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Foreword

Water shortage and population explosion are the two parameterswhich at
present are greatlyaffecting the water sector inJordan. During the last three
decades, industrialization, urbanization and agricultural activities have been
growing at very fast rates, resulting in the increasing production of large
amounts of wastes in the form of wastewater, solid wastes and emission gases.

The limited and scarce water resources of the country have showed
continual quality degradation due to the effects of wastewater, solid wastes
and gas emissions, thereby reducing the available amounts of water for uses
demanding high quality.

This situation motivated the Friedrich Ebert Foundation, Goethe-Institut
Amman and the University of Jordan to cooperate in organizing this sympo-
sium with the aim of evaluating the water pollutionsituation in the countryand
the factors which led and are leading to its deterioration and also to suggest
ways and methods to improve the present situation of water quality.

The case studies for discussion refer to the impacts of wastewater
treatment plants on surface and groundwater qualities, the effects of urbani-
zation and industrialization on water quality and the leaching from agrarian
lands and solid waste disposal sites to the surface and groundwater resources.

The review of the present situation of water quality deterioration in
Jordan is followed by discussion of German experiences in alleviating similar
water pollution problems.

As a result of this symposium relevant ways and adequate measures are
recommended for abetter utilization of the scarce water resources endangered
by over-exploitation and pollution.

The organizers and contributers to the symposium hope that the recom-
mendations will form a basis for sounder water resources and environmental
management.

The Organizing Committee
Dr. Matthes Buhbe

Friedrich Ebert Foundation, Amman
Hinrich Reinstrom

Goethe-Institut Amman

Dr. Elias Salameh
University of Jordan, Amman
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Opening Address

Excellencies, ladies and gentlemen:

On the 14th of October 1990, Jordan and the Arab countries celebrate
the “Day of the Environment”, underscoring the internationality of the
subject and the longing of Jordan to preserve nature and to restore what has
been damaged.

Truly, environmental problems have become central issues imposing them-
selves on mankind, regardless of race or social status. Scientists are now
concerned about poliution, exhaustion of natural resources and imbalance
in the equation of socio-economics and population growth,

Nowadays, an individual on one side of the Earth affects the natural
environment of another on the other side. Environmental issues and their
technological solutions have moved to the forefront all over theworld. On
this basis Jordan is co-operating with two German institutions, Goethe-
Institut and Friedrich Ebert Foundation, to hold this conference. The ex-
change of ideas among scientists is very useful for all partners and facilitates
solutions to and avoidance of environmental problems.

Tudustrial development and industrial refuse have affected water resources,
as their wastes appear in surface and groundwaters. Also, domestic waste,
algaecides, insecticides and fertilizers have reached various water resources,
rendering them unsuitable for certain uses and making their treatment
complicated and expensive.

The continuous disposal of wastes into water resources at the present rate
will certainly lead to uncontrollable damage of resources, until we reach a
stage where the damage cannot be reversed. The atmosphere, the rivers, the
natural and artificial lakes and the oceans are able to resist much pressure
before becoming unable to clean themselves. Therefore, we must trynot to put
nature under experimentation; we know that nature has limits and that its
revenge is severe.

The variations in the approaches to environmental problems in the world
are only a matter of administrative arrangements, instructions and environ-
mental by-laws. We believe that Jordan has achieved a relatively high level in
this concern. Itisone of the fewdeveloping countries which have established
departments and associations for studying, conserving and protecting nature.
In Jordan, wastewater treatment plants for the different urban and industrial

wastes have been constructed. Solid wastes are also being disposed of
hygienically. Standards and legislation for the disposal of all types of waste
are under continuous improvement.

In Jordan our concern at present is to reach for a balanced development
between economic growth -- as one of the national polic_y targets --and a clean
environment, as a prerequisite for natural, renewable 1§fe. .

The various agencies in Jordan are employing all their abl_lmes an'd poten-
tials to solve environmental problems rapidly and effectively, since the
continuous exhaustion of natural resources, environmental pol{uuon, and
the imbalance between socio-economic equilibrium and population growth
will all lead to unbearable situations. o

We hope that researchers and interested people will find in this conference
guidance 1o help them in understanding the environmental problems facing
Jordan, especially in the field of water pollution. )

Also, we hope that this conference will be a meeting of thoughts, r(?sultmg

in fruitful policies and methods to achieve clean water suitable for various re-
irements. .
qun’?he University of Jordan would like to sincerely thank Fﬁqdnch Ebprt
Foundation and Goethe-Institut for their contribution and help in preparing
for this conference. Also, our guests from abroad are wrQially welcome in
Jordan and sincerely thanked for their efforts to join us despite the prevailing
conditions in the Middle East.

1wish you every success; may God bless you.

Prof. Dr. Mahmud es-Samra
President of the University of Jordan



Organizing Committee Speech

President of the University Prof. Dr. Mahmud es-Samra, Your Excellen-
cies, ladies and gentlemen:

Jordan is suffering fromwater shortage problems that can be classified as
chronic. The reason for this is the meager rainfall the country receives,
situated as it is in the semi-arid 1o arid climatic zone.

The increasing population hasled to the exploitation of all available water
resources. The issue of water resources has developed gradually and
represents an imbalance in the equation of rescurces and population, from
which the country has been suffering for more than four decades.

Water, inaddition tosoil and air, is one of the major elements of the natural
environment, giving it a dimension that distinguishes it from natural
resources such as oil, iron and copper. Water is a natural resource which can
be affected by all urban, industrial and agricultural activities.

The last few decades of development in Jordan have seen an increase in
the population and new small, medium and heavy industries. Agricultural
land has been énlarged, and there have been changes and advances in the use
of production facilities. The amount of wastewater and solid wastes increased
to around 100 times over their levels three decades ago.

This point demands measures toalleviate the environmental state’s degrad-
ing, especially since the natural system’s ability 1o purify itself is exhausted.
Wastewater treatment plants were constructed in various parts of the country,
but some of them proved inadequate and unable to fulfill the task for which
they were constructed, as can be seen from the papers of the conference.

The effluent of these plants gradually became the main polluter of both
surface and groundwater resources. In addition, solid waste disposal was not
up to standard and also led to the pollution of the different surface and
groundwater resources.

Various industries disposed of their solid and liquid wastes carelessly in
different parts of the countryside, causing them to leach to surface and
groundwater resources and rendering the latter unsuitable for their previous
uses, especially domestic uses. As use of biocides and fertilizers increased,
these eventually reached the water resources, threatening their quality. In
addition to the above, overexploitation of some groundwater basins over-
stepped the abilities of their natural system to clean themselves and caused
their depletion and salinization.

The above-mentioned pollution processes caused the present imbalance
in Jordan’s water resources and limited their potential uses. This meant that

8

meager water resources were pushed into more severe edges, with the conse-
quence that water resources will diminish with time, due to pollution.

The above aspects have been discussed in different symposia in Jordan, for
which the University of Jordan was either the initiator or a contributor. In
this symposium we consider a new dimension: the economic aspects of water
pollution. The effects of pollution are certainly reflected in the economy,
occasionally spontaneously or -- as in most cases -- after a while, to be felt
perhaps even by future generations.

The University of Jordan has drawn attention to water pollution through
various conferences held on its campus and through different reports
submitted to the concerned agencies. To this we can add the published work
and theses of many students.

In this symposium the University is cooperating with Friedrich Ebefl
Foundation and Goethe-Institut to discuss water pollution issues and their
economic aspects. We hope to gain from our guests” experience in pollution
control, avoidance and prohibition, and environmental impact assessment:

This is not the first symposium in which we have cooperated with Friedrich
Ebert Foundation and Goethe-Institut. On this occasion we want to express
our sincere thanks to both institutions.

On behalf of the organizing committee, [ would like to welcome our
audience and express my thanks to the president of the University of Jordan
and its administraiton for supporting this and other conferences. Lastly, 1
would like to close my speech asking the Holy Spirit to help us in the benefit of
this societyas a part of mankind and to give us wisdom and insight in our deeds.

Prof. Dr. Elias Salameh




1

Impact of liquid
wastes on surface and
groundwater resources and their
elimination through proper
treatment and reuse

Prof. Dr. rer. nat. Ludwig Hartmann
Professor of Bioengineering
University of Karlsruhe
Karlisruhe, Germany

Definitions

To cover the full title of this paper would require atleast a full semester
ofa two-credit-hour class. Butas only roughly one hour is available, we shall
restrict our discussion to a few selected details. Therefore, let us understand
the title asfollows: by “liquid wastes” we mean municipal wastewaters of a
somewhat standardized township with mainly domestic wastes and no sophis-
ticated chemical industry, the term “elimination” is restricted to those
physical, chemical and biological processes appearing in a normal plant; and
by “impact” we mean the import of pollutants into natural ecosystems and the
changes caused by these imports.

Poliution and pollutants

Our first task is to analyze wastewaters with respect to their polluting
potentials. The best way to do this is to make a short journey through the history
of wastewater treatment, in which we will quickly find that treatment has always
beendone only to cover the minimum needs. Man has never done more than
he was forced 1o do.

11



12 Impact of liquid wastes on surface and groundwater resources

® When epidemicappearances of cholera and typhoid fever were understood
to resuit from poliution of drinking water through human wastes, the
response was to export human wastes into nearby rivers by establishing
sewer systems.

® When, as a consequence of this, it was observed that rivers were polluted
attheinlets by big particulated matter, the technical response was to install
screens.

® When itwas learned later that settleable solids of organic naturestill created
putresciple sediments, the technical response was to build sedimentation
tanks.

® When it was learned that in spite of these technical instruments, rivers
still were polluted to a high degree by unsettleable organic materials, the
technical response was to develop and install technologies to oxidize the
organics within the treatment unit. The instruments were “activated sludge
plants” and “trickling filters”.

® When itwaslearned that despite these installations, the rivers nowbecame
polluted with oxidation products, which cause heavy eutrophication, man
tried to develop methods for phosphate precipitation and denitrification.

But the problems are still not solved. Now we learn that roughly 30% of the
organics pass our treatment units unchanged, that heavy metals cause other
problems, and that the integration of nitrogen removal and phosphorous
removal into municipal plants is a problem in which we do not see much
progress. We have learned that the main problems we face are:

- elimination of pathogens and intestinal worms;

- elimination of settleable organics to prevent putresciple sediments;

-elimination of dissolved organics to prevent oxidation processes in the
flowing waters and the production of toxic ammonia and oxygen depletions;

- elimination of eutrophying substances like nitrates and phosphates;

- elimination of heavy metals and halogenated hydrocarbons and other
organics of lowdegradability, to prevent permanent changes in our ecosystems
and also to prevent deterioration of our natural water reserves.

Some of the problems are created as a consequence of treatment. For
example, oxidation of organics in the aerobicor anaerobicbiological processes
increases the concentration of inorganics in the effluents and also causes river
pollution. Our treatment plants employ a great variety of tools which are in
many cases not coordinated and not integrated; new tasks call for new tools,
which will be difficult to integrate into existing plants.

Potentials and constraints of aerobic treatment units

The natural self-purification system. To gain clearer insight into the tasks we
are facing, we should analyze the main instruments of our treatment plants
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according to their potentials and constraints and try 1o build a new approach
around them. The question is: What can be achieved with the classical
instruments of aerobic treatment, the activated sludge systems and trickling
filters, and is it possible 10 arrange additional elements for other tasks around
these tools? The basis of all aerobic treatment is the system of natural self-
purification in aquatic systems. Natural self-purification is the tool nature has
developed to re-establish original conditions if natural or outside impacts
disturb the equilibrium between production and degradability.
Under such conditions we observe the following (Figure 1):
® At the beginning we have conditions characterized by a high nutrient
concentration for chemo-organotrophic bacteria and a low number of
feeders. The natural consequence is that this high organic load initiates
proliferation of those bacteria able to feed on it, resulting in the highestyield
possible. (By the term yield we understand the transformation of organic
feed into bacterial cells.) Roughly 50% of the nutrients will be incorporated
into bacterial cells.
® After this first reaction, the situation is characterized by a high concen-
tration of bacteria-lacking nutrients. The consequence is that bacteria
have to undergo self-respiration to cover the energy demands, and new
organisms, ciliates, will appear, decimating the bacteria. Through the self-
oxidation of bacteria and through the activity of ciliates, organically fixed
nitrogen and phosphorous are released again into the liquid.
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¢ Phase Il is characterized by an almost complete oxidation of the organics
and by high concentrations of ammonia. This ammonia induces prolifera-
tion of nitrogen-oxidizing bacteria, which leads to nitrates.

® In phase [Vwefind high concentrations of the oxidation products (nitrates
and phosphates), which stimulate algae proliferation. The inorganics will
again be transformed into organics. The cycle is closed.

Observing the oxygen consumption along this process we find proof for our
theoretical explanation. The DOC is almost completely eliminated in phase
I; the following oxygen consumptions are caused by secondary reactions
(Figure 2).
Here it is also
necessary  to
correct the origi- mitrogen oridatian
nal BOD the-
ory. BOD re- 6@ oo ...
actions never
were and never
are, asis under-
stood and out-
lined in most
text-books, first-
order reactions.
They can never
be first-order re-
actions,butare,
asaresultofthe
biological reac- BoC
tion chain, also 1
a chain of indi-
vidual oxygen
consumptions,
as described. L

TeChnical \\/ Nitrification
aerobic biologi- \ Srommmmmooo o
caltreatment of
liquid wastes
can be nothing d
- 3 Flateau BOD
but the techni- N (degradation of dissolved crganics)
caloperation of R
this reaction ! ' i T .
chain, or at least
parts of it. Figure 2. BOC curve.
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The activated sludge process. Let us see how the activated sludge process
tries to copy the natural process (Figure 3). An activated sludge unit consists
ofthe reaction chamber to house the biological process and asedimentation

Reactor

Sedimentation tank

Aaration

sluage
Qus e
1
Q : Inflow
Quy : Sludge fesd-back
G, :Sludge yiald
0, : Treatad effluent
Figure 3. Activated sludge system.
High - Rate System
Inorganics  — — - Sludge yieid
—% 5
Ha0
CO:
NHy
Low - Rate System
oudation Net yield
of sludge
Inorganics — — - Gross ) (endogenous H0
yield respiration
ciliates) COz
-+ s NH
HQ
£0, Ny

S = Organics
B = Bacteris
Ns= Nitrosomonas
Ny= Nitrobacteria

Figure 4. Biological system of activated sludge treatment.

tank to separate
the settleable
products from the
liquid. The set-
tleable products,
the sludge, is har-
vested and partly
recycled into the
reactor to keep
the process inop-
eration. Thedaily
surplus is removed
and brought into
sludge-handling
tools.

The biological
System permits op-
eration between
two extremes (Fig-
ure 4). One ex-
treme would be
full oxidation of
organics; the other
extreme would be
to cut the reaction
chain after the first
phase and to aim
for the highest
sludge yield pos-
sible. In the first
case, we would
have a low-rate
systemwith a high
diversity of organ-
isms doing the
task. In the sec-
ond case, we have
avery short reac-
tion chain, with a
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Figure 5. The activated siudge system depending on the F/M ratio.
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biocommunity consisting mainly of chemo-organotrophic bacteria. But of
course, thisis not the full answer. The system is much more complicated and
has many more facets to be observed.

Additional information is given in Figure 5. Which system we employ
depends on the amounts of organics fed to the amount of bacteria per time,
expressed here as the F/M ratio. At high load ratios we find conditions as they
are expressed in phase 1 of the natural self-purification process, as illustrated in
Figure 1. The result is 2 mass increase in bacteria. Lowering the F/M ratio
means approaching phase II of the self-purification system, characterized by
lack of food for the bacteria, by self-oxidation and by the appearance of ciliates.
Further lowering the load leads to the oxidation of ammonia into nitrates.

All these options are technically realized in various forms. The two
extremes we find in high-rate plants on the right side, followed by low-rate
plants in the middle, and by oxidation ponds to the far left.

The numerical values for the F/M ratios are those for climatic conditions
as they exist in Germany, with wastewater temperatures between 15°C. and
17°C. in summer. In a subtropical country, with temperatures expected tobe
in the high 20s, the F/M value for the same biological system should be
multiplied by a factor of 3 to 3.5.

h) Nitrification status

N-incorporated into
bacteria

organic-N in waste water

T T

T
S e

© |
i

F /M-ratio

Figure 5, continued.
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The trickling filter. The
same information can be
V4 - ' found in the biology of a
— tricklingfilter (Figure 6) as
in an activated sludge
\ process. The biodegrada-
.‘ tion follows the same pat-
; temns and, depending on the
' load, we reach either full
; oxidation or high transfor-
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ot the proper aerobic unit and

theconditionsof operation.

This, of course, dependson

the local situation, espe-

cially on the economical and
ecological frame.

In this text conditions
are given which lead to se-
lection of a high-rate activated sludge plant as the main tool. This high-rate
activated sludge plant will have a treatment efficiency of roughly 80% BODS
elimination, the remaining BOD mainly stemming from the endogenous
respiration of free-floating bacteria, from nitrification and from oxidation
of organics with low degradability. Therefore, additional tools have to be
added.

Integration of polishing instruments. Polishing means the elimination of
free-floating bacteria and microflocs and the oxidation of ammonia. These
tasks can be performed by several tools. For rural areas in subtropical and
tropical environments, agricultural use of effluents maybe the best choice, as
wellas introduction of the activated sludge effluent into fish-ponds and algae-
ponds.

Under different conditions, especially for big municipalities, the combi-
nation with a trickling filter is a better choice (Figure 7).

Practical experience proves thata combination of high-rate activated

0.5 : organic substaces
B : bacteria

Figure 6. Biological system and mass transferin
a trickling filter.
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Figure 7. Trickling filter efficiency for polishing activated sludge effluents.

sludge with polishing through trickling filter yields effluent qualities far above
official requirements, with BODS5 concentrations below 5 ppm in summer,
and COD concentrations below S0 ppm.

The task is done by different natural elements: bacteria are eliminated by
ciliates, ammonia is oxidized by nitrifiers, and even halogenated hydrocarbons
may be attacked and degraded by special forms of bacteria.

Integration of presedimentation. Primary clarifiers to eliminate
settleable solids before biological treatment are a traditional tool in treatment
plants. However, biological and technical observations reveal they are not
needed anymore, especially in high-rate plants. The sludge to be settled in
primary tanks consists of a high percentage of bacteria needed in the aerobic
unit. Furthermore mixing primary and secondary sludges improves physical
characteristics without hampering biological efficiency.

The argument that presedimentation is necessary to reduce the load for
aerobic units is not valid, as the aerobic unit is operated under conditions
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which prevent oxidation of particulate organics.

Integration of phosphate removal. There is much discussion about biologi-
cally induced P-removal. I will not go deeper into this matter, as the scientific
background is not yet understood. For the removal of phospates in
combination with aerobic treatment units, we have the following options:
® fixation in bacterial masses (The amount and efficiency is controlled by

the production potentials of biomass, which in turn is controlled by the con-

centration of organics);

® bio-precipitation in flocs and films in connection with the anaerobic release
of phosphates;

® biologicai fixation through algae and green plants, which canbe performed
by agricultural irrigation of wastewaters respectively in fish-ponds and
algae-ponds;

® chemical precipitation (the most common practice). Inconnection with
tpef‘activated sludge-trickling filter system” proposed here, chemical pre-
cipitation should follow the trickling filter.

Intaigrah’on of nitrogen elimination. As is the case for phosphorous, there
are various options for eliminating nitrogen:
® The first is incorporation into bacterial masses in high-rate plants. With

the composition of wastewaters we have in normal municipalities, this

amounts only 10 roughly 17-20%, as the C/N ratio is around only 4/1. For
an optimal N-assimilation in bacteria, a C/N ratio of 12/1 to 15/1 should
bc:-‘, present. This means most of the nitrogen has to be transformed into
nitrates.

® Elimination of nitrates follows that of phosphates inbiclogical systems
on land orin ponds and occurs through transformation into plant masses.

® Other, technical elimination in treatment plants is performed by biologi-
cal denitrification. The treated effluents of nitrifying units, in our case
the trickling filter, is mixed with the raw wastewaters and used as an oxygen
source. The nitrogen will be transformed in gaseous nitrogen and released
into the atmosphere.

® Anew technical method is currently under survey. It involves the chemical
transformation of ammonia into ammoniumsulphates and removal of the
reaction product.

Elimination of pathogens. Pathogens will not be eliminated to a high degree
in high-rate plants, but need additional polishing units, suchas trickling filters,
land treatment and ponds.

Elimination of intestinal worms. The eggs of intestinal worms are elimi-
nated traditionally in primary sedimentation. If primary sedimentation is
skipped, sediment elimination occurs in the sedimentation tanks following the
activated sludge unit; destruction is performed by most sludge treatment
operations, especially through anaerobic digestion.
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Elimination of organics with low degradability. Such organics, especially
halogenated hydrocarbons, need highly specialized bacteria which exercise
only low degradation velocities and therefore need long generation times.
Such organisms cannot be held in activated sludge plants, but they can establish
themselves under conditions that are also optimal for other bacteria and the
ciliates with long generation times; this is either a terrestrial environment or a
trickling filter.

Elimination of heavy metals and other toxicants. Elimination of heavy
metals in biological piants is possible, but not advisable. Elimination occurs
as a result of chemical reactions between cell surfaces and metals. In higher
concentrations, this leads to inhibitions of the non-competitive type, with a
reduction of degradation potentials. Also, sludges enriched with heavy metals
need special treatment and cannot be used for further integration into natural
systems. Elimination of heavy metals has to be performed at the place of their
origin. A municipal waste treatment plant is not the place to deal with this
matter.

Recycling of wastes

Waste treatment can be connected with agricultural use or can be used to
feed fish-ponds. This applies to a greater extent when wastewaters are more
defined. Wastewaters with a well-defined composition of pollutants are
found especially in agro-industries. Such wastes do not contain human
parasites or pathogens and only seldom contain other toxicants. The recycling
potentials show a high variety of options, which include the creation of fuel
and many possible fermentations into biochemical products, as well as
application on land and for aquatic production systems (Figure 8).

Waste prevention

Wastes are normal by-products of all technical processes and can never be
fully prevented. Still, thebest way to prevent environmental pollution is
to prevent wastes. Practical experience proves that whenever the need arises,
solutions can be found to improve technologies so that fewer or less harmful
wastes are produced. For example, in a chemical factory known to the author,
the amount of liquid wastes was reduced from 50 cubic metres per day (with
halogenated hydrocarbons) toless than 2 cubic metres per day. This occurred
after new limits were set up by the administration and represents the rule, not
an exception, in industry.

Another important problem we face increasingly s the production of more
and more synthetic substances with low degradability. It should be required
thatall new syntheticsubstances be tested with respect to their environmental
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Figure 8. Potentials for transformation and use of organically polluted wastewaters.

stress potentials. For substances in wastewaters, such a test should not only
includeasimple BOD test, but should alsoanalyze the kinetics ofdegradation
and the optimal biological conditions for degradation. For example,
literature in the field indicates that the substance NTA (nitrilo-tri-acetic-acid),
used to replace polyphosphates in washing agents, is degraded in all activated
sludge plants. Closer analytical tests, however, prove that degradation is
possible only in low-rate plants, or in polishing units. Only under such
conditions can the bacterial specialists survive.

Summary

A short historical review shows that treatment plants have been developed
onlyafter problems have occurred. Therewas never a time when we were fully
prepared to cope with a new task. Wastewater engineering is always one step
behind the needs.

The high diversity of poliutants of totally different origins and natures and
with varying physical, chemical and biological characteristics requires
different tools. Thereis no plantexisting orenvisaged in the near future which
wouid be able to cover all the problems.

A good approach is to select one basic tool and try to integrate tools for
other tasks within this main tool. The main toolwill be in almostevery case (for
municipal wastewaters) an activated sludge plant surrounded by other ele-
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ments for polishing, or for the elimination of nitrogen, phosphorous, etc.,

according to the local sitvation. Some tasks, like elimination of pathogens or

eggs of intestinal worms, are automatically performed to a high degree in
connection with the task of eliminating degradable organics.

® Special wastewaters with certain pollutants have to be treated at the place
of their origins. For wastewater of agricultural production, direct or
indirect recycling should be favoured. For wastewater of industrial
background containing toxicants, treatment must be economically
included in the production process of the main product.

® Besides this, there appears a multitude of organics of unknown chemical
composition and environmental significance. Theyshouid be permitted for
publicapplication only afteriab tests have proved their degradability and
the conditions of their degradation.

e Finally, we should always be aware that treatment plants have to be
composed according to local conditions. Depending on the amount and
composition of wastes, an integration of tools hastobe found that not only
meets the demands stemming from the wastewaters but also can be
integrated into the existing economical and ecological frame. This
integration demands a high degree of additional knowledge.
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surrounding area
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Abstract

Jordan has a semi-arid climate, hot summers and very scarce water re-
sources. The growing consumption of water has surpassed all needs of the
countryand is due to the remarkably high population growth rate and continual
upgrading in the standard of living. Agricultural and industrial needs are also
increasing rapidly. Jordan’s water resources are nearly exhausted, and by the
year 2000, the country will be suffering from a water shortage. Even the
valuable fossil water has been used for irrigation in certain areas of the country.
Also, due to unsound planning and lack of proper insight, wastewater from
sewage treatment plants such as Khirbet es-Samra (KS) waste stabilization
ponds, some 40 kilometres north-east of Amman, is disposed of into Wadi
Dhuleil. Before 1985, when the KS plant was established, the groundwater in
Wadi Dhuleil was of high quality and was used by the inhabitants of the
area for their domestic and irrigational needs. After 1985, many well owners
started to complain about the quality of their well water; many wells, such as
the Tillawi and Hashmiyeh wells were rendered unusable, even for irrigation.
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In this study, three wellslying downstream of the KS plant outlet and two
wells lying upstream of it were monitored. Historic results over the past one
or two decades were used in evaluating the effects of KS effluent on the
groundwater resources of the area.

Prior to 1985, the downstream wells were of high quality, but later the
water started to deteriorate. Increases in all parameters are encountered,
although initially (prior to 198S5), increases in certain parameters were mild
and were due to overpumping of the well water. Later these increases
continued at a much higher rate, although the water table in the area hasrisen
by some 20 metres with a variety of indications showing domestic wastewater
pollution effects. Groundwater level measurements indicate arecharge mouth
in the KS areaand along Wadi Dhuleil. Hence, it can be deduced that a source
of inferior water quality is recharging the groundwater and causing these
increases in parameters. Since no source of pollution other than the KS plant
is encountered in the area, and because the parameters in the groundwater
increase towards the KS plant and Wadi Dhuleil, it canbe deduced that the
effluent from the KS plant is polluting the groundwater and rendering it
unsuitable for almost all purposes. Such disposals impose yet another
constraint on the country’s water supply.

Comparatively, the two sample wells taken upstream of KS showed mild
increases in the water quality parameters until 1981-1982,due to overpumping
of the well water. But due to several wet years, the water table rose and these
values decreased and then continued at a constant level.

Since the groundwater flowis in the direction of Wadi Dhuleil, the negative
effects of KS on groundwater resources can be clearly seen. If not stopped,
this continuous manipulation of the groundwater resources will further
pollute the groundwater resources of the entire area.

Introduction

In the past, water contamination was primarily due to the presence of
microbiological agents. However, with the modern style of living, entailing
the great expansion of industry and use of many artificial and chemical
products, water became affected by pollutants. Although many advances in
public health have been made, incidences of waterborne diseases still occur
even in developed countries rich in water resources. Use of untreated, con-
taminated groundwater has been responsible for a large percentage of disease
outbreaks.

The chemical and microbiological agents that adversely affect the quality of
groundwater come from a variety of sources, including land application of
agricultural chemicals and organic wastes, infiltration of irrigation water,
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septic tank disposals, and infiltration of effluents from sewage treatment
plants, pits, lagoons and ponds used for storage.

In Jordan, major water problems are being encountered nowadays and
these are expected to increasein the near future unless proper solutions are
forthcoming. Jordanis suffering fromscarcity of water bothinits ground and
surface resources, especially with its high population growth rate and continu-
ousupgrading in the standard of living, not to mention the remarkable pace
of development in the fields of agriculture and industry. So far, even the
priceless fossil water available in certain areas in the countryiscurrently being
exploited and used for irrigation.! Some groundwater resources as well are
being polluted by irresponsible and careless disposal of sewage treatment
plant effluents, where the degree of sewage treatment is not high enough to
produce an effluent quality suitable for the recipient groundwater.

In general, sewage treatment plants aim at getting rid of chemical and
organic pollutants so that the treated effluent can be safely disposed of in
surface water resources, lakes, or dams,or used in agriculture and industry, or
used to directly or indirectly recharge groundwater without affecting its
quality. The method and extent of sewage treatment 1o be used depend on
many conditions, such as the degree to which the effluent affects its recipient
water course and the consequent advantages and disadvantages to other en-
vironmental elements. Inno casecan a countryscarce in water resourcesadopt
the standards of one rich in surface and groundwater resources. Since most
countries which have established guidelines are rich in water, it will not be
feasible for a country like Jordan to adopt them.

Treated effluents can be discharged into valleys if:

- the effluent quality is very high;

- the amount of surface water is large enough to dilute the effluent;

- the groundwater feeds the surface water and not visa versa.

Therefore the decision to construct a treatment plant is a difficult one
totake; it has to be considered very carefullyin terms of environmental impact
upon elements such as water resources and the general needs of the country.
The environmental impact assessment should also be in accordance with
the sustainable environmental management of the country, which depends
on sound and appropriate environmental policies and strategies.

Prior to 1969, the sole wastewater disposal method in Amman was the use
of cesspools and septic tanks, which posed a threat to drinking water supplied
by the groundwater resources underlying the inhabited area of the city. The
Jordanian government thereforestarted to connect houses througha network
of sewers to a conventional treatment plant, Ain Ghazal Treatment Plant
(AGTP). By 1980, the high BODS concentration of 960 mg/1 in the influent
resulted in organic overloading which necessitated remedial measures. The
Water Authority thought that constructing another treatment plant toserve the
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cities of Amman, Zarka and Ruseifa, i.e. 40% of the population of Jordan,

would be more appropriate than enlarging AGTP. .
But as an immediate relief 10 the overloaded AGTP, waste stabilization
ponds were considered most suitable, and Khirbet es-Samra (KS) was con-
structed. The system consists of three parallel trains, each a series of two
anaerobic, four facultative and four maturation ponds.
The es-Samra ponds were designed to handle loads projected for the year
2000. Design parameters are:

Average dry-weather flow = 68,000 cu.m./d.
Peak wet-weather flow = 148,000 cu.m./d.
BODS loading = 35,750 kg/d.
BODS of raw sewage = 526 mg/l.
Suspended solids loading = 42,000 kg/d.

The anacrobic ponds’ total surface area was 19 hectares with 8 days’
hydraulic retention time. Maturation ponds occupied another 75 hectares
with 14 days’ retention time. Although it was well known that the raw sewage
BODS5 was in excess of 900 mg/l, KS was designed to handle a BODS of 526
mg/l.

g/lThe effluent from KS flows into Wadi Dhuleil, which joins the ZarkaRiver
and King Talal Dam, where it is stored and used for irrigating crops in the
Jordan Valley area (Figure 1).
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Figure 1. Location of Khirbet es-Samra, Wadi Dhuleil and Zarka.
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The designofthe treatment plant is such that the ponds occupy 181 hectares
of land with an effective volume of 2.8 million cubic metres. During construc-
tion, the floor and embankments of the ponds were not lined. They were
expected 1o self-seal within the first year of their use. The infiltration rate
initially was very high, which meant that large quantities of polluted water have
seeped through to the underground. Noweven fiveyears later, the ponds have
not sealed off completely.

Residents of the Dhuleil and Zarka area started to complain about the
quality of water flowing in the Zarka River, which they had used over a long
period of time for various purposes, including domestic uses. Moreover, Seil
€z-Zarka and Wadi Dhuleil became breeding sites for insects and developed a
foul odour. A number of official complaints was registered with the
government concerning the taste, odour and salinity of groundwater in the
area, which the inhabitants used for drinking, watering cattle and irrigating
their land along the Zarka River.

Performance of Khirbet es-Samra

The flow of KS exceeded 73,000 cu.m./d in 1987, with a BODS loading of
more than 750 mg/l. By 1990, however both the hydraulic flow and organic
loading were much higher. Other parameters such as TSS, TOC and COD
were also very high at the inlet and accordingly at the outlet. It can be
concluded that the plant is already overloaded and would in no way withstand
the projected loads of the year 2000. Moreover, this method of natural
treatment is not recognised as suitable for dry, arid or semi-arid regions.?

Not only is the plant handlingvery high organic and hydraulicloadings, but
the sludge accumulation at the bottom of the ponds leaves us with even less
effectivedepths, i.e. less retention time and therefore less treatment efficiency.

The BODS in the effluent of the plant exceeds 100 mg/l, which is more than
the 30 mg/l value set by the adopted Jordanian guidelines. Suspended solids
are above 185 mg/l in the effluent, again nearly more than triple the value of
50 mg/l set by the guidelines. COD leaving the plant exceeds 400 mg/A. The
number of faecal coliforms leaving the plant varied between 34,000 and 100/
100 ml, depending on the extent and effectiveness of chlorination taking
place at the outlet of the pond system. The values of TOC, PO, and NH, are
aisohigh in theeffluent, which shows that treatment at KSisincomplete. The
fact that it contains NH, and not NO, indicates that no nitrification is taking
place. The effluent also contains Purple Sulphur bacteria, which proves that
anaerobic conditions are prevailingin all treatment stages at KS as a resuit of
overloading the plant.

The designers of KS anticipated that further tertiary treatmentwould surely
take place along Wadi Dhuleil and in King Talai Dam. Comparing pollution
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parameters of KS effluent with the flow in Wadi Dhuleil some 12 kﬂ9metms
downstream of the KS plant shows that there are some increases in these
pollutants along the course of Wadi Dhuleil (Table 1).?

Usually the

Table 1 gﬂluent of KS plant

Concentration of pollutants at KS outlet and is the only surface

12 kilometres downstream water that ﬂow§

through Wadi

Parameter Annual average  Concentration at Dhuleil. Even

mg/1 KS outlet 12 km downstream during the winter

season, which is

BOD35 115 92 Jordan’s only rainy

¢coD 406 330 season, there are

%OSC i;g ;g no more than 30

Total coliform rainy days. There-

count/100 ml 2976 8443 fore nodilution of

Faecal coliform this  relatively

count/100 ml 217 1143 strong  sewage
takes place.

Moreover, the water table in that area is close to thesurface, and thesurface
aquifer is unconfined and consists in its upper portions of highly permeable
wadi deposits. The surface water feeds the underground water (Figure. 2).
Consequently, the water table has risen by some 20 metres in the immediate
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Figure 2. Water flow downstream of Khirbet es-Samra.

surroundings of KS, as a result of the formation of this recharge mouth. This
rise dies off gradually in a radial way. The groundwater quality along Seil ez-
Zarka has greatly deteriorated due to this recharge with polluted water from
KS effluent and from the seepage of irrigation water used in KS area; it is no
longer suitable for drinking. o
This continual seepage into the underground may reverse the direction
of underground water flow and thus negatively affect the entire Zarka area,
Khaou, es-Sukhneh and along Seil ez-Zarka. Also, organic amounts have
greatly increased along the Zarka River course, and the amount of oxygen has
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decreased until Jerash bridge. Coliform and faecal coliform numbers increased
greatly along Wadi Dhuleil and Seil ez-Zarka as a result of regrowth of these
microorganisms. Table 1 shows the ineffectiveness of chlorination at the KS
outlet. The effluent of KS contains large amount of non-biodegradable matter,
which remains as such evenafter it reaches King Talal Dam and King Abdullah
Canal. The nature of poilutants reaching Seil ez-Zarka, such as ABS and NH o
hinders bio-life in the water, especially algae and aerobic bacteria, and this
retards self-purification of the water.

The groundwater quality along Seil ez-Zarka has been negatively affected
since the start of the KS plant. Also, the water quality of King Talal Dam,
the recipient water body of KS effluent, has deteriorated to the extent that it
can no longer be used for unrestricted irrigation. Hence, the government has
issued a defence decree prohibiting the irrigation of edible vegetables with
its water.

Comparison of the quality of groundwater in Zarka area with that of Wadi
Dhuleil is shown in Table 2. The great increase in the amount of pollutants in
Wadi Dhuleil can be readily seen, and this is primarily due to the presence of
the KS sewage treatment plant in the area and discharge of its effluent into
the wadi. The dramatic change in Wadi Dhuleil water quality can also be seen
when comparing results prior to 1985, i.e. the commencement of the KS plant,
with those after 1985 (Table 2).

Table 2
Average chemical parameter values for
groundwater in Wadi Dhuleil and Zarka areas

Parameter Zarkaarea  Wadi Dhuleil area
1985 post 1985
ECusfcm 1700 1706 3359
pH-value 125 7.56 7.34
Ca meq/! 5.55 6.08 1115
Mg meq/ 39 4.64 10.04
Na meqg/l 757 6.74 14.13
K meg/ 0.157 0.163 0.216
HCO,meg1 435 35 3.08
SO, meg/ 22 4.67 7.34
Cl meg/ 9.66 92 21.88
Br mg/ 3.303 -- 851
I mga 1.141 - 3,018
PO, mg/t 0.266 - 0.375
TOC mg/ 4.86 - 7.816
COD mg/l 246 - 16.19
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Table 2 emphasizes the fact that there must be a source of pollution
affecting the water in Wadi Dhuleil area: salinity almost doubled over the past
fiveyears, and the same applies to nearly all the other chemical parameterswith
the exception of bicarbonate.*

The effects of KS effluent on the
groundwater in Dhuleil area

The effects of KS effluent on the surface water resources of Wadi Dhuleil
and Zarka River until King Talal Dam were discussed in Bulletin No. 10 of
the WRSC, 1987.° In this report, the effects of seepages from KS treatment
ponds and the infiltration of its effluent along Wadi Dhuleil to the
groundwater are discussed.

In the immediate surrounding of KS, no groundwater wells are present,
but some two kilometres west of it is situated a series of productive wells, which
were used to satisfy domestic as well as irrigation needs of the inhabitants
around them. The closestwell to KS is the Tillawi well, which produces water
from the upper unconfined aquifer. Until 1987-1988, the well water was used
for domestic purposes and to irrigate around 40 hectares of vegatable produc-
ingland. Later, the weill was abandoned due to the deterioration of its water
quality. In1986, the owner of thewelistarted complaining about the bad odour
and taste of its water, which rapidly worsened. The crops of 1987-1988 were
so bad that the land was ascribed zero productivity. Table 3 shows the available
results of this well water; no earlier results were available at the Water
Authority of Jordan or from the well owner. The water level of the well rose
by some 19 metres after operations began at the KS plant, which is beyond any
historical level for this well. Salinity reached > 12,000 us/cm during 1989.
Calcium, magnesium, sodium and potassium levels were extremely high,
reaching 73 meq/l, 77 meq/l, 45 meq/l and >1.0 meg/l, respectively. Chloride
and bicarbonate levels were also very high, reaching 120 meq/l and 2.9 meq/l
at times. Sulphate levels of >30 meq/l were detected frequently. Nitrate
reached a value of 477.4 mg/l during 1989. Even ammonia and nitrite levels of
0.6 meq/1and 0.025 meq/i were detected in the well water during 1989. Total
dissolved solids of up to 13 g/l were also found in the well water. These
extremely high values in all the parameters rendered the weli unsuitable for all
purposes; it was abandoned.

Another recently abandoned well, the Hashmiyeh well, formerly supplied
Hashmiyeh village with drinking and irrigation water. With the commence-
ment of KS, this well’s water quality deteriorated to the point that its use
was stopped. Results of recent analysis of the well water are shown in Table 4.

Although KS effluent has a salinity in the range of 2700-3500 us/cm, that
of the Tillawi well and the groundwater in the area reached a value of >10,000
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psfem. This behaviour was explained by Salameh and Rimawi 19887 through
anexperiment where KS effluentwas applied ontoland. The interaction of the
water and soil was measured at different depths. During their experiment,
which lasted 18 months, they were able to show that the salinity of the applied
water increased to 12,000 us/cm at adepth of 140 cm. This demonstrated the
aggressive natureof KSeffluent and the solubility of thesoilin the area, leading
to the increase in the groundwater salinity.

Table 3
Water quality of Tillawi well
Date ECus/om pHaalue Cameg/ Mgmeg/ Nameg/
K meg/l ClmegA HCO,meg!l SO,megl  NO,meq/]
3.7.86 7140 724 405 36.5 832
04 70.6 207 9.46 2.58
22.7.86 8060 735 43 40 9.47
0.44 71.75 2.15 10 29
24.9.86 9520 7.25 63 54 129
0.49 105 13 20.6 3.38
28.10.86 10060 7.17 65.6 558 13.39
0.43 109.5 1.22 20.29 3.22
281286 10520 7.47 70.38 65.28 18.89
0.58 114 194 24.76 4.75
20.1.87 9500 73 56.5 50.1 19.09
0.62 100 1.74 20 4.1
73.87 10490 7.14 71.7 54.55 19.53
0.64 121.38 1.75 26.29 23
74.87 8720 7.16 - 7.7 27.14
0.68 97.83 186 34.43 4.77
13.5.87 10150 7.13 69.5 525 25.7
0.33 110.74 2.28 30.77 4.49
16.9.87 11190 711 716 62.4 24.49
0.5 117.6 26 3252 -
3.11.87 10440 7.25 68.48 64.06 15.87
0.52 115.8 192 26.52 4.16
26.2.89 10110 5.39 59.5 50.5 3548
1.10 103 291 16.69 7.1
26.4.89 12020 451 73 65 45.26
0.84 120 291 20.06 7.7
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The effect of KS plant Table 4
effluent on the groundwa- Water quality of Hashmiyeh well*
terqualityin theareacanbe
readily detected when com- Date 8787 131188 26289
paring the water quality of
the various wells ak)ng Wadi EC us/cm 1830 2040 1940
Dhuleil over the past 15-20 | PH-alue 183 6.75 538

Ca meq/l 48 52 -

years. For this purpose,

Mg meg/l 38 46 -
threewells downstream (Or. | ot m:gn 99 1199 1304
Taha Sultan well, Jordan K meg/ 02 025 027
Pipes Manufacturing Com- Cl meg/! 10.88 12.05 13.25
pany well and Masoud | HCO,meqt 372 436 419
Atiyah well) and another SO, meq/! 3.44 3.45 599
two upstream (Arnous NO, meg/ 0.46 0.85 -
Aquel 1 well and DP17 well) TDS gmA - - 1.47

of KS plant were chosen
for closer study and comparison. The direction of the groundwater flow in the
entire area is toward Wadi Dhuleil.

These wells are taken only as indicators of the situationin the area. There
are manyotherwells under similar conditions. Results usedin thisreportwere
obtained in part from the Water Authority of Jordan.

Dr. Taha Sultan well lies very close to the course of Wadi Dhuleil and is
situated near es-Sukhneh, i.e. where Wadi Dhuleil meets with the Zarka River.
This well has been sampled since 1973; thedilutingeffect of the relatively clean
water of Zarka River can be readily seen during the earlier samples. Sampling
of this well stopped in 1976 and was resumed early 1987. Comparison of
the results between samples prior to 1976 and those of 1987-1988 shows a dra-
matic increase in all para- Table 5
meters (Table 5). Average results of Sultan weil

An increase in salinity
of 83% is found in the well Parameter Av.1973- Av.1987- Increase

water, and a drop in pH is 1976 1988

also encountered. Mg, Na,

K,ClandNOincreasesare | ECpsicem 117 - 2049 8%
more than 100%; in the case | PHvalie 8 116 416%

of Mg it is about 500%. Ca, | C2medl 398 759 90%

. m or7 486 534.46%
HCO, and SO, increases ;Ifm:g: 451 914  1027%
are also very high. The K meq/l 0107 0383 258%
increase in NO, is indica- Clmeqg/i 498 119 139%
tive of a nitrate-rich source HCO, meq/l 3.85 5.58 45%
of pollution affecting the | SO, meqs 1813 3074  695%
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charged into Wadi Dhuleil, where it started to seep through to the under-
ground, polluting its water. The only explanation for this dramatic change in
the well water quality is that it has been affected by KS-discharged effluent.

Jordan Pipes Manufacturing Company well belongs to the pipes manufac-
turing company and lies at co-ordinates 255.200 east and 172.950 north, i.e.
very close to the Wadi Dhuleil watercourse. Continuous sampling of the well
water has been taking place since late 1974 till the present. Hence, available
information is reasonablyspread out over the pastone and a half decades, and
therefore we can detect changes in the well’s water quality and whether and
when an external factor has affected it. Annual averages of the available data
are listed in Table 6.

Table 6
Average values of parameters per year for
the Jordan Pipes Manufacturing well

well water quality. In1985, NO, meg/l 0564 12 112.8%
the effluent of KS was dis-

Year ECusfcm pH-value Camegl Mgmegqi Namegl Kmeg/
Clmegd HCO,meq/] SO,meq/t NO,meql TDS mg/

1974 810 7.8 1.65 233 4 0.17
3 32 1.68 0.27 052

1976 660 7.8 1.55 1.58 3.26 0.14
2.76 242 1.14 - 0.42

1979 990 8 25 3 4.26 0.12
597 2 14 - 0.63

1980 1125 7.85 273 3.25 5.04 0.14
6.28 27 2.52 047 0.72

1981 1130 7.8 3.08 32 4.97 0.14
6.32 2.28 242 0.46 0.72

1982 1200 7.6 4 34 491 0.1
75 229 21 045 0.77

1983 1240 7.9 35 3.61 53 0.1
7.69 234 241 0.45 0.79

1986 1658 7.77 452 4.75 6.52 0.16
10.24 2.39 2.54 0.81 -

1987 1902 1.75 6.35 6 8.18 0.18
12.94 249 35 0.92 14

1988 2520 7.44 8.47 8.14 10.34 0.22
18.38 2.65 449 133 1.8

1989 2943 7.44 9.7 9.45 10.87 029
21 235 5.27 1.46 234
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If we plot the available results of
parameters against time (graphs GP 1
through GP 7), we see noticeable
changes in the well’s characteristics in
all the graphs between the years 1983
and 1986. The values prior to 1983
show reasonable consistency with ex-
plainable gradual increases, i.c., the
increase in salinity and the other par-
ametres is due to the discharge rate
from the welland possible decrease in
the water table level. After 1986,
although the water table has risen due
to the recharge by Wadi Dhuleil flow,
a dramatic increase in salinity and ail
other parameters, including sulphate,
nitrate, and total dissolved solids can
beclearly observed. The results riseat
a mild, gradual rate until the 1983-
1986 point, after which they increase
at amuch higherrate. Thissudden de-
terioration in the well water quality
cannot be due to overpumping, be-
cause water levels are rising. It is
rather due to some external source of
poorwater quality feeding the ground-
water. The timing of this sudden change
coincides with the start of KS effluent
discharge into Wadi Dhuleil and its
infiltration to the underground water
in the area.

From Table 6, it can be seen that
salinity has increased from 1100-1200
us/cm before 1983, toaround 1700 us/
cm in 1986, reaching 3000 us/cm in
1989, which is more than double the
original salinity of the well. The pH
values grew slightly more acidic over
the years, accompanied by a slight
decrease in bicarbonate levels. Cal-
cium and magnesium values increased
from 3.5 meq/1 prior to 1983, to 4.5-
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Graph GP 1: Electrical conductivity against
time for the pipes factory well.
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Graph GP 2: Cakcium concentration against
time for the pipes factory well.
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Graph GP 3: Magnesium concentration
against time for the pipes factory well.
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4.75 meq/1in 1986 reaching 9.5 meq/1 by 1989, which is nearly triple the values
prior to 1983. Sodium, potassium and chioride values increase steadily until
1983, then increase suddenly from 1986 to 1989. Chioride has increased
sevenfold since 1974 and threefold since 1983. Sulphate, nitrate and total
dissolved solids have shown a similar increasing pattern. In 1989, nitrate
values reached aconcentration five times that of 1974, which suggests that
asource of nitrate-rich pollutant has affected the well water. The chemical
oxygen demand of this originaily clean well was found on several occasions
lately to be almost 50 mg/l. Also, microbiological analysis of the well water
during 1988 has shown the presence of heterotrophic bacteria counts of the
order of 13,000/100 ml. Moreover, total coliform counts, which areindicative
of faecal pollution, were detected during January 1988 ata level 0f320/100 ml,
which greatly exceeds the allowable counts for groundwater quality.
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Graph GP 4: Sodium concentration against Graph GP 5: Chloride concentration against
time for the pipes factory well. time for the pipes factory well.
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Considering that water needs time 10 seep into the underground, depend-
ing on the geological structure of the area, the effectofa pollutingsource may
not necessarily be detected immediately; this is the case in the Pipes Manufac-
turing Company well. By 1986, part of the effluent of KS reached the well and
started to pollute its water. This effect has been increasing rapidly until the
present time, as can be seen from graphs GP1-GP7.

Masoud Atiyah well is privately owned, with an altitude of 490 metres
above sea level and co-ordinates 252.720 east and 172.545 north. Itlies further
downstream from KS than the Jordan Pipes Manufacturing Company well and
is close to Seil Khirbet es-Samra (Wadi Dhuleil).

Data onthe well water qualityare available from 1972 until the present. The
annual averages of the different parameters are listed in Table 7.

Table 7
Annual averages of parameters for Masoud Atiyah well
Date ECusfcm  pH-vaiue Cameq/i Mg meqg/l Na meq/l
K megA Cimegl  HCO, meq/l SO, meg/] NGO, meg/t
1972 963 7.63 33 2.16 3.89
0.103 4.05 37 23 0.62
1479 1915 - 5.35 53 7.47
0.24 11.88 .29 3.39 -
1982 - 75 11.25 7 123
02 19.86 227 7.18 1.15
1986 3505 7.74 1292 11.65 12.86
023 26 2.15 - 198
1987 5312 7.48 21.77 18.78 24.28
0.34 463 2.08 15.82 3.44
1988 5080 7.04 22.7 199 17.76
0.36 4233 24 10.09 3.23
1989 5212 7.19 25.73 226 22.58
042 49.92 202 15 3.65

When plotting the available results of the different parameters over time,
(graphs GA 1 through GA 7), adramatic changein the behaviour of well water
qualitycan be seen around the year 1985. The slopes ofthe lines joining results
of the years 1986-1989 are much steeper than the lines joining the first set of
results, i.e. 1972-1982. Both lines intersect at a point around the year 1985-
1986, which suggests that at that time an external sourceaffected the wellwater
characteristics. The increase in the various well parameters, until 1982, was
steadyand was due to overpumping of the aquifer. Butsince 1986, with the per-
colation ofwater from the seil into the underground, this steady increase should
have at least faded away. Yet the values of the parameters have continued

i
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to increase at a higher rate, suggesting that the recharge water is of inferior

quality to the well water.

The well’s water has been continu-
ously deteriorating over the past five
years. Salinityinthe period 1972-1979
was around 1000-1900us/cm; it is now
in excess of 6200 us/cm, i.e. a sixfold
increase since 1972. The pH of the
water has decreased over the years,
marked by a decrease in bicarbonate
and accompanying increase in CO,
formation. Calcium, magnesium,
sodium, potassium, chloride, sulphate
and nitrate values are all marked by a
steady increase till 1982; they jump
slightly in 1986, significantly by 1987
and are still increasing. The amount
of sulphate in the water during 1987
was more than doubleits value in 1982;
the same goes for nitrate. These in-
creases suggest that the pollutant source
is rich in sulphate and nitrate. Since
this well lies further downstream from
KS, the effect of KS effluent on its
water quality takes longer time to
appear, due to the time needed for
seepage and horizontal flow. The
total dissolved solids have increased
over the years to reach 4.5 mg/l in
1989.

During 1989, the chemical oxygen
demand in the well water reached up
to 92 mgA. Also, microbiological
analysis of the water samples indi-
cated the presence of total heterotro-
phic bacteria and total coliformsin the
order of 23,000/100 ml and 7500/100
mirespectively. The presence of such
high numbers of total coliforms sug-
gests that the polluting source is of
faecal origin, since groundwater does
not naturally contain coliforms unless
affected by sewage water.
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GA 1: Graph of electrical conductivity
against time for M.M. Atiyah well.
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GA 2: Graph of calcium concentration
against time for M.M. Atiyah well.
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GA 3: Graph of magnesinm concentration
against time for M.M. Atiyah well.
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GA 6: Graph of sulphate concentration GA 7: Graph of nitrate concentration against

against time for M.M. Atiyah well. time for M.M. Atiyah well.

From these results, it can be deduced that a polluting source of inferior
quality to this well water and of faecal origin has been polluting the well since
1985-1986. Since noother pollutingsource has been affecting the area except
the effluent of KS sewage treatment plant, the negative effects of such disposal
on the groundwater can be clearly seen.

The DP 17 well lies upstream of KS plant at an altitude of 582 metres above
sea level and co-ordinates 175.165 north and 272.236 east. Available data on
this well's water characteristics run from 1971 till 1990. Annualaverages of the
different parameters are listed in Table 8.

Graphs GD 1 through GD 7 represent the change in each parameter with
time. It canbeseenthat in most of the graphs a gradual increase is encountered
up till the year 1980-1981, after which the values decrease and continue at a
more or less constant level until the present. At the same time no changes in
the water level of the well were observed, contrary to the wells along Wadi
Dhuleil, in a downgradient direction.
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Table 8
Annual averages of parameters of DP 17 well
Date  ECps/cm pH-value  Cameg/ Mg meg/l Na meqg/1
K meg/l Clmeg/ CO,meg/l HCO;meqf SO,meqft
NO,meqh  TDS g

1971 500 8.1 07 15 243
0.16 2.14 0.177 1.09 1
- 032

1972 620 8 1.1 1.92 291
0.23 2.85 0.177 1.61 1.56
- 04

1973 808 8 1.58 238 3.87
0.24 4.62 0 147 1.74
- 0.52

1974 915 79 1.85 2.69 448
0.2 6.09 0.103 1.39 141

0.75 0.59

1975 1500 74 33 5 491
051 9.72 0 1.16 213
- 0.96

1976 1688 15 45 56 578
0.37 11.6 0 1.58 248
0.65 1.08

1977 2250 6.6 5.6 7.92 6.61
0.41 15.49 0 1.3 325
0.65 1.44

1978 2700 78 6.35 9.67 8.09
0.41 19.35 0 1.16 3.19
0.65 1.73

1979 2930 78 7.05 12.58 8.7
0.56 2233 0 1.1 4.04
1.13 1.88

1980 3372 7.7 8.77 14.57 10.54
052 2135 0 1.08 496
136 216

1981 4368 78 12.06 18.56 13.86
0.59 35.61 0 0.97 69
19 28

continued .....




42

The inadequacy of stabilization ponds treatment

Date  ECus/cm pH-value  Cameq/t Mg megA Na meq/l
K meg/ Cl meg/1 CO,meqg/l HCO,megt SO,meq/l
NO,megn  TDSgh
...continued from page 41
1982 3429 718 10.3 14.13 10.84
051 27.28 0 1.02 52
094 2.19

1983 2896 7.7 837 113 9.58
037 21.87 0 1.07 4
1.17 1.85

1984 2870 8 8.11 10.64 9.55
0.41 2138 0 1.05 4
0.86 1.84

1985 3283 79 8.84 154 104
034 24.45 0 1.17 5.6
1.24 2.11

1986 3099 19 8.44 11.77 11.56
043 23.49 0.01 1.23 5.45
1.36 1.98

1987 3100 7.82 7.85 11.7 10.73
0.46 23.64 0 1.16 4.62
136 1.98

1988 3027 7.76 7.44 11.82 10.28
0.43 22.63 0 122 483
1.32 1.94

1989 2943 7.84 7.99 8.64 10.47
04 23.45 0 1.1 5.66
1.32 19

1990 3100 7.62 7.88 11.76 9.7
0.45 21.95 0 1.01 5.26
1.53 202

Salinity of this well increased from 500us/cmin 1971 to 4300 s/cm in 1981,
after which it decreased slightly and continued ata constant level of around
3000 us/cm until 1990. Calcium, magnesium, sodium, potassium and chloride
values reach their maximum during 1981, a slight drop in these values is
encountered during 1982, and then they remain at a nearly constant level. A
drop in pH values in 1981 is matched by a drop in the level of bicarbonate;
however, the bicarbonate levels remain constant after that. The concentra-

The inadequacy of stabilization ponds treatment

CCHS/TM —v -

§ 000

o
[¥50.0}

29s10/71 1938

n
23/1/%0

Graph GD 1: Electrical conductivity in us/

20.00

[z.003

0.00

cm over time for DP 17 well.
Mg meqs1 82
S
;';" St
; 2 )
/ .. -
L J
/
o
y
/‘{'
-A/
v“/~'
-
2%°10/71 1935 23/3/%0

Graph GD 3: Magnesium concentration in

meq/] over time for DP 17 well.

K meqs1 T T

q [.152

0.00

i 2
24/10/71 g5 2371780

Graph GD 5: Potassium concentration in

meq/1 over time for DP 17 well.

Ca meqg/1

43

15.00

cw{r.8
e

0.00

24/10/74 1985

z3/1/m0

Graph GD 2: Calkcium concentration in

meq/l over time for DP 17 well

20.00

- o] [2.003

0.00

Ha meg/l -
.
/!
L&Y )
[N ey
i S5 S
_/
o/
e
z
S
e
E
,
2%/10/7% 198s 23/1/99

Graph GD 4: Sodium concentration in meg/l

over time for DP 17 well.

€1 meg/) 54

35.00

4 [3.53

0.00

"
24/30/71 1gs 23/1/90

Graph GD 6: Chloride concentration in
meg/] over time for DP 17 welk



44 The inadequacy of stabilization ponds treatment

tion of sulphate in the well water
reaches 6.9 meg/l in 1981, but later
resumes a constant rate of 4-5.5 meq/
1. Nitrate concentrations follow the
same pattern,which suggests that the
water has not been affected by an
external source rich in nitrate as was
the case downstream of the KS plant.
Total dissolved solids increased to 2800
mg/lin 1981 and dropped to 2000 mg/
1 after that until 1990.

From these annual averages cov-

NOgmeq/l

24710771

1985
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Graph GD 7: Nitrate concentration in meqg/1

ering the well history and from graphs  over time for DP 17 well.

GDIto GD7, it can be deduced that the well water has not been affected by any
external factor which might cause a deterioration in its quality. The initial
risemight be due to overpumping of the well water or due to the dryyears 1978-
1980. After that, these increases faded away, and the values of the different
parameters resumed a constant rate. This case is most unlike the situation
downstream of KS, where dramatic increases in the water characteristics and
the water levels of the wells have been encountered during 1985-1986, i.e. the
commencement of KS sewage treatment plant.

Arnous Aquel 1 well lies upstream of KS plant at an altitude 0f557 metres
above sea level with co-ordintes 171.549 north and 266.429 east. This well is
the closest to the KSsite. Data is available on the well’s water quality from 1971
until late 1987. Annual averages of the different parameters are listed in Table
9.

From Table 9, it can be seen that the salinity of the well water increased
slightly in 1983 to around 800us/cm, but carried on at an almost constant rate
of 645 us/cm till 1987. Calcium concentration increased in 1985, but
remained stable since. Magnesium levels were increasing at a mild rate until
1985, after which they remained almost constant. Sodium, potassium and
chloride levels decreased during 1983-1985, but remained constant since.
Sulphate levels decreased during 1985 to around 0.45meq/l and remained as
suchuntil 1987. Nitrate levels did not change from 1979 until the present time,
which assures us that no external source rich in nitrate has been affecting the
well. The water table in the areahas risen over the past few years, accounting
for this consistency in the results. The reason for the initial rise in the values
of the parameters is probably the overpumping of the well water or the dry
years 1978-1980. However, this increase faded away by 1981-1983 due to the
risein the water table caused by thewet years 1980-1982. This is another case
emphasizing the contrast in the situation of the groundwater quality upstream
and downstream of KS plant (groundwater up and downgradients).
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Table 9

Annual averages of parameters of Arnous Aquel 1 Well
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Date ECus/cm pH-value Cameg/ Mgmeql  Nameg/
K meqg/ Clmegl HCO,meqg1 SO,meql NO,meq/
1971 460 79 0385 1 2435
0.11 1.75 2 0.81 -
1974 480 83 1.3 0.66 261
0.12 1.86 156 0.96 -
1975 550 1.7 1.2 1.17 3
0.18 1.97 225 1.04 -
1979 630 83 1.15 1.33 3.96
0.12 3.01 238 0.67 04
1983 805 8 155 1.67 4
0.1 4.17 1.7 0.92 03
1985 657 7.17 334 1.72 1.54
0 1.6 4.06 0.45 033
1986 642 7.61 3.27 1.7 1.58
0.07 1.65 4.12 0.45 034
1987 648 7.39 324 1.78 1.48
0.04 1.58 4.08 0.5 0.35

Discussion and Conclusions

® The deterioration in the groundwater quality increases towards Wadi
Dhuleil area and KS plant. The closer the well to KS and Wadi Dhuleil, the
moresaline, hard, rich in anions and cations the water becomes, rendering
it less suitable for drinking purposes.

¢ The relatively high nitrate concentrations in these wells were found in the
water prior to the commencement of KS treatment plant, due to the
recycling of irrigation water in the area. However, these values did not
exceed 30 mg/l. After the 1985 commencement of KS, on the other hand,
the nitrate concentrations in the groundwater increased dramatically: for
example, in Masoud Atiyah’s well, the levels of nitrate reached 227 mg/1 and
in Tillawi well 300 mg/l during 1989. This high level of nitrate in the
groundwater could be due to the high ammonium level in KS effluent,
which converts to nitrate as it infiltrates to the aquifer. The recycling of
irrigation water and the discharge of industrial wastewater along Wadi
Dhuleil can only have slighteffects as experienced by the NO, values before
the commencement of the KS treatment plant.
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The low nitrate concentration in KS effiuent is an indication of anaerobic
conditions prevailing in the treatment, which suggests overloading of the
plant.

The wells upstream of KS have shown relatively lower concentrations
of nitrate, because there is no external poliuting source affecting them.
Sulphate levels in the upstream wells are generally lower than those in the
downstream wells, especially after 1985. The wells downstream of KS have
experienced dramaticincreases in sulphatevalues since the commencement
of the KS plant.

Chloride concentrations in the downstream wells increased rapidly after
KS was established. The levels of chloride in the upstream wells are
relatively less than those in the downstream wells, especially when
comparing post-1985 results, which strongly indicate the effect of KS
effluent on the groundwater quality.

Chemical oxygen demand in the downstream wells increased considerably
after 1985, reaching up to 50 mg/lin some of them. This value is far above
the zero guideline value and renders these wells unsuitable for drinking
purposes.

Salinity increased greatly in the downstream wells, especially after 1985,
reaching around 6000 us/cm in some wells. This case is not encountered in
the upstream well water, which consists of less saline water with no major
changes in its value over the past few years. This dramatic increase in
salinityis attributed to the effluent of KS plant which recharges the aquifers
of Wadi Dhuleil or the recycling of irrigation water using KS effluent.
Wastewater in KS ponds themselves, as well as its effluent along Wadi
Dhuleil, infiltrates to the underground and has caused a rise of some 20
metres in the groundwater table since 1985. Therefore, the major recent
increases in EC, Na, K, Ca, SO, NO,, Cl and TDS cannot be attributed to
overpumping of the well water.

The increase in organic and inorganic matter in the groundwater suggests a
source of domestic origin, and can never be the result of overpumping.
The fact that total coliforms are present in the well water and in such high
numbers indicatesstrongly the effect of domesticsewage on this water; this
is due to KS effluent.

The groundwater towards the Wadi Dhuleil area became more polluted
after the commencement of the KS plant and is becoming still more
polluted and less suitable for drinking purposes and, in many cases, even for
irrigation,such as in the Tillawi well. The effluent of KS along Wadi Dhuleil
is causing a health hazard for the inhabitants and farmers using the water,
besides creating a nuisance of malodour and insect breeding in the area.
Comparison of the water quality of wells lying upstream of KS plant and
those lying downstream shows the drastic effect KS has on ground and
surface water quality in the Dhuleil area.

S
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[ ] An experiment with suction cups in KS area has shown, under continuous
irrigation conditions, a two-to-threefold increase in the concentration of
all parameters at a depth of 1.0-1.5metres. The increase is controlled by
di§soluﬁon of halite, gypsum, calcite and brucite minerals present in the
soil. This explains the high concentrations of these parameters in the
wells. Even if KS effluent has less electrical conductivity than that of some
wells, the reason for the increase in groundwater salinity is the agressive-
ness of KS effluent on the bedrock and surrounding soils as it is used for
irrigation.

Addendum
Agqaba Wastewater Treatment Plant

Another sewage treatment plant was constructed in the city of Aqaba to
meet the city’s domestic needs, which are very irregular due to the presence of
tourists during certain seasons. The treatment is achieved through a natural
treatment plant, i.e.waste stabilization ponds. These ponds are constructed
some two kilometres north-northeast of the shore of Aqaba, in Wadi Araba, on
unconsolidated wadi fills.

The ponds were designed to achieve effluents of high quality. Yet the sizes
of these ponds are much larger than needed, and their bottoms and embank-
ments were not lined. They were expected to seal off completely soon after
being put in use, yet the pond site is composed of friable sediments which are
highly permeable. So far, the effluent from the treatment plant seeps into the
underground before reaching the outlet of the ponds.

Wells in thenearbyarea of en-Nakhel forest have shown arise in thewater
table, which indicates that the groundwater there has been fed by another
source of water.

Analyses of the effluent from the different stages of treatment and the
Nakhel wells are presented in Table 10. Chemical and biological results prove
that awater source of inferior quality has seeped through to the underground

water in the area and has already reached the Nakhel forest wells. Since
groundwater flows towards the shore (Figure 3), the risk that this water will
reach the Gulf of Aqaba and pollute it is high. Moreover, the relatively high
content of PO,
qisinn Hj;ﬂl NO,, K, trace

vorels e elements and
o micronutrients in
the groundwater
reaching the shore
will enhance eu-

*  Hater tsble

trophication at the

Figure 3. Groundwater flow in Agaba aresa. beach.
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Table 10
Analysis of effluent from various stages of Aqaba
wastewater treatment plant and Nakhel forest wells

Inlet Facultative Maturation Effluent Nakhel  Nakhel
wellno.1 wellno.2

EC ps/cm 1420 1620 1680 1685 1980 2190
pH-value 137 7.48 8.19 828 8.05 7.90
Temp.°C 109 17.8 18.0 18.1 204 29.6
DO 1.3 245 0.85 23 215 1.82
BODs 461.6 199.8 161.8 145.7 86.8 n.d.
CODs6 600 550 - 500 125 nd.
TOC 2844 247 - 183.67 29.2 nd.
NH, megl - 3.15 2.98 2.38 0.021 0.03
NO,megl - 0.70 0.63 0.55 0.77 0.795
HCO, meg/l - 6.8 7.52 172 267 1.782
Cl meqg/l - 8.56 8.20 8.40 129 16.32
Cu meg/t - 2.80 330 350 3.60 75
Mg meqg/l - 226 220 2.30 2.70 38
Na meg/l - 1039 10.84 10.74 13.1 11.50
Kmeqg/ - 0.6 0.702 0.702 0.14 0.2
SO,megl - 3.10 3.70 291 297 2916
CO;megt - - 0.0 0.20 - 0.00

Source: Agaba Wastewater Treatment Plant
Date: 24.3.1988
n.d.= not determined
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The potential impact of
industrial wastes on water resources
in Amman-Zarka basin

Drx. Raja Gedeon
Water Authority, Ministry of Water and Irrigation
Amman, Jordan

Ever-increasing quantities of industrial wastes will result in the release of
heavy metals into Amman-Zarka basin. Groundwater pollution from aban-
doned-and existing landfills of solid and liquid waste material in the area may
further damage the freshwater quality and will be a particularly difficult
problem in the future, especially considering that the aquifer is already overex-
ploited by 66 million cubic metres per year, with almost 50 metres depletion in
the static water level.

Entering the 1990s, population growth in Jordan remains unchecked.
The bulk of evidence shows that uncontrolled pollution puts further stress on
the fragile environment and aggravates competition for increasingly expensive
water resources. Without fundamentally new approaches, the government’s
commitment to provide sustainable water and environmental sanitation
systems for all people may bejeopardized. A major problem of industrial
development is the quantity and diversity of wastes it generates. Toxic
chemical loads of industrial origin have been discharged into the
environment in considerable quantities (Table 1). Biochemical industrial
effluents in the area nowamount 1o several thousands of tons per year (Table
2). Some industries, for example, discharge dissolved chromium into
communal sewerage systems at a rate of 25 mg/l and an average salt content of
1700 mg/ daily.

These issues have not been given high enough priority, partly due to lack of
funds and partly because of the widely believed fallacy that environmental
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deterioration is not an issue of Table 1
immediate concern. However, we Toxic chemical loads
canindeed examine theissue interms of industrial origin
of its long-term magnitude and im- in Amman - Zarka basin
portance to Jordan and in particular (Jan. 199¢-July 1990)

to Amman-Zarka basin, where almost

60% of the country’s economic de- Parameter Load (tonfyr)

velopment is taking place. The

chronic waste production in an up- Mn 0.35

stream watershed of Amman-Zarka Zn ;g

basin, which poilutes a reservoir, Iéz 0:087

constitutes a strategic issue where Cr 0.65

both magnitude and importance are cd 0.12

of high priority. PO, 332
Considering the potential indus- ABS 266

trial growth in the Amman-Zarka area NH, 206

and the corresponding accumulative

pollutants released into the environ- Table 2

ment, as demonstrated in tables 1and
2, the need to pursue sustainable de-

Biochemical loads

of industrial origin

velopment while at the same time in Amman - Zarka basin
controlling sources of pollution as- (Jan.1990-July 1990)
sumes high priority.

This assessment of the extent, trend Parameter Load {tonfyr)
and behaviour of pollutants in receiv-
ing water courses and underground TDS 7113
water will constitute baseline infor- SS 3197
mation that could be used by execu- COD 5150
tive management to determine when BOD 2257

totake action against pollutants. An
attempt has been made to monitor
and evaluate the emerging environ-
mental problems with a view to de-
termining how to provide for sustainabie growth, with the least environmental
and fresh water degradation.'>

Note: Estimation made on mean values
of measured parameters and emissions
for industries monitored by WAJ.

Sources of pollution

Anyhuman activity can be considered a potential source of water pollution,
since it may cause a change in concentration and/or a variation in the pattern
of natural substances found in water. As a general rule, pollution is propor-
tionalto the state of development of a country. However, Jordan has specific
sources of concern, among which are the following:
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® Organic and industrial pollution is directly linked to population density
and also to development of wastewater treatmentand the self-assimilative
capacity of each water body, e.g., Zarka River and King Talal Reservoir.

e Significant environmental pollution, particularly of aquatic systems and of
underground water, is predictable in Jordan’s case of emerging economic
growth, due either to lack of environmental laws or lack of enforcement of
existing laws and reguiations. The absence of an information management
system makes it difficult to advocate a mechanism for pollution control at
the national level.

Sources of toxic metal elements

As a consequence of increasing emissions from anthropogenic sources,
e.g., industrial processing, fertilizers, and municipal wastes, the general
abundance of toxic metals in Amman-Zarka basin has reached intolerable and
alarming levels. Tables 8 (p. 58) and 3 show the effect on recipient water
courses and underground water, respectively.

A special feature of toxic metals is that they are not biodegradable and
have a pronounced tendency to accumulate in vital organisms and plants that
may form part of the human food chain. Thus, once they have entered the
environment, their potential toxicity is controlled to a large extent by their
physico-chemical form.* The potential sources of heavy metals can be summa-
rized as follows?®:
® Geological weathering. This is the source of “background levels” char-

acteristic to the metal-bearing rock formation of the area under study.
® Industrial processing and use of metal compounds. The use of chromium

salt in tanneries, often discharged in violation of regulatory standards, is
an evident example.

Table 3
Pollution indicators
at observation wells located near STP (1990)
WeliNo. TDS NH, PO, Fe Mn Zn ABS*
1 3380 115.00 11.10 0.26 069 198 25000
2 3250 38.00 1.55 1.54 <0.1 3.80 0.70
6 2275 26.00 0.25 134 036 5.00 10.00
9 1482 83.00 39.00 0.35 <0.1 062 1250

Note: All results in mg/.
* Alkyl Benzene Sulphonate, the active ingredient in hard detergent.
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Table 4 ® Heavy metals in animal and human excretions. These metals become
Mean values for organic loads of industrial effluent * concentrated in excretion and find their way to the water environment. For
(Jan.1990-July1990) example, the adult human excretes between 7 and 20 mg of zinc per day.
® Leaching of metals from domestic wastes and solid waste dumps. Industrial
Designation ** Flow pH TDS SS COD BOD dumps can be a hazardous source of pollution in connection with acidic
(m*/d) units kgd  kgd  kgd  kgd solutions. The observed excessive content of Cd, Pb, and Ni in soils and
plants in the Amman-Zarka metropolitan area confirms that urban and
Jordan Yeast Co. 350 66 7000 6975 11690 5309 industrial pollution is threatening the immediate environment.*
28
Arab Detergent Mfg. 40 103 372 64 89 . . ‘
ICA Co. (INTAJ) 120 75 4256 303 580 177 Factors affecting the magnitude of pollution
Jordan Mineral Exploration 100 77 1425 93 2 1 The use of different elements and chemical compounds can give only a
Overall Co. {oven mfg) 125 84 3151 324 57 23 general impression of potential pollution, since the amount and concentra-
Chem. Polymers Co. 4 63 92 153 372 39 tion of pollutants in water resources depend on many factors, including:

’ ) 55 121 187 84 25 033 ® The intensity and nature of the source. Table 4 shows the biochemical
Jordan Tiles Co. g loads of the effluents discharged from 23 Jordanian industries into the eco-
Jor. Imperial Underwear 50 78 92 175 323 84 system. The diversity of the industrial sources along with the amount of
Textile Co. (TBAKHI) 20 79 23 6.7 1442 53 flowin a limited area may be a serious threat to the fragile environment and

80 65 8.2 214 6.7 receiving water bodies. Certainly, the accumulation of toxic elements from
Tent & Blanket Factory 80 260 206 industrial effluents (see Table 5) will have a significant detrimental impact
Pulp and Mill Mfg. Co. 2000 7.6 2672 252 on the environment.
Joraan Ceramics Co. 85 77 243 602 11 33 ® The size and renewal time of the water body. The concentration levels of
Jordan Chemical Ind. Co. 1 112 1373 02 1.63 052 potentially toxic organic loads of both Zarka stream and King Talai Reser-
i diminish the assimilative capacity of water bodies, and their self-
i 9 311 031 1476 036 vour may diminisi Tve ¢ g
Intermediate Petrochem. 2 79 purification abilities, as shown in Figures 1 and 2.
Hussein Iron & Steel Ind. 50 82 333 312 16.5 39
Jordan Matches Mfg. Co. 4 7.0 426 8.0 17.2 6.3 g e N
Jordan Sulphochem. Co. 30 92 717 3455 447 14 i ' B
Warehouse Mfg. Co. (Refrig) 10 83 19 0.5 1.11 03 ié j
Rock Wool Factory 1 80 19 016 009 002 B /f N — .
Jordan Petroleum Refinery 1600  7.53 3749 117 282 74 H /
Hussein Thermal Station 1700 7 2733 56 102 34 ./
Arab Iron & Steel Co. 300 88 452 324 16 24 A
Jordan Hygienic Paper Co. 100 73 224 197 164 60 e e s ha

E Figure 1. Seil Zarka - STP flow system, faccal coliform (geometric
* The findings contained in this and other tables are meant for research purposes only mean), 1990.

and do not constitute prejudice towards the integrity of industrial concerns vis-a-vis
compliance with government regulations. The industrial designations emplgyed and
the presentation of material are solely for study purposes and do_ not imply any
inculpation whatsoever by the author concerning the status of any industry. They

are meant to identify sources of the problem, aiming at sustaining the water supply
for domestic, industrial and agricultural uses.

Some industries may have taken corrective measures to comply with relevant stan-
dards since this paper was presented.

%
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The bacterial growth along the Zarka River has persisted for the lasttwo
years withoutany sign of improvement. This proves that increasing organic
loads can adversely affect the different types of naturally occurring organ-
isms, perturbing the ecosystems and prolonging the time required for self-
purification of the affected body of water. Also affecting renewal time are
the elevated levels of toxic metals associated with continuous man-made an,

Gedeon (1990) show that organic matter may affect the solubility of heavy
metals in similar polluted environments by selective complexation. When
heavymetals,suchas Cd and Cu, are present, they tend to formratherstable
complexes with many organic ligands of man-madeinputs. Tables6, 7 and

inputs and biological productivity. Recent studies by Gregori (1988) and -
Table § A 4
Mean values for toxic elements of industrial effluents * 200 800
(Jan. 1990-July 1990) < . f\ / \ —
* 150 !\ :
Designation Fow Mn Zn Fe Cr Cu PO, ABS NH, E
(m¥d) keg/d kgd kgd kgd kgd kgd kgd kg
Jordan Yeast Co. 350 02 011 121 nd nd 35 224 295 “ \ / /N
Arab Detergent 40 nd 0005 0013 0.006 0.006 1.61 50.52 0058 :ﬂ | 24
ICA Co. (INTAJ) 120 nd. 0078 0.154 0.013 nd. 6708 83.88 099 A e S o e
Jord. Mineral Expl. 100 nd. nd. 0002 nd. nd. 0002 0.021 0.005 B T e
Overall Co. (oven mfg) 125 0106 0125 1.602 nd. nd. 0.192 1.245 06197 Month
Chem. Polymers Co. 4 nd 0006 0075 nd. nd. 054 05 078 Figure 2. Seil Zaria, Site 6, biochemical behaviour, 1989.
Jordan Tiles Co. 55 nd nd. 0015 0.032 nd. 0005 0.028 0.195 Table 6
Imperial Co. S0 0025 0.055 0033 nd. nd. 093 0018 0.545 Selected Trace Metals* at Zarka Stream Flow
Textile Co. d. 0. ) d. nd O X 11 .
ile Co. 20 nd 0016 001 nd nd 0034 0028 0112 Sampling Site 7n 4 G Cu  Mn Fe
Blankets Factory 80 0009 0025 0032 0.17 nd. nd 0024 068 mgl mgl mgl mgl mgl mgl
Pulp & Mill Co. 2000 081 024 08 nd nd 458 09 232
Jordan Ceramics Co. 85 nd. 0133 0019 012 nd. 0123 0117 0238 Zarka River before .
. Confluence site 6 0.12 0015 0.06 0015 0025 035
Hussein Iron & Steel 50 0036 nd. 051 nd nd 0093 143 0177
Jordan Matches Co. 4 003 060 0.01 001 0005006 0004 0016 * Data represent average concentration Jan-Sep. 1990.
Jordan Sulphochem. Co.#* 30 0,006 0.043 0017 0.03 0.08 063 0309 0014 ZA;’S- ABS conc. (hard detergent) 0.4 mg/l, min 0.2 mg/t & max
.6 mg/l.
Warehouse Mg, Co. 10 nd 0009 0002 nd. nd. 0223 0003 0.007 g
Jordan Petroleum Ref. 1600 nd. nd 052 nd 002 16 72 32 Table 7
] . Selected Trace Metals at Jerash T.P.Flow*
Hussein Thermal Station 1700 nd. 068 12 nd nd. 0544 3.026 1.105
Arab Iron & Steel Co# 350 nd. 006 0318 0.063 0.27 0027 0195 048 Za Cd Cr Cu Mn Fe
Jordan Hygienic Paper Co#* 100 nd. 002 nd. 024 nd. 0978 0078 0186 mgl mgl mgl mgl mgl mgl
n.d.=not detected. 025 nd 007 003 009 039

* See note to Table 4.

** Cd 0.005 kg/d. * ABS (active ingredient in hard detergent) average
#Cd 0.25 kg/d- concentration 2.1 mg/,min 0.5 mg/, max. 6.2 mg/
## C40.04 kg/d. 1, for the period Jan.-Sep. 1990.
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8 provide examples of dissolution or precipitation of toxic metals in a
favourable biochemical environment. Co-precipitation of other heavy
metals such as lead and nickel cannot be ruled out under such conditions.
The combination of heavy metals already present in the surrounding envi-
ronment could induce synergestic effects on the biota of the water reservoir
due to intrinsic changes in selective compounds. Further applied research
is needed in this field to identify the potential impact on water quality
behaviour with a view to adapting indigenous criteria for various end users.

Besides the dangers from heavy metals, Zarka River and KTR have
suffered from long-term dry weather, which means that there is no dilution
effect to counter the increasing contribution of treated wastewater from
Khirbet es-Samra.

Table 8
Selected Trace Metal Elements at Zarka Stream-KTR

Sampling Site Zn Cd Cr Cu Mn Fe
mg/ mg/l mgh mgl mg/l mg/

STP Effluent 0065 0015 007 0015 0095 052

Site 12 km off STP 0.10 0015 006 0015 0085 050

Outlet

Confluence at Zarka &

STP Effiuent (15 km) 0.045 0015 0065 0020 0075 047

Stream

Tawaheen Edwan; 20km  0.045 0015 0065 0.015 0060 044

KTR Influent (Inlet)

Av. 0055 0.013 0075 0008 016 030

Min. 0.030 0010 0040 000 003 012

Max. 0090 0020 0.130 002 024 055

KTR Effluent (Outlet)

Av. 008 0013 008 0005 023 023

Min. 003 0010 004 000 008 0.3

Max. 019 0020 016 002 032 042

Note: KTR- King Talal Reservoir, recipient of Zarka River and ST? flow.
Data represent average conc. during Jan.-Sep. 1990.
Al=0.2 mg/l; Co=0.03 mg/l at KTR inlet.
Boron=1.1-1.4 mg/l at STP eff.; 0.5-0.9 mg/l and 0.4-0.6 mg/ at inlet and cutlet
of KTR, respectively (June-Sep. 1990).
Fungicide Hexachloro-benzene (HCB)=0.5 ppb at STP effiuent; 0.34 and
0.4 ppbat theinlet and outlet of KTR respectively.
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Table 9

Parameter levels permitted by Standard 202 *
vs. industrial discharges
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Parameter levels permitted by Standard 202 **
pH=6.5-9.0, BOD=50, COD=150, TDS=3000, S$=50, NH =5,
PO,=15, ABS=25, Fe=1, Cr= 0.1, Al=5, Cu=2, Mn=0.2, Zn=15

Industrial discharges violating Standard 202

White Cement Factory
Poultry Marketing Co.

Jordan Pipes Mfg. Factory
Ind. Cities Refinery Station
Jordan Hygienic Paper Co.

UMIC/ Vegetable Oil

Jordan Petroieum Refinery
Hussein Iron & Steel Co.
Hussein Thermal Station
Chemical Industries Co.

ICA Co. (INTAJ)

Arab Detergent Co.

Jordan Tiles Co.
Aluminium Co. (ARAL)

Jordan Yeast Co.

pH= 11.9 Unit, TDS= 9734, SS= 702
S$=541,NH, = 26, COD= 1879, BOD= 995,
PO,= 56.4.

TDS= 2572, SS= 76, NH,= 33

SS= 67, NH,= 45, COD= 247, ABS=2.7.
TDS= 2272, SS= 1972, COD= 1634, BOD=
598.

pH=3.7, TDS= 17906, SS= 39313, NH,=
44.1,COD=7617, PO, = 4809.

TDS=2343, $S= 73, COD= 176, ABS= 45.
SS= 104, Fe= 1.73, ABS= 4.78.

ABS= 1.78

pH= 11.2, TDS= 13738, §§= 194, COD=
1635, BOD=517, ABS= 77.2,NH, = 6.4
TDS= 35466, SS= 2526, NH,= 8.3, BOD=
4834, Mn=1475, Fe=1.29, Cr=0.11,
PO,=559, ABS=669.

pH= 10.3, TDS= 2326, SS= 1585, COD=
2221, BOD= 695, ABS= 1263, PO,= 41.
pH=12.6, $8= 1521, TDS= 3398, Cr=0.18.
TDS=6543, §S= 137, Al*3=28.1, ABS=
49.

T.D.S=2005,S.S= 19929, Al*3=843,COD=
33400, BOD= 15168, Fe= 3.49, PO,= 10.6,
ABS= 64

continued ...

*  Ail results are in mg/t unless otherwise noted.
** Ifthe water is to be used for irrigation, Standard 202 permits TDS, S8, Cu and Zn
levels of 2000, 100, 0.2, and 2 mg/l, respectively.
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... continued from page 59

United Industries Co. pH= 5.7, TDS= 1731,88= 786,NH,= 10.6,
PO,= 140,COD= 4454, Fe= 53, Cu= 1.24,
BOD= 1597.

Modern Chem Ind. TDS= 1898, SS= 2683, COD = 8235, BOD=539,
ABS= 2253, NH,= 4.5, PO,=23.7

‘Wool Rock Factory TDS= 1918, §§= 157

Tri Dairy Factory pH= 3.89, TDS= 27517, 88= 22153, NH,=
414, COD= 300000, BOD= 27286, PO,= 1910,
ABS=3.53.

Jordan Sulphochem. Co. PO,=21,TDS=238%4,55= 11511, COD= 1490,
BOD= 464, ABS= 103

Intermediate Petrochem. Co. SS= 155, COD= 1571, BOD= 178.

Chemical Potymers Co. TDS = 23063, SS= 38219, NH,= 193, COD=
92847, BOD = 9691, Fe= 18.6, PO,= 135, ABS=
121.

Jordan Matches Co. TDS= 10586, SS= 1989, COD= 4266, BOD=
1571, M= 7.4, ABS= 13, Zn= 151, Fe= 2.85.
Cu= 1.36,Cr= 24.1,PO,= 14.

Jordan Ceramics Co. TDS= 2861, SS= 709, ABS= 1.4.

Cooperative Dairy Factory  TDS= 4242, SS= 2828, COD=9914, BOD=
2494, ABS=2.2.

Jordanian Paper and

Carton Factory SS= 126, COD= 380, BOD= 153.

Jordan Mineral Exploration SS= 929, ABS=2.1.

Najah Soap Factory TDS= 2584,85=679, COD= 6240, BOD=2931,
ABS= 2760.

Food Industries Co. §S= 262, NH,= 1.8, COD= 951, BOD= 327,
Fe=15.

& Theoccurrence, availability and cost of treatment measures atany step
from pollutant source to the water. Table 9 -- which compares
parameter levels of national standard 202 (the regulation governingdis-
charge of industrial effluents) against actual industrial discharges --
highlights the existing status of pollution in Jordan. The proper
treatment and safe disposal of most industrial wastes are not carried out
in most cases. This is due to several reasons:
® lack of trained and skilled workers;
® high cost of building and operating pre-treatment facilities at indus-

trial source;
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@ hesitation by industrialists to invest in low and no-waste technol-
ogy, and

® lack of awareness of potential hazards of heavy metals to human en-
vironment on the part of industrialists (e.g. the recent incident of

a chlorine factory discharging mercury into the inhabited area of
Amman-Zarka basin).

Assessment of water quality

Instudyingcycles, we have to measure the amount ofa substance and its rate
of change with time, while in studying poliution we also need to measure the
rates of change of rates of change.” In practice, attempts have been made to
follow pathway and pattern, and thereby to monitor the behaviour of selected
parameters over time in order to assess and quantify the degree and magnitude
of pollution emanating from industries in Amman-Zarka basin. To assess
Jordan’s environmental problems, a diagnostic approach is needed to
distinguish between contamination and pollution. Contamination is the re-
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Figure 3. Overview of A Zarka ground basin.
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lease of asubstance into the environment at measurable concentrations, while
pollution is contamination which has measurable effects on living organisms.

Scope and dimensions of the present work

The scarcity of the water supply and the increasing demand for water ina
densely populated area like Amman-Zarka, aswell as new threats and contami-
nants, have emerged, leaving us with such diverse water quality problems as
eutrophication in surface waters and nitrates in groundwaters. The problem
has been aggravated by increasing emissions of industrial effluents from more
than 60 industries located in the catchment area of Amman-Zarka, as shown
in Figures 3 and 4. Thus the present work has been confined to assessing
industrial wastes and their impact on water resources.

Water, as part of the human environment, occurs in four main forms -- as
groundwater, in surface water bodies, in the sea and as vapour in the
atmosphere. The present work deals with the first two forms only.

Objective of the present study

® Assessment of man-made impacts on water quality in the area.
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Figure 5. The hydrological cycle.
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¢ Identification ofsources of pollution and pollutant pathways and behaviour.
® Determination of trends of chemical constituents and organic pollutants in
walter resources.

Water quality in perspective

In considering the availability of water, the hydrological cycle may shed
some light on the mechanism and flow of groundwater in the catchment area.
Figure 5 shows the behaviour and fate of precipitation. Hydrogeological
studies®® have indicated that the underground water is locally rechargeable
from precipitation in the order of 375 mm per annum. According to recent
data’’,24.5 MCM are estimated to be infiltrated above the catchmentarea every
year. The water in the basin circulates in two types ofaquifers. The majorone
is the upper aquifer, which consists of alluvium and carbonate formation. Some
wellsin this aquifer discharge from two hydraulically connected layers. The
groundwater moves from the highlands of Amman towards Sukhnehatong the
ZarkaRiver. This phenomenon helps us assess the pathways and fate of water
quality variables.

Below-average rainfall in time and space, high evaporation rates, unreliable
variation in climate, and the conversion of precipitation to runoff will
compromise the quality of the rechargeable water resources at the upper and
downstream Zarka River catchment areas.

Itis alsoworth noting that the unexpectedly elevated levels of heavy metals
like Cd, Pb and Ni observed in native and economic plants of the upper
catchment area in Zarka River basin (Khattari 1986) will further complicate
the hydrological cycle. And addressing the complex issue of water Quality
preservation with regard to pathway, pattern and behaviour of heavy metals
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Figure 6. Seil Zarka - STP flow system, assessment of biochemical loadings, 1990,
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from industrial sources will become even more difficult. For
g::g;llzd in monitoring the stratified zones of KTR agd the groundwater of
ZarkaRiver basin, we have observed -- particularly near industrial zones -- that
factors such asalkalinity, hardness, pH, dissolved ongen, temperature,carbt()ln
dioxide, redox potentials, phosphates a'nd chelatmg agents of man-tél_a e
origin undergo significant seasonal variations. Oertam. lf:vc]s and combina-
tions of environmental factors greatly disrupt metal toxicity to aquatic organ-
isms and plant uptake. To deal with this problem, we need an overa}l cnvxroxllci
mental management scheme for the whole catchment area which wo;
include a long-term environmental hazard assgssmgm of this comPIex ;; e-
nomenon, as well as of current industrial practices in solid waste disposal.

Pollutant pathways and behaviour

As mentioned earlier, the upper aquifer is annually rechargeable with c;
short transit time, while the deep aquifer (A4) is believed to have bcfan charg
before 1952. Therefore, the upper aquifer is threatened due to mﬁltra};%x;
through the soil zone by several industrial and man-made sourc?.d e
location of industrial concerns in the catchment area could eacf 0
infiltration of heavy metals into a new environment or copld lead to reactio
between native and introduced solutes from indust.na.l discharges. "

The generation of partial pressure of carbon dioxide (P(;O,) a:o‘t;iglimof
changes in redox potential (E,) and in pH may oceur, altering sfo u rti;lfim
solutes, or a new solution may dissolve objectionabie amounts of impur e
from solids that were stable in the previously exist?ng environment. Thre :]s;ng
salinity and elevated values of organic pollutants in underground watg 2 ogf
Zarka River till the outreach of KTR have demonstrated the path Wi 3; o
penetration and infiltration of biochemical substances aiong “;l(;h éc;: nr:aulate
ment of groundwater flow. Unless removed, ‘heavy meta}s cou t: coumulane
in the soil or percolate to groundwater, possibly contaminating
nity’s drinking water supply.

Indicators of pollution: discussion

1) Table 8 (p. 58) outlines some undesirable chemical effec:s :n tlgmbgeg:;:l;
Reservoir.  Most significant perhaps is the tendency fOf wa t: 0 contribute
stratified at times and for previously accumulated _sedu:ltzliln According to
undesirable impurities to the water near the reservoir bo al.r cadyreaching
RSS reports', certain heavy metals and organic poliutants ar‘iemiaksyﬂcrgistic
levels sufficient to bedetrimental to biotabecal{se of theu'.p(l). s emanating
effect and their tendency for complexation with orgamg l'%‘h o inconsistent
from man-made sources as shown in Figures 1 and 6.
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Table 10
Selected boreholes in Amman-Zarka
catchment area (1990)
No. Well designation TDS Na Gl  NO,
mgl mgl mgl mgl
1 Ruseifa Well No. 4 787 98 195 70
2 Ain Ghazal Well 730 72 156 85
3 Ruseifa Well No. 2 845 129 22 64
4 Phosphate Well No. 2 730 85 154 76
5 ICACo. Well 1632 266 539 121
6 Jordan Dairy Co. Well 960 130 268 75
7  Jordan Worsted Co. Well 92 113 234 65
8 Hashem Bolad Well 806 119 234 50
9  Nour Edden Mohamad Well 653 56 163 47
10 Mohamad Mutaw’e Well 922 105 271 81
11 Ramadan Swadani Well 941 128 280 59
12 Nather Sultan Well 1075 134 294 87
13 Awajan Well No. 23 806 8t 23 62
14  Awajan Well No. 22 998 139 315 56
15  Awajan Well No. 21 1190 176 360 60
16  Arab Beer Co. Well 883 135 255 37
17  Salameh Abu Khurma Well 1229 199 413 49
18 Modern Mill Well 749 65 14 95
19  Jabri Co. Well 979 117 255 74
20 Tanning Well No. 2 998 141 206 51
21  Mubhajreen Well 653 49 114 95
22 Maqgar Well 730 68 135 90
23 Pepsi Cola Well No. 4 806 98 18 78
24 Amman West. Well No. 3 653 52 106 93
25  Petroleum Ref. Well No. 3 1824 322 639 25
26  Petroleum Ref. Well No. 7 1555 271 476 50
27  Petroleum Ref. Well No. 10 1498 261 504 42
28  Petroleum Ref. Well No. 4 3072 553 1154 45
29 Hashemya Well No. 2 1344 242 403 54
30 Hashemya Well No. 3 1536 281 474 46
31 Hashemya Well No. 5 1632 293 487 55
32 Sa'adeh Ayyash Well 1805 333 547 67
33  Hussein Thermal Ste. Well No.2 1267 215 405 42
34 Hussein Thermal Ste. Well No.3 1459 249 477 48
35 Hussein Thermal Ste. Well No. 8 1594 295 476 19
36 Hussein Thermal Ste. Well No. 9 1651 306 526 38
37  Hussein Thermal Ste. Well No. 1 2880 519 1115 50
continued ...
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No. Well designation TDS Na @ NO,
mgA mgl mgl mgl
... continued
38  Jordan Pipes Co. Well 2240 241 89 92
39 Mohamad Muqgbil Well 4160 523 1678 137
40  Nizar Sha’sha’a Well No. 1 1306 167 422 60
41  Fine Hygienic Paper Well 1920 265 708 718

performance of STP effluent (east of Amman), vis-3-vis biochemical quality
standards and pathogenic organisms’ survival and regrowth, may eventuaily
perturb the natural mechanism of the self-purification process at the
receiving reservoir.

However, prevailing patterns of physico-chemical conditions in the KTR
will alter the solubility of heavy metals shown in Table 8 and could lead to
elevated toxicity of selected metals, especially in the presence of chelating
ligands originating from organic contamination along the stream flow.»13

2) The behaviour and trend of Zarka River show pronounced poilution
expressed in terms of high oxygen-consuming substances, chloride concentra-
tion levels ranging from 300-500 mg/l, and persistence of heavy metals along
the stream flowing to KTR (see Figures 1 and 2 and Table 6).

3) The presence of several sources of poliution in the catchment area, i.e.
industrial and commercial entities, has put stress upon the fragile ecosystem
(see Table 9 and Table 4).

The groundwater, particularly in the upper aquifer system, demonstrates
that the partial pressureof carbon dioxide (PCO,) values as calculated for more

Table 11
Selected toxic elements in KTR sediments *
Trend of average values, in mg/kg

Designation 1987 1988 1989
Iron 17392 19094 25110
Aluminium 12275 17869 22077
Arsenic 2.80 153 436
Cadmium 11.80 6.66 8.78
Chromium 36.0 36.0 423
Lead 35.0 4] 44.0
Manganese 362 413 442
Zinc 90 97 108

* Compiled from data in RSS annual reports on KTR.
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than 60 wells located in the area are greater than those prevailing in the
atmosphere, ie. 10*%. The values of log PCO, ranged from -1.3 to -2.0 in
almost 85% of the wells studied”,

It is interesting to note that the increase of PCO, is associated with higher
concentration levels of nitrates and salinity. Thisis particularly true of those
wellslocated along the Zarkastream close to industries with high biochemical
content in their emissions.

Available information indicates that PCO, values are higher in wells
located downstream of the liquid waste landfill at Ruseifa. This could be due
to decomposition of organic pollutants penetrating the shallow aquifer in
which carbon dioxide is generated. There is ample evidence that several
producing wells in the catchment area have shown unexpectedly increasing
values of salinity and chlorides that may have significant effects on palatability
and possible uses (see Table 10). Some wells have shown a tenfold increase in
salinity and chloride in the last decade.

4) The distribution of the isotopic composition of the shallow groundwa-
ter and its tritium levels suggest that Amman-Zarka basin is rechargeable
during the winter season, while the deep aquifer is less vulnerable to direct
recharge, since the transit time of infiltration is more than 40 years.

Recorded data at the Water Authority’s Environmental Isotope Labora-
tory illustrates that the upper aquifer is threatened from sources of industrial
and domestic wastewater, as the groundwater is already showing signs of
enrichment with stable isotopes.

5) Although there are no definite signs of the presence of elevated toxic
clements in the groundwater as yet, preliminary investigations carried out
recently at WAJ laboratories on subsoil sampies collected at Awajan area
near the industrial zones showed that the type of clay minerals in the area has
the tendency to absorb and adsorb toxic elements within its structure and that
it possesses high exchange capacity.!* Furthermore, Table 3 demonstrates the
effect of point-source pollution on underground water near STP.

Due to continuous penetration of toxic metal elements from industrial
emissions through the soil mantle, the clay may reach a saturation point.
However, under observed changes in PCO,, E, and pH, a release of selected
hazardous elements may occur, which will infiltrate to settle in the groundwa-
ter in soluble form. These conditions may favour dissolution of more minerals
and toxic elements that are known to be nonbiodegradable, once they reach
the underground water reservoir. The rising concentration levels of industry-

emitted toxic elements in KTR sediments are presented Table 11.

Facing the challenge

¢ Jordan places a high priority on industrial development in order to attain
rapid returns on its investment. However, environmental pollution caused
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by hazardous industrial emissions is emerging as a national concern,
especially in the metropolitan area of Greater Amman. In confronting the
challenge this poses, serious attempts must be made by the relevant
regulatory bodies to outline anti-pollution legislation that will allow for
sustainabledevelopment. We canattribute the sluggish progressin accom-
plishing this ambitious task to unclear authority of the concerned bodies,
conflicting regulations and socio-economic constraints. In fact, even the
theoretical underpinnings of the needed legislation presently consists of
unfocused studies carried out by various researchers with conflicting per-
spectives. Only an evolutionary, multidisciplinary approach to setting up
environmental institutions can cope with these problems and implement
measures that will preserve Jordan’s fragile ecological system and protect
surface and groundwater resources. ' ¢

Industries should be encouraged to build integrated facilities that could be
used by several companies in proximity. The shared use of one pre-
treatment plant would produce effluents of better standards, so that all
participating companies could be connected to the sewer system, in compli-
ance with environmental regulations governing the discharge of industrial
effluents.

The concept of environmental management should gain more groundat all
levels in Jordan. The presumption is that setting up environmental
machinery and developing quality standards for curbing industrial
pollution would be irrational if enforcement mechanisms and compliance
are not consistently and persistently pursued.

Adaptive monitoringschemes have been developed depending on the mag-
nitude of the industrial pollution level and the various sources of potential
contamination.'»® The Water AuthorityofJordan has instituted plans and
programmes to enable executive management to assess and evaluate the
management impact on water resources in anticipation of any potential
environmental crisis. Strengthening the monitoring plan to cover water
supplies, industrial effluents and streams will act as amanagement 100}
in achieving the goals of WAJ.>- 2

The outcome of the present study should be used to preparing a basin-wide
plan forwater quality management. Most of the commercial and industrial
discharges in the kingdom are in Amman and Zarka. Control of these
emissions will have a material benefit to water quality in Jordan.
Activities such as monitoring programmes are already in progress, and
substantive support of WAJ management has proved useful in sustaining a
water supply of the highest standards to consumers. However, developing
information management systems at the national level is essential to effec-
tive pollution controls over the long term.

In considering the currentstatus of treatment plants, in particular the STP
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at es-Samra east of Amman, it may be assumed that in future all organically
polluted effluents will have to be treated biologically or with comparable
treatment.® Such treatment of industrial wastewater alone, although neces-
sary, has been found for many reasons to be not always applicable, whereas
when applied to combined sewage and wastewater it has achieved excellent
results.

A recent assessmentof biochemical loadings and heavy metals discharged
from industries along the Zarka River concludes that capital cost, affordable
technologies and environmental management must be weighed when con-
sidering the issue of connecting all industrial effluent to the sewage system.
Current emissions, as reflected in biological oxygen demand, could be raised
t0 about 60 mg/1 at the inlet of STP. This will amount to a 9% increase at the
influent, while the total dissolved solids will increase to 170 mg/, ora 17%
increase over current levels.

The total emissions of heavy metals from the entire basin are estimated as
follows: 0.62 kg/day manganese; 1.67 kg/day zinc, 5.0 kg/day iron, 0.98 kg/day
copper, 1.03 kg/day chromium, and 0.49kg/day cadmium.

Although even the compromised effluent quality might not exceed the
limits allowed forirrigation purposes at the present flow rate of 90,000 m*/day,
nevertheless upgrading the existing treatment facilities and introducing tech-
noicgies such as natural zeolite minerals* could eliminate many of the risks
and uncertainties associated with heavy metals and would improve effluent
quality for the end users.

The issue of how to deal with waste products and achieve a sustainable
watersupply is highly complex, and its many facets must be studied thoroughly
before action is taken. Combining communal sewage and industrial wastewa-
ter treatment facilities in one plant is one option, which, of course, has
advantages and disadvantages:

Advantages of combined communal sewage and industrial wastewater

& The excess of nitrogen and phosphorous compounds in domestic sewage
can counterbalance deficiencies of nutrients in industrial effluents.

® In domestic effluents, all trace elements that are necessary for biological
treatment are present.

¢ Organic toxic substances such as phenols and cyanides are biodegradable
when diluted with domestic sewage.

A promising field of research in point-source treatment of industrial and municipal
effluents is the use of natural zeolite minerals, found in abundance in J ordan’s Azraq
area. Zeolites can serve as both an ion exchange system and secondary filtration
medjum andare fast becomingstandard componentsin facilities for treating wastewa-
ter. They reduce oxygen-demanding constituents, bacteria and other pollutants and
appear to be able to extract trace amounts of heavy metals from wastewater.
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e Slow biodegradable compounds can be more efficiently removefi f{om
wastewater through absorption processes if production of biomass is hlgl_l,
as in combined plants. Additional advantages of a technical and economic
nature may result from the increased size of the treatment plants.

Disadvantages and problems of combined treatment

¢ Inordertoachieve good treatment results incombined plants, provision has
to be made for sufficient contact time and a high sludge age, which increases
construction and operation costs. )

¢ Effluents that are polluted mainly by inorganic compounds contain mostly
settleable and filterable solids, cooling water, etc., which should be kept
apart from combined treatment. This requires costly separate sewerage
systems in industries. o

¢ Potential discharge of highty toxic wastewater may hinder biological
treatment, even if equipped with extended aeration. _

¢ Expensive pre-treatment in industries is needed to meet regulations for
discharge into communal sewerage systems.

® Incieased administrative difficulty arises in managing treatment plants
for wastewaters from different sources.
One condition® for efficient treatment of industrial wastewater, whether

in combination with domestic sewage or alone, is the segregation of process

water from cooling water and surface run-off into separate sewerage systems.
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Impacts of
urbanization and
industrialization on
water reservoirs:
King Talal Reservoir,
a case study

Dr. Murad J. Bino
Director, Environmental PolImion_Rm'earch Centre
Royal Scientific Society
Amman, Jordan
Introduction

King Talal Reservoir (KTR) is a rock fill dam finished in .1977 with an
estimated useful lifetime of 50 years. The main purpose of lhlS’ da;n was to
supply irrigation water for the Jordan Valley (JV), to supply drmkmg w::;;
to the city of Amman, and to regulate storm water. _Its storage capacgyM
50 million cubic metres (MCM) and was increased in 1988 to 86 Ml 1l:y
elevating the dam to 108 metres. This expansion was to compensate for t ;
sediment build-up in the reservoir, estimated at0.5 MCM per annum, a:1ts
also to install hydro-powered turbines with a rated output of four megawa

lectric energy. ‘
per’ll'l’l?: r(ﬁ’ifnage basinggf KTR (Figure 1) is 3157 square hlomgtrgs and
extends east ofthe Jordan Valley. Zarka basin is an important basinin terms
of urban and industrial pollution loads that reao_:h KTR a.nd is the only perma-
nent water flow that reaches KTR. Urbanization of this area expanded very
rapidly over thelast 20years; it is now one of the most densely populated areas
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Figure 1. Basin of King Talal Reservoir.

of Jordan (withabout 1.8 million inhabitants). Ninety percent of the country’s
light industries and services are located in this area as well.

Urbanization and other developments have exerted severe stresses on the
water resources of this area, with domestic and industrial water supplies relying
on groundwater. Since 1975 over-pumping resulied in depleting the ground-
water resources and caused salt intrusion and deterioration of water quality
of the basin. Water is now transported long distances from Azraq, Mafraq,
Suwaka and the Jordan Valley to the demand centres in Greater Ammar,
Ruseifa, Zarka and many other nearby cities and towns at considerable cost
in terms of capital investments and operational expenses. Major water-
consuming industries in Zarka area include Jordan Petroleum Refinery
Company (JPRC) and Al Hussien Thermal Power Station (HTPS). These
industries depend on groundwater for their water needs.

Sources of pollution

The major sources of pollution that directly or indirectly affect the water
quality of KTR are the following:
® sewage treatment plant effluents,
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industrial wastewater discharges,

over-pumping from groundwater wells,

urban activities: cesspools, runoff, transportation,
agriculture runoff, and

leachate from landfills.

Sewage treatment plant effluents

The considerations in the management of wastewater in the past 20years or
so were based, among other factors, on the cost of constructing treatment
plants, availabilityof skilled labour, and the runningcostof plants. Asaresult,
sewage treatment plants in Jordan were generally based on waste stabilization
principles or activated sludge or trickling filter as a second process. Tertiary
treatment plants are not constructed due toincreased cost of treatment. Itis
well known that tertiary treatment of sewage greatly improves product water
quality, especially with regard to total suspended solids (TSS) content, and
reduces bacterial and helminths eggs.

Effluent from the following sewage treatment plants reach KTR:
® Es-Samra Waste Stabilization Ponds (SWSP);

& Bakaa treatment plan: a trickling filter plant;

® Abu Nusair plant: RBC plus extended aeration plant; and

® Jerash treatment plant, oxidation ditch.

The SWSP reliefdischarge at Sukhna, with estimated capacity of more than
40,000 cubic metres of raw sewage, could bea serious pollution loadwhen used,
especiallyduring the dry season. Besides that, there are plants which indirectly
discharge into wadis reaching KTR. These are operated mainly by the Jordan
Armed Forces and some industrial firms and have no permanent flows but
pollution products such as organic pollutants, nitrates, phosphorous and
sludges which could be flushed along wadis into KTR every winter.

SWSP receives very strong sewage influents in terms of five-day biological
oxygen demand (BODS), TSS and other organic parameters. The nature
of treatment in waste stabitization is capable of reducing biological waste loads
and removing most of the bacteria and helminth eggs, butit is not capable
of producing effluents comparable to activated sludge processes in terms of
BOD and TSS. Therefore, in relation to received sewage strength, which is
considered among the highest in the world, the quality of SWSP effluent at the
pointof discharge is considered weak to moderate raw sewage. SWSP is located
40 kilometres upstream of KTR. Table 1 shows the chemical and biological
quality of the effluents from SWSP.

It is common practice that sewage treatment plants in many parts of the
world are designed to receive raw sewage comparable to the effluent discharged
from SWSP. About 90% of all sewage treatment plant discharges in the Zarka
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Table 1 basin origi
ginate from
Quality of effluents of SWSP 1986 to 1989/90 SWSP. Table2shows the
(units in mg/m) contribution of SWSP
effluents to KTR in 1989
Filtered Flow along wi i
Yex BODS BODS OD Ts m/day ﬂowgm:;t;’[%f total fn-
1986 115 54 385 161 tria
1987 109 43 406 183 ;ﬂz(s) Industrial
1988 138 59 352 190 67148 wastewater
1989/90* 106 46 333 159 73529 discharges
* From Feb. 1989 to Feb. 1990 JPRC is the biggest
Table 2 ;:qgle industry in the area.
Contribution of SWSP effluents to oy refincry in
Jordan and processes 2.5
KTR in 1989 illi
million tons of crude oil
Period KTR inflow SWSP effluent oy yean The water
MC r  MCMyear qeeds of the refinery, es-
Miyea tmated at 5000 cubic
May 86 - April 87  68.809 15.518 metres per day, are
May87- April 88 99,037 16.606 pumped from wells on the
May 88. April89  73.447 25.524 premises of the reﬁnery.
Water is used mainly for

:ltlca;ln generation and process cooling and for domestic needs by residents in
€ housing estate near the refinery. The industrial wastewater is subject to
primary treatment only. Pollutants, such as petroleum residues, are not re-

beig% shut down by the refinery.
the other major industry in this area is the Al Hussein

Station (HTPS), which is capable of producing 4000 mega-wa'ft:?)rfrtl;lecl::iz‘:;
per I.mur. ‘The HTPS water discharges originate mainly from the water
demmefahzatioqplam and some steam condensate purges which are us
conmmlpated }mth oils. HTPS uses 1300 tons/day of fuel oil for power
pr(_)ducnon; this fuel has a high sulphur content, in the range of 3.5 - 4% by
w'elght. Therefore, an estimated 15,000 tons/year of sulphur oxides are
dispersed by HTPS in the area, affecting KTR basin. However, it is important

e

. i
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to mention that the soil type in KTR basin is highly alkaline and thus is tolerant
to acidity from such sources.

Industrial accidents arelikely to happen,and the involvement of poisonous
chemicals renders the cost of repairing damages caused to the environment by
such accidents very high. Thisis what happened in 1988 when unquantified
amounts of mercury contaminated more than 6000 cubic metresof soil near
the Jordan Chemical Industries in Awajan-Zarka; the mercury was used to
produce chlorine by the chloralkali process. Now, two years later, the
contaminated soil is stillin its place in the vicinity of the plant and poses a
potential hazard in the KTR basin and also to some groundwater aquifers in
the area.

There are many other industries in the area near Amman, Ruseifa and
Zarka. Most of them operate some form of wastewater treatment facilities,
but the effluents of these facilities do not comply with the existing Jordanian
Wastewater Standard 202. The Water Authorityof Jordan (WAJ) determines
whether industries in the Greater Amman area are permitted to connect to the
sewers or not, according to their organicor TSS content. Some industries, such
as the Jordan Yeast Company, Arab Detergents, Jordan Dairy Company, and
car wash service stations, dispose of theirwastewater in wadis near Amman.
This practice, recognized by WAJ and other agencies, results in polluting
aquifers and KTR.

The Greater Amman solid waste disposal site is located over the Zarka
aquifer south-east of Ruseifa. A new site went into operation in May 1989
serving 1.8 million inhabitants with an annual solid waste generation per
person of around 100 kilogrammes. Figure 2shows thelocation of this landfill
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site. There was concern about the Tabie 3

selection of the site in this area and Typical analysis of leachate from
about the measures taken to prevent Ruseifa landfill *

groundwater pollution. It is well known

that leachates could pose dangers to Parameters  Units  Results
aquifers. The Royal Scientific Soci-
ety (RSS) has recently collected samples | PH SU 6.35
ofleachates from this new site and EC US/em 49000
analyzed them at its Environmental ,IT,?SS lu;yl ;’.8,;.125
Research Centre. Table 3 shows the BODS mgll 197500
results of the chemical analysis, indi- CcoD mg/ 208800
cating polluted leachates typical of NH,N mg/ 5117
new sanitary landfills, 0&G mg/ 3161
MBAS mg/ 311
Impacts on water quality of Phenols mg/l 0.007
PCBs mg/ 0.089
KTR water has been under con- Al mg/l 1.00
tinuous monitoring by RSS since its 2;’ mg/ 73225
construction in 1978. Many changes cd ;’ﬂ 027
have taken place since that time with Cr mgl 0.60
regard to the management of the Cu mg/ 030
drainage basin of this reservoir, The Fe mgA 80.00
most significant of these changes Hg mgft <0.005
was the construction of SWSP and Mg mg/l 2594.00
the decision to connect Zarka and Na mgl  11600.00
Ruseifa to that treatment plant. Due Ni mg/ 8.50
to the increase in quantity of sewage | Pb mg/l 150

connected to es-Samraand the inabil- )
ity of this type of treatment plantto " Analysis of sample collected by RSS
efficiently remove suspended matter ~ OF 2/5/1990.

and some oOxygen-demanding pollutants such as ammoniaand detergents, the
effluents reaching KTR are deteriorating. Table 4 shows the increased
qQuantity of organic pollutants reaching KTR since 1986,

On the other hand, the natural capacity of the reservoir to reduce
biological and bacterial contamination is stili sufficient to cope with the qual-
ity of the incoming water and to make it Suitable for unrestricted irrigation.
Butthis capacity has limits, and it can not reduce heavy metais or refractory
chemicals. The heavy metals are mainly taken up and concentrated in the tis-
suesof algae that grow in the reservoir and that endup as sediments when they
dieoff. Some of the dead al gae is carried away in the form of suspended matter
with the discharged water from KTR. Refractory or non-biodegradable

s i
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Table 4
Amount of pollutants reaching KTR from Zarka stream
1984 - 1989 flow
Year Fow TS BOD5 aoD Total P Nitrogen-N
MM  onsfyear onsyear  tonshear  tonsiear tonyyear
1984 53.865 8568 414 3052 73 486
1985 48.638 2498 411 3296 59 647
1986 63.019 7840 1018 4577 121 1332
1987 53291 41198 1165 5197 634 1034
1988 100.821 7294 2460 7755 419 2787
1989+ 51.619 2714 984 4078 338 1691
6yearav. 61.876 13222 1290 5591 329 1595

*In this year, the third train in SWSP was started.

chemicals, some types of detergents, polychlorinated biphepyl; aqd similar
chemicals persist in the water and are discharged with the irrigation water.
The concentration of boron, a chemical present in some powder. Qeter-
gents, is increasing in the water. It is known that citrus trees are sensitive to
boron, especially when it is present in concentrations greater. than 0.5 mg/l.
Most Jordan Valley agricultural produce is sensitive to boron in excess of 1-2
mg/l.
gfll\litrogcn and phosphorous are chemicals that makt_a surfape water eutro-
phic. KTR records show that these chemicals are building up in the water and
sediments of the reservoir. Figure 3 shows this trend over theyears 198710 1989.
There are other pollutants of concern which are not monitored due to lack
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Figure 3. Trend of total nitrogen and total phosphorous in King Talal Reservoir (Site
300).
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of experience, proper equipment or financial resources. These are pesticides
and certain chlorinated organic chemicals and non-degradable hydrocarbons.
Proper water quality management requires the monitoring and control of such
chemicals in KTR.

Interventions to improve water quality of KTR

Upstream interventions

The sources of pollution of KTR are man-made and come mainly from
sewage treatment plantsor from industrial effluents. Since SWSP is the largest
source affecting KTR water quality, improvements inits quality of water will
have positive impacts on receiving water bodies such as KTR and Zarka
stream. SWSP effiuents are comparable to raw scwage of medium to weak
strength in terms of BOD or COD and are laden with suspended matter inthe
form of algae. Thelow quality of SWSP effluents, indicated in Table 1, makes
them inadequate for long-distance open-channel fiow. Discharge of such
effluents into dry wadis or small natural streams (like the Zarka stream),
especially when there is no dilution effect, is likewise not suitable.

One should not, however, undermine the fact that SWSP product waier
is suitable and safe for irrigating different types of crops and does not carry
many of the bacterial or helminth eggs common in activated sludge treatment
plant effluents. For effluents similar to those of SWSP, itis preferable to
practice irrigation at close distances to the discharge site rather than to convey
water elsewhere in closed systems such as pipes.

Improvement in the quality of SWSP water would be achieved by
improving the oxidation of the organic waste in the discharged wastewater
from this plant by adding stages of aeration equipment which are common in
activated sludge processes. The cost of such modification and upgrading of the
SWSPsystem will probably be high, butwith direct and indirect gains inreturn,
among them improvement in the quality of Zarka stream, a cleaner wadi along
the flow from es-Samra to KTR, and improvement in the KTR water quality.

Industrial water discharges will have to be monitored and their quality
controlled. Many industrial firms at the present time do not comply with the
Jordan Standard for Wastewater 202, because itis very strict. RSS has called
for the revision of this standard. The modified standard, which should be
issued soon, is expected to be more practical and easier 10 comply with. Inthis
case it will be possible to ask the industry to treat their wastewater without
subjecting them to unreasonable costs.

Lake interventions

Improvements in thewater qualityofa reservoiraredictated bytheintended
use of the water, for example, fish farming, sports Of irrigation. At its present

oo
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:;;tgea ttlil: walet;1 i;;]snite suitable for all forms of unrestricted irrigation. Drip
n me may, however, be more efficient t i '

y ver, 0 use with water of less
iu;j}:;n;ec; ‘t)natter of algae origin. Sporting and recreation requires water
o re transparen_t and aesthetically cleaner. Fish farming requires
Gean I\:::;t:; lir:: ﬁ:?im poisonous chemicals and with high dissolved oxygen

nsitive to minute amounts of ammonia and h
Bacterial contamination of the water i i etor it fanming.

ter is also a limiting factor in fish farmi

At the present state of KTR iti e ce mes of
the year all these qualities are lacking at certain times of

For on-site improvement of the i

e water in the reservoir it is necessa

i\:rtahtjz the water at certain loc_ations using limno aerators, shown in Figurryet:
b this rxsnetll:lc_;)d compressed air is diffused through a special device into thes;:
deraton ,:ix ;hw?:; f:b&miffrged in the Jake. Oxygen is transfered to the water

> e different water layers of the lake. As en beco:

- - 3 . m“
;‘;‘:ﬁ?}:; Icl);ga}tltc matter is oxidized, some heavy metals prec:i:i}:ya%e and phos-

nitrogen are removed, as indicated in Fj :
> and | 1 X gure 5. The cost of one
ahmnnd :)w l;ngrwllltll; ec‘:xygcnhcapacny of 2000 kilogrammes of oxygen is $250,000,
: such units may be is kind of
s o e y be needed. The results of this kind of

water quality suitable
for fish farming and
recreation.

Cost-benefit
analysis

Cost-benefit
analysis is a system-
atic method of iden-
tifying and measur-
ing the economic
benefits and costs of
a project or pro-
gramme. The bene- rogen
ﬁiS Of a Pr ol. ect are Iron ang
the wvalues of incre-
mental outputs of
goods, products, and
S?l'ﬂ'ces, including en- Davgen
vironmental services,
made possible by the
project. The costs are

Figure 4. Submerged limno aerators.
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Figure 5. Diagram showing results of limno aeration.
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the values of incremental real resources used by the project. Both project costs
and benefits are appropriately discounted over time. Benefits are of two types:
direct benefits such as the value of the products provided, and secondary
benefits such as wages earned by workers on the project, environmental
benefits such as quality improvement for uses like fishing, boating and swim-
ming, or even aesthetic appreciation.

At this stage, data are lacking to make a reasonably accurate cost-benefit
analysis for improving KTR water quality through upgrading SWSP effluents.
An attempt is made at analysis by a simple and straightforward manner, in
which the cost of SWSP improvement is calculated based onsome existing
WALJ wastewater plants. Table 5 shows some details of this calculation,
which gives a net loss of more than two million Jordanian dinars per year;
however, not all the benefits of this improvement can be estimated.

Impacts of urbanization and industrialization

Table §
Cost-benefit analysis of improving SWSP
(Basis 100,000 m*/day in JD)
Parameter SWSP SWSP Desired
influent effluent quality
TDS 1,005 1,074 <1074
BOD5 854 138 20
TSS 584 190 30
COD 1,332 352 75
NH,N 91 88 >1
TFCC 1.00E+11 1.50E+02 1.50E+02
Cost JD/year
a-Electricity 0.000182/M3 6,643
b-Oper. cost 0.00382/M? 139,430
c-C12+des. cost .00122/M3 44,530
d-Plant 812,450
Cost/m® @ 20 yearsly
Total costsfyear 1,003,053
New cost after improvement Cost JD/fyear
a-Elect. power 0.0127 624,150
b-Operation @ 100% 1,658,560
c-Chborine + disinfection 215718
d-Plant maintenance @ 5% 133827
e- Current cost of SWSP 1,003053
Total new estimated cost/year 3635308
L Benefits wage % of costs 165856
1. (Benefits) Seil Zarka 100,000
1 Benefits KTR as fishing 750,000
Total est. benefits/year 1015856
NET COST ID/YEAR 2,619,452
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Overexploitation and
salinization of groundwater
resources and accompanying
saltwater intrusions

Water Research and Study Centre

University of Jordan
Amman, Jordan

Introduction

The Disi-Mudawwara aquifer system crops out in south Jordan and extends
into Saudi Arabia and the underground of Jordan, where it overlies the
Basement Complex, which consists of intrusive igneous rocks functioning
as an aquiclude (Figures 1 and 2). This sequence of sandstones and shales
underlies the entire area of Jordan at different depths, generally increasing in
northerlyand north-easterly directions. The Disiaquifer consists of medium-
to fine-grained sandstones with a total thickness of about 1000 metres. The
average precipitation over the area is around 80 mm/yr., with an average
potentialevaporation of 2000 mm/yr. The daily temperatures range from zero
to 45°C, with a yearly average of 24°C.

Groundwater in the Disi-Mudawwara area

The groundwater in the Disi area is unconfined (Figure 3) and lies ata
depth of around 80 metres below the surface, whereas in the Mudawwara area,
the water is confined and partly artisian. The groundwater flow is directed
towards the north and north-east. The average permeability of the aquifer is
1.68x10° m/s with a gradient of 1.43%. Assuming a flow of 40 kilometres in
width and a maximized saturation depth of 1000 metres, the throughput of
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the aquifer is calculated to be equal to: 1.68 x 10°x 1.43x 10°x 40x 10°x 10°

x30.5 x 10°= 30.5 MCMA.

This figure could be indicative of average recharge or the total flow as a

result of fossil gradient adjustment.

The C" ages of samples collected from that area range from 11,000-13,000

years. Presently, it is generally accepted that the groundwater in Disi-

Mudawwara area does not receive major replenishment. This means that the
groundwater in the aquifer is fossil and that its extraction is at the expense of

storage; in other words, this extraction is a mining process.

The Disi-Mudawwara aquifer, extending over the entire country, underlies
all geologic units, and is on a regional scale hydraulically interconnected
with the aquifers of the different units. This implies that any extraction from

saol

Figure 1. Location map of Disi-Mudawwara aquifer system.
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Figure 3. Equipotential lines of the groundwater in Disi-Mudswwars area.

this aquifer at any location in Jordan is going to be reflected in lowering the
water level in the upper aquifers. )

Extraction of water increased from 15 MCMAT. in 1?83 to 60 MCMjr.
in 1989. The total amount of extraction during this period was around 300
MCM, causing a nonrecoverabie drawdown in water levels_ ranging from 1:13
to 9.1 metres. Thisnonrecoverable, irreversible decline is 2 major warning
concerning the persistence of water resources (Figures 4 and 5).

During the last fewyears, thesalinity of the groundw?ler started to 'show
some increase in the different constituents, indicating a rise and upcoming of
deeper aquifer waters. .

%’m g“mal results of the hydrological studies on the Disi-Mudawwara
aquifer can be summarized as follows: o
® The groundwater is fossil and the recharge is estimated at 30MCM/jyr. The

age of the groundwater is estimated to be more than 10,000 years.
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® The total pumping of about 300 MCM in the last few years caused a dropin , ¢ There are indications that the water salinity has started to increase.
water level amounting to more than nine metres in some areas. : ¢ The Disi-Mudawwara aquifer water is the only strategic water reserve of
® The groundwater body of Disi-Mudawwara underlies the entire area of Jordan.
Jordan and s, on a regional scale, hydraulically interconnected with all ¢ This water is the only long-term source for the water supply of Aqaba.
overlying aquifers. Hence, extraction from this water body will affect the
groundwater resources in Jordan, as it lies in the upstream direction, and '
- N . Observation Well No. M3
will ultimately cause a general drop in the water levels.
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Azraq area

The Azraq area lies around 80 kilometres to the east of Amman. It forms
the northern part of an elongated geological depression known as Sirhan
Depression. Azraqand its extension to thesouth-east function as a base level
for both surface and groundwater which collects there to form an oasis.

The quantity of groundwater discharged into the oasis from springs is
around 16 MCMAT. (Arsalan 1973).

Shaliow wells were drilled in the seventies in the Azraq area to supply water
for irrigating the northern and north-eastern parts of thatarea. Aiso, around
3 MCM/jyr. were pumped from North Azraq pools to Irbid district to
supplement its domestic water supply.

Since 1982, water produced from a series of wells located to the north of
Arzraq has been pumped to Amman to alleviate increasing demand. The
amount of water pumped to Amman ranged from 12-16 MCMAr. Already in
1986 the drawdown in the groundwater table reached three metres (Figures 6
and 7).

North Sas

Azrag T~ sos

@ 1290 2000m.

Figure 6. Groundwater levels prior to 1982.
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At present the general drawdown is around six metres. The spring dis-
charges in South Azraq stopped, and those of Qaysiya and Soda springs
decreased rapidly. The total groundwater discharge of 16 MCM/yr., measured
by Arsalan in 1973, decreased due to overpumping to 10 MCMAr. in 1983, to
6 MCMAT. in 1986, and to less than 1 MCM/r. in the past two years (Figure 8).

Tritium, which has a half-life of 12.3 years, has never been detected in
Azraq well water, indicating that no recent recharge to the groundwater is
taking place. C'-age determinations gave a recharge age of 5,000 to 12,000
years.

Figure 7. Water level decreases, 1982.
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The salinity of Aura pool and Qaysiya springs has increased rapidly during
the last few years, too, and is now in the range of brackish water.

At present the groundwater level in the well field area and its surroundings
lies two to three metresbelowthelevel of the pool’s surfacein Northand South
Azraq. Itis now feared thatwater will start moving from the salty marshes
which are located between North and South Azraq and east of the line
connecting them to the well field area.

The problem of saltwater intrusions did not surface until now because of
the periodic seasonal pumping of the aquifer. Water is not pumped during
the winter season, which allows the groundwater to recover.
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The results of such practices are the following:

e If a proper balance between the seasonally pumped amounts and the
recovery of water levels is maintained, only the oasis will dry, and no salt
intrusions are expected to occur.

® If pumping goes beyond its present amounts but with the same seasonality,
the water levels in the area will drop further, making recovery more
difficult and resulting in saltwater intrusions.

® If pumping is practiced, whether at the present rates (same amount but
distributed all over the year) or at an increased rate, sait water will start
moving towards the well field, leading to the salinization of the groundwa-
ter.

Conclusion

Extraction from Azraq wells led to the dryness of the oasis and negatively
affected the environment in Azraq. This unique oasis, which served as a
sanctuary for migrating birds during all seasons of the year, has dried out and
lost its natural function.

If the present pumping-recovery equilibrium is disturbed by increasing
the pumped amount of water or by extending the pumping season, saltwater
intrusions will be the ultimate result, and the groundwater system will eventu-
ally collapse.

Economic value of water resources

The two above-cited examples of overexploitation of groundwater
resources should be exposed to certain economical analyses, taking into
consideration the following aspects:
® The groundwater resources in both areas are fossil.
® The water levels are continuously dropping.
¢ The water quality has started to show signs of deterioration.
® Water in Jordan is scarce and precious, and its allocation for various uses

should undergo very critical evaluation from different aspects.

The assessment of the economic value of water resources is a very compli-
cated and difficult issue, especially if the long-term environmental impacts
are notclear. Also, the value of water resources differs from one country to
another and even from one community to another. Therefore, a cost-benefit
analysis of the utilization for a certain community is the best and most reliabie
way to appraise the social value of water.

Based on the aforementioned aspects, it can be derived that the real cost to
the community of using Disi or Azragwater is equalto the realvalue ofbenefits
that would be obtained if these resources were allocated to other uses than
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those at present. However, cost-benefit analysis should be carried out in terms
of environmental management and sustainable development.

If the cost-benefit analysis and real cost concepts are not considered, the
ultimate results will be physical and economic constraints on water resources
and their uses. But if they are considered as the base for any water use and
allocation policy (optimal uses), then their yields will be greater and they will
help in achieving the socio-economic objectives of developing water re-
sources.

An economic perspective of Disi water

¢ Toirrigate 1000 square metres, i.e. one dunum of land, 1200 cubic metres
of water are needed.
Accordingto the producersin the area, one dunum of land yields an average
of 600 kg wheat.

® The cost ofimported wheat is $155/ton, C&F Aqaba, which equals JD 104
ton at the present exchange rate (1990).

¢ The subsidized price the government pays for producers is JD 140/ton of
wheat.

¢ According to producers, the cost of wheat production (fuel, seeds,
machinery, spare parts, fertilizers, biocides and labourers) amounts to
some JD 110/ton, 80% of which are imported facilities.

Summary:
Imported wheat JD 104/T
Local wheat JD 140/T
Cost of production of local wheat JD 110/T
Imports to facilitate production JD 88/T

Water used to produce 1 ton of wheat 2000 m*
Results:

® Producing wheat needs JD 88/ton of imports to facilitate production,
whereas importing wheat itself would cost JD 104/ton.

e Each ton of produced wheat consumes 2000 cubic metres of high-quality,
precious and nonrenewable water.

® The government pays (140-104) = 36 JD/ton as subsidy.

e The price for one cubic metre of water in Aqabais 120 fils, with running
costofsome 50fils/m. Henceselling 2000 cubic metres ofwater (theamount
needed to produce one ton of wheat) in Aqaba means a gain of JD 140.
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If the present usage of water in wheat production continues, the following
is valid:

¢ Intermsof hard currency, the annual difference if wheat is imported will be
around one quarter of a million US dollars more than when production
facilities to produce the same amount of wheat are imported.

e Since the only available future supply of Aqaba is Disi, exhausting its
water resources would mean that sea water has to be desalinated to
guarantee the continuous supply of water to the city. But desalination of
one cubic metre of water costs at present a minimum of $2.00, which would
mean that producing one ton of wheat deprives the country of $4000, to be
paid in water desalination, the major portion of which will be spent for
imported fuel and machinery in hard currency.

Conclusions

® The current water situation with its various problems demands improve-
ments in the resources-human activity relationship.

& Waier management should expand to involve alarger range of alternatives
to assess a wider range of impacts, including costs and benefits to society.

If water management programmes are not sound in environmental and
socio-economic terms, major constraints on the whole development process
may result, because water resources are complementary to most of the devel-
opment inputs.
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Solid waste disposal
sites and their effects on ground
and surface water
Dr. Samir Hijazin
Head, Groundwater Studies

Water Authority of Jordan
Amman, Jordan

Introduction

It does not make sense to rid ourselves of any disposal from one piace by

polluting another. We must select with care a suitable place for dumping; at
landfill disposal sites, for example, the unsaturated zone forms an important
buffer between hazardous wastes and the water table.

Understanding the mechanism and rates of movements of pollutants in

sedimentary rocks is an important step in groundwater protection. Ideally,
there should be a hydrogeological input into the planning of any fixed installa-
tion that will have or could cause discharges to the groundwater. In the absence
of an aquifer protection policy, the risk of contamination from an
installation must be addressed using standard hydrogeological methods. As
a minimum the following should be determined:

geology: lithology, thickness, physical properties;
hydrogeology of the aquifers and flow paths, aquifer
properties;

vadose zone, thickness and properties of the unsaturated
zone;

meteorology: rainfall, evaporation, evapotranspiration; and
local groundwater usage.
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98 Solid waste disposal sites
Surface and groundwater pollution

If waste buried in a landfill comes into contact with water from infiltration,
a highly mineralized leachate will be produced. Leachate from domestic
wastes is usually characterized by high concentrations of soluble organic
compounds, particularly short chain carboxil acids, with ammonia, chloride,
sulphate and metals such as iron, calcium, sodium and potassium being found
at elevated concentrations. However, the relative proportions of these
contaminants will vary, reflecting a shift in the microbial population, from
aerobic through facultative to anaerobic organisms, as oxygen becomes
depleted and the moisture content of the landfill increases with time. If
industrial or hazardous wastes are codisposed with domestic refuse, traces
of these materials or their breakdown products may aiso be found in the
leachate. The movement of this leachate may cause pollution of both surface
and groundwaters. The rate of fluid migration may be considerably reduced
under unsaturated conditions.

Evaluation

The following basic data are required to assess what measures should be
taken to protect groundwater:

total thickness of materials above the aquifer,
total thickness of the unsaturated zone,
travel time through the unsaturated zone,
travel time through the saturated zone,

clay content of the unsaturated zone,

water quality of the aquifer,

the aquifer parameters transmissivity, storage capacity and
porosity,

abstraction from the aquifer,

meteorology of the arch, and

e groundwater level fluctuation.

Monitoring

Any monitoring scheme must be designed specifically for the job at hand
and with a clear knowledge of the existing hydrogeological situation and
of the potential flow path and the poliutants involved.

a. Saturated zone monitoring. There is now a wide range of equipment
available for representative sampling of the saturated zone. The most common
cause of poor sampling occurs when the static column of water in a cased
borehole is sampled many metres above the screened section with little or no

G i

Solid waste disposal sites 99

flushing of the water in the column. A borehole drilled purely as a sampling
well should be completed in such a way as to avoid this problem. However,
it is often the case that a borehole must serve multiple functions, say for water
level recording, water sampling and water pumping for use or disposal. In this
event, greater care would be needed to obtain a representative sample by
pumping or extensive baling.

b. Unsaturated zone monitoring. There has been a move in recent years
towards monitoring the unsaturated zone as well as the saturated zone in
order to obtain early-warning data about pollutant transport through the
unsaturated zone and to increase our knowledge of the processes involved in
the attenuation of pollutants as they travel through the vadose zone.

Monitoring the unsaturated zone requires good planning, as relevant
equipment often must be installed prior to site construction. A typical range
of equipment for measuring the movement of poilutants in the unsaturated
zone would include:

® pressure vacuum lysimeters, which can sample from the saturated and
unsaturated zones;

® gas samplers: changes in soil gas can indicate a pollution front or the

presence of the vapour phase of pollutants in the saturated zones;

gypsum blocks, which measure changes in soil moisture;

tensiometers, which measure soil moisture suction;

salinity sensors, which measure electrical conductivity and temperature;

infiltration cells, which measure the contaminant flux in the unsaturated

zone; and

pneumatic piezometers, which measure the water pressurein the saturated

zone.

Landfill site selection

Two measures are necessary in selecting a landfill site:

e identification of site characteristics: permeable, semi-permeable, or imper-
meable, and

® ahydrogeological survey, using appropriate investigative methods.
Enough data must be collected to allow the following elements to be

accurately assessed:

leachate production rate,
leachate quality, .-
groundwater levels and fluctuations, “
groundwater flow directions, )
groundwater flux,

groundwater discharge points, and
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e surface hydrology parameters:
- stream flow average and
- catchment run-off.

Case study: new Greater Amman solid waste disposal site

The existing solid waste disposalsite lies about half a kilometre north-east
of the old site. In this case, it is very difficult to determine the impact of the
new location on the quatity of surface and groundwater, as these are already
polluted. The impact of the new location will be determined in the future
through monitoring wells in the vicinity.

The geological setting of the new location consists of highly fractured
limestone and chert. This situation facilitates the percolation of the leachate to
the groundwater, which is ata maximum depth of about SOmetresin the upper
aquifer. The groundwater movement here is from south-east to north-west.
The thickness of the unsaturated zone ranges from 30-50 metres. There is
nosoil cover, because this locationwas a phosphate mine. Inthisarea, the main
sources of pollution to surface and groundwater are the deposit of solid wastes,
industrial effluents and untreated sewage wastes.

The historical data collected from monitoring wells (Annex 1) shows the
evolution of water quality during the last ten years, and the fluctuation in
groundwater level {Annex 2).

In order to prevent poliutants from reaching the groundwater, the
municipality of Greater Amman designed the drainage system to coliect the
ieachate in a collection pond and then to be pumped and discharged.

Besides the surface and groundwater pollution in the area, air and oil
pollution are harmful to the health of inhabitants. The following measures are
therefore recommended:

@ Drilling a monitoring well inside the fenced location to be used as guidance
for percolation of leachate to the groundwater.

® Drilling stem holes in the unsaturated zone downstream of the dumping
location in order to study the content and behaviour of the leachate and its
impact on groundwater.

¢ Intensive monitoring of pumping wells upstream and downstream of the
dumping site for chemical and bacteriological parameters.

¢ Intensive monitoring of water-level fluctuations.
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Impact of biocides
on ground and surface water
pollution in Jordan

Dr. Yousef al Shuraiki
Centre for Pesticide Residue
and Formulation Control Analysis
Ministry of Argiculture
Amman, Jordan

Introduction

Man is in constant struggle with nature to achieve higher agricultural
productivity through increased acreage yields. These can be obtained for
most crops with the proper use of fertilizers and pesticides. Such chemicals
have been useful in greatly reducing crop and livestock damage.

However, the use of pesticides to bring greater agricultural productivity is

- notrisk-free; fatalities have occurred, directly or indirectly, from poisoning by

pesticides. Butof greatersignificance is the transport of these toxicsubstances

- in minute amounts by water and air to locations far removed from the area

beingtreated. This isimportant, for the cumulative effects of certain pesticides

. on the well-being of man and animals are still unknown.

Sources of water-borne pesticides

Control of disease vectors. Ever since recorded time, mankind has been

plagued by insects. Millions of persons have died from diseases carried by

AP 1 257 e

- these pests. However, the incidence of diseases carried by mosquitoes, flies,
- fleas, and lice has been greatly reduced since the introduction of DDT as an

insecticide.
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Slow-moving or stagnant bodies of water, common breeding places for
mosquitoes and flies, may be treated with insecticides to eliminate or reduce
the larva and pupa population. Application of insecticides to such waters
is intentional and with a justifiable purpose, although it introduces pesticide
into the aquatic environment. Large amounts of DDT were and still are being
used by the Ministry of Health in Jordan for this specific purpose.

Field application. It is unavoidable that duringapplication of pesticides
tocropsaportion of the applied chemical will be carried outside ofthe treated
area by wind currents. The transport and deposition of pesticides outside of
the intended area isknown as drifr. Ifastream is in the area of drift deposition,
the water will be blanketed by the formulation.

Onoccasion, insecticides have been accidentally applied to ponds and water
channels adjacent to treated areas.

Surface drainage from treated croplands will contain pesticides in
concentrations ranging from picograms to micrograms per litre of water.
Irrigating by the rill method causes the pesticide to be carried off by the run-
off water. Where sprinkler irrigation is used, little surface run-off occurs. In
sprinkler application of irrigation water, as well as in gentle precipitation, the
downward movement of water-soluble pesticides through the soil and into
groundwater will occur.

Precipitation of greater intensity will not only cause pesticides to be
carried away by desorption from soil pesticides but will transport the eroded
soil from the treated area. During a period of heavy run-off, such as prolonged
rains or floods, the transiocation of water-borne silt containing pesticides
would be at its greatest.

Atmospheric deposition. Evidence exists indicating that pesticides can
become airborne either as a vapor or adsorbed onto dust particles and translo-
cated far from the treated area.

Jordan’s imports of pesticides reached 1216 tons in 1988. Of these, 60 tons
were herbicides, 66 tons insecticides for public health use, and 280 tons
insecticides for general agricuitural use; the others are either fungicides or
acaricides.

In a 1987 study done in the Centre for Pesticide Formulation and Residue
Analysis, it was concluded that pyrethroid pesticides are the most frequently
used group in Jordan. This represents about 32% of the total pesticides.
Organo-phosphates reached 23%, dithiocarbamates 17%, haloginated
hydrocarbons 7% (eventhough they were banned eight years previously), and
carbamates 5%. Other miscellaneous pesticides make up the balance.

It is also a fact that DDT s still used by the Ministry of Health. The malaria
control section sprayed about 159 tons in the period 1976-1988. Also, the
BHC chlorinated hydrocarbon pesticide for veterinary use is still marketed in
Jordan and can be bought by farmers in pesticide shops. Many other persis-
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Jordfm in analyzing residues of pesticides in water, because of lack of
speqalized labs and/or personnel. In our centre, which is mainly specialized in
routine pesticide residue analysis of foodstuffs and quality control of pesticide
formulations, an attempt was made to analyzesome water samples for residues
of chlorinated hydrocarbon pesticides in running, sewage, and dam water.
Twenty-five water samples were coliected in May and June 1990, six of them
from King Talal Reservoir, at different depths and from the dam entrance.

Table 2
Concentration (ppb) of chlorinated hydrocarbons for
water samples® in the western locations of Jordan

Location Chemical found Concentration
(ppb)
Jerash gully (before the bridge) HCB 0.19
Jerash gully (after the bridge) H(B 026
Outlet of Jerash water treatment plant HB 008
Zarka gully location (gully no.2) HCB 0.37
Entrance of King Talal dam HCB 1k
Outlet of King Talal dam HCB 04
Cu.tt:t of Khirbet es-Samra water treatment plant H(B as
Khirbet es-Sarra gully (Adwan Mils) HCB 037
Khirbet es-Samra gully (Fine Factory) HB 04
Linking location of the Khirbet gullywith Zarka guly ~ H(B 007

* Sampies were collected by Dr. Raja Gedeon (Water Authority) in April 1990.
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Another 10 samples were collected by the Jordan Water Authority from
different locations and are represented by the results of analysis in Table 2.
Another ninesamples were collected by Dr. Sameh Gharaibeh from Yarmouk
University and are illustrated in Table 3.

Table 3
Concentration (ppb) of chlorinated hydrocarbons for water
samples* in northern locations in Jordan

Location Chemical found Concentration
(Ppb)
Kufranja 10 gamma HCH 03
Kufranja 12 gamma HCH 15
Jerash 15 gamma HCH 04
Jerash 13 gamma HCH 1.0
PPDDE 0.5
Kufranja 11 gamma HCH 0.02
Jerash 14 gamma HCH 0.02
Yarmouk University 4 chlordane 15
Yarmouk University 5 gamma HCH 08
‘Yarmouk University 6 gamma HCH 19
chiordane 18

* Sampies were collected by Dr. Sameh Gharaibeh in December 1969.
Analysis of samples

The samples were analyzed in the Centre for Pesticide Formulation and
Residue Analysis.

Extraction. Five-hundred millilitres of each water sample was extracted
with hexane for three times, then concentrated to 2 ml

Clean up. The water sample extracts were cleaned up according to the
Beckers method, which involves the use of 0.5 gm silicagel + 5 ml of elution
mixture (Aceton : petroleum benzine : dichloromethane). Samples were
then injected into a gas chromatograph equipped with an ECD detector.

Gas chromatographic conditions. Hewlett-Packard gas chromatograph
5890A - ECD detector capillary column: DB-1 liquid phase, 0.25 um film, 30
metres 0.251mm.

Oven temperature programme: 200°C. for 20 minutes, then 4°C./minute
rise to 260°C.
Injector Temp: 260°C.
Detector Temp: 280°C.
Flow: Carrier gas in column 1.8 ml/min.
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Carrier gas + auxiliary 33 ml/min.
Total flow split 85.6 ml/min. Ratio 2%.

Results and discussion

The results of analysis (Tables 2 and 3) show significant concentrations of
chlorinated hydrocarbons insomeof the water samples, mainiy Kufranja waste
water (1.5, 1.8 ppb of gamma-HCH, chlordane), Yarmouk University Polish-
ing School (1.5, ppbchlordane), Jerash treatment plant (1 ppb gamma-HCH),
Zarka gully (0.4 ppband 0.3 ppb), Khirbet es-Samra (0.4 and 0.37 ppbof HCB),
and the entrance of King Talal Reservoir (0.4 ppb of HCB).

Even though the number of samples analyzed in this study isnot great (26),
the findings indicate that some persistent pesticides are present in our waste
gullies and dam waters in significant concentrations relative to the new
European Community’s permissible level of pesticides and PCBs in drinking
water (0.1 ppb). This calls for more analysis of pesticides and PCBs in our
ground and surface water, especially considering the excessive use of insecti-
cides and herbicides in Jordan in agriculture and industry.

Recommendations

1. Alternatives to the chemical control of pests, such as biological control
and integrated pest management, should be developed.

2. The proper and safe use of pesticides must be emphasized -- this should
be done through a strong extension service.

3. Control the quality of pesticides used in Jordan and try to use only those
relatively safe for the environment and human beings. Strictly control
smuggled pesticides (persistent ones).

4. More studies and monitoring of water in Jordan are needed regarding
pesticide residues and PCBs, in addition tonitrate monitoring of ourwater
resources.

5. Fertilizers should be used properly and according to experts’ recommen-
dations.
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Protective measures of
water resources in the Federal
Republic of Germany

Heinrich Ludwig Freiherr von Lersner
President
Federal Environmental Agency
Berlin, Germany

This paper aims to provide an introduction into the attempts of a Middle
European industrialized country with overabundant water resources to cope
with problems of water poliution over the last two decades. 1chose this period
of time, not only because it was 20 years ago that I was charged with the
responsibility for water management in the Federal Ministry for the Interior
(then responsible for water and environmental protection), butalso because
the years 1969-1970can be considered as thestarting point ofamodern, global
environmental policy, atleastin industrialized countries. Itisnota coincidence
that this was also the time when a human being stepped for the first time on
extra-terrestrial land (July 1969), demonstrating to all that our planet is finite
and relatively small.

Looking back at these 20 years of modern environmental and water
protection policy, I am reminded of the saying about putting the cart before
the horse. When we started, water protection was managed like in ancient
times. Wastewater was collected in channels and discharged into rivers and
then into the seas. Waste gases were dispersed into the air by means of larger
andlargerstacks, and refuse was dumped onland and atbest covered with some
soil.

When we recognized that water, soil and air could not cope with these
growing amounts of the residues of our life, which are polluted with ever-
increasing numbers of substances, we proceeded to the second step, reduction
of emission at the source. Purification plants, flue gas treatment plants and
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waste disposal and treatment plants were built. Only when the limits of these
reduction strategies were reached did we go back to the point at which -- from
a logical point of view -- we should have started, viz., avoiding emissions by
modifying production processes or abandoning certain products.

The most environmentally friendly energy is the one which remains un-
used. Even the most advanced automobile with catalytic converter and diesel
soot filters is not as good as walking or using a bicycle. This principle also holds
true for water. Water is wasted everywhere, not only in countries like Germany
with abundant water resources.

We have laid out clear priorities in our Waste Management Act: avoidance
of emission has priority over reduction at the source, which in turn has priority
over passive protection. This sequence is called avoidance before recycling,
recycling before waste disposal. However, we mustaccept exceptions. Thereare
wastes which are more properly disposed of rather than recycied and their
hazardous components dispersed into the environment. This is equally true
ofwater management, where discharge ofwastewaterintotheseais sometimes
to be préferred to recirculation. Ishall provide examples later.

Germany’s water situation

Let us now review our experiences in water protection in a highly industri-
alized country with rich water resources. Annual precipitation in Germany
amounts to 837 mm, which is more than ten times what Dr. Salameh has noted
for the Disi aquifer (see p.85). Of the precipitation in Germany, about 62%
is lost by evaporation; in Jordan the figure is much higher. Germany has about
3000 cubic metres of water annually for every inhabitant. This is a dreamlike
condition compared to Jordan and confirms Helen Bannayan’s statement that
countries poor in water resources cannot adopt the standards of countries rich
in water (see p.27), (Being alawyer, I would say “not adopt without prior
consideration™.)

Leaving aside certain regional features, Germany has no problems with
water quantity, butrather with water quality. Likewise, if problems arise with
respect to amounts, they are generally caused by qualitative problems.

Twenty years ago, Germany began connecting as many residences as
possible to sewage collection and biological or equivalent water purification
plants. In 1968, wastewater from 38% of the West German population
underwent satisfactorybiological treatment. Today, this figure stands at 92%.
The public sewage network was enlarged from 61,000 to 270,000 kilometres.
The main problem in what was West Germany is the repair o renovation of
defective sewage systems which in many places cause groundwater pollution.
In former East Germany, the percentage of inhabitants connected to central
treatment plants is much lower -- 58%.
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With respect to legal requirements for wastewater discharged into surface
waters or ground water, we in Germany are pursuing, oddly enough, a
philosophy totally different from that which we follow with respect to dis-
charges of waste gases into the air.

The principle of reduction of emissions to a minimum governs air quality
control regulations, which require every emitter to clean waste gases according
to the available state of technology, irrespective of the pollutant concentration
of the receivingenvironmental medium. Germanwater reguiations, however,
arebased on the principle of emission, in which the pollution concentration
of the receiving medium is taken into account.

Discharges of wastewater are prohibited in principle, but may be permit-
ted if the public well-being, in particular the drinking water supply, is not
endangered. For precautionary reasons and because one can never know fully
the effects of a substance released into the environment, we in Germany
attempted a combination of both principles in our water legislation.

In 1976 we introduced into the Water Act a provision that all emissions
of wastewaters must be purified prior to their discharge, according to
“generallyadopted technologies™. This provision is established by the federal
government for both municipal wastewaters and direct industrial emissions;
the representatives of the federal states in the parliament have to grant their
approval as well. As of the present writing, 50 different wastewater require-
ments have been established which are being subsumed step by step into one
regulation.

In 1986, the Water Act wasenacted, Itstipulates that treatment for certain
hazardous substances which are listed by the federal government has to follow
the “best available state of technology”, as opposed to “the generally adopted
technologies™. Accordingly, it is sufficient thata certain treatment process has
proven successful in asingle case --beitin Jordan or Japan. The government
then can make it mandatory for all. This provision of the act is valid irrespective
of the quality of the receiving medium.

However, when the government makes every successful but potentially
costly innovation mandatory for everybody, it is not inconceivable that “inno-
vation deniers cartels” could spring up, in which representatives of a certain
branch, say of industry, meet in a pub and agree that none of them takes any
step that might lead to an innovation. To avoid this, the German parliament
has created an annual fund, presently amounting to $85 million, to provide
financial grants of up to 50% for the development of processes for
environmental improvement (not exclusively water management). This has
bt?en used successfully against the reluctance of industrial emitters to deal
with environmental pollution. Also helpfulis industry’s growing recognition
thatinan environmentally conscious world market, whoever is first to apply
advanced treatment techniques can increase sales.
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Another economic instrument for water protection in Germany has been
used since 1978, and not only for industrial emitters: every emitter of
wastewater must paya wastewater fee, which corresponds to the degree of
pollutant concentration in his wastewater. The poliution parameters
chemical oxygen demand (COD), fish toxicity, mercury and cadmium are used
to calculate “pollution units”, for which the emitter has to pay an annually
increasing fee. Effective as of January 1990, organo-halogen compounds as
well as the trace metals chromium, nickel, lead and copper were added as
parameters.

An emitter’s fee can bereduced by 50% if he applies generally adopted
technologies and by 80% if the best available state of reduction technology is
applied.

Parliament is discussing a further decreasein this fee, income from which
is to be spent for water protection measures only. In1987,the earnings of the
federal states from this fee amounted to approximately $290 million. Invest-
ment costs for water treatment plants, however, were in the neighbourhood
of $3.6billion (1985 figures). These figures clearly show that theidea behind the
regulation to impose fees, namely that the fee is to be higher than the costs of
a modern treatment plan, has not been realized. However, this economic
instrument has incited municipalities as well as industry t0 take further
measures towards wastewater reduction, and the issue of reducing
wastewater has become important for the highest officials. This is especially
true for municipalities that have scaled wastewater charges according to pollut-
ant content.

Another decisive step in improving surface waters which are polluted by
wastewater was set off by measures to protect the marine environment. The
largest amounts of water from Germany are emptied by the Rhine and Elbe
rivers into the North Sea; a smaller part is emptied into the Baltic Sea or
through the Danubeinto the Black Sea. Since thesethree rivers pass through
several states, itisonlynatural that thedownstreamstate isalways the “motor”
in the various international river commissions, urging the states upstream
to make greater efforts to protect the quality of river water.

In the case of the Rhine, the Dutch assumed the role of “motor”; for the
Elbe -- the international river commission for which was founded only recently
- it is the Germans; and on the Danube, it ought to be the Soviets and

‘Romanians -- their role, however, has hitherto failed to yield any greater
political effects.

The most important initiative for inland wastewater purification related
to marine protection efforts was in response to an increasing growth ofalgae
in the North Sea and its implications for tourism in that area. This was
aggravated two years ago when an insidious and infectious illness hit the seals
in the North Sea. Although the causes of it could not be clearly attributed to
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wastewater pollution, the painful dying of these beloved animals received
widespread publicity, particularly on television.

In 1988 the government established a programme of ten items for the
recovery of the North Sea and the Baltic Sea, which stipulated the greatest
pos§iblc elimination of the nutrients phosphorous and nitrogen. Since the
beginning of 1990, municipal treatment plants have been required to install
denitrification facilities. Requirements on industrial wastewaters are being
tightened as well.

Protecting rivers and lakes

The more sophisticated the second step of the above-mentioned
sequence of priorities becomes, i.e. reduction of emissions at the source, the
greater becomes the necessity to take the first step, i.e. avoidance of pollution.

There are numerous chemical substances which even the best reduction
?echnique cannot eliminate, and there are numerous releases of substances
into waters Irom diffuse sources such as agriculture, horticulture, streets and
roads, as well as airborne emissions, which can be reduced only by modification
of Products or behaviour. From the historical viewpoint, instruments of
avoidance, such as product modification, were applied for the first time to
washing and cleaning agents.

Even forty years ago, foam patches on rivers and growth of algae disturbed
the aestheticvalue of naturalsettings and posed a problem for treatment plants
as well as the balance of water ecosystems.

In 1961, Parliament passed the first Detergents Act. In 1968, a European
agreement on this subject was signed. As a first step, the biodegradability of
subst.ano&s in laundry products had to be increased. Later measures that
prohibited and reduced certain substances in cleansing agents came into force.
In 1980 the phosphate content of textile cleansing agents was reduced in two
steps. For the time being, a minimum degradability rate of 80% is being
stipulated for surfactants according to a specifically determined process.

Industry sometimes has voluntarily dropped the use of certain
environmentally harmful substances in order to avoid regulatory action. One
helpful tool in this context is the mandatory registration of the specification
of all laundry and cleansing products by the producers and distributors with
the Umweltbundesamt (Federal Environmental Agency).

Various directives of the European Communities attempt corresponding
measures which will gain importance with the impending introductionofthe
common internal market in Europe. Germany’s water protection policy,
howevf:t, notonly relies on prohibitive public measures -- which generally have
onlylllmited effects -- but also makes use of various means of informing the
public; for instance, we use the symbol of the United Nations as 2 label for
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environmentally friendly products to encourage the consumer to prefer certain
products. The most sophisticated laws and most attentive policemen do not
serve any purpose if the citizen does not know what to do and not to do.

Other regulatory instruments to prevent emission of chemical substances
into waters (the Chemicals Act, for example) prohibits certain chemical
substances or puts restrictions on their use if they have proven to be hazardous
to water. Regulatory measures on air quality control and waste disposal
provide similar requirements.

The ban on lead additives in petrol was not only necessary to protect the
catalytic converters which control air pollution, but also to protect water and
soil.

For the sake of prevention, it is our goal to keep chemical substances which
are not easily degradable away from our waters.

Protecting groundwater

Since many of these measures apply to protection of groundwater as
well as surface water, let us now turn to Germany’s attempts to protect its
groundwater.

In 1989 around 4 billion cubic metres of water were supplied by the public
watcrsupply. Seventy-five precent of this was taken directly from groundwa-
ter, and 15% from enriched groundwater or surface waters through bank
filtration systems.

The regulatory requirements on the protection of groundwater have always
been very severely formulated. (In fact, since ancient times man expected
ground and well water to be the incarnation of purity -- which is the reason that
in mythological narratives only women were allowed to live in water -- men
were only allowed to use it for their reflection). Germany’s Water Act
prohibitsanydischarge of substances into groundwater which could potentially
deteriorate its quality.

The relevant instruments are quite different from each otherand notail of
them have proven successful so far. The oldest instrument is the designation
of water protection areas, in which German states can order monitoring or
outright restrictions on the use of certain areas. These apply specifically to
the restriction of agricultural activities such as fertilization and prohibition
of building activities and also of transporting substances hazardous to water
through the area (e.g., a ban on tanker trucks).

In 1988, more than 9000 areas were so designated, totalling an area of
approximately 2 million hectares, which is 7.6% of Germany’s surface area.

We consider it necessary to designate at least 3.5 million hectares (13% of
the total surface); and, of course, the designation itself is not as important
as the pertaining conditions.
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Agricultural activity is one of the major contributors to pollution in
Germany, and fairly severe requirements have been set with respect to those
areas not designated water-protection zones.

The increase of animal-breeding farms has led to growing amounts of
liquid manure touching the limits of the fertilizer-absorbing capacity of plants.
Many federal states have therefore enacted specific ordinances on liquid
manure and dung, banning their use outside the growing season, or restricting
itseverely. In particular the nitrate contentof drinking water is 10 be reduced
by these measures to 50 mg/l by the Commission of the European Communi-
ties (the desired value is 25 mg/l).

Another problem being introduced into political discussions is the pesti-
cide content of groundwater that is used for thedrinking water supply. The
Commission of the European Communities has set very strong standards for
pesticides (0.1 mg/ per single substance, 0.5 mg/l total). These standards are
obviously fairly global and are not backed by toxicological findings. They
have been set based on the principle that no pesticides or other chemical
substances be found in groundwater which is used for the drinking water supply.

Since a zero standard cannot be implemented with the present state of
measuring techniques, the choice of these standards was limited by the greatest
accuracy of measurements possibie in 1980 when standards were set. It is no
secret that they are exceeded considerably, in Germany as well as elsewhere.
However, if excess is detected in the process of intensive monitoring
programmes, two actions follow:

First, the waterworks are forced to purify the drinking water; this can
involve very costly processes.

Second, as soon as the federal government determines that a pesticide
concentration exceeds the allowable limits at several monitoring points in the
groundwater, its use is either banned by ordinance or - if it is not hazardous to
health -- the licence for the pesticide in question (which has to be renewed at
least every ten years by the Umweltbundesamt) is denied.

Health effects are not the only consideration in licensing. The non-
degradability of a pesticide on its pathway into the groundwater is sufficient
cause for denial of the licence.

This regulatory picture could lead one to believe that everything is perfect

in Germany; however, anyone familiar with the situation ofwater quality there
knows that there are still considerable deficiencies in enforcement.
_In such a densely populated and industrialized country as Germany (246
inhabitants/km?% in comparison, Jordan has 36/km?* or one-seventh the
density), considerable dangers to groundwater develop from storageand trans-
portation of substances hazardous to water, from related accidents, and also
from process failures in industrial plants.

An accident in the Sandoz plant in Basle two years ago had a severe impact
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on the Rhine River and led all European states to a review of their relevant
provisions. Icannot explain here the whole set of instruments of regulatory
requirements on storage, handling and shipping of substances which are
hazardous to water. (My agency runs a data base which police and fire brigades
can use for information on properties of chemical substances and precautionary
measures, but even an expert in Germany often has difficulties keeping up to
date.)

Transportation through pipelines also involves risks that are difficult to
handle. I mentioned earlier the pipelines for domestic wastewater which often
are damaged and which endanger our groundwater.

Prospects for further action

By means of various monitoring systems, we in Germany examine
regularly the quality of groundwater as well as rivers and seas. This is easier
said than done, however. Many comparisons fail due to lack of validation of
measurement methods and statistics. The quality data from the Elbe are still
not comparable to those of the Rhine River, for instance. Inaddition, not
everybody takes measurements of the same substances in groundwater.

To publish the data is even more difficult, because very often theindustrial
company which takes measurements, and also waterworks and municipalities,
are afraid of damaging their reputations.

But we environmentalists know that continuous publication of environ-
mental data gets us half-way to the point of controlling them, especially in a
democracy where the votercan hold the government accountable to keep its
promises. We therefore endeavour to obtain maximum transparency of ail
available measuring results.

In conclusion, 1 would like to present some data demonstrating the
situation of water protection in Germany:

The oxygen content in our largest river, the Rhine, improved over the last 20
years slowly but very significantly. The content has not fallen below 5 mg/l, a
level dangerous for fish, for 10 years now.

All other parameters of water quality in the Rhine were improved signifi-
cantly over the last 20 years, including biological (BOD) as well as chemical
oxygen demand (COD), and heavy metals as well as chlorinated hydrocarbons.

NO,-N only (nitrogen nitrate) shows a negative trend, whichis duenot only
to agricultural activities but also 10 biological wastewater treatment plants;
therefore, denitrification is particularly necessary.

Water quality data of almostall substances in the Elbe, however, is similar
tothequalitydataofthe Rhine 20 years ago. We hope that after the unification
with East Germany we will quickly be ableto raise it to the level of the water
quality of the Rhine.
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The trends of the water quality of our marine environment, the North Sea
and the Baltic Sea, which receive the pollution loads of our rivers (with the
exception of the Danube), do not look so optimistic. While the discharges of
heavy metals such as cadmium and mercury decreased, the concentration of
nutrients is much too high in both regional seas and is stilt not dropping.

Oil pollution, which increased markedly until 1986 and particularly
affected sea-birds, seems at least to have remained stagnant.

Fora long time, we also underestimated the emission of airborne pollut-
ants. And for decades, wastes were dumped on the high sea, a practice which
is phasing out now. The Helsinki Convention on the Protection of the Baltic
Sea specifically prohibits this practice. In thecase of the North Sea, dumping
activities from German harbours were stopped, whereas it is still practiced
under certain conditions from harbours in other countries.

With respect to groundwater quality, we lack long-term representative
data sets, because larger monitoring networks were established only over the
last few years. However, we know that the average nitrate concentration in
drinking water has significantly increased since 1915. In 1982/1983, 75% of
thesamples had nitrate concentration above the target value of 25 mg,and 5%
even above the European standard of 50 mg/1.

It can be assumed, however, that with respect to those substances which
are now measured, an improvment will be detectable soon. As I mentioned,
continuous measurements and publication of data mean the battle is haif won.

On the whole, water protection measurcs of the last decades in Germany
were successful. 'This positive picture has to be qualified, however in two
repects:

We have set yardsticks in the past which were considered harmful, and
against which we judge success or failure. Substances about the danger
potential of which we have not yet reached agreement do not figure in those
yardsticks,. We therefore have to take into account that within ten years the
monitoring programmeswill be based on quitedifferent parameters from now.

As a second reservation, 1 must point out that my presentation covers
the hydrological situation of a very small part of the surface of the earth.

Apart from the development from passive protection toward precaution
and prevention, another trend becomes evident in environmental priority
setting: the orientation from local and national problems towards regional and
globalones. 1 am quite sure that the global ecological problems of climate
modification, desertification and also of marine protection will have more
implications on our national water protection policy. Professor Elias Salameh
has elaborated on the relationships between energy policy and water protec-
tion (see Chapter 5).

However great the differences between the water protection problems
of my country and those of our host country might be, they are problems of this
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one world. At a conference in Cairo last June, thy; ::;?sg&zt '11(1;'E tlil:;:(;
ter will become the most1m €
s o ecade. 2000, about 49% of the African

icy of our decade. And by the year I
ggll;?la(t,io‘:x will be suffering from lack of water. I therefore greatly appreciate
the willingness of this symposium to deal with these common problems.
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Protective measures
for water resources

Roland Joerg
Ministry of Interior of the State of Bavania
Munich, Germany

The present treatment of the subject

We learn to solve practical problems not just by studying mathematics,
natural sciences, and engineering, but also from other people’s experience and
by comparing their approaches. The technical solution to the problems of
water pollution is comparable across countries, making atlowances for
different conditions. There is also a constant exchange of know-how via the

= specialist literature and congresses such as this one.

The political, legal, organizational, and financial aspects of water pollu-
. tion, on the other hand, show far greater differences.

I will therefore be concerned with technical matters of collecting and
treating wastewater, or avoiding distributed pollution of the environment,
rather than outlining a basis of effective water protection policy and the con-

ditions which mustbe present (or be created) insociety in order 1o assure
successful application of technical resources. _
1 would like to sketch just one of many ways in which a water protection

«3.;’5‘
% policy can be developed from the aims of environmental protection, how it can

2 be translated into technical specifications, and what boundary conditions

- are useful for its successful implementation. Iwould also like to go into some
- details of financing environmental protection projects.

Pollution -- a threat to the survival of mankind

In Germany, reports on pollution are an everyday event. Newspapers,
magazines, and television programmes are preoccupied with the subject. Major
environmental disasters, in particular, are familiar to practically every citizen,
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among them the ozone hole, global warming, dying seals in the North Sea,
algae bloom in the Mediterranean, Chernobyl, and forest decline.

What is special about environmental pollution nowadays, compared to that
of past centuries, is that its effects are no longer local, with local solutions;
rather, the consequences are world-wide. Human beings, wherever they may
live on earth, can no longer escape the effects of a polluted environment.
Manyscientists state, and many ordinary people also have the feeling, that
the self-eradication of the human species, as a result of the changes in the
biosphere, is no longer out of the question. We could not however, destroy
Nature, as many people think; it is much too powerful. Butwe could alter
the biosphere to such an extent that mankind no longer has the conditions
it needs to survive.

We scientists and engineers possess the knowledge that allows us to
recognize threatsand dangersto the environment. That means we also have
aduty to inform our fellow men and those with political responsiblility, and to
work out suggestions for averting the catastrophe hangingover us. Aboveall,
W€ must cooperate on a world-wide scale, for no one country can solve
environmental problems on its own. That is why I am very pleased to be here
10 share my experience with you, and at the same time to learn from you.

Utopia as a basis for our goals and approach
to a water protection policy

Before one can formulate environmental policies and implement them, it
is essential to uncover the causes of the problems and reduce them to as simple
adescription as possible. The main causes here are:
® the large number of humans who live in a relatively confined space, and
® the products they create, which do not occur in nature.

The consequences are an imbalance, or even breakdown, of the natural
food cycles.

Let us summarize what we all learned as schoolchildren: The living world
is a continuous cycle of materials. Inorganic materials are converted into
organic with the aid of sunlight, and theyin turn serve as nutrients for living
creatures. When they die, the organic materials are broken down again, and
areonce more available as inorganic materials to form the basis of new organic
materials. We should note one point in particular because it provides us with
abasis for our environmental policy: in its life cycles and product cycles, nature
does not recognize “waste” in the sense of substances that must be excluded
from the environment in the long term because they damage the environment.

We interfere in these nutrient cycles, through our life and the goods we
produce, in three different ways:

P P —
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1) High concentrations of human beings mean that an excess of metabolic
products overload the nutrient cycles and alter the ecosystems to the extent
that they become unusable for mankind. I am thinking mainly of the overload-
ing of rivers and lakes by excreta. ' _ '

2) Artificial substances, mainly those produced in chemical factories, upset
the nutrient cycles or even destroy them. These substances are not broken
down by nature, or require along time for nature to adaptto. Such sppstanccs
often pose an immediate threat to man as well. Examples are pesumdes and
chlorinated hydrocarbons, such as those used for degreasing in the metal
industry.

3) The mining, production, and use of metals, particularly heavy metals,
concentrate materials to the extent that they become harmful to man and the

environment.

These considerations lead directly to the goals that we must set for our
water protection policy. We must restore Nature’s nutrient cycles to health,
and develop a way of life and production methods that do not create waste
which needs to be excluded from the environment over lpng -penods. '

For now, these goals appear utopic. Our present scientific and technical
knowiedge is notsufficiently advanced toattain the goal. Even so, all thesteps
we now takeshould be directed towards thatgoal. At thc? same time, we shopld
take great pains to increase ourscientificknowledge af]d improveour tcchmc:ll
skills. Onlythen canwe hope that our descendants )»111 one day reach the goal.
Let us not be under any delusion: it is a matter of life and death. We have to
learn to live in harmony with Nature. Otherwise the human species will 1:}](()1
survive in its present form. Letus hope thatwe are in ime. Iwould also ‘;n e
10 add that we can solve the problems only with the aid of technology. z
suggestions thatwe return to a pre-industrial lifestyle Iconsider unrealfls)tlncagd
impracticable. Technical plans, on the other hand, are both feasible a

icable as concrete policies. ) )
pra%‘:lbflollowing are I:\Ofew possible approaches for a policy of technical
ions to environmental problems: o
?h::)l: ;:ecautionaryprincig;e, which involves doing Cvemhl}lgm %urtp?:cil.'
to prevent the strain on the environment from happeningin the r; sn th(;
® the liability principle, which holds that t.hos.e; who produce a strai
i ent are responsible for removing it;
° fllll:“ o?)on;leration prinpcci)ple, meaning that elvery(;;l: mioncerned cooperates
ooting to solve environmental pro -
ff)%:s.;e;l;::()fachesgfom the basis of water protection policies 1_1; ?e{r;:g:gg
and they can be seen in all associated activities. They }?ave certa13 Oy s
considerable contribution to our significant progress in the last 30 years.



128 Protective measures for water resources

Demands for a progressive water protection policy

Thus far, I have focused on preliminary considerations, analyses, and
objectives which are indispensable for a rational water protection policy.
However, they need to be translated into concrete plans of action if they are
to be effective in politics and society. Following are some of the requirements
which have become the basis for water protection policy in Germany.
General principles:
® Waterisapartof nature and the countryside,and as such must be protected.

It must be husbanded to serve the common good as well as the needs of

individuals, when their aims coincide with the common good, and also to

exclude every avoidable impairment. Prevention of water pollution must
startat the source, and must take account of the environment throughout
all steps of extraction to the end use. )
® Allwater undertakings require official approval. In the case of extraction,
the type and extent must be laid down by the authorities. Adherence to the
Tequirements must be regularly and adequately checked by the users (self-
check) and monitored by the authorities (state supervision).
& Water pollution control cannot stopat national boundaries. Cooperation
with neighbouring countries must be intensified.
® Environmental data must be published in a suitable form in accordance
with the need for information.
Protection of surface waters:
® Wastewater discharged into a body of water must comply with certain
requirements, regardless of the quality of the receiving body of water.
These minimum requirements concern sewage treatment and the
avoidance of poliutants; available technical possibilities must be exploited
tothe fullextent. Key quality parameters, those with an integral function,
and effective biological criteria for the appropriate field of origin (bio-
monitoring) must be preferred to limits for individual pollutants when
enforcing the water laws.
® The same strict requirements must be set on discharges into inland waters,
coastal waters, and the high seas. The dumping of solid wastes in water
bodies must be excluded.
® More extensive requirements on wastewater discharges, even leading to
prohibitions in individual cases, are to be placed when the protection of the
body of water or its use requires such measures. The criterion of quality
objectives is the most sensitive part of the system.
® Water quality must be monitored regularly by representative and interna-
tionally comparable measurements of suitable chemical, physical, and
biological characteristics, and by means of key parameters, those with an
integral function, and effective biological criteria, using a sufficiently
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dense network of measurement stations.

® Streams, rivers, and lakes, including river banks, must be preserved in
a natural state or remodelied to make them more natural.

Groundwater protection:

¢ Groundwater may be extracted only when extractions have no adverse
effect on the water table, unless otherwise demanded by prevailing needs
of the common good, or of individuals where they are in coincidence with
the common good.

& Groundwater must be protected everywhere from detrimentat changes.
This is to be achieved by preventive measures that tackle threats at the
source. Drinking-water extraction areas and other sensitive areas mus}be
identified as such, and be subject to special requirements of protection.

¢ The quality of groundwater must be checked systematically and assessed
over a country as a whole.

Future points of emphasis for water pollution control:

® Ali industrial plants dealing with substances that enda_nge_r water must be
equipped or retrofitted and operated so that contamination of' water is
not to be feared. Appropriate measures must also be taken against faults
and accidents. The plant in question must be fitted with closed-loop
controls. .

& Wastewater treatment plants and equipment must be of agreed watertight-
ness and must be checked and controlled regularly.

® Waste tips mustbe constructed and operated so as not toendanger surface
and groundwaters. Their size must be limited to the smallest necessary by
waste reduction and recycling. Before tipping, waste must be trgated
biologically, physically, chemically, or thermally as far as is technically
feasible to reduce the mobilizable pollutants. )

® The use of industrial by-products, treated residues, _and excavated soil
must be regulated so as not to allow any water pollyuon.

® The effect on water resources of old solid disposal sites must be checked
regularly, and all technical possibilities must be made use of to clean or
decontaminate them. ication of
e Farming places a strainon water resources through the application
fertilizers and pesticides. This burden must be reduced by:
- land use appropriate to local conditions;
- prevention of soil erosion;
- fertilization in line with the needs of crops;
- integrated plant-protection schemes; ) )
- cultivation methods based on advanced farming practice;
- marginal strips along rivers and streams; and
- training and education of farmers. .
A;rn?éu;:‘ugra] and economic policies must bear these objectives in mind.
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¢ Emissions from industrial and commercial plants, power stations,
domestic heating and motor trafficaffect surface and groundwaters. These
detrimental effects must be considerably reduced by means of further clean-
air measures.

® It must be ensured that the production and use of substances which are
particularly harmful or which are not naturally degraded, such as certain
pesticides, do not reach surface and groundwaters.

Technical implementation of the water
pollution control policy

The requirements outlined above must, of course, be adapted or supple-
mented in each individual country in accordance with local conditions: they
also need to be translated into concrete specialist work by scientists and
engineers. Let us discuss this briefly.

Protecting surface waters. Protection of surface waters -- bywhich we mean
streams, rivers, lakes, estuaries, and the open sea -- depends first and foremost
On adequate treatment of municipal and industrial sewage. The wastewater
collected in sewers must be purified in treatment works, and the resulting
sludge disposed of without damage to the environment. This is a classic field
for engineers, and considerable success has already been achieved in many
countries around the world.

However, there is still much to be done even in countries like Germany,
which has already reached a high level of waste treatment. For example,
of the 11 million inhabitants of Bavaria, the houses of 9.1 million are
connected to municipal sewage works. The rest treat their sewage in some
330,000small, private plants, which are generally less efficient than the larger
ones. Altogether there are 3001 municipal sewage works, sufficient for over
26 million population equivalents. Of them, 97% use both mechanical and
biological treatment, while 4.2 million of population equivalents have already
been equipped for nitrification and 2.7 miltion for phosphorous removal.

It is not possible here to go into the many problems connected with
planning and building municipal sewage works. 1 would, however, like to
mention three points.

1) The choice of sewer system is very important. In Bavaria, combined
wastewater sewers predominate; that is to say, sewage and storm water run-
off are handled in one sewer. The treatment works have to be sized
accordingly, but they cannot cope with an unlimited amount of rainwater. In
the event of a cloudburst, a proportion of more or less untreated sewage has
to be diverted into the rivers to relieve the load on the works. As the treatment

quality improves, the load placed on the works by combined sewers becomes
more and more significant.

e
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It is my opinion that separate systems, with as little rainwater as possible
going into the sewers, have three important advantages:
® Modern treatment works, technically very complicated, can be operated

more efficiently and can better fulfill the demands placed on the quality

of the outflow.

® Allowing as much as possible of the rain water that falls on roofs and paved
areas to infiltrate into the ground increases the stored groundwater.

® The remaining rainwater, or surface runoff, can be treated, if necessary, to
remove specific substances.

2) Sewage treatment works (municipal, private, and industrial), should be
dimensioned in accordance with the emission standard principle. This states
that all wastewater must be treated to the minimum standards prescribed for
all eventualities before being discharged into a body of water. The existing
quality of the body of water is immaterial. If treatment to these minimum
standards is not sufficient to protect the particular body of water, then
additional purification measures must be taken. If that is not technically
possible, then the discharge can be prohibited. The minimum standard all
over the world should be mechanical and biological treatment. In Germany,
the minimum standard valid from January 1st, 1990 includes denitrification
for 5000 population equivalents and more, and phosphorous elimination
forover 20,000 population equivalents. Ifhazardous substances are present
in industrial wastewater, then they must be reduced in accordance with even
stricter criteria, or totally removed if possible.

3) Sewage sludge has become a special problem, due to the presence of
toxicsubstances. The betterthe treatment in the sewage works, the more such
substances are concentrated in thesludge. In Germany this hasled toa trend
for farmers todecline usingsewage sludge. This is unfortunate, because an
almost perfect recycling of organic material back to the soil, with‘ the
additional effect of fertilizing, will sooner orlater come to an end, at least in the
majority of cases. The remaining alternatives are drying with subscqucpt
landfill, incineration with the ash being disposed of by landﬁll,. or use in
building materials after appropriate treatment. We are still working on this
problem, and results are not yet available.

Inspite of the already good state of affairs in Bavaria, we have to gpgnd some
20,000 million marks in the next ten years -- that is, over $12,000 million - on
extending the public sewer system and building treatment works and storm-
water tanks, as well as repairing defective sewers. N

Protecting the groundwater., Groundwater is particularly sen:911|ve to
pollution by toxic materials, which either donot break down, orrequirea very
long time to break down. The mobility of toxic substances is very difficult to
predict. ) .

Treating groundwater, if at all possible, is extremely expensive. In view
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of the great importance of groundwater for drinking purposes and industrial
usesas well as irrigation, there can be only one principle when it comes to its
protection: Any discharge of substances that gives rise to concern for the
quality of groundwater must be avoided. Although this principle has legal
status in Germany, and any infringement is severely punished, the quality of
the groundwater is declining in many areas because of distributed pollution
sources.

The problem of distributed pollution sources. We come to a problem that
is acquiring ever greater significance. It is caused primarily by intensive
farming, including animal husbandry, by the widespread use of hazardous
substances in industry, and by the air pollution resuiting from any form of
energy production. These affect groundwater resources. In Germany this
is manifested in increasing concentrations of nitrate, pesticides, and
chlorinated hydrocarbons in the water. But surface waters are also affected,
especially by over-acidity.

What is special about this problem is that it cannot be solved by the methods
of sewage engineering. It is physically out of our hands. What we need are
newapproaches for environmentally compatible farming, replacing hazardous
substances in industry by harmless ones or by different production methods,
and better filtering of exhaust gases or even new forms of energy. Our duty as
sewage engineers is to call attention to these problems and to demand new
solutions.

Prerequisites for successful implementation

An engineer’s responsibility goes further than the correct use of scientific
knowledge by means of sensible technology. Implementing technical
solutions requires more than justa good plan. We engineers need to recognize
this and must assist in creating the appropriate boundary conditions:

® Environmental protection is expensive. Those affected are prepared to
pay for it onlyifthey understand why it is necessary to make sacrifices.
Itisthe dutyof scientists and engineers to educate politicians and the public
at large.

¢ Environmental protection cannot be put into practice without the appro-
priate laws. We must advise the politicians responsible, so that they
can create the necessary laws based on scientific objectives. Close coop-
eration between lawmakers, scientists, and engineers is particularly
important for success in this area.

® The job of protecting the environment is so complex that it can best be
accomplished by an organization based on division oflabour and decentral-
ized decision-making powers. Tasks should be carried out autonomously
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at the lowest level which has the sufficient technical qualifications. In our
experience, centralized systems are less suitable for solving complex
problems thandecentralized ones. The decisionon thedegreeofdecentrali-
zation will have considerable influence overadministration and man-
agement principles.

Methods of financing

We engineers must also consider the issue of financing environmental
protection. Of course, we attempt to strike a reasonable balance between
costs and benefits. The basis in Germany for financing environmental
protection is the liability principle mentioned earlier. In practice, the users
allocate the required money by one-off levies and/or by regular
contributions to pay off the capital costs of plant and equipment. Users
also make regular payments for costs,

The state makes grants only for public installations and only toward the
capital costs,and then only in certain cases. General subsidies would run
counter to the liability principle. Grants are justified solely because the costs
of sewerage vary greatly with local conditions. In Bavaria the costs of state-
subsidized sewage treatment schemes currently lie between 1500 and 10,000
DM per population equivalent, that is, somewhere from $900-6,000. In excep-
tional cases it can be even higher. State subsidies are intended to ensure that
the differences should not unduly burden individual citizens. Incidentally,the
yardsticks for determining the one-off payments are the area of ic plot pf land
connected to the sewer system and the floor space of the buildings on it.

The regular payments are based on water consumption. A ‘normal order
of magnitude for payments for the use of public sewage facilities would be 1
to3 DM per cubic metre consumed, which is about $0.60-1.80. To finance the
investments not covered by one-off payments and state grants, the regular
payments include amortization costs and interest at the rate of 6-7%.

Priorities and timescales

To finish up, [ would like to discuss priorities and .timfascales. QSewe_rs and
sewage treatment works are some of the most expensive mstall?uons in our
infrastructure. Itis clear that they cannot be built overnight, however
desirable that might be. Besides the limited money ava.ilable, we should n;)t
forget that the capacities for planning and construction \york cannot be
extended at will. In Germany these are more of a limitation than money.
Therefore, we need consistent work over many decades if the goal of clean water
is to be attained. In Bavaria we have been at it for over 30 years to get where
we are today. There can be no letting up in future, either.
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Inview of these long timescales, obviously priorities have to beset to ensure
that the investment always brings the greatest possible benefit. First ofall we
must take steps to stop negative effects on groundwater. Discharges into
the groundwater must be replaced by discharges into surface waters or appro-
priate agricultural use. In the case of surface waters, restoring the oxygen
content has absolute priority. Here, it may be sensible to build the mechani-
calsection of a sewage works first, including the sludge treatment. Of course,
the biological section, nutrient removal, and possibly also filtration, must be
taken into account in the planning phase; these sections can, if necessary, be
added later. The training and instruction of staff must also be considered from
thestart. Modern treatment works contain verysensitive pieces of equipment
and are not easy to control.

All in all, it is scarcely possible to make general recommendations

on the choice of priorities. That requires precise knowledge of the local
conditions.

Closing remarks

I hope Ihave managed to offer the reader one or two thoughts that might
beuseful. Let meclose witha remark that arises from the tradition and reli gion
of my country: God has entrusted us humans with His land to make our home
in. Weowe it to Him to look after it and pass it on to our children as intact
as possible. Where we have harmed Nature, we must do all in our power to
heal the wounds.

Together, let us devote our energies to that cause.
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Symposium recommendations

General principles

Water is part of nature and the countryside. It must be protected and
husbanded in such a way that will serve the common good, meet the needs
of individuals, and exclude every avoidable impairment.

Prevention of water pollution must start at the source; the impact on
the environment must be taken into account throughout ail steps of
extraction until the end use.

All water undertakings require official approval. The type and extent of
extraction must be regularly and adequately checked‘b_y the users (self-
check) and monitored by the authorities (state supcmsnpn). _
Water pollution control cannot stop at national boundaries. Cooperation
with neighbouring countries must be intensified. _

Environmental data about water must be published in a form that meets
the need for information.

Protection of surface waters

Wastewater discharged into a body of water must .cc?mply with certain
requirements, regardiess of the quality of the receiving body of watcl:lr.
These minimum requirements cONCern sewage treatment and 1be
avoidance of pollution. The available technical pos§1b111tles must be
exploited to the full extent. Key quality parameters, like those wn?i e;g
integral function, and effective biological criteria for .[hf.: approp’rl‘e;t‘e'd::la 1
of origin (bio-monitoring) must bf:1 preferred to limits for indivi
ollutants when enforcing the water laws. o
%hle same strict requiremegnts mustbe placed on fiischargcs into inland aItl:;
coastal waters. The dumping of solid wastes in water bodies must
ed. '

engllidemensive restrictions on wastewater discharges, even leading to
prohibitions in individual cases, are to be put img effect when the prortl;o;‘;
tion of the receiving body of water or its use requires these measures.

135



136

criterion of quality objectives is the most sensitive part of a water system,
including the sea.

8) Water quality must be monitored regularly by representative and inter a-
tionally comparable measurements of suitable chemical, physical, and
biological characteristics, and by means of key quality parameters, those
with an integral function, and effective biological criteria, using a
sufficiently dense network of measurement stations.

9) Streams, rivers, and lakes, including river banks, must be preserved in a
natural state or remodelled to make them more natural.

Groundwater protection

10) Groundwater may be extracted only when extractions have no adverse
effects on the water table, unless otherwise demanded by prevailing needs
of the common good, or of the individual where they are in coincidence
with the common good.

11) Groundwater must be protected everywhere from detrimental changes.
This is to be achieved by preventive measures which satisfy the basic
principle of concern and by tackling threats at the source.

Drinking water extraction areas and other sensitive areas must be
identified as such, and be subject to special Tequiremenis of protection.

12) The quality of groundwater must be checked systematically and assessed
over a country as a whole.

Future points of emphasis for
water pollution control

13) Al plants dealing with substances that endanger water must be equipped
(orretrofitied) and operated in a manner such thatcontamination of water
isnot to be feared. Appropriate measures must alsobe taken against faults
and accidents. Plants must be fitted with closed-loop controls.

14) Wastewater treatment plants and other equipment must be of agreed
watertightness and must be checked and controlled regularly.

15) Waste tips must be constructed and operated in a manner so as not o
endanger surface and groundwaters. Their size must be limited to the
necessary size for waste reduction and recycling. Before tipping, waste
must be treated biologically, physically, chemically, or thermally as far as
is technically feasible to reduce the mobilizable pollutants.

16) The use of industrial by-products, treated residues, and excavated soil
must be regulated so as not to allow any water poilution.

17) The effect of old solid disposal sites on water resources must be checked
regularly, and all technical possibilities must be made use of to clean upand
decontaminate them.
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18) Farming places a strain on water resources, through the application of
fertilizers and pesticides. This burden must be reduced by:
® land use appropriate to local conditions,
& prevention of soil erosion,
o fertilization in line with the needs of crops,
@ integrated plant-protection schemes, .
@ cultivation methods based on advanced farming practices,
@ delineating marginal strips along rivers and streams, and
@ training and education of farmers. S
Agricultural and economic policies must bear these gbjectlves in mlnq.
19) The detrimental effects of emissions from industrial and commercial
plants, power stations, domestic heating and motor traffic on surface anfl
groundwater must be considerably reduced by means of further clean-air
measures. '
20) The production and use of substances which are parthl'larly harmful or
which are not naturally degraded, such as certain pesticides, should take
place in a way such that they do not reach surface and groundwaters.
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