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Abstract

The poliution of the Zerka River, the Wadi Shita, the Wadi Sir. and the Seel-Hisban has
1o a large extent reached a considerable and intolerable degree. 10 grades of poiution
are differenciated on the basis of the compesition of the aquatic macrofauna. Although
the chemical and biological subdivisicns of the degree of pollution are not always
consistent with each other, they are closely correlated to each other. Both clearly
indicate the human influence on the water system of the area studied. Recommenda-
tions are made for improvement and protection of the water quality.
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introduction

The Amman-Zerka area is a semi-arid region receiving precipitation mainly from
November to March. During the remainder of the year water precipitates only in the
form of dew. The water resources in the area of this study are therefore limited and very
valuable, Their development is greatly influenced by urban, industria, and agricultural
activities. Of the studies which have been carried cut up to the present (see refer-
ences), nane has undertaken a detailed survey of the surface waters of the ragion with
regard to thetr hydrobiological and hydrochemical properties. Owing to the rapid
increase of industrialisation and rise of the population, particularly in this area, it is of
imminent importance to establish a basic knowledge of the present effects of human
activities on the water system. This should constitute the first step towards future
coniroi of the development of the water quality in the springs, creeks, ponds and rivers
of the region.

The quality of the water is determined by ifs chemisiry which is indicated by its faunai
and floral content. This fact forms the basis of the present study which piaces its main
emphasis on the gross chemistry cf the water and the identification of the aguatic
macrofauna. The field work, which constitutes a major part of this study, was carried out
enfirely by the authors themselves and not by untrained personel. The anatytical work
and the determination of the fauna was undertaken in the Departiment of Geology and
Mineraiogy of the University of Jordan.



Hydrological and Geological Data

The area studied lies in central Jordan and consists of a mountainous regicn ranging in
elevation from sea level to 1100 metres above sea level. In the western parts of this
area, close to the Jordan valley, the morphology is rugged and slopes are steep. Inthe
east the landscape beccmes more and more gentle and slopes are less steep.
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Figure 1: Map of the studied area indicating the water courses and major towns.
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The area is drained mainly by the Zerka river. Only the western highlands drain directly
to the Jordan valley via wadis with high gradient slopes. The Zerka river has its originin
Amman and flows towards the northeast passing the towns of Ruseifa and Zerka.
Downstream of Zerka it turns into a northerly direction until reaching Sukhna where the
wadi Duledl joins the valiey. From here onward the valley takes a northwesterly course
for about 20 km. Finally the river twists to the west untii reaching the King Talal Dam
Reservoir. Downstream of the dam, the wadi runs westerly until it joins the Jordan valley
{fig. 1}.

Geologically the area is a part of the uplifted Fast Jordanian Block. The rock units cutby
the wadis consist mainiy of Cretacegus sediments. These are, in their upper part,
composed of limestones, maris, dolomites and cherts, while in their lower part they
consist of sandstones and siltstones. The surface water either flows on exposed
Cretaceous rocks or on grave! beds. The gravel is composed mainty of iimestone and
chert and 1o a lesser degree also of basalt. The courses of the wadis are largely
determined by tectonic lines.

The utitized aguifers in the area of Upper Cretaceous age and are known as the “Upper
aguifer” {locally called B1-2. A7) which is an unconfined imestone aquifer and the
“Lower aqguifer” (A4} which is & confined highly fractured. crystailine. dclomitic
limestone. Both aquifers are separated by the so calied A5-6 aquiciude. The waters in
boih aquifers are connected via fauits.

In addition 1o these two Upper Cretaceous aguifers, the wadi §i deposits, which consist
mainly of sandy graveis. build up a highly productive agquifer,
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Hydrochemistry {Generai)

The chemical composition of a water is derived from many sources such as gases from
the atmosphere, weathering and erosicn of rocks and soils and activities of man.

The chemical constituents of a water are atiribufed 1o the influences of:

a) Geochemistry of the percolated rock units
b) Natural activities of man
¢) Industrialisation and Urbanisation.

The use of a water for drinking, for industrial purposes cr for irrigation is highly
dependent upons its chemical compaosition,

The World Health Organization {WHQ) has set standards regarding the uses of water
with different chemical compositions. These standards are the results of long scientific
research concerned with the hazards which may result from deterioration in the water
quality. Such deterioration is expressed In the rapid increase of dissolved or suspended
substances, which in small concentraticns may be essential for the grewih or the
completion of the life cycle of an organism. The same essential substance, at higher
concentrations, may become toxic, the essentiality, deficiency and toxicity of & sub-
stance can be represented on a continuous iine:

maEEmm _ Um:% _293& _ wox,,o _rmSmw
T T T T

0 Unit, Conc.

Many substances dissolved inthe water are essential for the development, metabolism
and heaith of organisms. The intake of these substances in concentrations exceeding
the WHO-standards may cause acute or chronic hazards, depending upon the rate of
intake.

The importance of these standards will only become ciear after a long period of intake.
For exampie the heavy metals, which are not degradable in natural processes, are
ensiched in the organic and mineral substances and siored for a long time. They reach
the human organism through the food chain, become enriched within the body and may
cause chronic or acute hazards.

The following brief review presents the prevalent ions in water, thefr sources in the

study area, the WHO-limits for the use as drinking water and the hazards resufiing from
the intake of ion concentrations exceeding the recommended WHOQ-standard limiss.

13



fon WHO-Standards 1975 | Sources in the Hazards resulting from
(ppm} Study area concentrations exceeding
1 .,_M WHO-Standards
catt 75 200 Sedimentary Water hardness,
rocks precipitation in pipes
and treatment plants,
higher use of detergenis
4+ . Whater hardnaess, precipita-
Mg 150 - Sedimentary tion in pipes and treatment
rocks plants, higher use of deter-
gents
Na”, K* Salinity Sedimentary Salty water,
determinant rocks, taste probiems
wastes of man,
fivestock
CI™ 200 600 Sedimentary Salty waters,
rocks,. taste problems
wastes of man,
livestock
NO7 45 - Decay of plants, | Reduces the haemogiobin
man activities, in infants
wastes of man,
and livestock,
leaching of
fertilized soils,
industrialisation
greatly increases
the NO3 content
S0z~ | 200 400 Sedimentary Associated with water
rocks, hardness
industrialisation
HCO3 o - Atmosphera, Associated with water
soil-organisms hardness
Fe'* 3.1 1.0 Industry wastes, | Objectionable taste
industrialisation, | 0.3 ppm, heips in the
sedimentary growth of bacteria
rocks and damages the pipes
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lon WHO-Standards 1975 | Sources in the Hazards resulting from
{ppm} Study area concentrations exceeding
1 2 WHO-Standards
Mn** 0.05 0.5 Industrial _ Objectionabie taste
wastes, 0.15 ppm, helps in the
sedimentary growth of bacteria and
rocks damages the pipelines
cut 0.05 1.5 Bumps or mill Objecticnabie taste 0.15
tailings, ppm, aiso in small
industrialisation | concentrations it makes
the biological
degradation of treatment
plants difficult for it
is toxic 1o maost
organisms
Cd” 0.01 — Phosphate ltai-1tai illness,
deposits, usually : fragile bones,
added industrially| skeieton disorder,
to the water renal damage
(plating metal}

Analytical Methods

pH

pH-Paper 0.1 range

nmI“ _.s@++ Titration with titriplex |

Na®, Kt

cI—
NO3
SOy
HCO3
Fe™* |
?\“_.._.T.v
Onm++

OC+.+ |

Ca-Indicator 1—3 naphthalein carbonic acid

Mg-Indicator eriochrom biack

Atomic absorption

Titration with HgNO3,
Indicator diphenol Carbazon

Spectral photometer 206 mm Novone 1964
Nephelometric 491 mm
Titration with 0.1 HCI

Atomic absorption after concentration



In figure 2 the degree of poiiution for different constituents of the analysed water is
shown, the adopted degrees of pollution in this ciassification are based upon their

deviation from spring waters that are recharged and discharged in unpepulated or
sparsely populated catchment areas.

unpciluted

weakly
poliuted

heavily
polluted

Mot ed™ Fe™ 0, TDS NO3 s03 CF  KY Na® Mgt ca™t
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Figure 2: Diagram indicating poilution in refation to the different chemical con-

stituents -of the water in the studied area.

The influence of human pepuiation is expressed in an increase of the total disscived
solids {TDS) and of the different chemical constituents of the water, The industrial
poliution s expressed in the additional increase of heavy metals.
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Table | representing the chemical analysis of this study shows an increased amournt of
Ca", NOQg, S037, Na™ which in most samples can be attributed directly to the influence of
the human population.

Table
Locarion | Ca™ M Mg™™ | et K* [+ s0;” |03 |Heoz | Tes Tre™ [wnm low™ oo™ 1 Grace
i
i ppm Ppm ppm ppm fpm ppm ppm pam ppm pp ppb folule] opt

1 | a4 168 | 188 05 | aa 363 | 320 | 230 472 107 1 3
3 i 8s 158 9.7 95 ] 32 238 | 242 [ 265 4448 | 30 1.3 1
4 i 58 243 | 1286| 221 32 134 | 210 | 244 4075|104 o5 2
8 7 183 | 168 05 36 24 16.8 | 265 457 | 28 o 1
10 {76 28 19.2 1.1 1 40 833 | 445 | 244 506.1 | 128 0.4 5
n i 72 373 125 06 ] 32 345 | 328 {300 521.4| 38 0.5 3
12 ‘72 29.2 | 135 08 36 363 | 338 i270 4918/ 61 6.1 4
14 ] 315 1 18.00f 14 48 56 457 | 240 515.6] 129 8.2 7
16 {822 | 300 | 231 22} &0 183 | 370 | 249 4728 621 0.2 5
20 {1120 | 300 | 1487 4.1 {2490 207 1100 | 342 9975] 4.2 0.4 18
29 f1t4 20 ;165 25.3 | 336 671 | 355 1317 1110 8 0.8 16
3z ‘o5 428 1 1108 471} 212 854 | 246 {240 816.3] 33 ‘o2 18
35 - 26 ;133 5.5 1224 | 1342 | 185 {220 856.21 643 i 10
37 DR 139 G 384 217 16 ¢ 525 | 242 i 17 5453 — fos 7
40 {56 213 (2076 | 646 {588 | 3537 0 :378 1861 | 225 0.8 -
44 1338 {1187 ) 145 30 | 1464 | BB (342 1143 | e8| es
45 LoD | ovaz2) 144 38 57 16.3 | 220 437.8) 272 | f0.5 3
a9 i a8 167 ¢ 157 40 363 [ 185 [ 164 34461 83! ‘o7 i3
51 | 84 {1065 ) 136 {220 112.7 § 100 195 88241 33 R 14

The increase observed in the content of the heavy metals is due to the currentincrease

i industrialisation in the catchment area. This can be especially well demonsirated
along the course of the Zerka River.




Aquatic Fauna (General)

In the framework of this study only the larger members of the aquatic fauna are taken
into consideration. Animals of microscopic size have not been collected though they
are of importance within the food chain. Similarly the fiora of the discussed streams and
ponds is described only in very general ferms, though water plants are of fundamental
importance to the animal life, because they produce food and oxygen and react with the
water when they photosynthethize carbohydrates. In addition water piants need
nitrates, phosphates, sulphates, carbonates, silicates and trace elements, which they
extract mainly from the water. Plants also provide a geod holdfast and hiding place for
many species of fauna. They are alsc the base of the food chain in each ecosystem.

Thus we restricted our study to such animals that are visinle with the naked eygona
sieve with 0.5 mm mesh. For their determination a microscope is usually required. Most
encountered fauna, except the moliuscs, were not determined to the species level but
to higher taxionomic orders only. Allthe animails and animal groups discussed here are
represented in a drawing of one example coliected during our research, so that the
interested non-specialist may determine the aquatic fauna to a degree that will allow
him to check the resuits which are presented in this study, and 1o carry out similar
studies for other areas.

Our study therefore does not present detailed work on the fagnal assembiage of the
springs, streams and ponds of the area under discussion but presents a general picture
of the life presentin the different environments and shows the reaction of the fauna to
natural and unnatural influences on ite ecosystem. The change in the community of
animais and plants functioningin a non-living environment can clearly be traced with the
scale of determination adopted by us. If, for example, one turnsastone in the creekjust
below the village of Wadi Shita one sees numerous animais attached to it, doing the
same thing in a stream of simifar size in the neighbouring valiey just below Wadi Sir, no
animals will be observed. In the iatter case the fauna react very strongiy to environmen-
tal factors that consist here of the oil pollution caused by the water pumping station at
the upstream end of the Wadi Sir.

The environment of organisms living in fresh water depends on a number of factors
such as light, temperature, chemical composition of the water and the amount of
Oxygen available init. The most important adaptations of aquatic animals are concerned
with the way in which they breathe, move and obtain their food. Each species has its
own oxygen requirements and therefore reacts to changes in this one parameterina
specific way. The distribution of aquatic animals in small streams, an environment that
constitutes most of the studied localities, is fargely dependent upon the nature of the
pottom of the stream bed. Stream botioms supporting growths of aguatic plants are
more productive than streams with bottoms devoid of vegetation. Animals of swift
streams need specific modes to cling to the rocky bottom or have to show a greatability
in their swimming mode. Vegetation due to the assimilation processes enfiches the
water with the oxygen needed by all animal life. A shortage of oxygen can prevail in
water that contains a large amount of decaying animal and plant matter, as the process
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of decomposition uses the oxygen present, This may be the case in poois of streams
mainty near their end course before they disappear in their own gravel bed during much
of the season. The streams discussed here, in general, are sc swift that by the constant
churning action of the current they are aimost permanently saturated with oxygen.

The fauna encountered showed three iypes of fresh water worms. The Turbellaria are
flat, long oval worms usually found on the underside of stones or on other hard
substrates. Here the worms, up to 1 cm long, craw! rapidly with their ciliated foot. Fiat
worms are scavengers utilizing all kinds of organic material for food. They may aiso hunt
for small sized animal prey or may feed on algae. A number of different species of
Turbeliaria ars present in clean streams just below springs as well as in oxygen rich,
somewnat poiluted water,

The Oliguchaeta {fig. 3) are segmented worms which have a pair of bristles on each
segment live within the sediment as well as among water plants. Some species
dwelling in muddy or sandy bottom substrate construct tubes of mucus-aggiutinated
sediment particles. They live head downwards in these tubes and wave the posterior
porticn of their bodies ceaselessly 10 extract oxygen from a wide area of water. in
irrigation pits and canals these worms may form mass popuiations. The food of the fresh
water Oligochaeta consists of products of decomposition of organic materials and of
small animals and planis, A number of different species occur in clean water of Springs
as welt as water quite enriched with natural pollutants but stiil under aerobic conditions.

Figure 3: Oligcchaete worm of approx. 5 mm length.
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The Hirudinea or leeches (fig. 4) are elongated worms with flattened bodies without
bristies, with fine rings, and with & sucker at either end. They are usually considerably
larger than the Turbellaria and Cligochaeta and thus more conspicuous. The front
sucker is aiso the mouth opening and is used for holding anto the prey and sucking in
food which consists of animals. Leeches live among stones in clean to weakly poiluted,
oxygen-rich water. The cupoia-shaped, transparent eqg capsule is attached to the
underside of stones. Egg capsules give evidence of the presence of adult individuals. if
the latter are no longer found where capsules are present the watar quality must have
deteriorated not long before. This can for example be cbserved well in the Zerka river at
the end of spring-time, when water deteriorates in quality rapidly as the dry season
progresses.

All aguatic worms mentioned here breathe oxygen through much of their body sutface.
An axygen rich water, therefore, is required as the fiving environment.

Figure 4: Leech {Hirudinea) of approx. 15 mm length.

Crustacea are present in the streams and ponds with some very characteristic forms.
The Amphipoda (fig. 5) of the Gammaridae family are yeliowish-brown fresh water
shrimp with a bilateraily flattened body. This long body is curled in a how, has 2 pairs of
long antennae and 2 feelers on the under lip. Each of the 7 free thoracic segmenis
shows a pair of legs. The 6 abdominal segments carry the three frontal pairs of
swimming feet. These feet are in continuous movement and thus keep the gills
supplied with fresh water. The three posterior segments have jumping legs. The food of
the fresh water shrimps mainly consists of plant material, but alsc of decaying plants
and animals. The amphipod crustaceans are characteristic of spring water, and only
very clean creeks and streams.
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Figure 5: Fresn water shrimp (Amphipoda) of approx. 6 mm length.

The Isopoda with members of the Asellidas family (fig. 6) prefer water with some natural
pollution: that is stagnant or slow moving. Often streams rich in Amphipoda in their
upper portion become rich in Isopoda further down or when channetled into irrigation
canals, The long body of the fresh water isopod is of uniform width throughout. Thereis
one pair of short and one pair of long antennae on the head. To each of the 7 thoracic
segments a pair of walking limbs is attached. The abdominal rings are fused into one
farge plate with two forked abdominal legs. [sopods feed on decaying organic particles
mainly of piant origin often derived from the faeces of large herbivores as for example
that of donkeys. The gas exchange is carried out by the gilis within the water only. While
natural pofiution is tolerated and even constitutes the preferred habitat of the fesh water
iscpod under aerobic conditions, chemical pollution results in a complete absence of
crustaceans from the stream.
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Isopod of approx. 8 mm length.
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Tne Ostracoda (fig. 7) exchange gases through their skin. They have a hard exoskeie-
ton consisting of two valves which are hinged to each other at one piace onty, similarto
the two valves of a lameillibranch shell. The ostracod iimbs are modified in various ways
to create a current of water which flows over the soft body parts. Fresh water ostracods
feed on decaying piant and animai material and prefer siow moving and stagnant water,
an environment similar to that prefered by the isopoeds. Ostracods may often be found
together with mass populations of reddish oligochaetes. The ostracod fauna of the slow
moving streams and irmigation ditches is usually composed of several species.

Copepods and Cladocera, both small crustaceans, prefer standing water in which they
move about with the aid af their long antennae. They acquire oxygen from the water with
the help of gills and feed on minute planktonic crgnisms as well &s organic material
drifting our suspended in the water. Members of both crustacean groups produce eggs
that can well withstand desiccation. They can thus reappear rapidly in dried out pools
after these are refilled with water, Poilution is tolerated 10 quite some degree.

~

Figure 7: Ostracod of approx. 1.5 mm length.

Large brachyuran crabs {fig. 8) are present in aimost all the aquatic environments
visited during this study. The large, solid, back plate covers and protects most of the
body. Twe large, strong claws are present and 4 pairs of waiking legs enable the crabto
move at quite some speed in alt directions. The rudimentary abdomenis wrapped under
the cephalc-thorax. The crab constructs deep tunnel galleries into the stream bhanks
just above the water surface as living burrows. The way of life of the crabs is
amphibious. Breathing is carried out with gili booklets. The crabs can nold air bubbles
between single ieafs of the gill bookist and provided with oxygen in this manner, they
can penetrate water which is poor in oxygen content. The brachyuran crabs are very
resistant to pollution. Their food consists of plants of all types and different animal
materials either fresh or in decay.
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Figure 8:

The spiders {Arachnoidea) are represented by the aquatic mites (Hydracarina, fig. 8} in
clean to somewhat polluted water. The roundish oval body is unsegmented and 4 pairs

Brachyuran crab of approx. 50 mm width.

Figure 9:
24

Aquatic mite {Hydracarina) of approx. 1.5 mm length.

of legs are joined to it. The miles, present in a number of different species, are animals
of prey which hunt ostracodes, small insect larvae and other smail aquatic animals. The
: axygen for respiration i taken from the water fiself.
%
: The insects form the large bulk of aguatic creatures encountered in the pends and
“ streams of Jordan. Most insects are aquatic enly as larvae. They inhabit every kind of
; fresh water environment.
i
M Figure 10:  May-ily nymph (Ephemeroptera} of approx. 8 mm length.
: 25




The mayfly nymphs {Ephemeroptera, fig. 10} are most commenly found under rOCKS in
fiowing streams. They have a long body and head with 2 long antennae and 2 large
eyes. The three pairs of legs end in claws. The 9 abdominal rings on each side are
characterised by leaf-iike or feather-like tracheal gills. At the end of the body are 2 0r 3
long taits. The mayfly nymph may live for 1-4 years in the water uniil the adultdevelops
which may live only for a very short time and only serves for repreduction and
spreading. Many different species of mayflies existand more environmental differentia-
tion would probably be possible if they were studied in detail. Their food consists of
plants.

The dragonfly and damselfly nymphs (Odonatz, fig. 11) are large insect larvae which,
like the Ephemeroptera, breathe by means of the gills although they have retained the
air iubes of the land insects. These gills of the damseifly nymphs (Zygopiera) are inthe
form of three leaf-fike structures at the end of the abdomen. The nymphs swim by body
undulations, the gill functioning like the tail of a fish. They feed on various species of
smalt aquatic animals which they caich with an adapted lower lip. Before the imago
hatches from the nymph the latier crawls out of the water attaching itse!f salicly to a rock
or a plant just above the surface of the water. The empty hulls of hatched larval exuviae
remain at their place of attachment for some time and give evidence of the former
occurrence of Odonata nymphs in the stream even after water conditions have
deteriorated. This can be observed in the Zerka river below the highway bridge Amman
Jerash, where the water improves in quality during the wet season making the growth of
damselfly nymphs possibie, whereas during the spring the water quality deteriorates
and no more nympns of the latter insect arder can survive.

Caddisfly iarvae (Trichoptara, fig. 12) are found only in clean streams rich in Oxygen.
They spin a funnei-shaped tube attached to the sides and the lower faces of a rock {fig.
13). This protective shelter, held together by silk webs, is rarely left by the larvae and is
composed of agglutinated small pebbles and plant fragments. The opening of the tube
faces upstream and cne side of the aperture is extended. Here the wall is composed of
a siik netthus forming a device like a fishing net. Floating matter of both animatand plant
origin is caught in this net, seized by the larvae, and is eaten. The net-buiiding caddis-
flies (Hydropsychidae) are confined to running water and will die within hours if placed
into standing water. The larva is like a caterpillar with awell developed head and thoracic
legs and a pair of hooklike appendages at the end of the abdomen. The abdominal
segments bear filamentous gills. To pupate the larva forms an oval cocoen composed of
agglutinated material like its living tube and altaches itio the fower side of rocks (fig. 14),

The Hemiptera (aqualic bugs, fig. 15) have a number of different representatives,
These aquatic insects, calied water boatmen and backswimmers, have elongated and
oariike hind legs. As do ail aquatic bugs, they lack gills and obtain air from the surface of
the water. They usually carry a bubble of air underwater, either on the surface of the
body or under the wings. They swim rapidly but often cling to vegetation for long periods
or rest just befow the surface of the water, The aquatic bugs feed on otherinsecis oron
algae and minute aguatic organisms depending upon the species in question. They
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Figure 11-

Damsel-fly nymph {Odonata} of approx. 35 mm length.
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' Figure 14.  Cocaon of a caddis-fly nymph of approx. 11 mm length,

Figure 12:  Caddis-fly nymph (Trichoptera) of approx. 20 mm length.

Figure 13:  Case of a caddis-fly nymph of approx. 20 mm length.
28 :

Figure 15 Aguaiic bug (Hemiptera) of approx. 16 mm length.




prefer sluggish streams with a great deal of vegetation, irrigation canals and pools and

can be found in ciean to poiluted water.

The Coleoptera (beeties, fig. 16} are represented here by a member of the Hy-

drophifidae. The aquatic bastles, like the aquatic bugs, lack gilis and carry their air from

the surface of the water down into their aquatic habitat, A number of species can usually

De encountered in sections of the stream where vegetation is dense. Beetles can

tolerate quite some pollution. All aquatic beetles are predators that feed on ail kinds of

smajter prey, catch them with their fron feet and chew them with the appendages of their
mouth, Beetle iarvae are also present, especially within posls and ponds.

Dipteran Larvae, that is farvae of flies, midges and masauitoes, are found in a very wide
variety of aquatic environments. Of the mosquilo-like dipterans {Nematocera), a
numboer of species of the midge larvae {Chircnomidae) are present. However only two
types are menticned here. They can be difierentiated clearly on sight in the streams

Figure 16:  Water beetle of the Hydrophilidae (Coleoptera), approx. 11.5 mm fength.
30

mentioned. Muddy sediments in pools of polluted streams and in the aimost stagnant
water of irrigation canals are often campletely transferred into the U-shaped burrow
systems constructed by a red-coloured midge larva, the so-calied bloodworms, larvae
of Chironomus. The occurrance of this farva in a stream is a good indication of organic
poliution or eutrophication of the water. The long, worm-like body has 12 segmenis with
a distinct head. On the first and the last 2 segments a pair of appendages with claws are
seen. The arva swims by curling up and then expanding the ends of its body. A
greenish tarva of the Chironomidae (fig. 17) lives among rocks and aquatic planis in a
sinuating tube composed of fine aggiutinated particles of sediment. These larvae are
smaller than the bloodworms and occur in clear, fast running streams which are not, or
cniy slightly, poiluted. The midge larvae take the oxygen they require for breathing from
the water.

Figure 17:  Larva of Chironomidae of approx. 10 mm length.

Mosquito larvae {Culicidae) are mainly found in standing water. They breathe air at the
surface of the water through a special tube at the end of the abdomen. They can live in
strongly polluted water and in water without dissolved oxygen. They feed on animal and
piant remains and dissolved organic components of the water,

Larvae of the Simuliidae (black flies) with a greenish body of maggot-iike appearance
attach themselves in larger groups by an abdominal sucker 10 the upper surface of a
rock in fast running streams. The body is held erect in the swiftly running water, little
waterfalls, and areas of turbulence which are the preferred situations of these larvae.
Two small fans of comb-shaped bristles form a grid in front of the mouth through which
the larva sieves its food from the water. This food consists of smali algae and cther
floating organic matter. The larvae can move about like leeches. They pupate in acone-
shaped, flat, bluish gray cocoon which is fastened 1o the sides or the undersides of a
stone with its opening away from the direction from which the water flows. Two bunches
of filtaments protrude from the opening of the pupa on both sides. Pupae and larvae are
found in abundance in swittly running, clean streams fairly ciose to their springs. The
pupae are quite characteristic and may stil be present on the rocks when conditions
have deteriorated as evidence of the recent change in environment.

31




Larvae of Tipulidae (crane flies, fig. 18) live in and on soft sediment on muddy groundin
pools of shaliow water. They feed on the organic components of the mud. The
abdominal part of the body ends with 6 pointed appendages which surround the bristle-
covered end of the breathing system. The larvae can take in air from the surface of the
water with this abdominai end and with the aid of the 6 extentions can, in addition, carry
a bubble of air down to the bottomn. In favourable environments the larvae are aiso able
to exchange gases with their entire skin.

Figure 18: Larva of Tipula sp., a crane fly (Tipulidae), approx. 25 mm length.

Larvae of the Psychodidae {mothflies, fig. 18) feed on everything organic which they
find in their living environment of heavily poiluted water. They are "snorklers™ and
renew their air supply by rising to the surface and sticking a tube which is located onthe
abdominal end of the body cut of the water. The dirty grey, hairy larvas have a
scierotized black head and black breathing tube. They were noted in particular
abundance in the hospital waste water of the uppermost Wadi Sir together with the rat-
talled magget.

Figure 19:  Larva of a moth fly (Psychodidae), 8 mm length.

There are two typical examples of dipteran larvae of flies (Brachycera) here. The firstis
the so-called rat-tailed maggoet of the Syrphidae (syrphid flies, fig. 20) encountered in
the most polluted environments inhabited by any member of the macrofaunainthe area
studied. The larvae of Eristalis have a very long breathing tube which somewhat
resembiles the tail of a rat, The dirty grey larvae up to 2 cm long, have 8 pairs of short
appendages. Air is taken in with the tail-like appendage which can be pushed in and
drawn out like a telescope. Rat-taited maggots are sometimes responsible for intestinal
myiasis in man (Borror & De Long, 1870).

Figure 20: Rat-tailed magget (Syrphidae), 30 mm length.
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Larvae of the Ephydridae (fig. 21) are maggot-iike with 8 pairs of short appencage that
have bristies at their ends. With these feet the larvae sluggishly crawl across the muddy
botiom substrate mainly collecting unicellular aigae. They sieve these from the botiom
substrate with a special device located in their mouth. The larvae of Ephydricae breathe
air through the branched abdominal tubes which are covered with bristles. In the
shallow water of their living environment they can swim slowly by bending their body
back and forth. To pupate the larvae crawl onto fand. The cylindrical pupae are found in
great numbers around pools and on the sides of sluggish streams such as the River
Zerka at the point where it disappears in its gravel bed downstream from Zerka. Larvae
cf Ephydridae are very resistant to unfavourable living conditions,

-

Figure 21: Larva of the Ephydridae, 18 mm lengih.

Tne moiluscs are represenied by a number of gastropods and cne species of
pelecypods. Wherever moiluscs are absent from streams. springs and pends in the
studied area, ihis can be attributed to man-made poilution. The Prosobranchiata are
represented by the species Theodoxus jordani (fig. 22}, Valvata saulcyi, Hydrobia
contempta, Hydrobia musaensis, Melanopsis prasmorsa (fig. 23), and Melancides
tubercuiata. Members of these species breathe by means of their gilis. Theodoxus is
found only in very clean water rich in oxygen where it crawis among rogks and scrapes
oif algal growths from their surfaces. In the area studied Thecdoxus is restricted to the
clean springs but this is due only o the eifects of poilution. In the Wadi Hidan for
example membears of this species are aiso found in river and creek environmenis.
Vaivata is found only in poais, living among algae. it feeds on diatoms and other small
aigae and may aisc be able fo fiiter food particles from the water, Hydrobia is found in

Figure 22:  Theodoxus jordani (Gastropoda) of approx. 5 mm length.
33



Figure 23:  Melanopsis praemorsa (Gastropoda) of approx. 19 mm tength.

creeks as wsif as in ponds but alsc only if they are not polluted, This smak gastropod is a
paricle collector mainly feeding on algae. Melanopsis is not quite as sensitive to
poliution as the other prosobranchiata, During the wes season it returns to the Zerka
river above the King Tatal Dam Reservoir and during the dry seaseon it is present in the
water of the river below the reservoir. Melanopsis feads on decaying and fresh piant
matter, algae, as well as leaves that have fallen into the water. Anima carrion is also
eaten. Meiancides prefers creeks with soft bottom substrate in which [ s usualty
hidden. It collects organic material from the bottom substrate as a source of food and in
the area examined i has become almost extinct owing o polluticn.

Cnly two species of puimonaie gastropods were discovered. Galba fruncatuia lives in
pooled up creeks where it feeds on algae. Bulinus truncatus was found in the ancient
Roman poo! upstream of Jerash. This small pulmonate gastropod presents a danger o
an singe it is the intermediate host to the parasile causing bilharziosis. Puimonate
gastropods can breathe air with their lungs and can thereiore penetrale water even
when very fittle oxygen is dissolved in it. However in the area under discussion this is
not of impertance since both species encounterad iive in water rich in oxygen.

The oniy pelecypod found was the smali Pisidium casarianum (fig. 24 with a round
egg-shaped translusent shell and a long, lancet-shaped foot with which it can craw and
chimb quite actively. It lives in clean streams and poois and can tolerate quite some
current within the algal growth.

The larvae of amphibians (tadpole larvae}, mainly of frogs and toads (Anura) are
commonty found in the water of springs, pools and streams. Thase larvae can tolerate
very strong poilution, but the eggs are even more resistant. Theraefore in strongly
poliuted water, as in the hospital waste water of Wadi Sir, the 2ggs wiil haich, while the
larvae can not survive. Tadpole larvae feed on algae and other organic growths inthe
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Figure 24:  Pisidium caseranum (Pelecypoda) of approx. 4 mm width.

water as weil as on decaying plant material and breathe with ihe help of giils taking
0xygen from the water.

The fish found in spring water and the polluted water of streams and pocis breathe in the
same way. No attempt was made to differentiate species within the scope of this study.
Fish mainly feed on small aquatic animals, namely crustaceans and insect larvae.

02
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Results
1a. Wadi Shita (fig. 25, fab. 1)

The creek has its origin in the sediments of the valley just above the c.ﬁ_a@m leading to
the village of Wadi Esh Shita (loc. 1). Some 15 m downsiream a new spring, cmmn as the
source of drinking water by the people of the village, joins the small creek. This water
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Figure 25: Sketch showing the course of the Wadi Shita with locations 1 to 5.
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contains a fairly high amount of nitrate and iron. Here a fair amount of natural pollution,
for example the faeces of donkeys and other animal wastes, is added to the water.
Therefare, just below the village {foc. 2) the water is enriched with organic matter which
provides nourishment for a rich ostracod and isoped population. Owing to the very
precipitous course of the creek a good deal of oxygen is recharged into the water and
caddisfly larvae are able {0 dwall on the rocks in little waterfalls.

To the west a strong spring Issues from the limestone in a side valley {loc. 3), Wadi
Bahhath. This water also nas a high nitrate content. In the area of the spring itself the
gravel is covered anly by algal crusts while z ifttle further downstream thicker aigal
crusts and filamentous algae are attached to the hard substrates. The creek coming
from the village of Wadi Esh Shita joins the spring water (loc. 4) and continues in arapig
decline over a waterfall. Below It, location 5 is situated in a very strong and rapidly
flowing creek. The water of the creek in the Wadi Shita in its whole course is barely
affected by human pollution and still has almost normal conditions for fauna.

Table ti
Loe! Type | oM P Temp. | Turnigity: Water oea: Velocity: Quantity . Cuaiity | Flors and Faunz
B N : ks i H
1 Soring, - 8.3 209 clear gravel sioww El 2-3 . Fliamentous znd crust forming algae
sravel ¢ Turoellaria, Qligacnseta, Hicuginga
Amphipeda, 1sopoda, Jsracada
Hydrasarina
Ephemeroptera, Simuliidas, Chirgnomidae
2 Creax 3.5 152 weakly gravei, slow - 2 Filamentous ang few crust forming aigae
| turig boulders, (o Turbellaria, Qhigochaets
mud, fast ‘sopoda. Ostracoda, few Ampripoda, Jrachyura
simzer Hydratarina
Egnemeraptera, Chironarmidae
Pisidium
2 Spring, K& 1ge chear gravel fam 250 1 Crust forming aigae, ‘ater aso fiamentous aigae
rack, Turoellaria, Qligochaeta, rirudinea
cregk Ampripoda, Srachyura
Zpnemeroptera, Trictopters, Chizonomidas, Simulizcas
Theotoxus, Melanansis
Frog Larvae, fish
$ " Creek 6.3 189 weakly gravel fast k] 2 Crust forming aigas
torod Turneuana, Gligochaerta
Amphipoada, 8racnyura
Ephemerapiera, Trichoptera, Chironomdze, Dconata
Melancpsis
El Creek weakby qravel, very 2 Crust forming algas
Turkid Doulders, Fast Turpailana, Diigocraeta
sand Brachyura
’ Ephemecaptera
Melanapss
& : Spring, 63 8 clear rack, siow 250 1 Crust forming algae, iater also filementous algas
s reck, aravet © Turoy ia. Oligocnaeta, Hirucinea
:creek : : Amphigoda, Ostraceda, Srachyura
: riydracarina
Epnemeropterd, Simuliidae, Chircnomidae
Theogoxus. Melanopsis,
7 | Creek 83 1 1ge ' clear gravei, fast T 280 D2 Dense filamentous algas
: : H sand : : i Hirudires, Dligochasta

i Isopoda, Brachyura
Ephemeroprara, Chironomrsae

! Melanopsis

i Frog Larvae, fish
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1b. Seel Hishan (fig. 26, tab. I}

A small, somewhat poliuted stream of about 40 liters per second is jcined by water from
the strong spring of Seel Hisban that is collected in a rock pool {loc. 6). The water ofthe
spring is utilized by the neighbouring population, the army and drinking water tankers.
As a result of washing activities aided by detergents right in the rock pocl and animal
wastes the emerging creek shows some pollution. This results in a dense growth of
fitamentous algae and of Characea. Here numercus frog larvae, fish and brachyuran
craps are present. Where the stream crosses the road below the old mill cars are
washed and periodically oil wastes are discharged into the creek causing pofiution of
the water further downstream.
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Figure 26.  Sketch showing the Seel Hisban with locations & and 7.
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2.Wadi Sir (fig. 27, tab. 1il)

The stream of the valley of Wadi Sir emerges from the Hussein Medical Centre and runs
down the steep slope into the valley (loc. 8). This water is warm, produces an
unpleasant smell and forms extensive foam mounts. The water is utifized in part by
farmers for irrigation. Upan reaching the valley bottom 7 pools up and an organic
sediment is deposited which produces gas bubbles. in these pools frog eggs develop
until hatching of the larvae, which subsequently die. The fauna living in this waste water
consists of dipteran larvae of which cnly the large rat-tailed magget is especialiy
canspicucus. Depending on the quite variable discharge the creek is continuous in its
downward course or disappears in its gravel bed. In the latter case it reappears at a
piace downstream where the bed rock builds steps in the valley {icc. 9). The emerging
water is a mixture of hospital water from the Miedical Centre and ground water and still
foams. In little rock poois present here the muddy sediment is completely transformed
into the tubes of bloodworms. Not ail hospital water emerges at this lccation.
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Figure 27:  Sketch showing Wadi Sir with locations 8 to 16.
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Loc. Type pH

T

Temp. Turbidity | Warer bed | Velocity ! Quantity Flora and Fauna
ifs
33 ! reappear-; — - clear gravet medium § 100 Filamentous aigae
ing Hirudinea, Cligachaeta
river Bloocdworms, Chironomidae, Cuticidae
34 | craek - - | turbid gravel, mediurn ;5 Filamentous and crust forming algae
: oil : Bloodworms, Tipulidae, Ephydridae, Cul
35 | River \ - orbid i gravel rasdium § 300 Fiiamentous algae
; £qgs of Hirudinea
Ept aptera, Bl fae
Frog larvae, fish
36 Hiver - - {gravel medium 60 Eilamentous algae, Characes
! : i Oligochasta, Hirudines, Turbeliaria
Hydracarina
Ephtemeroptera, Sloodwerms, Chirgnamidae, Simuliidae
Frog larvae, fish
37 " Spring, 6.3 19° | ciear gravet i fast 5 | Crust farming algse
- gravet : | Turbetaria, Oligachaeta, Hirugines
: i Amphipoda, Srachyura
i Ephemeroprera
! Theodaxus, Melanapsis, tydrodia
Fish
38 - Spring (B3 179§ clear . rogi - 100 Filamantqus and crust forming aigae, Characea
) H Turbedlaria, Oligochaeta, Hiryginea
: Amphipoda, Ostracoda
; Ephemeroprara, Trichaptera, Hemiplera,
i Chironomidae,
| Theodoxus, Hydrobia, Melancpsis, Melan
; Pigk
i Frog larvae, fish
39 Creek 63 189 wrbid gravel,  medium 20 amentous aigas
sand Hiruginea
isopoda, Ostraceda
Hydracarina
Theodoxus, Hydrobia, Mefanopsis, Pisidium
30 - Minerab - - . clear rock - 15 iren — bDacteria
spring Qligochaeta
| Herniotera, Coleostera
41 - River 8.5 23@ D weakly aravel medium 900 Filamentous and crust foremmng atgae
: turkid . Turbettaria, Qligochzete
Brachyura
Hydracar:ina
Ephemeropiera, Chiranomidae
Frog larvae,
42 - Spring, - 6.3 249 weakly standing: 39 Filamentous aigas, Characea
! pool turbid . ¥ i
H isopoaa, Ostracode, Brachyura
Hydracarina
Ephemeropiers, Chironomidae, Hemiptera, Coleopiera
Valvara, Hydrobia, Melanopsis, Bulinus
Pisicium
i Frog farvae,
43 ; Creek 1 6.3 22° weakly  : gravel fast amentous and crust forming aigae
wrbid H Cligochaets, Hirudinea
tsopoda, Brachyura, Ostracoda
Ephemeroplera,
FMeianopsis
Frog larvae,
33 ‘65 25° clear | gravet medium | 1000 Filamentous and crust farming algae
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Qiigochaeta, eggs of Hirudines, Turbelaria
Copepoda, Brachyura
Hydracarina

; Ephameroptera, Chironamidae
i Frog farvae. fish

Y

flara ang Fauna

| weakly gravel,
; Turbid sinier

i fast

t Algal crusts

: Oligochaeta

; Amphigeda, Ostracods

. Hydracarima

© £phemeroprers, Chirornemicdae, Trichopzera, Odonata,
I Tipulidae

Theodoxus, Hydropia, Melanopss, Pisidium
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: Creex

| eakly
twrbid Hd

gravel,

Fiiagmentous aigae
iso00da, Brachyura

| Mydracatina

Ephemeroptera, Chironomicae, Coleopters,
Tipuiidae
Helanopsis

Saring,
gravel

rack

fast

Algae ¢rusts
Hirudinea
Ephemeroplers

! Theadoxus, Melanopss

a8

Spring

: chear gravel

w

: Filamenzgus algae

© Oligochaeta

* Ostracoda, Clagocera

. Zphemeroptera, Chirpnamidae, Binodworms

a9

Creek

clear gravet

" tast

Filamenteus ang crust farming algae

Arachyura

Ephemeroprers, Bloogwerms, Chironomidee, Tigy
Frag larvae

| Spring,
i graval

clear

fast

Algai crusts

Turpeitaria, Ghigocnaeta, Hiredines
Ampnigoas

Hydracarna

£ phemeraptera, Simuikidae
Theadoxus, Meianonsis
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Lake

 furid rmud,

CHe
prae
sucing

standing

Filamenzous algae

Qligocnaeta

Cladowaz, Sirawiyvrs

Ephemeraoptera, Bloogworms, £phyeridae
Fish, Frog larwse
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The tabulated data (tab. 1!} is only true for the time of fittle discharge from the hospital;
when the discharge is greater the water of locality 9 is quite similar to that of locality 8.
Then bioodworms can not survive here but only further downstream where more fresh
water is mixed by extensive populations of this midge larva form. Someawhat down-
stream some rock springs appear (lec. 10) from which the local population takes
drinking water. But the water from these springs is mixed with water coming from
focality 8. This is indicated by the high values of nitrate, sulfate and iron present and the
absence cf the typical spring gastropods.

Tabike 111

H T T T
Lo, W._.<un pH i Temp. | Turbidity | \Water bed | Velocity | Quantity “ Quality ; Florz and Fauna
! { H s H

8 [ Hospital} varizkle Dwarm, | turbid, i sail, fast 3 iy Some filamentaus atgae, algai covers and mats
Twaste i variaple | foam i gravel B Psychodidae, Syrphidae
water H H H i Frog eggs

3 Gravel (65— clear,  Crock,  stow . 1

: | Crust forming sigae
idischarge; H foam - gravel

Blocdwerms, Psychnaidae, Ephydridae
! Frog tarvae

N

10 iRack 68 118° * giear . ragk - fast main D wariable | Eiiamentous and crust ferming aigas
spring, : : - spring . : Dligochaesa
creek | : : ] : * isopoda, Amphipoda
! : ) - Ephemeroptera, Coleoptera, Sloadworms,
creek : " Chironomidae
12 . : Frogiarvae

i1 Spring, 6.2 2 18,5 - clear qravei 1 fast . afrer - 2-3 " Crust forming slgae, later aiso filamentous aigae
gravet H . pumpage . : Diigachaata
70 Qstracoda, Brachyura
: Hydracarina
: Ephemergptera, Simuliinae, Chironomigae, Tinuldae

Frog laruae, tish

i2  Creek 6.8 =0 clear gravei, fast . 150 g Sicterial mucds layers, aigat siimes
sludge + Brachyura
Frog laruae

13 Creek 8.5 - 189 . clear gravel fast . 200 4 © Filasmentous and crust forming sigae
: : . : Turbelaria, Qligochaeta
L @rachvers
- Hydracaring
Epherneroplera, Bleooworms, Chironamicae, Tigulidae,
. Ephydridae
. Frog larvae, fish

14 - Spring &5 . 1me clear rocks, - 12 1-2 Crust forming slgae, filamenteus algae, Characes
: : ponds : i Turpallaria, Qiigochaeta. Hiruginea
. . : Ampnipoda, Ostracoda, Srachyura
Hydracanna
. Ephemereprera, Hemiptera, Cateaptara, Chironomidae,

. Theodoxus. Valvata, Hydrosia, Melanopsis
Pisidium
Frog larvae, fsh

18 (reak 8.3 18% : elear . rogk, fast 250 i3 : Fiamentous and erust forming algae
: : : gravef H : ¢ Turbellaria, Oligochaeta

: : Tsopoda. Brachyura

: Hydracarina

! Ephemeroptera, Chirgnomidae

i Malanopsis

i Fish

3 | Crust forming algae
i Turbellaria, Oligochaeta
; Isopada
Ephemeroptera, Trichaptera. Chirongmidae
i Melanopsis
§ Fish

16 iCreek | B.5 f1ge {wurbid  ;orock, ”.cm?\
: gl fast
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These rock springs enrich the creek with water much of which is used for irrigation. The
remainder disappears during the dry season a few hundred metres above the Wadi Sir
main water supply pumping station {loc. 11). Here the water reappears where the
ground water table intersects the morphology of the river bed. About 1.5 MCM are
pumped from here o the ¢ity of Amman {o be used as drinking water. The content of
nitrate is fairty high in this well. The water pumping station itself is a major poliutant of the
stream below it. Oil contaminated water from the station is added to the Wadi Sircreek,
Further downstream at the confluence of the outiet anc the creek the rich fauna of the
creek very suddenly disappears. Instead we note for a long distance downstream (loc.
12), far below the village of Wadi Sir, that the creek fauna is destroyed and that
gelatinous mucus material covers all hard surfaces in the creek bed. Soft substrates
have a vesicular appearance and are formed by dark, organic sludges containing a large
amount of oil. The water acquires a waste water cdour.

By Um Nuwwara {loc. 13) the water of the creek has cleaned itselfto some extent. Much
of the water is taken for irrigation. In Um Nuwwara a spring emerges from the bedrock
(loc. 14). This water is very clean and is characterised by rich fauna, but sometimesone
of the irrigation canals carrying water from the creek upstream joins the spring water
and is mixed with it in the concrete pools that have been constructed here. The spring
water itself has quite a high nitrate and iron content. Where the spring water ioins the
creek a number of species disappear as a result of the mixing of the water.

The disappearance of the Hirudinea, the Amphipcda, Isopoda, Ostraceda and all
gastropods is particularly conspicuous, About 1 km downstream a small spring below
the village of &l Bassa holds leeches, Amphipoda, Theodoxus and Meianopsis, atl of
which do not enter the creek. Further downstream about 2 km above iraq £t Amir the
water was checked again {ioc.15) and the final examination was made below the ancient
temple of fraq ai Amir {loc. 18}. In both localities populations of Melangpsis and isopoda
could again establish themselves after continued self-cleaning.

3. Zerka river and tributaries (Tab. IV, fig. 28)

The first and most upstream locality (17} taken inte account is situated in the Zerka river
bed at Ain Ghazal just above the Amman sewage treatment plant. The water arriving at
this pointis derived from several sources of waste water of the city of Amman during the
dry season. The water has a thick cover of mineral oif and runs siuggishly on gravel
covered with oll and algal slime, The river bed is strewn with decaying organic material
{carrion) rusting metal wastes and other refuse. The water has a very strong, bad smell.
Because of obvious poliution ne water sample was taken bui fauna, consisting of rat-
tailed maggots, was collected.
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Sketch showing the Zerka River and tributaries with locations 17 to 51.

Tabie 1V

Loc! Type pH Temp. Turbidity ; Water bed | Vetacity ! Quantity | Quality | Flora and Fauna
i/s
17 | Creek variable | variable | very gravel, slow 30 3 Algat slimes ang erusts
tworhid, rufbish Syrahidse
oif
18 | Sewage ! variable | variable i very concrete, | medium | 200 - : Algal ana funga! slimes ana crusts
sutiet turdid, mud i :
i foarn,
S ail
G fAiver varigbie | variatie | very i grawvef, | medium ; 400 ] : Algal slites and ¢rusts
Drurkid, L mud :
| foam, |
| sil
2C | Spring | — Dctear  Cograwel i fast H 3 Fiiamenious and crustal aigae
gravel : i 100 Frog farvae
21 | Yeast | - waren | very | rupbish | = 40 Na fiera and fauna
| factory | Lrurpid
| outlet ;
22 | Phos- - i overy mud | variabte | variagle W0 Mo tiora and fauna
i phate | turgid ; H
. Co.
outiet
23 | River | vanapfe : varaple  1uroid © gravei, megium; 250 W0 Filamentous and crust forming algae
: y mud .
24 WNasming ; variaol vwariaoie | very gravei, megigm: 10 0 Adgal mats and sumes
powder + turbid mud i outiet
: fact, : 350
. outlet, - river
. rivar
25 - Dairy  variail wariable o very gravel, i slow 3 9 Algal mats and slimes aigal bloom
: fagr. ! turoed mud : i ourler Syrphidae
: gutler, H
' nver
variable : Iurtid, gravel, . 250 i Oense growth of zigae, mass
: faam mued . sopuiation of plankiome algae
variable | turnid,  gravel, 3 10 Atgae mats, slimes 300 SUSDEINSAAS
i foam " mug 3
200
: Beer vanable | variadle | very : gravei, mediem | 10 10 Algai mats, slimes 3nd suspansons
fag:, ¢ ; D wrbig g 00
{ outler :
29 | viver | variae | varisols i very - gravel medicm 100 10 Fuiamentous 2igae ana 2igae slimes and crust
i tarbid
30 | river, - - ¢ rurbid i gravel slow P30 7 Algal mats and covers, filamentous algae
i poals : ‘ Bloedwerms, Culic:dae, Syrphidae, Ephydridae
31 | poois - - clear : gravel standing] -~ 3 Algal mats, tilamensaus algae
. . i Sloodworms, Hemiptera, Sphydridae
; Frog larvae
32 i spring, 5.4 220 clear silt, standing; well D33 Filamentous algze, othar water piants
: pool sand . -1 H Qstraceda, Brachyura

Hydracarina
Epnemaropsera, Hamiplera, Coleoptera, Chironomigae,

i Cuticidae
i Harely Melangidges
| Frog larvae, fish
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The outfiow of the Amman sewage treatment plani {ioc. 18) joins this waste watersome
hundred meters downstream. The discharged water has a strong sewage odour and
forms extensive foam mounts. The surface of the water is coverad with a thin fayer of oil,
and the water itself is a suspension of flocculated organic material and showed no
svidence of megafauna. In more quiet water abundant gas bubbies arising from the
deposited siudge break the surface. Below the confluence of these two highly poliuted
sources of the river Zerka, just below the railway bridge {loc. 19) the water is extremely

turbid with flocky organic materials deposited in pocls and near the banks, forming thick
biack mud deposits from which gases ascend ic the surface. The only fauna here
consists of rat-tailed maggots leaving their tracks on the muddy surface. Foam forms
where the water runs more swiftly among the stones.

Just below the Schneller Camp of Ruseifa the water of the river becomes somewhat
less turbid. However, there is still foam and waste water odour and no evidence of
macrofauna. Here, springs emerge from the gravel bed {loc. 20) with ciear water. But
apart from algae and frog larvae this clear spring water is devoid of higher life. Dangeris
also indicated by the very high nitrate and chlorine vaiues of this spring water.

Further downstream waste water of the yeast factory is discharged into the Zerka river
{loc. 21). This rusty brown, turbid water has a very strong yeast odour and mixes with
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the greyish water of the river in which, just upstream, there were the first signs of algal
growths. Upon mixing, the water of the river becomes brown and a strong sedimenia-
tion of digested sludge takes place. Upstream of the discharge of the waste water of the
phosphate washing plant, the river water has cleared itseif toc some extent. The
phosphate waste water is discharged into the river periodicaily loc. 22} and consists of
a whitish-grey, thick susgension of warm to hot water. In the river bed, downstream,
phosphate muds together with organic suspension form a putrid mud deposit. In the
center of Ruseifa near the mosque, extensive putrid mud deposition occurs {foc. 23).
Here the river bed is covered with rubbish.

The washing powder factory of Ruseifa discharges its untreated water directly into the
river (loc. 24). This water forms a nigh foam mount at the outlet and consists of & whitish-
grey suspension. Upon mixing with the water of the river, about 100 m downstream, a
flocculation of grey-brown material occurs. The water is covered with a thick surface
layer of opague silky consistency with an cily luster, It emits g strong odour of dirty
washings. In addition ol films are present and the river bed is littered. Further
downstream the waste water of a factory for dairy products Is discharged into the river
{loc. 25). This water has a yogurtiike consistency. Not anly has the dairy waste water
discharged here a strong odour of sewage, but also the whole river. Extensive surface
films cover the water, macrofauna is present in the discharged water only in the form of
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the rat-taifed maggot. The very strong eutrophication of the water results in a mass
development of benthonic and planktonic algae during summer months which can be
seen very clearly below the oid bridge of Ruseifa {loc. 26),

Further downstream the waste waters of the alcono factory and of the tanning factory
are discharged into the river (loc. 273 The former consist of a dark prown, warm outflow
with a fout malt smell mixing with the dark green river water. The latter, consisting of
cyes, is discharged pericdically and may add all possible colours to the river water
which is already colourful. The deposition of digested sludge Is intensified by the
discharge of the beer factory (joc. 28} and the water remains unsuitable for the iife of
macrofauna. This same water is used extensivaly o irigate vegetable fisids between
Ruseifa and Zarka.

Downstream of the Zerka bridge during the dry seascn, the water of the river gradually
disappears into its gravel bed. The water quality here remains the same (loc. 29) as in
the locations upsiream. In addition large quantities of rubbish and oil pollute the river
bed. These conditions do not change below Zerka where the water fotally disappears or
is used forirrigation. The re-emerging water now containg some macrofauna. Between
Zerka and Sukhna the river mainly flows underground. Here and thers some of the
water reappears on the surface depending on the season and the water intake for
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irrigation pumped from wells situated in the river bed, which consists of gravel. Some
pools with slowly flowing water are present at places {loc. 30, 31). At bath locaiities,
which are about 2.5 km apart from each other, the water is foaming and has a badsmel;.
The differences In the fauna indicate a decrease of organic matter dissolved in the
water. In Sukhna water emerges in ariver bad spring and is collected in 2 pond {loc. 32).
A well in the gravel bed of the Zerka river {Sukhna Spring) produces the watsr for
Sukhna. Even though quite a number of aquatic animals live in the pool connecied to
this well, the almost compiete absence of worms, lower crustaceans and molluscs
indicates that the water is not, by any standards, pure. Just below Sukhna {loc. 33) the
river reappears from its gravei bed. Flocculation takes piace forming organic muds that
cover the gravel. The water foams and has a faint sewage smel.

Near Sukhna the Wadi Duleil joins the Zarka river. Just below the oil-refinery {loc. 34}
the running creek of this wadi has a wasie water cdour and shows daveicpment otfoam
and rudimentary fauna, The gravel bed is littered with refuse and the rocks are covered
with cil. Where the Duleil creek joins the Zerka river the water is foaming and is not clear
(loc. 35). Here the iron and the sulphate content of the water are rather high.
Ephemeroptera iarvae are only present in those parts of the river where the water is
turbulent. Only 3 km downstream the quality of the water improves quite a bit (loc. 36).
On the right side a creek enters the Zerka valley near El Quneiya. A gravel spring is
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found on the road to this village (loc. 37) and just above £ Quneiva a strang spring
emerges from limestone bedrock (loc. 38). From the pool of this spring onward through
the vailey the creek has rich and varied fauna until it joins the Zerika river

Another creek between E Quneiya and £l Masarra joins the Zerka river on the lefi side
{loc. 39). About 1 km upstream irom the highway bridge (Amman-Jarash road) across
ihe Zerka, a mineral spring {Natre! Hammam) issues from the gravel (loc. 40}. The water
is warm and contains COy in abundance. Before joining the river iron oxides fiocculate
from this water.

The water of the Zerka river was checked some 500 m upstream of the bridge (loc. 41)
before its confluence with the Jarash creek. The latter has its originin an ancient Roman
poot above darash {{oc. 42). This poolis on average about 40 cm deep, covers a surface
of about 30 x 50 m, and teems with life. The water is derived from a valiey base spring.
Some pollution is expected to occur because of the presence of a refugees camp further
upstream in the valley and because of the strongly poltuted creek coming from the Suf
village. The dense growth of algae among other gastropeds gives shelter also o
Bulinus trunctus. This pulmonate gasiroped acls as a host 0 the parasite causing
Schistosomatosis in humans as soon as a person suffering from that disease infects the
water of the pool. The water of this poot flows into irigation canais and the creek that
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passes through Jarash (loc. 43) where it has a light waste water ocour. Refore its
confluence with the Zerka river the amount of water in the creek increases slightly whife
the fauna remalins similar throughout its course.

About 1 km downstream of the Jarash bridge the water of the Zerka river increases o
one cubic meter per second (loc. 44). The river bedin generalis compaosed of gravel but
finer sadiments caught by aigal growths and deposited in quiet portions of the river
consist of putrid muds. The content of potassium, sodium, chloring and suiphate in the
water here is quite high. Just downstream a creek joins the Zerka river on the rightside.
Thiscreek hasits origin in a number of smail rock springs above the viilage i Kiita (loc.
45). Here calc-sinter forms in the bed of the creex and fauna of many species are
abundant. Further downstream poliuted water from the Jarash refugee camp, if not
completely used for irrigation of vegetables, may enter the creek. The faunai life in the
lower poriion of the creek {loc. 48) is therefore less abundant than upstream, but more
Speciesare encountered here than in the Zerka river, justdownstream, The water of the
Zarka river, basically unchanged from here onward, reaches the King Talal Dam
Reservoir into which a creek coming from the Bagaa area discharges its water. This
creek has two sources. One is a rock spring with clear, clean water ({loc. 47) and the
other comes from the gravel bed. This water constitutes the reappearance of wasie
water from the iarge refugee camp of Bagaa {loc. 48). After the water is mixed the creek
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continues downstream (loc. 48) with a spring near the village of Rumeimin {loc. 50)
adding Hs water as well, In May 1978 the King Talai Dam Reservoir {loc. 51 ) containeda
certain amount of marcro-organisms such as cladocerans, may-fly, midge, and fly
iarvae, oligochaete worms, and quite a number of fishes, frogs and crabs. The presence
of digested siudge as sediment was indicated by a continucus production of CH,
bubbling throughout to the lake surface from the shore. A survey in October 1978
showed the exposed putrid muds because the level of the fake had been lowered
considerably during summer. The Zerka river taking its course through these mud
deposits was found to be devoided of higher life.

Hashawa & Salameh (1978) presented z report on the water quality of the King Taial
Dam Reserveir and stated that their latest resuits show that the lake is nighty eut-
rophied. The water body is stratified as far as temperature and oxygen content are
concernad. The water is turbid and hydrogen sulphide increases in concentration from
a depth of 10 m downwards to the bottom, The total dissolved solids of the lake watar
amount to more than 1600 pprm per litre. The water is alse rich in jons of heavy metals
that have been disseolved from the bottom sedimenis owing to the anaerobic conditions
and the high hydrogen sulphide content. The upper layers of the lake are rich in
planktonic organisms such as bacteria and algae. Seasonal algat biooms are apparent.
Hashawa & Salameh conciuded that the water of the lake is quite unsuitable for human
and animai consumption.
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Water quality (fig. 29, 30}

10 grades of water quality can be distinguished in the Amman Zerka area, mainly by the
compositicn of the macrofauna present in the streams or pools. The first grade of water
is the least poliuted and only encountered in the surroundings of a few springs e.g. Wadi
Shita {ioc. 3}, Sir Hisban (loc. 6), at El Quneiya {{oc. 38} and near Rumeimin {loc. 45).
The characteristic animals here are Amphipoda and Theodoxus. The faura is abundant
but becomes even more so at a short distance away from the actual spring. The
sediment of grade ! springs or creeks is aerobic and numerous animals live in it.

The sediment of grade 2 water is aiso usually aerobic and full of life. This degree of water
purity is usually found directly below the springs. The pofiutants consist of animal
wasies and come from washing activities carried cut by the inhabitants in the area of the
springs. There is a larger pool filled with grade 2 water at the Roman pool (joc. 42}
upsiream of Jarash. In grade 2 waisr hoth Theodoxus and fresh water shrimps
(amphipods), usually become rare. Typical of these waters are isopods ang farge
populations of ostracods. As a whole the animal life in grade 2 waier is more variad and
numercus than in grade 1.

The water of grade 3 is Inhabited only by the proscbranch Melanopsis, while
Theodoxus, Valvata and Hydrooia can not survive in such g cdegree of pollution, which is
now clearly caused by the industrial products of man (o, washing powder, fertilizers,
insecticides etc.}. Water of this quality was noted in the Wadi Sir creek near Iraq Ef Amir
{loe. 15, 18). Here the sediment is nevertheless asrobic and rich in animal life.

The dividing line between the 3rd and 4th grade water is Ciearly defined here by the
disappearance of the last prosobranch gastropod Melanopsis. the famelibranch
Pisidium, the isopod crustaceans and the leeches (hirudineans). A transitionai grade
can be established in the Sukhna weil-poo! {loc. 32}, where these faunal indices are
present and the sediment is still aerobic. In true grade 4 water the sediment is usuaily
black and anaerobic and animai life may be found only on its uppermost surface. The
chironomid bloocdworms now represent a new faunal element usually present in large
popuiations. There may also be maggets of Ephydridae. Most of the water of the Zerka
river below the point at which it reappears downstream of Sukihna and untilits discharge
into the King Talal Dam Reservoir can be classified as grade 4. When the pumping
activity upstream of Sukhnais intensive during the late summer months, only littie watar
Can reappear below Sukhna; the water of the iower course of the Zerka river improves
somewhat in quatity owing 1o the decrease in voiume of the poiluted creeks discharging
into it. Therefore in the later part of the dry period the quality of the river water may
improve to grade 3 and Melanaopsis may reappear until the first flash flaod of the winter
season poisens all life. The King Tatal Dam Reservoir is filled with grade 5 water. This
stage of pellution is tolerated only by oligochaete types of worms. Ostracoda, the insect
farvae of the Simuliidae and most of the Chironomidae apart from the speciatized
bloodworms all disappear. The bottom substrate is now inhabiied only when the water
is very shallow; in deeper water the anaerobic conditions in the putrid muds make tha
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Figure 29:  Sketch enlarged from fig. 1 showing the different grades of water quality Figure 30:  Diagram relating fauna to grades of poliution.
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surface cf the sediment an unfavourable environment for higher life. Grade 5 water is
present in sections of streams where a iarge amount of arganic matter is dissolved in
the water and consumes most of the oxygen prasent. Therefore Ephemeroptera are
founc only in the rapids of the streams, while more siowly fiowing sections no lenger
provide enough oxygen for these gill-breathing insects which have fo extract oxygen
from the water.

The deviding line between grades 5 and 6 is marked by the disappearance of the
Ephemeroptera. Of the gill breathing insecis only the bloodworms survive in large
colenies in extremely shallow water and bring oxygen from the surface down 1o their
burrews by continuous movements of their bodies. More characieristic for grade 6
water are now air breathing insect larvae. This water quality can be encountered at the
place where the waste water of the King Hussein Meadicai Center reappears from its
gravel bed (loc. 8) and where the Zerka river appears in poois and small streams
between Zerka and Sukhna {loc, 31).

in potluted grade 7 waters the bloodworms disappear while air breathing mosqguito
larvae and maggots of Ephydridae, Psychodidae and Syrphidas are characteristic.
Such water is seen in the gravel bad of the Zerka river close to Zerka {ioc. 30). The
hospitat waste water of location 8 can alsc be classified as grade 7. The sediment now
consists of putrid sludge and no higher life exists in or on i

The only insect larva surviving in water of further grades of poilution i.e. grades 8 and 9
is the rat-tailed maggot {Syrphidae). But ihis creature only lives in sewage very rich in
organic material. In grade 8 water fish are no longer found, but frog larvae siifl survive
and brachyuran crabs may be present, Clear water of this quaiity issues from the gravel
bed of the Zerka river beiow the Schnelier Camp (loc. 20). itis aiso found {loc. 12}, inthe
creek below the water pumping station at Wadi Sir, due to oil pollution. inthe iatter case
the sediment is a digested sludge rich in off and rocks are covered with an oily bacterial
slime.

Grades 8 and 10 dencte waters which are exiremely patluted, as found in the Zerka
river between Amman and Zerka. Here higher life is usually absent and the sediment
consists of digested sludge or putrid muds. The water is extremely turbid and issues a
strong to very strong, foul odour, The surface of the water is covered with siime and oil-
films, Grade 9 in comparison to grade 10 only indicates a certain self-cleaning of the
river with regard to floating and suspended matter between the differant industrial
discharges which again and again reverse this cleaning process.
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Comparison of Chemical and Biologicat Grades of Pollution

in location 3, the rock spring of Wadi Shita, the bioiogical and chemical anaiyses of the
water reveal pure spring water of grade 1. Here no pollution is present and the water can
be regarded as a potential source of good drinking water. By contrast, locaticn 1 has
water that has been polluted owing to agricuitural activities and the effects of popuiation.
Cnee again, both values of chemical and biological analyses concur. This is true as wels
of location 4, also situated in the valiey of Wadi Shita. The high values with regardiothe
fron are due 1o the iron rich aquifer from which the waier is discharged, consisting of
Lower Cretaceous sandstone. However, itis only in this valiey, where agricutture isthe
only poliutant, that the chemical and biclogical gradaticns of water poliution or purity
correlate. They diverge In alf other areas studisd, where other polistants play a roie
owing to urbanisation and industrialisation.

A difference between the chemical and biological grades can be established in the
neighbouring valley of Wadi Sir. Here the main pollutanis are present in the waste
waters of the hospital which have a high chemica! content, in olf poliution and in the
seepage from cesspools of the town and the villages, Therefore, locality 10 has & mixed
animal community which cannot be Ciassified easily, while the chemical anaiysis
reveals quite heavy pollution {(grade 5}. The water well of Wadi Sir suppiies fairly
unpeliuted water from the point of view of the biologicai gradation. The chemical
peliution correlates with the biologicat poilution oniy at periods of the year when the
ground water discharge is high, while at times of less ground watar discharge (during
summer) the chemical pollution increases. This is especially evident in *he rise of th
nitrate and chioride ion concentration, indicating that ne hospitai water has z strong
influence on this drinking water source.

Just below the pumping station {loc. 12} the opposite effect is obsarved. While the
chemicaily traceable poliution does not rise above the spring values, the ol poliution
produces & very strong reaction by the fauna. The spring of Um Nuwwara (loc. 14)
presents almost unpolluted water {grade 2) from a biotcgical view, white the chemical
analysis shows a high concentration of nitrate, sulphate and iron lons. This Is clearly
peliution which is probabiy derivad from the cesspools of ihe villagss near the spring.
This type of poliution shows extremely few effects on the fauna present. The discrep-
ancy between biological and chemical degrees of poilution occurs continuously in the
creek of the Wadi Sir {loc. 15).

i the area of the Zerka river, the ciear spring of Ruseifa {loc. 20), below the Schneller
Oman‘amao:m:mwmm heavy pollution chemicaily even maore clearly than biologically,
mmvmo_m.? if the nitrate, chioride, and scdium ions are considered. The poilution of the
Nm%m. rver downstream until the Zerka bridge shows degrees of biological and
chemical poliution which cannot be exceecded {10). Downstream from Zerka City
cnwards, the fauna reacts favourably to the cleaning effect of the underground fiow
through the gravel bed. Thus the water quality of the Sukhna water supply well oniy

indicates some poliution in so far as the fauna is concerned, while the chemistry
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Hlustrates just as high cation and anion contents as are present upstream. This can be
also observed iurther downstream in the river (loc. 35, 44).

The chemical poliution does not improve at all, even with the additionai creeks and
springs of better water quality discharged into it aiong its course until coliected in the
King Tafal Dam Reserveir. Here the guality of the water from a biclogical point of view
varies considerably in different seasons from strongly to very sirongly polluted,
whereas chemically speaking it is heavily poliuted throughout.

During floods ail deposited wastes and finer sediments are washed from the heavily
poliuted stream bed between Amman and Sukhna into the King Talal Dam Reservair,
During this heavy rain cesspoals all over the area are alsc flushed clean and oil dumps
find their way into the river.

Differences in the chemical and biological aspects of the pollution grading are due to the
incomplete chemical information. Very important pollutants such as most metals and all
crganic substances (herbicides, insecticides, cii-derivates etc.) were not anaiysad in
this study.
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Recommendations

This study shows that most of the water of the area around Amman-Zerka is strongly

poltuted. This pofiution is increasing with continuous urbanisation and industrialisation.

Thus in some sections of the Zerka river the present poliution can hardly become worse

in the future. Since very much of this water is used as a source of drinking water and for

the irrigation of vegetables we recommend the folicwing:

1} The use and protection of the springs of Wadi Shita (loc. 3), Wadi Hisban (loc. 67),
Quweiyna (loc. 38), and Rumeimin (loc. 50). Thisis a good quality drinking water and
it should be kept clean. Waste waters of viliages within the catchment areas ofthese
springs sheuld be disposed of in a way such that ground waler is not poluied.

2) The waste water of the King Hussein Medical Centre must immedeately be treated
properly and not be discharged into the calchment of the Wadi Sir spring. Strict
control should be applied to guaraniee the elimination of this serious danger o
health.

3) The Wadi Sirwater supply pumping station shouid be repaired, thatis, the leakage of
oil should be stopped.

4) The spring of Um Nuwwara used as drinking water must be controfled and the
sources of poliution must be eliminated.

5) The water of the Zerka river is for the time being non-potabie. Springs that produce
water that, in total or in part, comes directly or indirectly from the Zarka river should
not be used as drinking water at present. We recommend the construction of
effluent treatment systems for the cilies and towns in the catchment area siudied.
No more cesspools should be consiructed. The incdustry shouid treat iis effluent
before discharging it

8) Since the Zerka water is collected in the King Tala) Dam Reservoir this water is aiso
not fit for drinking purposes.

7} Bumps and industrial wastes should not be spread or kept in the catchment areg
where they can be leached to the ground water or can be washed off inio the
streams and fhen into the King Talal Darn Reservoir during ficods.

8) Waste water of Suf and the refugee camp further up the vailey the pool starts 1o spoil
the water of the Roman pool north of Jarash, Since the pooi waier is used for
drinking purposes, this leakage shouid be controiled. These pools also hold a
population of the disease carrying gasiropod Sulinus which shouid be exterminated.
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