assemblages of both benthic and hyporheic sediments were sampled
over 7 sampling seasons (April, June, August, October, December 2000, February and April 2001)
using a Surber net type and a Bou-Rouch pump. The structure of the invertebrate assemblages was
analysed by means of a standardised Principal Component Analysis (PCA).
The first factor of the PCA (34% of the total variance) opposes the control site (site 1) and the CSO
impacted sites (2, 3, 4) (Fig. 2). The site 1 is considered as representative of a “good” ecological
quality and characterised by a high oligochaete species richness, the predominance of pollutionintolerant and hydric exchange indicator oligochaete species.
Two main traits are seen at the impacted sites: i) an “Eutrophication/Pollution” trait (characterised by
high densities of invertebrates and the predominance of pollution-tolerant taxa), and ii) a “Mud
Effect”, a situation characterised by the predominance of fine-sediment dwelling oligochaete species,
and thus considered as related to the presence of polluted sludge within the interstices of porous
sediments. This “Mud Effect” is mainly occurring at site 4 (Fig. 3A), and is considered as the most
detrimental situation for biodiversity, as the oligochaete species richness is the lowest and crustacean
assemblages have virtually disappeared at this site (Lafont et al., 2000; Nogueira, 2001).
In addition, the oligochaete species associated with hydric exchanges between surface and
groundwater occurred with a greater proportion at sites 2 and 3 than at site 4 (Fig. 3B).
The results strongly suggest that i) the presence of polluted mud might have a clogging effect partially
inhibiting the migration of species within the interstices (physical effect), and a detrimental effect by
the trapping of toxic substances and ii) that upwellings of subterranean waters in the hyporheic system
might have a purification effect, particularly at site 3.
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Fig. 2 - Sites location in the factorial plan F1/F2 during April, June, August, October, December 2000
and April 2001 (surface coarse sediments)
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The system is characterised by its evolution between the three main traits “Good Ecological Quality”,
“Eutrophication/Pollution” and “Mud Effect” (Fig. 2). In fact, during high water discharges in the
stream-bed (high flow), the trait “Eutrophication/Pollution” is predominating in surface sediments at
all impacted sites (2, 3, 4). When the stream-bed discharges are significantly decreasing or very low
(low flow), the “Mud Effect” is predominating, particularly at site 4 (Fig. 2) (Nogueira, 2001).

Chemical investigations
The analyses of surface and hyporheic waters are marked by a very significant increase in nitrogen
load from sites 1 to 4, phosphorus being the limiting factor (Breil et al., 2001). The data suggest an
important nitrifying activity and a fast assimilation of nitrogen (elimination from 75 to 100% of
ammonia), in relation to the presence of temporary and very active bio-films.
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The average values of the different chemical variables confirm the link between surface and hyporheic
waters. For example, electric conductivity is quite similar in surface and subsurface, especially at site
2 (Fig. 4). In addition, the seasonal evolution of this last variable shows that the values between
surface and subsurface are similar for all seasons at site 2, and significantly different at site 3 during
Summer and Fall (Fig. 5). These results suggest that the hydric exchanges between surface and
groundwater are active at the two sites, but that the dynamics of exchange is more complex at site 3
than at site 2.
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Fig. 4 - Longitudinal evolution of average electric conductivity
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Fig. 5 - Seasonal evolution of electric conductivity at sites 2 (A) and 3 (B)

Isotopic investigations

The samples of water for isotopic measurements (δ 18O) were collected during April 2001 from 13
surface and 9 hyporheic points along the stream (Breil & Bariac, cited by Gnouma, 2002).
It is quite interesting to note that the average evolution of δ 18O presents a slope very similar between
surface and hyporheic water (Fig. 6). More, one zone of down-welling and two zones of up-welling
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were found between sites 1 and 2. Unfortunately, the spatial scale of the surveys is not adapted for
assessing the hydric exchanges occurring at sites 2 and 3. But those results prove that an alternation of
upwelling and downwelling can exist in the river Chaudanne and are locally perceptible.
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Fig. 6 – Longitudinal evolution of δ 18O along the stream (from Gnouma, 2002).

Goals and methods
The three traits “Good Ecological Quality”, Eutrophication/Pollution” and “Mud Effect” are important
to consider when assessing the self-purification capacity of the river. The “Mud Effect” must in
particular be eradicated as it is the most detrimental for the biodiversity of the Chaudanne. This was
the first step of the research.
It is easy to discern that the second step is devoted to the study of the physico-chemical significance of
these traits, which first derive from the biological data. This second step is also essential for assessing
the self-purification capacity of the stream, in particular to develop innovative urban aquatic system
rehabilitation techniques for use in future management schemes.
All these results clearly indicate that flows in the hyporheic system must be considered. But its
particular nature, generally considered as a boundary, cause specific difficulties for modelling. The
problem is acute when transient processes, like urban stormwater runoffs discharged through CSO,
have to be considered. For example the water current velocity is usually neglected when calculating
head by groundwater numerical models, and this assumption could be criticised in such a case.
Likewise, differences of time steps between usual models of surface and groundwater can also be a
problem.
Our PhD. thesis is still at its stage of system analysis, before the model could be elaborated. We need
now to observe at a finest scale the existence of exchange zones between surface and subsurface and
to locate them, with the estimation of the flow direction dynamics. The factors exerting a hydrological
control on the system, like head gradients, must be identified. The objective is to be able to prioritise
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processes and to simplify the problem, by possibly characterising and modelling more precisely a
functional unit.
We will at first focus on the site 3, which is equipped with 3 automatic samplers of surface water:
immediately upstream of the CSO, at the CSO's exit and 150 m downstream. Some parameters like
electric conductivity, pH values, etc. can be measured continuously during rainfall events.
The groundwater of the adjacent aquifer will be surveyed by the aim of piezometers and tensiometers.
The topography of the site will be mapped with enough accuracy and the lithology described (by
means of core samples and electrical probes).
At last, a prototype of a three depth hyporheic water sampler is in the course of being developed. The
aim is to use the less as possible destructive protocol allowing to sample a small volume of water and
to increase the number of measurement points. At site 3, a survey comprising 30 transects, with 9
points in hyporheic zone and one surface sampling by each transect, is planned. The electric
conductivity at each point will be measured in situ. The electric conductivity in three dimensions along
the 150 m reach will be thus mapped for detecting the hydric exchange zones. Six biological samples
will also be collected at the same site. The low and high discharge periods will be considered.
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Impact of urban water discharge on
the water and sediment quality of a
river in the south of Morocco
(Ouarzazate region)
M. Sadani, N. Ouazzani, L. Mandi & M. Meybeck
I. INTRODUCTION
Aquatic ecosystems are generally subject to different source of pollution due to their proximity of
urban activity. The reject of raw wastewater are principals. Due to the fact of their wealth in organic
matters, minerals and sometimes toxic, wastewater constitute a real threatens for the environment in
general and water resources especially .
The objective of this work is to evaluate the impact of Ouarzazate urban water on the quality of the
water and sediments of the Ouarzazate river covering the urban centre and feeding the lake Mansour
Eddahbi, principal drinking water resource in the region.. A particular attention has been put on the
particulate pollution.

II. GEOGRAPHICAL SITUATION
Ouarzazate is a city of the Moroccan Southeast situated at 200 km of Marrakech. It constitutes the
place chief of the province of Ouarzazate. It is limited by Marrakech to the north-west (crest of the
south slope of the High - Atlas), the province of Azilal to the North-East, the province of Zagora to the
Southwest and the province of Taroudant westward .
Ouarzazate river : it is a river that takes source at feet of the High - Atlas of the North-East. Its non
perennial flow is insured by the confluence of the atlasic rivers : Iriri, Imini and El maleh. It crosses
the under basin pouring Ouarzazate and the urban center and constitutes with Dades river the main
two affluents of the of lake Mansour Eddahbi and Drâa river.

III. CLIMATICAL DATA
The climate of the zone is characterized by a very emphasized aridity. It have a continental tendency.
Summits of the High - Atlas to the North constitute a natural barrier for the rain from the ocean.
The analysis of the ombrothermic diagram (fig. I) of the station of Ouarzazate shows the rarity of
precipitation. The period of dryness can go from 10 to 12 months in the region.
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Fig. I: Omrothermic diagram in Ouarzazate station

IV. MATERIALS AND METHODS:
Five stations has been chosen retorted the long of Ouarzazate river upstream and in endorsement of
the dregs of used water reject of the city ( see fig.I). S1 and S2 spaced of 15 Km and situated 5 Km
before the waste water rejection point . S3 corresponds to the point of the rejection of wastewater from
the urban center of Ouarzazate. S4 situated after 1 from this reject and S5 more far and situated at the
arrival of the river in the lake Manosur Eddahbi. The water sampling have been done monthly. For
the sediment, two sampling investigations have been undertaken during the study.
Steady parameters in the water are Total Suspended solids (TSS), dissolved Oxygen (DO), electric
Conductivity, COD, organic Matters( OM), Total phosphorus (TP), Total Kjeldahl nitrogen (TKN),
heavy metals (Copper, Zinc, iron, manganese, Lead and Cobalt).
Adopted analysis methods are those brought by AFNOR norms and Rodier (1984).
In particulate matter (obtained by settling wastewater) and sediments river are determined pH,
organic matter, TP, NTK and heavy metals. Adopted methods are those described for sediments in
AFNOR norms.

Special analysis of particulate matter in wastewater (Cp M. Meybeck).
The principle consists in collect in a jump a liter of each wastewater sample a day for a period given
and left particulate matter settlement to be done in a great container. The obtained material is then
recuperated to dry and weigh. Analyses are then done in the same manner that for sediments. For our
case, the total volume of collected water was 60 litters for a period of 60 day. Recuperated sediments
were 45.8g. where analyses have been undertaken after crushing and sifting.

V. RESULTS
V –1 Quantification of wastewater rejected
The dysfunction of the sewerage in the city of Ouarzazate and the existence of more than 3 points of
rejects render impossible to quantify with accuracy the wastewater volume generated. The estimation
of the produced flow has been done basing on data of drinking water consumption and taking into
account the rate of return to the sewer . Moreover, a daily assessment of the major wastewater
collector have investigated.
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The table n°I , Summarizes data on the consumption in drinking water and waste water reject of in
the city of Ouarzazate.
Population 1994
39.203
Population 2001

45.537

Cons. moy. annuelle.d’EP(m3/an)

3.094271

Cons. moy d’EP(m3/j)

8477

Dotation moy. domestique(l/hab/j)

75

Cons. moy.EP. pop. racc(m3/j)

5934

Vol.d’EU rejeté(m3/j)

4747

Dotation d’EU(l/s)

55

The retained growth rate is 2.21% per year(S.D.A.U;1994).
The daily steady of the main collector shows that the maximum of wastewater flow is recorded
between 10 h and 16h ( fig. II). Logically, a strong consumption in drinking water is synonymous of
this important reject in sewers.
The average debit that arrives to the bed of the river is around 26 l/s where 50% of the is generated
by the urban center.
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Fig,II: Daily variation of waste water debit.

V-2 Waste water characterisation.
The average composition of rejected wastewater in the receiver media is brought in the table n: III.
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Table n° III : Average composition waste water of Ouarzazate city .
Parameter
Unit
Average (14 analysis)
pH
7,54
T°c
°c
17,0
Cond
µs/cm
3,25
TA
meq/l
0
TAC
meq/l
6,9
DO
mg/l
0,85
COD
mg/l
465,9
DBO5
mg/l
308,1
NO2+NO3
µg/l
58,7
N-NO2
µg/l
9,1
N-NH4+
mg/l
32,7
P-PO4
mg/l
7,76
Total P
mg/l
12,7
NTK
mg/l
80,3
TSS
mg/l
0,63
CLmg/l
713,6
TH
°F
93,3
SO42mg/l
370
K+
meq/l
0.73
Na+
meq/l
16.2
Fe
mg/l
11.1
Mn
mg/l
2.8
Co
mg/l
0.25
Zn
mg/l
3.65
Pb
mg/l
0.23
These used waters are relatively loaded in organic and mineral matters. Contents in elements trace
remain weak what confers them a domestic character.
The flow polluting average daily fathered by the population and rejected directly in the river remains
nevertheless very important (table n° : IV).
Table n° IV : Pollutants flow brought by wastewater of Ouarzazate city .
DBO5

COD

1.4 t/j

2.2 t/j

TP
60 kg/j

TNK

TSS

381.2 kg/j

3kg/j

These quantities of pollution are to harm considerably to the ecosystem already weakned by others
sources of diffuse pollution.

V-3 Composition of particulate matters in wastewater:
Used waters are not solely waters to reject but equally the suspended matter which is very rich and
that generate also a share of pollution as important to see even more.
The analysis of this compartment shows that used waters of Ouarzazate would contain really 0.8 g/l
on the average of settled TSS (average over a period 60jours of steady). Physico - chemical Analysis
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show their wealth , particularly in organic matters, in phosphorus and in heavy metals. Weak
quantities of nitrogen are found.
Table n° V: Composition of particulate matter in the rejected wastewater
µs/cm
%
mg/kg
pH

Cond
(20°c)

C.org

M.org

TP

TNK

Mn

Pb

Fe

7.46

1.9

27.7

47.6

298.16

3.9

57

60.3 29

co

Zn

Cu

2.55

204.6

50.6

V-4 Physical/ chemical quality of waters of Ouarzazate river.
The appreciation of the quality of the river water is done according the analysis of the five 5 stations
choosen and basing on the specific parameters : organic pollution, nitrogenous and phosphorus.

V-4-1 Debit (fig. III) :

3

Flow (m /s)

It is under dependence of the precipitation . The most important debit is recorded in October 99 where
it has reached 5.352 m3/s (period of important flood). The debit remains very weak because of the
weak precipitations and the dryness that rages in the region since a 3 years. To the level of the urban
center the river dries bluntly in July and August due to the fact that the water is deviated for
irrigation. The average debit of the river is around 0.68 m3/s.
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Fig III: Evolution Of Ouarzazate river flow during the
period 99-00

V-4-2/ Matters in suspension (fig. IV ) :
Generally, Ouarzazate river presents a weak contents of TSS , essentially in uphill of station S1 and
S2. Most raised contents are recorded in the station S3 (4.21 mg/l in March ) that corresponds to the
reject point that increase the turbidity of the waterway. In swallow stations, recorded values are less
important. The weak speed of the water would have induced , indeed a settlement of the TSS in the
thread of the water.
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Fig.IV: Spatial/temporel evolution of TSS in Ouarzazate
riverOuarzazate

V-4-3 Chemical Demand in oxygen (COD) (fig. V):
The spatial evolution of the COD in Ouarzazate river is marked by raised contents, generally in the
station S3 (244 mgO2/l March 2000 corresponds to an important reject). indeed, waste water have
contributed strongly to the content in oxydable matter of the river water . For uphill stations, values of
DCO are very weak and testify a good quality of water by report to stations swallow. According to
the international classification for the appreciation of the quality of waters for the parameter DCO,
Ouarzazate river present a very good quality upstream of the reject, bad quality in the point of the
reject and becomes average to good in stations after (annex I).
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Fig.V: Spatial/temporel evolution of COD in
Ouarzazate river

V-4-4 Dissolved Oxygen (fig.VI):
During the period of study, weakest values have been obtained in the station S3 where COD is
important. Contents of oxygen are reduced by approximately of 70% by report to uphill station S1 and
S2 that are well oxygenated. This situation is well emphasis in winter. This would be the result of the
important spill of used waters rich in oxydable matters in S3 staion and that necessitates oxygen for
their decomposition. In endorsement, the regeneration of the oxygen is very slow and weak. Indeed,
despite the weak debit report of wastewater compared to that of the river (Ratio=1/26 on the
average), its power auto - purification remains very weak in relation to the importance of polluting
load received.
For this parameter, the classification of water quality is very good in uphill station (S1 and S2) ,
Middle to bad in station S3 and average to good (S4 and S5).
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Fig.VI: Spatial/temporel evolution of dissolved oxygen
contents in Ouarzazate river

.

V-4-5 The total phosphorus (fig.VII):
Raised values are noted in the station S3, essentially in winter. Maximal contents of the month of
February (2.63 mg/l) and March (2.49 mg/l)are explained by the fact that rejects were more
important in this period and are not deviated to the agriculture as it is the case in Summer period.
Contents become moderate in endorsement of the reject because of the sedimentation of particular
forms of phosphorus.
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Fig.VII: spatial/temporel evolution of total phosphorus in
Ouarzazate river

V-4-6 L'azote total (fig.VIII) :
The figure VIII, shows an enrichment of the waterway in nitrogen in the station S3 (6.25 mg/l in
April) in the same manner that the total phosphorus. One notices also that content are reduced in
Summer due to the fact that wastewater debit rejected is reduced also. The comparison of the
different stations shows that the enrichment in nitrogen reached 98% in swallow stations by report
to uphill stations.
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Fig.VIII: Spatio/temporel of nitogen(TNK) in Ouarzazate
river

V-4-7 Heavy metals (fig.IX) :
Contents in metals remain relatively weak in the different stations although a light increase is noted in
stations swallow.
The mainly domestic character of rejected wastewater as well as the adsorption of metals by the
particulate matter make their effect on the river water not very notable.
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Fig.IX: Variation of average contents of heavy metals in
Ouarzazate river

V. Characterisation of sediments of Ouarzazate river (Annex II).
V-5-1 pH :
According to results of analyses, one observes that there is an acidification gradient from the uphill to
the endorsement. In the station S3, the pH is around 7.46 and very comparable to wastewater value,
what would confirm the wastewater impact on the water as well as on the sediment.

V-5-2 Organic Matters(OM):
In aquatic sediments, the organic matter rate can inform on characteristics of the media, conditions of
deposit but also on the state and the distribution of some nutritional elements.
The evaluation of the contents of organic matters in sediments of the waterway of Ouarzazate shows
that this compartment is moderately represented in uphill stations to the reject (5.3 %) as compared to
stations swallow (14.45% to ++S4). Indeed, swallow stations receive important quantities of organic
matters brought by wastewater flow that are carried by water to swallow stations as the
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sedimentation of organic particles (principal constituent of wastewater) is not done in totality in reject
point ( S3=6.4% of OM).

V-5-3 Phosphorus and nitrogenous compounment:
Sediments in the different stations present an important levels of total phosphorus. Indeed, in uphill
stations, considering the importance of the phosphorus fertilization in the under basin of Ouarzazate,
agricultural zone, sediments is already rich in phosphorus (average of 187%). Furthermore, in
endorsement and mainly in of S3 and S4, appropriated sediments are relatively more loaded in
phosphorus (more of 243 % on the average) that in the S1 andS2. The explanation of a this enrichment
could have be linked to wastewater reject that would bring a supplement of phosphorus ( around 56%
more). However, in Aall time a net diminution of the amount of phosphorus is recorded in the station
S5 that is situated to the mouthpiece of the lake Mansour Eddahbi.
For nitrogen, contents remain relatively weak by report to the phosphorus. One observes the same
manner an enrichment of stations swallow, especially the S4 (1.01% of NTK) that would be the point
of an important settlement of the particulate organic matters brought by wastewater.

V-5-4 Heavy metals :
To the exception of the zinc that presents a light decreasing evolution from the uphill to the
endorsement, One notes a tendency to contents increase for the other studied heavy metals( Fe, Mn,
Pb, Cu and Co). The enrichment of swallow sediments stations in metals would be the direct
consequence of the settlement of particulate matters of waste waters in these stations. Indeed, the
analysis of these matters has shown the importance of their metallic contamination and that would be
behind the contamination of sediments.
On the other hand, the zinc is far more present in water of the river than in the sediment and
probably show a great release of this element from the particulate compartment toward water particles
are put in contact of the river water.

VI. CONCLUSION :
This work shows clearly the risk attributed to the dump of urban wastewater of the city of Ouarzazate
in the waterway that crosses it. In addition to its weak hydraulic regime and severe climatical
conditions in the region, the river of Ouarzazate receives an important pollutant flux generated by
activities of the Ouarzazate urban center . The global water quality of this waterway during the period
of study was good upstream and has degraded increasingly endorsement notably to the contact of
wastewater . The natural auto - purification phenomena in the waterway seems to be exceeded in many
cases . This will have certainly ominous effects on the barrage Mansour Eddahbi, final outlet of this
waterway. This lake constitutes, henceforth, the unique perennial source of water for all the region and
serves since 1997 to the feeding in drinking water of all the city of Ouarzazate and peripheries.
Wastewater impact is not limited to the water solely, but also reached the sediments. These
sediments receive, mainly all pollutants contained in the particulate matter that enriches them in
nutriments, toxic and organic matters that constitute a delayed pollutant source susceptible to reach
the lake in period of vintages.
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Annex n° : I
Station
TSS Min
TSS Max
TSS Moy
class

S1
0.0082
0.86
0.13
Good

S2
0.006
0.43
0.075
Good

S3
0.1
4.21
0.8
Good

S4
0.06
0.39
0.2
Good

S5
0.01
0.8
0.15
Good

Station
DCOMin
DCOMax
DCOMoy
class

S1
0
30.2
12
V.Good

S2
4.6
32.6
16.5
V.Good

S3
16.5
244.4
60.8
Bad

S4
17.6
88.8
37.7
middle

S5
10.5
41.2
22.4
Good

Station
OD Min
OD Max
OD Moy
Class

S1
8.5
10.6
9.5
V.Good

S2
7.8
10.2
8.8
V.Good

S3
2.4
6.1
4.4
Middle

S4
1.85
7.2
5.2
middle-good

S5
3.6
7.4
5.5
Good

Station
TP Min
TP Max
TP Moy
Class

S1
0.002
0.14
0.07
V.Good

S2
0.001
0.09
0.03
V.Good

S3
0.1
2.63
1.02
Bad

S4
0.085
1.25
0.5
Midlle

S5
0.01
0.46
0.15
Good
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Annex n°: II
Ouarzazate river sediments contents on phosphorus, nitrogen, organic matter and heavy metals
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