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ABSTRACT 

The present Report is based upon UNIDO assignement DP/SYR/92/004/Jl3104. as one part 
of the assistancE> project for the Syrian Government for impr<'ving the environmental situation in the 
ZaMatani Industrial Area. Damascus, and in the surrounding terr;cory. 

The Report is based upon field activities carried on the period between I to 30 July 1994, by 
all the five team member of the .. Studio Tecnico Cherubini & Associates", ROME, with the 
coordination of Alberto Cherubini. 

The Report has been developed in close co-operation with UNIDO Subcontractor I and with 
.. clean leather technologies" expert Mr. Karel Kubec. 

In PART ONE of the present Report conclusions are outlined in the EXECUTIVE 
SUMMARY. In PART TWO are enclosed: 

ANNEX 1 : Study area - Project situation 

,AMl.;'EX 2: Zablatani Industries - their impact and technical solutions 

****** 

Damascus' Zablatani area is, indeed, submitted to a multi-facet environmental load originated 
by the local productive activities, even more so in the anticipated and welcomed event of their 
funher expansion. 

Such increasing load is inherent to the process of industrial development but experience shows 
that, if left uncontrolled, the environmental consequences can become such to distort, hinder if not 
even impede the overall development of the area. In ZIA we could already notice such concerning 
trends, because: 

- The agric.'ulture is effected by the decreasing river flows, decreasing water table, increasi!lg 
irrigation water salinity; 

-The hygienic conditions of the populations living in the areas reached by the micro biologically 
polluted Barada, Dayani, etc. rivers are very poor, so much that we could notice reluctance to deal 
with this :ssue among high rank public health officials; 

Studw tecmco Chenihmt & A .Hoctates Rome - Italy 
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- The tannery district itself may face problems due to lack of water of acceptable quality and 
quantity. 

The answer is INVESTMENTS in both INFRASTRUCTURE and CULTURE~ 
modem. private-like MANAGEMENT style and people. REALISTIC but FIRMLY 
ENFORCED ENVI~ONMENTAL REGULATIONS. 

In details. the main suggested interventions include: 

I. - A centralised ZIA management organisation, structured with private sector 
characteristics of clear and realistic responsibilities with personal success adequately linked to 
the perceived quality of the services offered to the local factories. This organisation must be 
supponed by reliable and sufficient financing~ 

2. - A centralised waste water trratment plant for the organic wastes to be dumped into the 
sewerage coasting ZIA. It is essential that such plant shaII be managed by a professional staff, 
with adequate. reliable financing. This staff should also be responsible for the environmental 
management of the whole ZIA and adjacent areas. in order to be aware of the large scale 
consequences of any action. including the emergencies of the plant itself: 

3. - Oear. simple. rrasonable but actually enforced environmental regulations, poSStb!y 
includi!lg both subsidies for the in-shop investments (waste water pre-treatments. air 
ventilation. solid waste hygienic h,·,lding. etc.) and fines for transgressions; 

4. - Water consumption control and water quality monitoring organisation and hardware 

S. - Solid waste collection. rrcyt"lt. disposal; 

6. - Technical services and possible subsidies for improving in-shop working conditions 
and productivity (safety measures, electric1J protections, electrical vs. mechanical energy 
jistribution. energy sa\ings. etc.); 

7. - An on-going training programme at different levels, from worken up to technical. 
administrative and commercial managen, advisably provided with local facilities (quality 
assurance laboratories. experir:iental ground for better technologies, refrigerated storage 
areas. show room, export centre. etc.); 

8. - A public health and industrial hygiene awareness programme for the medical and 
social worken staff operating, respectively, in the surrounding zones potentially affected by 
the ZIA-generated pollution and in the ZIA itself 

Studto Tecmcn ('hemhm1 <\- A .unc1ate.~ Rnmi: - /ta~\' 
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11 I 

EXECUTIVE SUMMARY 

l) The area and the industries 

The Zablatani Industrial Area (ZIA) is a site of 80 ha., located in the rapidly expanding 
urban area at the east side of Damascus, There ue approx 300 industries of which roughly 
half are tanneries and half are a miscellany of factori~ mostly sm.t'7 of several different 
types. 

In details. there are 164 tanneries. 4 slauf'iter houses, 15 activities processing animal by
products from tanneries and slaughter houses, 8 saw mills. 31 commercial shops and 65 miscel!any, 
including several black smiths. 2 wea\ing. I grain grinding. some fabrication of light metallic 
structures, frames, doors and l'1indows, 2 small glass fibre furniture moulding. etc. 

Many of these factories are small shops and, then, the emironmental impact is essentially due 
to the high number and density of the many small factories. 

The territory where the impact is felt is the Zablatani area itself, presently populated by 
approx 15.000 inhabitants, and the eastwards farmlands of Ain Terma and Ghouta plain, 
inhabited by over 50.000 people scattered among tens or rural villages. 

Area planners forecast for Zablatani funher ci\il urbanisation, a tannery section and a non
polluting industry section. 

The c•existence of them all requires strict environmental controls and the denlopment 
or an overall awareness from both public and private side. 

Studw Tt'L'n/CO r·ht•rtthmt & A .HOClateJ Rome. lta~r 
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2) Industrial hygiene 

In terms of working conditions inside the factories in many cases only very basic safeguards 
and procedures are applied. 

We rttommend the improvement of factory working conditions by applying essentially 
inexpensive measures, such as: 

• Better lightening, aeration and or extraction (with treatment of the extracted 
gases) in case 0f processes involving solvents, vapours or fumes; 

• Adequate protective garments tu be worn in hazardous working areas: 

• Installation of guards around the transmission belts widely used to move rotating 
machineries inside the factorit>S. More diffused application of single machinery 
electric motors would improve process reliability and flexibility; 

• Application of sound criteria for the implementation of in-house electric 
systems, both at the level of wiring routing and connections ar.d by installing safety 
switches. 

• Cultural development at both industrialist and worker level, towards the concepts 
of safety, carefulness, quality; 

• Regular medical inspection and relative rttording of workers submitted to 
potentially hazardous environments. To be stressed that, since diseases of industrial 
origin do not, often, show specific symptoms. for physicians duly considering the 
possibility of the industrial origin of health problems, adequate background 
information and specific training mm:t be ensured. 

Studw frcmco ('hemhim & A .uoc1rt1es Rome - lta~r 
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3) Air pollution 

Because of the size and type of factories, poUution of the air is mosdy originated by 
cement and kaolin dust coming from the stone cutting and polishing industries and from open 
air storage of dusty raw materials. 

Winds are mostly westerly, often moderate, sometimes strong_ In summertime, very 
regular afternoon breezes 6 to 12 mis blow over the Damascus-Zablatani-Ghouta zone carT)ing 
around dust and pollutants. In addition, dust storms are frequent. enhancing airborne diffusion of 
pol;utants. 

Other problems of air pollution arise from the exhaust gases of the often obsolete and poorly 
maintained diesel generators used by all the vast majority of the industries to cope "ith the frequent 
black-outs of the main electric supply, or in some cases to replace entirely the lacking electrical 
connections. 

Air pollution is also caused by the heavy, congested industrial traffic due to the very intense 
commercial activities in the area, Planners have already started the construction of additicnal and 
larger roads but care for traffic control must be applied. 

A specific case of unbearable ill odour air pollution is generated by a factory which produces 
animal food by roasting the by-products of the neighbouring private sheep slaughter house_ 
Other ill odour events are caused by the glue factories winter time operat;on. 

To solve air pollution problems. •h:: following remedial actions are recommended: 

I) Apply wind barriers and/or flexible coverings to the dusty materials stored outside 
;evaluate possibility to ket:f) it into bags, or to store it within silos or containers. single or common, 
for they are located close to each other and employ much the same raw materials. 

2) Improve the availability and reliability of electric enem distribution network. Should 
it be impossible to draw more energy from the existing network, (and. indeed, the whole town of 
Damascus suffers by frequent black-outs ) a specific generating station fttding the ZIA should be 
seriously considered. 

3) Develop air oollution standards and regulations to compel factories to limit 
atmospheric enlissions of gases. vapours, fumes, etc. Design and engineering services as well as 
re;:listicaily adequate machineries must te surely available before drastic measures are implemented. 

4) Organise, as standard service for thr ZIA. procedures and personnel with adequate 
equipments to conduct regular environmrntal inspections and audits to all the industries 
operating in the area. 

S111d10 l"txnico ( 'ht·ruhm1 & A .H<}(.Wf1·•· Romt• - /1azr 
15 



4) Water pollution and treatment 

As far as environmental impact on the water is concerned. it must be noted that the dimate is 
semi-arid. with an average yearly rainfall of approx 200 mm. widely variable both with time (no 
rainfall at all from June to September included) and with position along the West-East direction 
(rainfall drops from 1200 mm /yr. at the springs to 200 mm in Zablatani and 100 in Ghouta plain). 

Therefore, the most of the rttharging of the water bodies comes from the fall-winter 
rainfall upon the billy area westwards of DamaKUS. Considerations must be given to poSS1l>le 
stonn weather run-offs of pollutants from paved areas. heaps of scraps or solid wastes. open air 
operations of illegal slaughter activities. improper operation and storage of raw materials. 

Only solution is development, enforcement and, eventually, acceptance of 
environmental regulations, in addition to implement controls and services for cleaning uo 
common areas 2nd proper and regular disoosal of collected wastes. 

The main causes of water pollution are: 

I) Many small flow rates, with relevant concentrations of mosdy inorganic substances 
from activities such as stone cutti:ig, stone and tile polishing, etc.; 

2) Several large flow rates, with relevant organic and micro biological pollution loads, 
coming from tanneries, slaughter houses and other industries processing animal by-products. 

In tenns of flows, the organic type of streams are approx I 0 times larger than the 
inorganic ones. 

In tenns of pollution load, too, the problems posed by organic type processes are 
predominant due to their effect on the quality of surface a."ld ground waters, in tum effecting 
irrigation and cropping practice, long tenn deterioration of aqulf en and river beds and, even, 
the hygienic conditions of the mostly farming population living along the downstream water 
courses. already widely affected by typical waterborne diseases. 

Studio Tecmco ('hen1hm1 & A .uoc1ares Rome - /ta~v 
16 



FIGURE 14a-GROUNDWATER ELECTRICAL CONDUCTIVITY OF DAMASCUS BASIN 
IN Nov.-Dec. 1977 (E.C.u.m.h.o./cm 25) 
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FIGURE 14b-NITRATE CONTENT OF WELL WATER OF DAMASCUS BASIN 
Nov.-Dec. 1977 (NO as mg/IN) 
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FIGURE 14c-CHLORIDE CONTENT OF WELL W4TERS OF DAMASCUS BASIN 
(chloride as% meq/I total anions) 
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FIGURE 14d-GROUNDWATER QUALITY FOR IRRIGATION OF DAMASCUS BASIN 
Nov.-Dec. 1977 U.S.D.A. CLASSES 
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5) Water pollution bv non-tannerv industries 

Also some of the non-tannery type industries exert a non negligible impact on the 
environment.Simple measures, realistic for the situation, are suggested. 

For the small stone cutting. polishing. and concrete moulding. the ones located alongside the 
rivers mostly discharge freely into them. while the ones located inside already apply some rudimental 
sedimentation. We recommend that sedimentation. rttyde and discharge into sewers is applied 
by all such industries. 

Though formally outside the territory assigned for investigations. we must stress that in Ain 
Terma, just eastside Z~blatani, there are more than 20 large stone cutticg factories, 
discharging approx 250 cm/day each( beyond 5000 cm/day overall ) of very concentrated 
inorganic suspensions. 

Also for tfi~se large Ain Terma industries we in~•ist to aoolv in-house sedimentation and 
!!tt!"e of the treated water. The discharge (and the make-uo) may be in the order of 10-20 % of 
the polluted stream. 

Should it be discharged into the river, further treatment of coagulation is 
recommended, while we consider acceptable the direct discharge of sedimented watf!rs into 
the industrial sewers, if confirmed by a more detailed evaluation of sewers hydraulics 
including the risk of dogging and the relative consequences in case of sudden heavy rain. 

Sedimented solids may be collected by a local organi§ation and recycled to furnaces. if 
applicable. or used as stabilising additives to the CETP sludge!;. (after careful testing) or sent to the 
landfill for disposal. 

For mechanical shops, we recommend to organise a regular service, whether private or 
handled by the Zablatani area itself. which collects and, possibly, recycles car batteries, large 
scraps of metals, upholsteries, etc. For exhaust lubricants we have been informed that a daily 
collection system does already exist. For car washin1, biode1radable detergents must be 
imuosed, all waste waters must be sent to the industrial sewer, and operations must be conducted in 
sheltered areas to prevent storm rain wash down with subsequent pollution of the soil and of the 
surrounding water bodies. 

For slaughter houses, we recommend to provide for the collection and drvin& of blooci, 
in order to use it as feniliser in the adjacent agricultural area of Ghouta. From preliminary data. 
approx 15 tons of blood are wasted each day, sufficient to fenilise hundreds of hectares. with the 
additional advantage of the dried blood slow nitrogen release. In addition, each slaughter house as 
well as each elue factory must be provided by a pre treatment unit tCl prevent greases and 
gross solids from entering the sewers. 

S111d10 Tecnico Cheruhim & A s.1t](.,'Jatcs Rome - ltaZ\' 
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6) Water oollution bv tanneries 

The tanneries have the most rtfel'ant environmental impact upon waters for the 
quantity and quality or their wastes. 

Since their wastes contain high quantities of salts, organics and micro biological active 
matter. tht:ir dirttt discharge in riven is not atteptable, even more so considering the intense 
inttrchange between river waters. river beds sediments and the ground water, caused by the specific 
local hydrology and hydrogeology. The detailed description of the peculiar and environmentally 
critical interference between surface and deep waters is reported in the text. 

Quantitative indications of the effect of ZIA wastes upon ground and surface water qualities 
have been obtained, also by conducting a direct, short but meaningful, sampling and analysis 
campaign upon Dayani river waters. As expected. significative increase of the concentrations of 
organic matter, salts, and metal ions have been found. 

Studio Tecnico Cheruh1m & A .unc1are.c; Rome - lta~v 
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7) Water saving 

The aquifer underlying ZIA can fatt depletion. both by the increase of drinking and 
industrial water capture at the springs of the Barada and by the urban sewage S<hem~. presently 
under completion. which shall collect all the Damascus sewage ( 500.000 cm/day or more). leading 
it. then. to the Municipal Treatment Plaiu (MTP) located at Adra. 25 Km nonh-east. 

This Kheme9 though beneficial from an hygienic point ofview9 deplda the Barada of a 
relevant part of its waters. while it has been ascenained the imponance of surface water seeping 
for the replenishment of the Ghouta aquifer. In the summer months, the foreseen lack of flows can 
even cause the drying out of branches such as Dayani. Provisions have teen made for recirculating 
back to Ghouta the treated sewage. bet to territories which do not include Ain Tenna9 wh~ 
instea~ up to 20 meters lowering of the water table can be expected. causing technical and 
economic problems for the farmers. 

Therefore. realistic measura to reduce mund water eonsumption should be c:attfuDy 
sought after. 

Water saving may be achieved from partial, extensive rttyding and re-use in the stone 
cutting and polishing industria. which. as seen above, can lead to some hundreds of cubic meters 
for the Zablatani ones. increasing to some thousands of cubic meters more if the large Ain T erma 
stone cuttings shall be included in the action. 

Still the water consumed daily by the tannery duster is by far the most relevant cause 
of water consumption, by drawing approx 10.000 cm/d of water by pumps. installed at each 
factory, kept running all the day long. 

This consumption can be reduced (but the consequent increase of concentrations must 
always be kept under due consideration} by: 

1.- Develop a ground water consumption monitoring and tariff system. 

2.- InstaJling sealed water meten uoon pump outlets. 

3.- Replacing the present practice or water withdrawal by continuous direct pumpir.g 
out from the wells with a more water-conscious practice requiring pumping the water fint 
!nto level controlled tanks. which will, then, feed the process. 

Studio Tecnico r'henthmi & A.uoc1ates Rome - lta~v 23 



To decrease the poD11ting load, instead. we saggest a wide application of the "dean 
technologies". such as: 

1.- Use frnb instead than salt dried skins and hidn 

2.- Hand remove excess salts, as much as possible, from salted skins 

3.- Rttyde pickling baths 

4.- Increase the exhaustion or the liming baths, by l'HOveries. wherner applicable 

5.- lncrnse the e:daaustion of the chromium baths 

6.- Modify the dgrgsi!g section by replacing the old fasllioaed salt-and-kerosene 
mixture with bioclqndable surfactants. 
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8) Environmental impact upon agriculture 

The impact or environmental pollution upon agriadtan is mostly mated to irrigation. 
Farmers irrigate. in winter. with water coming 804!~ from river and 200/o from ground water (more 
expensive. due to pumping costs) while. in summer. the practice of irrigation is the reverse :209/o 
from rivers and 804!/o from wells. Abstraction from the aquifer for irrigation amounts. at the summer 
peak. to approx 20 mJ/sec (20.000 litres/sec). drawn from 17.000 wells. As average, there is a well 
every 2.5 ha. pumping approx 1.2 litres/sec. 

Potential water table lowering would cmte problems of lligller pumping aaa-gy oosts if 
not even higher instaDation costs for adjusting pumps piping, replacing pump motors or f'Val 

tbewbolepump. 

As far as water quality is conctrned, the problans an mostly due to the high salmity of 
irrigation water. up to the point that long since types of crops less sensitive to water salinity 
(halophytes) had to be used. Still. ill (chlorotic) plants can be seen and. among the most liicely 
causes. excessive concentration of carbonates into the water is considered. This could be caused or 
enhanced by the carbo-silicate fines coming from the stone cutting industries, which add up to the 
already high hardness of the Ghouta ground water. 

Actually, irrigation with surface water is forbidden because of mated hygienic effttts 
but we coUttted dinct evidence of its wide u~ instead. 
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9) Public health 

We have noticed the uistence. with varying frequency, of practic:aUy all the inftttious 
diseases typical of densely inhabited rural areas, where biologically polluted waters are used for 
irrigation and there is a relevant presence of vectors such as insects, dogs and rats. 11iese endemic 
diseases show how critical the environmental situation is.and bow urgent is a definite etrort to 
improve it. by controlling the causes of micro biological pollution of the waten and the growth 
of vttton such as insects and small mammals. 

In addition. we believe that official rttonls underestimate the diff dsion of these 
diseases.and,then, we rttommend to improve the awarnaas of both local phvsicians and 
Health Authoritin by specific seminars,conferences.etc .• typically by UNIDO. involving both public 
and private local health centres. possibly with incentives to the participating individuals. 
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10) The Common Effluent Treatment Plant (CETP) 

As seen above. raw tannerv waste watf"l'S may cause relevant mvironmental and hffknic 
damages because of the high concentrations of sulphide, sulphate. chloride ions and micro 
biological activity_ 

Therefore, its f rtt disdlarce into surfatt waters must be diKontinued for its effects upon 
public health and a~: icultural practice_ Just at the east border of ZIA lays the sewer collector which 
Dlfries all the Damascus sewage t0 the ~ITP_ It is, then. obvious to consider such collector as the 
disposal site of the ZIA waste effluent_ 

But simple mixing untreated of unnuy wastes with the Damascus sewa~e. because of its 
lower pH, would cause the release into !he air of fumes of hvdrosulphuric acid. both toxic to 
l>f9ple and corrosive to concrete structures_ Mixing, still, would cause sedimentation by self
ftocculation of over 25 tons/day of ZIA effluent suspended solids with consequent risk of 
sewerage dogging_ Finally, the raw Zl.\ emuent would incruse 10 to 20 •At the organic load of 
the Adra MTP, stressing it up to the maximum acceptable limit. 

Hence, an adequate treatment of such wastes is strongly recommended, by a Common 
Effluent Treatment Plant (CETP)_ In addition, to prevent clogging of the industrial sewer network 
ahead of the CETP, we recommend to provide each tannerv with a local coarse screen and 
grit/grease nmoval pit_ Since the residues of local pre treatments and of the CETP mechanical 
treatments are in the order of I 5-20 tons/day, a dailv collection service must be provided by the 
same organisation which will manage the CETP. 

The plant "rill use chemico-physical processes capable to abate pollutants down to meeting 
Syrian standards (similar to US and European ones ) for discharge into sewers, except for chlorides 
which are unaffected by the chosen treatment processes (other processes, specific for chloride 
removal are excessively expensive). In all cases, however, due to the dilution which occurs when 
adding the CETP effluent into the much larger urban sewage flow to Adra.(flow ratio I :50 and 
more) all concentrations and flows increase negligibly, all within few percentage poims. Salinity is 
the sole parameter of the Adra effluent which, not being effected by the tr\'!atment, raises I 0•1o. 
because of the tannery waste streams. It is, then, even more apparent the merit of applying 
"cleaner technologies". 
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11) CETP sludges 

Thr CETP products 700-1100 tons/day of liquid sludges. which by mechanical drying "ill be 
reduced to appro:t ISO tld. to be added to the 15-20 t/d of gross solids retained by grits and 
traps both at factory site and CETP inlet. 

Several alternatives have been considered for the sludge disposal considering both its 
en\ironmental impact and fenilising power. Most suitable short term solution is to srr.d thrm to 
thr wrll managed and proMrlv drsigned Dar al Haiiar landfill and compost plant. 

Possible longer term soluti('n would be to mix them with the raw feed to the compost plant. 
but a specific feasibility study, e.g. by l.;'NIOO. is recommended before this decision is taken 
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12) CETP environmental impact 

Though overall highly recommendable. the CETP does represent an mvironmental hazard 
by itself. because of the presence and handling of large quantities of environmentally critical 
elements such as raw tannery wastes. raw sludges. chemicals. truck traffic. etc. 

Some rttommendations to minimise the environmental impact of the CETP are: 

1.- Sludge DnK'.essing machineries to be enclosed within housing provided with 
treatment of the exhaust gases; 

2.- All omnic wastes to be kept inside easilv cleanable zones; 

3.- Sludges and solid wastes to be stottd dirtttlv into the closed containers which an to 
be loaded upon the trucks going to disposal; 

4.- The ftow rate of the air fed to the desulfurisation step should be minimised sinee it 
gives bad smell. Controlling flow by actual sulphur ion concentration sensor is a 
possible solution; 

5.- Noisv equipments, such as fans, compressors, etc. should be enclosed, when ever 
applicable; 

6.- Tall and dense tree fencing all to be placed all around plant area. 

For funher impact control the CETP should preferably be located at Ain Terma better 
than at Zablatani. for its much lower density of population. giving additional safety in case of 
technical or organisational failures of the CETP. It will also minimise the impact of the estimated 
approx I 0 - 15 truck loads each day, required for the disposal of solid wastes and sludges. 
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13) CETP crisis scenarios 

Crisis scenarios have bttn considered9 assuming the failura of the most mevant proass 
phases such as: 

13.1- Pumping svstem to the CETP. 
In case of failure. raw tannery effluents will be discharged into the rivers. The effects of this 

failure are more or less critical depending on the actual flows of the rivers at the time. The CETP 
management \\ill deciG.:. upon adequate written guidelines to be purposely issued. whether (and how 
long) the discharge into the rivers of the raw effluent can be tolerated or. else, the industrial 
acti\ities must be suspended. 

13.2- Desulphurisation. 
Depending upon the actual cause (failure of machineries and/or lack of reagents). the 

expectable duration. the concentration of H2S as detected by appropriate sensors. and the flows in 
the rivers. the plant management will decide to continue dischargirog the sulphur containing effluent 
into the sewer. else into the rivers or to interrupt the industrial production. 

13.3- Oari-nocculation 
Should machineries fail and/or chemicals be lacking. suspended solids removal would drop 

approx 20-300/o below design values. Dumping for limited periods such reduced quality into the 
collector should not cause relev('.nt damages to sewers or Ac!ra plant. 

13.4- Sludge treatment 
In case of failure of the drying equipments. the volume of the material to be disposed of would 

increase 6-7 folds. with related increase of disposal costs and handling problems. In case of lacking 
specific chemicals, the volume increases approx 2 folds but still handling problems occur. In both 
cases, plant operation is impaired in few days. 
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14) Computer supervision svstem 

To minimise unexpectC" risks, we recommend to install a computer supervision system, to 
be assembled by reliable components and user friendly human interfaces, which supervises plant 
equipments, prKess efficiency, dosing chemicals levels and consumption trends, hydrological 
parameten. 

The system should be provided with management and administration packages to control 
penonnel presence, administer chemicals and consumable re-ordering, manage mechanical 
maintenance and inspections, record alarm resetting responsibilities. 

Possibly, a Decision Support System should be added, for assisting plant management to cope 
with emergencies and failures. 
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15) Tanneries Excellence Centre 

We believe that in order to achieve a definite improvement of the environmental conditions of 
an industrial area, in addition to planning and enforcing rules. controls and auditing procedures, it is 
necessary that technical, economical and social growth takes place. 

We. then. recommend to consider the development of an "Excellence centre", possibly as 
UNIDO project, which might provide facilities for functions such as: 

1.- Management of common services, such as machinery maintenance, waste colledion 
and disposal, waste water treatment plant, electricity generation, refrigerated storages, 
etc.; 

2.- Technology centre for improvement of the tanning processes, selection of 
machineries, engineering of process modifications, including improvement of working 
safety etc.; 

3.- Training centre for the ditTerent levels of required skills; 

4.- Quality control for both raw materials and locally produced items, including 
development and management of "Made in Damascus" brand for premium quality 
products; 

5.- Market analysis, centralised purchasing and sales functions. 
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STUDY AREA 

PRESENT SITUATION 



1. ZABLA TANI INDaJSTRIAL AREA. 

I.I. Sitt" description. 

The ZABLATANI industrial area, extended for about 80 ha. is located between tl!e Ea5'-South East 

border r.f the city of Damascus and the i egion of Ain T erm:i farther tC' the East. 

ZABLA T A..l\Ii lays for a length of about I, 700 m a!ong the aoad called Road to . .\in T erma and the 

Dyani and Barada Rivers, which flow almost parallel to the road. 

The area has a width of some 30 meters in the initial section, has a maximum of 800 m i:! th~ c:a.:;-al 

part and is rvughly narrower in the fin:il section. The perimeter of the area is shown in the figure I . 

The grour1d is slightly sloping from North-West to South-East, with a maximum differer.ce in height 

of about IO m. and a slope of about 0.8%. 

The main road is the Road to Ain Terma, which crosses the whole area barycentrically from West to 
East. 

A road still partly under construction constitutes the northern border, while the Barada and Dyani 

Rivers consti~ute ~he southern border. Subsidiary roads cross the main roa1 to Aira Tenna. 

1.2. Infrastructures. 

1.2.1 Sewerage 

Close to the Zablatani/Ain Ter.na bcrdcr are situated three main sewer junctions, called: 

BERZE (cross section mm. 1,400) which comes from the northern part of the tow;i 

BARADA (cross section m. 4.Sx2.25), which comt:s from the central pa11 of the town 

MEZZE (cross section m. 2.20 x 3 00) which comes from the sol:thern part of the town 

Tht> sewers constitute the terminal part of the mixed sewerage network that i::olle,~h the majority of 

Damascus waste" water. previously discharged in the two rivers . 
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From t:-ie junction the wast~ \vater will be canied bv the ZA&LATANI-Al!'\ TER.\1A collector 

(cross section m. 2x2.20x.2 90) to M~n.icipal Treatment Plant (MTP) under construction in ADRA. 

20 Km. downstream 

The m;tin sewage characteristic are. 

Dry weather 

Rain \veather 

BOD5 (.MTP influenti 

BOD5 (MTP efflue:-1t) 

S. 5 (MTP influent) 

S.S (MTP effluent) 

The process line is r.onstituted by: 

av_ 5,613 l!s-485,000 m~/d 

ma.x.8.420 l/s .. 717 500 'llc.'d 

! 1,226 !.'s-970,000 mc/J 

275 mg!1 u2 

20 m!!ll Q., 
~ -

3C• mg/! 02 

-Bi.:>mgi;;al digestion by extended aeration 

-Anaerobic s1udge digestion 

-Sludge drying beds 

The effluent will be lifted back and used for the irrif1L'.on of the a .. eas 11pstream from the plant. while 

the sludges will be used in agricult'Jre. 

The municipal facility will be compieted ir. 1996. At present time, the waters discharge in the Barada 

River with an overflow located in the crossing Zablatanil Ai~ T~rma. 

During the inspections it was possible to dt!termine that on!y five indu,..tries (a poultry public 

slaughter house, a sheep public slaughter ltou:se, a military slaughter house, a livestock-feed factor,

anci a limestone-cutting) <1.re currently discharging in the sewerage system 

·r he tanneries and all of the other plants discharge in the ~wo riv~rs, directly or using earth channels 

or local sewerage systems. These are represei1ted in figure 2. 

l.l.2. Aqueduct 

The eirca is connected to '.he public ~qi•• .Jc:1, but all of the companies use w~ier from wells. Only 

one ice-making plant uses water fr1,n the aq11educt for the production of ice, and river water for 

cooling. 
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1.2.3 Electricity 

The area is serverl by an electric network The plants close to the road to ,.\in Terma are connected 

to the electric network, and the main o" .:s have a generator in stand by because of the frequent 

po\\ ~r outages. Plants located funher away from the road, since not connected to the network r:take 

constant use of diesel generators. 

l.3. INDUSTRIES 

1.3.1. Present situation 

For years, in Zablatani there was a tannery cluster and some public slaughter houses, whose 

development was determined by the favourable characreristics of the area, which at the time of the 

installation were: 

- Distance from the residential areas, s1nce ZABLA TANI is located at the farthest 

suburbs of Damas<.:us: 

- Availability of ground water supplies suitable for production process: 

- Possibility to discharge in the Dyani and Barada Rivers; 

- Understarement of the environmental impact connected to the release of !)Ollutants 

carried mainly towards East in che direction of Aim Terma and the Valley of Ghouta 

through the Dyani a:id Barada Rivers and by the wind blowing West-East. 

These favourable conditions. connected with the improvement of the ecnnomy, which is growing at a 

rate of 5. 5-6% (GNP growth rate in 1993 ), later caused the chaotic and uncontrolled development of 

a myriad of small economic activities of the most different kind, small family-run tanneries. born in 

the immc.!diate surroundings of the pre-existent tanneries, cogether with facilities for the treatment of 

the tannery and slaughter houses by-products. private slaughter houses; planrs for the manufacturing 

of construction materials. such as cement, marble, aluminium frames etc.. auto repair shops, 

blacksmiths and numerous other commercial activ;ties 
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Each one of these acti'\ities. when considered by itself. has a very moderate environmental impact. 

but their concentration in a limited area. \\ith pre-existing polluting industries (tanneries and 

slaughter houses). has definitively compromised the environmental situation 

At the same time. the city of Damascus suffered a tumultuous demographic exransion and passed 

from the expected 2.5 million inhabitants to the estimated-+ 5 of todav 

Du~ to such demographic pressure, an increasing number of people. moved to the Zablatani 

surroundings and to the Ain T erma area immediately dm"nstream. 

The situation became environmentally critical both for the immediately surrounding residential areas 

and for the sensitive agricultural area of the Ghouta. located do\\nstream the Zablatani. 

1.3.2. Planning 

The danger was felt by the Authorities and the Governor of Damascus is planning to: 

- Move the polluting acti\ities to another location; 

- Employ the liberated areas for residential areas and public constructions; 

- Allow the collocation in Zablatani only of non-polluting acti\ities. 

Still. to be realistic. many factors hinder the shon-tem1 completion of suc:1 a definitive. drastic 

solution. 

I )Some hundreds i· .dustries of all sons alreadv exist at that location. offerinl! work 
. -

opportunities tr several thousands of people; and 

2)1t is neither easy. nor immediate to replace the traditional industries. entered into the 

culture and the habits of the population, with several ones for which both cultural. 

financial and market background still need to be developed; and 

3 )The relocation of tanneries and slaughter houses. which have complex technologies 

and high installation costs. requires a long-term techno-economic planning; and 

4 )The relocation of the less complex activities is possible in shon term. but not 

immediately. and anyway not before the predisposition of newly equipped areas 
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The complex situ3tion was exhaustively examined and it was planned to divide Zablatani in four 

sections (Figure 3.) 

- I East section in the northern pan destined to non-polluting acti\ities. 

- 2 East Section in the centrai par\ comprised between !he Road to Ain T crma and the 

Barada River destined to tanneries and other existing acti,ities. 

- 3 East Section in the southern pan destined to residential buildings. with a I ~'o 

building index 

- 4 West Section close to Damascus' border destined to housing. public buildings and 

commercial acti\ities {panly already existing). 

Considering the expected layout of the area. it is necessary to take immediate measures to minimise 

the emironmental impact of the existing industries. It would be better to adopt solutions suitable to 

be reused if and when relocation should occur, preferring simple, cost-effective and immediately 

actuable preventive measures for the acti\ities that will be more quickly relocated. 
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2. THE GHOUTA PLAIN. 

2.1. Site description. 

The Ghouta plain, situated eastwards of Damascus. begins just downstram the Zablatani industrial 

area and includes the rivers Dayani and Barada. 

The irrigated land, about 49,000 ha wide, interests two areas. the B-1-1 and the B-1-3 (see figure 4). 

having respectively 25,850 ha and 21. 270 ha. The former is proluvial and the latter is alluvial Ylith 

smaller soil grains. 

The study area for agriculture e\·aluations is indicated in figure 5: "illages have also been indicated 

w'1en of direct interest to the survey. 

The area includes three agricultural districts and the villages of Erben, Zibdin, Haza, Zamalica. Ain 

Terma. Jober Damascus, Sakba. Kafrbatna. Jesre. Aftrees, Mohamadia, Betsawa. Meleha. 

Derasafeer, Hetetajarasa. 

The utilisation of the territory for the year 1993 divided into the administrative boundaries 1s 

reponed in table I. that group the data per village: 

The cul!ivable land is 65. I percent of the total administrative surface area; all cultivable soils are 

irrigated: 60,2 pe:-cent by ground water, the remaining 4,9 percent by river. 

The soilwater balance of the region is typical of an arid climate with rainfall of about 200 mm per 

year, a dry period of four to six months, irregular and casual precipitations and ETP of over 8 mm 

per day in the dry season (June to August); for this reason the growth of non halophytes plants is 

hindered. 

Governmental Extension Services of the Ministry of Agriculture are active in supponing the farmers 

in the optimisation of the agricultural activity; penalty for infraction committed against legislative 

provisions are considered and the area agriculture engineer is responsible for any error. 

By law it is not possible to cultivate vegetables to be consumed raw and informations are given to 

people regarding the health risks by consuming raw vegetables or fruit without adequate hygienic 

precautions. 
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2.2. Crops 

The main crops cultivated in the Ghouta plain are indicated in figure 6 \i.ich reports the periods of 

crop harvesting; the crops cultivated in 1:1e study area are indicated in figure 7. 

For 1993 the mainly cultivated crops were wheat (7.550 Donams). alfa-alfa (I, 193) grazing vetch 

(l.;75) and grazing barley (1,073). followed by maize (570 Donams). haricot beans (535) squash 
( 495) and egg plant ( 417) 

The fruit trees mainly cultivated in \he study area are: 

- Peaches ( 133 .466 trees on 3.127 Donams with a density of 4'.':7 trees per l-la) 

- Green plums (50.951 trees on 784 Donams with a density of 650 trees per Ha) 

- Apricots ( 168,066 trees on 5.962 Donams with a density of282 trees per Ha) 

- Olives (23.499 trees on 2,260 Donams with a J~nsity ~f 126 trees per Ha) 

- Plums (48,015 trees on 1,579 Donams with a density of304 trees per Ha) 

The rotation mainly adopted by the Ghouta farmers is: 

Grazin veach 

Grazin clover 

Greem Beans 

Broad beans 

Maize 

We.,: 

Oats 

Vegetables 

Soils are intensively cultivated all year round: the cropping pattern of the study area indicates that the 

arnma! crop inten:;ity is relatively high. up co five plantations of radish per year 
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The qua11tities offenilisers applied in the area are as follows: 

Table 2 Feniliser application in the Ghouta. 

feniliser % Kg/donam Kg/Ha 
Amn1onium nitrate 33 N 25 SON 

triple phosphate 46 p 20 JOO p 
Potassium sulphate SOK 15 75 K 

Phosphorus and potassium are always applied; nitrogen is not applied in the case of leguminous 

plants. The ammonium nitrate. when given to irrigated soils. is a feniliser of high environrr.er.lal 

impact. Every three years .Jrg&n!c manure is applia~ to the soils at a rate of 1-2 tons per Ha {Syrian 

feniliser). 
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I FIGURE 6-MAIN CROPS OF THE GHOUTA I 
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2.3. Irrigation. 

In the Ghouta p!ain there are both surface. water and groundwater 

The surface water comes to the Ghouta plain by the river Barada and the cerivc.d canals. At present 

the utilisation for irrigation of the surface water is forbidden, because of the actual high pollution. 

Pre·.iously rhe water was taken from the course upstream thf' utilisation by a small and provisional 

earth ban-age and a small eanh canal. The time of derivation conformed to affixed time schedule. 

In the period i 975-1984 the total mean annual discharge of the Barada river and the canals at 

Raboue W&S (table .t) 9.18 mJ/s ar.d the mean anr.ual discharge of the Barada river at Hameh 7.53 

m3is. As said in the paragraph 4.1.1 .• the mean mc;nthly d; scharge for the last period 1984-1993 at 

Hameh in ~he dry months of August, Septembe1, October and November was respectively 2. 9 m3/s, 

2.2 m3is. 1.2 m31s. anCI " m31s. 

These values are only indicative, because of the many derivations of water, the interconnection with 

the groundwater, and the many immissions of w~ste water along th..! Barada river and the canals 

between Hameh and the Ghouta plain. 

As indicated in the table 5, the mean daily discharge of the Barada river at Raboue was sometimes 

zero er very low in the t-'eriod 1974-1989. 

Due to the increasi11g volume of water derived in the Barada basin for water supply (Pare.graph 4.3.), 

it is logical to fr reseen for the future a decreasing of natural water and an increasing of waste water. 

In the past dur.ng the dry months the groundwater has been mainly utilised for the irrigation, and the 

surfac'! water during the wet months. 

According to the informations coller'ed at tne Ministry C'flrrigatior., there were abour 17.0CO drilled 

wells in the Ghouta plain in the vear 1990. 

The water is pumped and conveyed by pipes or earth canals to the field to be irrigated. 

The pumps are electric of submerged type, anrl the depth of the well screen ranges between 40 m and 

60m. 

Tht: total abstraction fmm the aquifer i3 in summer about 20 mJ/s, which corresponds to a mean 

discharge of 1 . 18 11 s for each well, but the discharge can vary hetween I l/s and 20 l/s. The average 

diamet-~r of the wells is in the range of20 cm-30 cm. With a drawdcwn of I ma discharge between I 

Vs and 5 J/s can be obtained in the plain according to the transmissivity value. 

Previously :;urface water from the Barada and distributaries used to provide about 35 %. and 

groundwater about 65 '% of the total irrigatian w?.ter requirement in the Ghouta area. 
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In summer about 80%, of groundwater and ::!~'o of surface \1:~~er were utilised for inigation. while in 

winter the proponion reverses to 80~'o of surface water and 20% of groundwater 

In relation to the climate all the cultivable soils are irrigated. table 6 shows the irrigation scheduiing 

in the Ghouta for tree crops. 

The water applications for the tree crops have a maximum frequency of one irrigation every ten days 

(I per week for the quince and continuous irrigation for walnuts) 

Irrigation by surface waters is utilised on 8 percent of the total irrigated area and is prohibited during 

the summer season; however, as shown from our field survey of the study area. surfa.:e irrigation is 

widely applied also in the summenime "ith secondary canals still utilized during this period. 

The periods of water application are decided at village level following an ancient use; the water 

application has a basis of 24 hours 

In panicular, the Director of the Agriculture Regional Office of Kafrbatna Eng. Agr. Mahmod Hason 

gave us ~etailed information about the agricultural activity of his district. 

Table 3 The agriculture in i~afrbatna district. 

Villages: Kafrbatna, Sakbei, Jesriri Haza, Aftrees. Mohandia 

Inhabitants: 52.000 

Ground water: water table 

Water supply for irrigation: 

Winter: 

Summe1·: 

from river 80% 

from river 20% 

average 

maximum 

fluctuation 

from wells 20% 

from wells 30% 

Irrigation scheduling with the Baraca river: 24 hour basis 

4 - 8 meters 

2 - 12 meters 

6 meters 

Water quality: the yield are reduced by the use i) of polluted surface waters 

and ii) of calcareous ·: .. ater pumped by wells 
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In the study area the groundwater is shown to be of good Quality but in S<1me pans of Barada and 

Dayani the ware.- quality ;-; poor. 

Magl!esbm is ~ serious problem \\i~h the Ghouta Jef:p waters; in a magnesium dominated water 

(ratio of Ca/Ma) < 1 ) the potential negative effect of sodium ma)' be slightly increased_ In other 

words a gi\'en SAR value "'ill show slightly more damage if the Ca/Mg ratio is less than 1; the lower 

the ratio, the more damagin~ is th~ SAR One concern. however, is that productivity is sometimes 

reponed to be low on soib bei'.lg irrigated with high magnesium wa:er even though infi!tration 

problems may not be e\idt nt. -;he effect may be Jue •o a magnesium induced calcium deficiency 

caused by high levels of e~ ;hange1ble magnesium in the soi! 
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TAB. 5 --------------------- ------ - --

BARADA RIVER AT HA.\1EH: Min. cbily disc~ge: Period I 93 I-I 9U 
- - - - - -

RA90I~ 
-- - - --- --

(RIVER BED 0NL Y) 
-- -

YEAR m3/s Date 

------ -
1936-37 

- -
l93i-38 

l93K-39 
------

193940 

19.Jt?4l 

194142 

194243 
-------- --

HA.\1EH 

m3/s 

1.2 
3.2 

5.5 
5.5 

--- - ----- -
:U 

------ ----
5.1 

5.8 

Date 

-- --
29-:q/l:l/2 
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25-30:9 

9-13/10 

26-2K/IO 

5-7.'! I 

lil.2519 

6.U 2/IU 
------- ---- ----
4.5 29/10 

·U 8111 
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9.0 6-7/IO 
194}4.J 

--- - ---- ----- - - -- - - - -------
8.5 2811-112 -------------- ----------------- ---~---------------- ----

1944-+5 
-----~ - --- - ----

1 
·.:ii ... 
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----- -- - -
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------- --
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I 96"i-6(; 
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1<)67.r. '.I 
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196'1- ;r, 
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1971-72 

1972-7.1 
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5.8 

4.2 

6.5 
----- ---- -

6.9 

5.1 
·---· 

44 
- - -- ------ - --

5.) 

8.1 

5.1 
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-- ------------------- - ---------
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:rn 
.u 
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.. 
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... 
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197 .. -75 0.09 8/9 

1975-?6 11.15 l/IO 
-------- -- ------· 

1976-77 0_09 n ______ .,___ - ----- -------- -----
1977-78 I)_(~ /8 
------ ---------------------- --- - -------- - -
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- - --- -- - - -- - - - - - -- - -
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----~- --- . - -- - - - - ·----- -- -- ----- ---
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12 
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I r•·"•,-• ut:l.iv1r -... ~-'l\t.:. C~OP CAL~!~SM~ - HARV~S7 ?ERIOOS AND 

I IRRIG.~7:0~1 ;,ppuc,;7:c;~1s 

L CROP l ... A M ..; J A s 0 N 0 ... . 
I OLI'IES Ir .. n. - 2 2 2 2 1 1 I 

.;. I 

I Pid~ng 5 15 7 

I 
G"'·"'-~ Irrn. , 3 , 

3 3 2 1 Mr'::..~ .. 
?·~ck'iia 20 30 50 

I APR I LOTS i:rrn. 1 2 2 ., 
,j 3 3 3 2 1 1 I 

Pick:ng -.. ,_ 
:.~ ·~ 

AP?L~S r rl'°n. 1 2 2 3 3 2 2 1 l 

Pi :id l"g 24 24 
~AL~lUTS Irrn. irees cr:wn a1ongs~:e canals con ti ~1UOUS irrigatio!'l 

?icic:ing iS 25 
PE.~RS !rrr.. 2 3 3 

., 2 1 1 1 ,, 

Picking 24 24 

PE.~CriES !r!"n. 2 
., 3 ~ ~ 

3 3 2 2 1 1 ... ~ 

Picking . " 20 20 ... .J 

PUJ:-!S !rrn. 1 ? ~ 3 3 2 1 1 J 

Picking 20 20 

Grt:: ::;; ?LUMS Irrn. - - 3 ~ 3 3 3 2 1 1 1 .:. .J 

Picki:ig , - --I :: "': 

OU INCE Irrn. 1 ? 3 3 • 4 4 4 3 2 1 .. 
Pick1ng 6 10 

NB Picking uni't! on man days ::ier dunum i.e. man days per 1/10 ha. 
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2.4. Soils. 

The soils in the Ghouta are man made and considerable variation in physical characteristics occur 

over short distances; they are generally black heavy textured clays of varying depths overlying 

unconsolidated rock. They are highly calcareous heavily manured over centuries. 

In the st~dy area one profile of a well structured alluvial soil having a depth of2 meter. fine roots up 

to 150 cm has been described 

The permeability rates of the Ghouta soils are high enough to be considered suitable for surface 

irrigation and ground water recharge. 

The fact that the soils are alkaline in reaction is a favourable element for their utilisation for waste 

distribution but the clayey texture of the first horizon is a negative element for the use of waste 

waters distribution. 

At the same time the high permeability of the deep horizons and of the underlying strata is a negative 

element when irrigation is made with polluted waters and pollutants reach the capillary fringes of 

underground sources before purification occurs. 

Soils appear degraded possibly because they are intensively cultivated all year round; the annual crop 

intensity is relatively high, up to five plantations of radish per year 

2.5. Agriculture. 

From field reports and interviews with agricultural experts and farmers information it has been noted 

a negative environmental effect by the use of polluted waters and urban composts not always suitable 

for this particular environment. 

There is evidence of diffuse plant injury. The annual crops show a good vegetational status out for 

trees the most evident and largely diifused phenological symptom is the chlorotic status of the leaves 

often associated with necrosis and death of the ye ung woody parts of the plant. 

The chlorotic status of the crops (peaches in particular) is likely related to the high C'1ntent of 

carbonates in the soil. 

Studio Tecnico Chen1hin1 & A ssoclutes Rome - Italy 25 



In Wady street, 50 meters from Dayani river has been noted a field of cash crop consisting of 

"populus" 2 years old irrigated with surface water. completely destroyed. 

The crops also suffer because of the soil degradation~ the yield decreased in recent years because of 

the increase of soil salinity, water and soil pollution and the high cropping pattern. 

The chloride concentration of the \\Clter of wells 61 and I 4K is higher than the values accepted as 

upper limits for the leaf injury of crops. 

Other problems concern the excess nitrogen in waters. Sensitive crops may be affected by nitrogen 

concentration above 5 mg/L most other crops are relatively unaffected until nitrogen exceeds 30 

mg/I. For example grapes are sensitive crops and may continue to grow late into the season at the 

expense of fruit production; yields are often reduced and grapes may be late in maturing and have a 

lower sugar content. Experience in Libya indicated that almost no fiuiting occurred in grapes when a 

water containing more than 50 mg/I of N was used continuously. Maturity of fruit such as apricot 

may be delayed and the fruit may be poorer in quality. In many grain crops excessive vegetative 

growth produce weak stalks resulting in severe logging; logging is a serious problems in areas with 

high winds or periodic heavy rains. 

The agricultural framework of the area has changed by introducing new species and varieties which 

are more resistant to diseases while still economically viable. 

There is a different vegetative situation in relation to trees and herbaceous crops; the first show 

chlorotical suffering (peach in particular). 

The agricultural framework of the area has changed during the last few years by introducing new 

crops more resistant to soil salinity. 

2.6. Livestock 

The livestock presence in the area is given in table I; we have directly re-.:orded the presence of cow 

sheds with over 50 cows. 

The main problems arising for the breed.!rs. as verified during our survey, come from the low quality 

of drinking water; animals are said to refuse drinking water coming from some wells close 

to the river beds. 
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The water quality guide on livestock and poultry indicated by F AO [ I ] indicates for a suitable water 

a ::oncentration less than 21 me'l of magnesium~ in some cases the magnesium concentration of the 

wells of the study area is over the limit (well I OSK) or near the limit (well 61) 

For what regards the nitrogen content Qf the deep waters. ruminants are sensitive to nitrogen and 

heavy applications to pastures used for direct or indirect livestock feed may cause excessive 

quantities to accumulate in the forage. 

For what concerns surface waters there are a number of toxicants which include many inorganic 

elements, organic wastes or pathogenic organisms that may be directly toxic to animals. These agents 

make the water unpalatable or accumulate in the animal. 

Toxicity pt oblems for livestock are amplifi~d when the used forage is also irrigated with the same 

potentially toxic water combining to exceed the critical levels 

Livestock poisoning by nitrates or/and nitrites do not occur with actual levels; though high nitrogen 

concentration may cause growth of algae in watering points with possible presence of toxins. 
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3. CLIMATE. 

The climate of the projf:~t area is illustrated in the tables 7, 8, 9, where mean monthly and annual 

values are indicated for the stations of Damascus-International Airport. Damascus. and Kharabo (See 

figure 8). The sources of the climatological data are [25), [26), and [ 15), and the MinistrJ of 

Defence-Meteorological Department. The climatic parameters include rainfall, temperature, wind 

speed. potential evaporation and evaootranspiration, sunshine, total radiation, relative humidity, 

vapour pressure. The three stations are very close together, but have different above sea level 

elevation ranging from Damascus (729 m) situated inside the city and the t\~O stations situated in the 

Ghouta plain, namely Damascus-International Airport (61 I m) and Kharabo (620 m). 

Ir. the follow text the stations of Damascus-International Airport, Damascus. and Karabo will be 

called respectively A, B anr= C. 

The annual rainfalls are 190 mm in A, 229 mm in B, and 167 mm in C. 

The highest monthly rainfalls are 46 mm in A, 58 mm in B, and 37 mm in Call of them in Decemter. 

In June, July, August. and September the rainfalls are zero in the three stations. The maximurr. 

rainfall in one day was recorded in C in November with 78 mm. 

The mean annual temperatures are 15.4 °C in A, 16.3 °C in B, and 15.6 °C in C. 

The highest mean monthly temperatures are 26.1 °C in A in August, 27.2 °C in Bin July, 24.9 °C in 

C in July. 

The lowest mean monthly temperatures are 6.6 °C in A, 7.2 =>c in B, and 6.1 °C in C. in Januarf. 

The highest values for the mean maximum monthly temperature are 35. 7 °C in A in July and August, 

36.1 °C in B in August, and 36. 1°C in C in August. 

The lowest values for the mean minimum monthly temperature are 0.6 °C in.\, 2.6 °( ;n A and Bin 

January. 

For the daily hours m B the mean annual temperature is 18.4 °C, the highest mean monthly 

temperature is 30 °C in August, and the lowest mean monthly temperature is 9.2 in January. 

For the night-hours in B the mean annual temperature is 13.5 °C, the highest mean monthly 

temperature is 22.9 °C in August. and the lowest mean monthly temperature is 6.1 in January. 

The highest value of the absolute maximum temperature in C was 44 °C in July and August. 

The lowest value of the minimum absolute temperature in C was -11 °C in December. 

The mean annual wind speed in A is 2.5 mis. in Bis 2.3 ml~, and in C is 1.4 mis. 
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The highest values of the mean monthly speed are 4.1 mis in A in July, 3.4 mis in Bin June an July. 

and I. 9 mis in C in March. 

The maximum wind speed in C is 23 mis. and these values were recorded in January. Febrnary. 

March. and December. 

The prevailing wind direction is West in all months. except for July when is West-SouthWest. 

The annual potential evapotranspiration is 1525 mm in A. and 1667 mm in B. 

The mean daily evaporation is 3.6 mm in C. corresponding to a mean annual evaporation of 1314 

mm. 

The mean annual sunshine is 66.3 ~-;, in A and 68. 7 % in B, while in C the mean daily sunshine is of 

8.9 hours. 

The mean total radiation is 396.1 Cal/(cm*day) in A and 404.9 Cal/(cm*day) in B 

Tht: mean annual relative humidity is 42. 90/o in A. where the highest mean monthly humidity is 70% 

in March and the minimum is 27.8%in June. In C the maximum monthly recorded value was I 00% in 

all months. except September (99%), and the minimum monthly 

recorded val~e was 2% in April. 

The mean annual vapor pressure is IO.O rr:!llibars in A and 8.9 millibars in B. 

In the table 4 the same climatic parameters considered in the tables 7, 8, and 9 are indicated for the 

station ofZabadani,which has elevation of 1200 m a.s.I. and is situated in the upper 

part of the Barada river (See Fig.8). It is interesting to point out here the value of the mean annual 

rainfall. which is 520 mm and is quite different from the values of the other three 

examined stations. 

In the figure 8 a general plan of the Barada river basin is represented, together with the mean annual 

isohyets in mm. From this figure rainfall of more than I 000 mm can be observed in the upper Barada 

river basin. and rainfall less than 100 mm in the last reach of the river. 

The hydraulic alimenta!ion of the Barada river basin occurs therefore mostly in the mountains. where 

the precipitations are quite high. 
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FIGURE 8 - DAMASCUS. THE BARADA RIVER AND THE GHOUTA PLAIN; 
MEAN ANNUAL ISOHYETS 
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4. WA fER RE~OURCES. 

4.1. Surf11ce 1'·aten. 

4.1.1. Eabance. 

The river Barada flo·""·s t~ough Dama~us (See fib'Ure 8). where its basin is of about 840 km2. after 

a.eo; initi.J ~ourse about 34 km long and 0.01 pendent. This river has its source at the foot of the 

calcareous Lehar.on mountains. at ar1 elevation of 1100 m a.s.1. Due to a dam con~~ructed 

imrr..~!ately downstream the source, a iittle artificial lake is formed, where pumping stations for 

irrigation and water supply purposes are installed. 

Jn the left side of the ri ... er. at elevation of 823 m. there is another importarat source, the Ein Al Fijeh 

spring, '.\·hich nas a mean discharge of about 8 m3/s. A large part of this discharge, 

that is a1>out 7.5 in~/s, ;s conveyed by tunnel to the Damascus aqueduct. 

At Hameh (See figure 9) begins the derivation of water from the river into six canals or branches. 

Six kilometres downstream, .11t Raboue, just upstream of Damascus, where the narrow valley t-nds, all 

the six man made ar.d wry old caraals are already derived. These canals are: Mezzauoi, Dirani, 

Kanav.at and Bar.ias on the right side, and Yazid and Tora on the left side 

All the six derived canals have a limited course, since their waters are used for the irrigation or 

because they seepage through the soil. 

The Barada river after Raboue has a course 38 km long, and its final destincition is the lake Aateibe, 

which is now nearly always dry. 

In the figure 8 another important river can be seen, the Awaj, which flows eastwards South cf 

Damascus and. just as the Barada river, it ends in the Ghouta plain. 
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The discharg~ of the Barada river is continuously n:easu1 ed immediately downstream of the inlet of 

the effluent of the Ain El Fijeh spring by a limnimeter. at Hameh by a limnigraph and at Raboue by a 

limnimeter. 

In the table I 0 the mean annual discharge for all the years of the period i3 indicateci for the Barada 

river downstream the Ain El Fijeh spring (1°41-1984), at Hameh (1931-1993), at Ra~ue (1975-

1988) for the river only and ( 1975- I 986) for the river plus the six canal~ and for the canals on!y 

(1975-1986). The source is the Ministry oflmgatiein. 

In the table IO the mean, the maximum. and the minimum value of the period is also indicated. 

The mean values of the whole period are: 7.9 m3/s downstream the Ain El Fijeh springs, 10.3 m3/s 

at Hameh, 3. J m3/s at Raboue for the river only, 9.2 m3/s for the river plus the canals, and 5.2 m3/s 

for the canals only. 

From table I 0 it can be o1'served that at Hameh the mean annual discharge of the latest period l 969-

1993 (6.6 m3/s) is quite lower than the fonner period 1931-1968 (12.6 m3/s) That may be mainly 

due to the increasing derivation for the aqueduct of Damascus from the Ain El Fijeh spring. 

Furthermore there is an increasing abstraction of water from the river and from the aquifer by the 

villages of the Barada basin upstream of Damascus. 

It is also interesting to note that at Raboue, in the period 1975-1984, the mean annual totl!I discharge 

of the Barada river plus the canals (9.2 m3/s) was higher than the mean annual discharge of the 

upstream station in Hameh (7.5 mJ/s). That is almost certainly due to the infiltration of groundwater 

into the water courses. 

,AJI the canals branch off from the Barada river &hrough an intake constituted by a weir. ,uch as that 

the discharge of the Barad.1 river is proponionally distributed among tht~ canals. 

Therefore the monthly discharges of the canals and the Barada downstream the deviations are 

estimated by the local authority assuming for each water course a fh:ed percentage of the total 

discharge measured at Raboue. These percentages are also in conformity to the rights of the users. 
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In order to give an idea about the potential mean annual discharge of the canals and of the Barada 

river at Raboue after the deviations, their values for the year 1975-1976, just as they have been 

considered in the ''Damascus Sewerage Master Plan Study" of the year 1978 [2], are here indicated: 

on the right side: 

-Mezzauoi 

- Dirani 

- Kanawat 

- Banias 

0.30 m3/s 

l.19m3is 

0.36 m3/s 

0.86 m3/s 

Tot. 2. 71 m3/~ 

and on the left side: 

- Yazid 

-Tora 

l.49 m3/s 

1.99 m3/s 

Tot. 3.48 m3/s 

Tot. canals 6.19 m3/s 

- Barada river after the derivations: 4.14 m3/s 

The total discharge of the canals and the Barada river at Raboue was therefore estimated at I 0.3 

m3/s. 
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The discharge percentage of each canal and of the Barada river (in m3/s) results: 

-Mezzauoi 0.03 

- Dirani O. I2 

-Kanawat 0.04 

- Banias 0.08 

- Yazid O. I4 

-Tora 0. I9 

- Barada river after the derivations: 0.40 

It must be said that the percentages were calculated for each canal and for each month. and for each 

canal the monthly values resulted quite different. 

According to the Ministry of Irrigation. at Hameh the mean monthly discharges of the river (in m3/s) 

for the period l 93 I-1993 are: 

J 

7.3 

F 

IO 

M A M J J 

IS. I 21.6 18.6 11.5 7.6 

and the mean annual discharge is I0.3 m3 

A 

6. I 

s 
5.3 

0 

5.1 

N 

5.4 

D 

8.3 

It must be pointed out that for the last ten years (I 984-1993) the mean monthly discharges at Hameh 

were quite lower, that is: 

J 

2.5 

F 

3 

M A M J J 

9.8 23.2 23.8 12.5 5.3 

and the mean annual discharge 7.5 was m3/s 

A 

2.9 

s 
2.2 

0 

1.2 

N 

2 

D 

1.9 

For the present study it is imponant to point out that the Barada river and the Dayani canal pass 

trough the Zablatani Industrial Area. This canal and the Akrabani canal are derived from the Barada 

river about 1.5 km upstream of the industrial area, and so the discharge of the river is divided in 

three p;\ns. 
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The minimum :aonthly values of the discharge (in Vs) in dry periods and in the driest month 

(September) were calculated for the Barada river and the canals Dayani and Akrabani near the 

industrial area of Zablatani. in the "Damascus Sewage Master Plan Study" [2]. These values have a 

return period of 5 years and are concerned to the years 1977 and 200 I _ They are: 

Dayani 

Barada 

Akrabani 

I 05 l/s for the year 1977 

123 Vs for the year 1977 

306 l!s for the year I 977 

82 Vs for the year 200 I 

88 l/s for the year 2001 

l I 8 Vs for the year 2001 

The minimum monthly sewerage discharges are indicated .for the same reaches of water courses in 

the "Damascus Sewage ~faster Plan" [2]. They are: 

Dayani 

Barada 

Akrabani 

5961/s 

1841/s 

288 Ifs 

The evaluation of the discharge above indicated and the percentage discharge of each canal and of 

the Barada river downstream Raboue was made taking into account the results of cl campaign of 

hydrologic measurements and researches carried out di:ring the studies for the Master Plan. During a 

year the daily discharge of the river and canals was measured at Raboue and compared with the total 

discharge in the same site, in order to obtain for each day and for each water course the discharge 

percentage. 

I! is necessary however to remark that, according to informations collected by the Ministry of 

Irri~ation, only one discharge measurement every two years is at present carried out in the canals at 

Raboue. Furthermore neither limnimeters nor limnigraphs are installed in t~ e canals. A good 

appreciation of the percentage of the Barada discharge deviated into each canai seems therefore 

quite unlikely, and in any cases perhaps valid near the intakes. Even more unlikely it looks when 

applied to the downstream reaches considering, mostly in Damascus, the frequent mixing between 

surface water and groundwater 

Regarding the minimum discharge of the Barada river and the Dayani canal at Zablatani, reference 

can be made to the table 4 (Source: Ministry of Irrigation). where the minimum annual value of the 

lliIJ S111d10 tc:,mcn ('heruhtn1 & A .1·Jnc:1atcJ Rome - lta~r 38 

__ l__l____l____I __ _ 



discharge at Hameh and at Raboue is indicated respectively for the periods 19 31-1984 and l 97 4-

1989. From the table IO can be observed that: 

- at Hameh the minimum daily discharge of the period 0.94 m3/s during the days 

from 13th to 23rd August 1979~ 

- at Raboue the minimum daily discharge was zero or close to zero at least five 

times in the last eleven years: 

- 3Uch as for the mean annual discharge (table IO) also the minimum daily discharge 

has decreased in the last years. 

It can be therefore concluded that in some past days at Zab:atani the Barada river and its derived 

canal Dayani didn't have natural discharge coming from Raboue. It cannot be excluded anyway that 

in :he same days a not assessable discharge had been present, besides the waste water, due to 

infiltration from the aquifer. In the future the possibility exists of other days without any natu· ii 

discharge in the Barada river at Raboue and consequently at Zablatani. 
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i I I I TAB.IO 
i 

BARADA RIVER AT HAMEH AND RABOL YE. AND AIN EL FIJEH SPRINGS: Mean annual 
discbargcs (m3/s) I I 

I 
YEAR RABOUE HAMEH AINELFIJEH RABOUE I CANALS 

(RIVER BED ONLY) SPRINGS I (BARADA+CANALS) 
1931-32 24.2 
193'.Z-33 15.9 ! 
1933-34 16.7 I 
1934-35 23.5 
1935-36 18.l 
1936-37 10.4 
1937-38 14.3 ! 
1938-39 13.5 
1931}-40 12.l 
1940-11 13.0 

' 
1941-42 15.5 11,60 
1942-43 I 15,6 10,50 I 
1943-44 17,0 10,60 
1944-45 I 19,2 ll,60 
1945-46 14,l 8.82 
1946-47 - 7,82 
1947-48 11.3 8,42 
1948-49 15.4 10,90 
1949-50 13.6 10,30 
1950-51 8,63 6,69 
1951-52 13,9 10,40 
1952-53 16,4 12.20 
1953-54 17,8 12.80 
1954-55 9,45 6,51 
1955-56 10,8 7,69 
1956-57 9,02 6,56 
1957-58 8,47 5,87 
1958-59 7,57 5,08 
1959-60 4,08 2,67 
1960-61 4,66 3,53 
1961-62 8,62 6,53 
1962-63 8,42 6,39 
1963-64 9,10 6,85 
1964-65 10,50 8,01 
1965-66 6,51 5,76 
1966-67 12.20 9,42 
1967-68 12.80 10,40 
1968-69 17,50 12,90 
1969·70 8,74 I 7,28 
1970-71 8,88 7,23 
1971-72 7,40 6,81 
1972-73 4,16 4,96 
1973-74 7,68 6,37 
1974-75 6,50 5,96 

I 1975-76 4,14 8,75 8,52 10,3 6,16 
1976-77 4,60 8,71 7,67 10,7 6,10 
1977-78 5,33 10,10 8,39 12,4 7,07 
1978-79 0,73 J,64 I 4,52 4,15 \ 4,02 
1979-80 

·->--
4,80 8,99 7,70 11,2 

.. 

J 6,40 I 

1980-81 6,18 9,60 7,68 ·-12,3 i 6,12 
1981-82 2,15 4,47 -· 5,77 5.42 ·-~--- -

3.27 
-

1982-83 4.36 7,52 7,86 
- ,__. 

8,64 4,28 
1983-84 3,28 S,99 7,11 6,93 -t-·----- 3,65 I 

1984-85 I.JO S,15 
,___.·--·-- ------.;-------

..-- I 98S-86 ·--1.81 2.96 
- - >-------+----

' ' --------------------- -~---- ---



1986-87 ' 0.90 I 7.25 i I I 
1987-U ' 1.21 

I 9.02 i 

1988-89 I 2.39 i 
1989-90 I 1.78 I ' -
1990-91 

' 
2.7-l ! : 

1991-92 : i 9,90 I 
i 

1992-93 : 7.36 i ! 
I 

I ' 
I I 

i ' I ' I I I 

PERIOD 197-l-1988 1931-1993 19-ll-198"' 1975-198"' ! 1975-198"' 
-tlo.oh-alucs 13 62 -l3 9 I 9 I I I 

AVERAGE I 3.14 10,31 7,92 9,18 ! 5.23 
MAX.VALUE 6.18 M,20 12.90 12,-lO i 7.07 
MIN.VALUE ! 0.73 1,78 ! 2.67 4.75 : 3.27 

i I I --
I i i 

PERIOD i 1969-1993 I 1969-198"' I i 
No.of \'aloes 24 i 15 i I 
AVERAGE 6,65 I 6.92 i i 

MAX.VALUE 10,10 8.52 
' 

MIN.VALUE 1,78 -l,52 ! 

i i I 

! ! ' 
' 

PERIOD 1931-1968 19-ll-1968 I 
No.of values 38 I 28 ! 
AVERAGE 12,63 8.46 I 

I ' 
MAX.VALUE 24,20 12,90 ' 

-MIN.VALUE 0,00 I 0.00 i 

i i i 
I 1975-1984 i i 

9 I 

' 7,53 ! i 
10,10 ! 
3,64 ! 

I j ' 
' 
i 

Source: Minisuy of Irrigation I I 
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4.1.2. Quality. 

The main problems are the very high degree of pollution of the surface waters at any level (chemical, 

physical. biological) and the moderately high degree of ground water pollution. The surface water 

and the ground water are under continuos surveillance because of their actual and potential pollution 

risk. 

The water carried in the Ghouta rivers and streams is considered to consist of a proportion of base 

flow (BF) and a proportion of sewage waters (SEW A); the ratio BF/SEW A ranges from about t 0 to 

l, in the mountain area and/or during the rainy season and 0.1 to I after Damascus city and/or during 

the dry season. For this reason. the salt concentration in the river water that normally is a product of 

rainfall, erosion, mineralisation and ground water accessions. in the Goutha plain is mainly a product 

of natural water from springs and of sewage Haters with a fraction of ground water inflows and 

runoff 

An algal development and a high quantity of organic and mineral sediments in the Barada and Dayani 

river beds has been verified; no life form such as mammal or fish is present in the river except rats. 

The Melehani river shows a lower pollution level which is indicated by the survival of high green 

aquatic plants into the river bed. 

Studies on the surface water have been carried out by many international teams and the results have 

always shown the high pollutio~ level; in the following table the chemical characteristics of water 

samples collected from Barada and Dayani rivers in the month of June 1977 by HHS [3] are shown. 
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River 

pH 

ECmho/cm 

HC03 

Cl 

Na 

K 

Ca 

Mg 

SAR 

Adj 

Fe 

Cd 

Zn 

Cu 

Ni 

Mn 

Cr 

B 

Al 

Table 11 Chemical characteristics of the Barada and Dayani waters collected in June 

1977_ 

Barada Dayani White Barada 

mg/I me/I mg'l me/l mg/I me/I 

7.00 7-29 7_77 

Ll4 0.85 0.92 

234 3.8 189 3.1 226 3_7 

117-1 3-3 60_7 1-7 52.1 LS 
69.6 3.0 56.6 2.5 30_0 1-3 
10_0 0.25 10.5 0.27 2.9 0.07 

123.6 6-2 196_8 9_8 121-6 6.1 

13.6 1.1 13-2 LI 18.4 LS 

1.58 1.05 0.67 

3.63 2-41 1.54 

0-48 3.~ 0.14 

< 0.001 0.005 < 0.001 

0.123 0.184 0.026 

0.056 0.063 0.021 

0.013 0.030 0.005 

0.023 0.057 0.004 

0.34 0.20 0.06 

<0.04 0.30 <0.04 

0.02 0-1 I 0.01 

Table 12 shows the general trend of pollution of the Barada river durng the months of January and 

July as determined by BRGM [4) in 1990. 

From the biological point of view in the year 1990 the waters showed high levels ofColibacter (frcm 

100,000 to 4,000,000 Coli/JOO ml\ approaching urban waste waters levels (BRGM). 
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A direct water analysis survey has been conducted on the days 22 and 27 July 1994 at the following 

locations: 

- site I): Rivers Oayani and Barada at Zablatani bridge (El Nassira) just before the 

Zablatani industrial area 

- site 2): River Dayani at Tahonet el Abid and R:ver Barada at El Baba! El Sharki just 

before the point of release of the Ain Tenna. Johal and Zamalka sewage waters, 

outside the Zablatani industrial area. 

- site 3): Dayani river after the cutting stone factories 

- site 4): Melehani river at the same geographical position of the site 2 

The identification number of the samples are 

- DI and BI : Dayani and Barada rivers at sites I 

- 02 and B2: Dayani and Barada rivers at sites 2 

An operational schedule of one sample collected every two hours for a period of 12 hours was 

adopted and, for all the samples the follo\ving parameters were controlled: 

Colour and odour; Settled Solids; air and ·.vater temperature; 8005; pH; E.C. ; Chlorides; 

Carbonates and Bicarbonates; Nitrites; Ammonia. The T.D.S. and Sulphates presence has been 

obtained by calcuiation ; the presence of surfactants, sulphides and specific characters have also 

been examined. 

Because the Zablatani industrial area has a 8,00 am to 5,00 p.m. working time (after thi~ time no 

more than 10 percent of the factories are operating) from the samples collected on day 22 July (non 

working day) the baseline data and the anthropic pollution has been obtained; the rest day Damascus 

inhabitants do not wake up before 9-1 O am. 

From the samples collected the day 27 outside of the hours indicated, data related to the anthropic 

pollution has been obtained 

From the samples collected on day 27 in~ide the hours indicated the data of the pollution from 

anthropic and industrial activity has been obtained 

In the following table 13 are given the laboratc11:. data. 
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Because: 

i) the high water table. 

ii) the intense irrigation practise and 

iii) the soil and subsoil permeability 

there is a continuos and intense con:act between surface water and ground water. 

This is the reascn why w~ have considered with g1eat interest the transport of contaminants between 

the surface and the subsoil. 

Chemical tnmspon in the subsurface flux is generally a complex process~ at a local scale (study area) 

one might model a leacnate plume moving from a landfill into a ground water system and a larger 

scale (Barada and Dayani rivers) one might consi;ler regional salinization leading to degradation of 

both water supplies and soil 
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( 1) 

(10) 

Zone des tanneries 

Cl2l 

Zone ~ndustrielle 

(31> 

Jaraaana 

(35) 

Toe ;:H 0? Dllll Conduc- !fH3 

tiYlU 

01,'90 

07/90 16.: I 7.5 o '•' H 12 
I I --------- ________ , _______ , ______ _ 

11.9 I 7.S• 6.£ 252 : 

I I I 
16.J I 7,56 I J 115 22 

--------- --------;-------!-------1-------1-------

''·' I '··· .. , ! •• . 
I 

01!90 

07/90 

01/90 

-~~~~~---·--~~---- --~~~~-1---~~~-1--~~~-- ---~~--
Ol/90 l2 .J 5.5 10 

07/90 H.J ',;:I I "' 52 24 

120 

--------- -------- -------1-------
1 ! i 

1Z,6 I •. 31 : ! J17 

21.9 I ;.:ll 0.1 • 1Jg 
I I I 

01/90 

07/90 100 

--------- --------·-------·-------1-------1-------i j I 
01/90 11.S l 7,J6 ! ~.• f &~ SS 

I i I 

-~~~~~---1--:~~~--'--~~~--l---~~~-: .. ~:~--'--~:~--I I . I 
1:.z I s.Js 1,s ! Jll j zao 

I i 
01/90 

07!90 24.1 I .. 55 ~ S.fS I 250 

230 I z .32 

110 I ... J9 

-------1-------

230 I 1.59 

330 3,90 

-------
250 0,92 

.JOO 3,66 

-------
.390 ),42 

450 o.u 

550 23.15 

1350 103.~ 

1200 51 

Tab. 12 - Water qualify of Barada river C BRGM , 1990) 

I I I 

Cl 

20 2,osa 

zo 1,652 ' 
------- -------

25 1,556 

35 0,041 

-------
30 1,095 

40 

-------
45 0,1!5 

'° o,oaz 
-------

95 0,612 

75 0,500 

-------
50 0,241 

15 0,304 

-------
20S 0,039 

190 0,046 



Tab.13 CleucJ.l Jnitlvs1s or surtace waters 

Water Air iiater 
... ''lDle Ref. Po:mt 

Code 
sanolim Teno 19lo Co!orO:klurSettled a: 'Im Cl ro1 llD3 CD3 Diss tm MM lit SU 
t.!lle solids C'2 

22 Jul\• 
Bll 111 
812 121 
813 131 
814 141 
815 151 
816 161 

821 
822 
B2J 
824 
825 
826 

Dll 
D12 
on 
014 
015 
016 

022 
021 
023 
024 
025 
026 

211 
221 
231 
241 
251 
261 

11: 
122 
132 
142 
152 
162 

222 
222 
232 
242 
252 
262 

Tl Juh· 
811 111 
Bl2 121 
814 141 
815 151 
816 161 

82i 
822 
824 
825 
826 

Dll 
Dl2 
Dl4 
015 
016 

021 
022 

024 
025 
D26 

Remarks 

211 
221 
241 
251 
261 

112 
122 
142 
!5? 
162 

212 
222 

242 
252 
262 

H.mm lllV'l rrt>/an 1111/l r.e/l wl iaYl rre/l llX1!l Dill RQ/l 
(1) 

1 Bl 
1 Bl 
l Bl 
1 Bl 
1 Bl 
1 Bl 

2 82 
2 B2 
2 B2 
2 B2 
2 B2 
2 B2 

3 Ill 
1 DI 
3 DI 
3 01 
) DI 
J rn 

.J D2 
4 D2 
4 D2 
4 02 
4 02 
.J D2 

1 Bl 
1 Bl 
l Bl 
I Bl 
l Bl 

2 82 
2 82 
2 B2 
2 82 
2 B2 

3 D1 
3 DI 
3 D1 
} D1 
3 DI 

4 D2 
4 D2 

4 02 
4 D2 
4 '12 

830 
107.0 
1205 
1-100 
1810 
2030 

815 
1('.XX) 

nso 
1455 
1745 
2010 

830 
1020 
1205 
1400 
1810 
2030 

940 
730 

1130 
1440 
1~30 

1950 

935 
1250 
1510 
1745 
2020 

920 
1240 
1500 
1710 
~10 

935 
1250 
1510 
!745 
2020 

910 
1230 

1450 
1715 
1955 

26 
29 
)5 

}.J 
)) 
30 

26 
29 
35 
3-1 
)) 
30 

26 
29 
)5 

1-1 
13 
30 

29 
26 
35 
3-1 
)J 
10 

22 
22 
2.J 
2-1 
2-1 
23 

;) 0 
() 

0 
0 
I) 

0 

22 () 0 
22 ... IC: 
24 ur tr>'" 

24 0 
24 () 
23 1 I i) 

22 
22 
24 
24 
24 
23 

22 
22 
24 
24 
24 
23 

22 
23 
24 
21 ,, _ _, 

,-, 

,, 

() 

() 

0 
0 
() 

() 

() 

0 
0 
0 
0 
0 

0 
') 

0 
1> 

(\ 

22 + 

23 
21 :F. 
?.i 

0 
I) 

21 0 

22 
2) 

24 
2i 
23 

22 
23 

24 
24 
23 

.1 

r: 

t) 

r, 
I) 

I) 

0 

0 
0 

0 
0 
1) 

IO 0.72 
10 0.72 
IO 0. 78 
IO 0.78 
IC 0,72 
IO 0,69 

o,46 o.s 1 s.~ 
0.46 1.2 0.6 5 • .J 
0,5 1.:: l ~.6 
0,5 

O . .J6 
o . .i.i 

IC 0.9-1 0,6 
10 I. -l4 0. 92 
50 1.·H 
so r.s~ I.le 
IC l. :::: 0, .,8 
lO o. 72 0,-16 

!O 0.72 0.-lf> 
10 l),1f. 0,49 
10 0,78 11,5 
IC .J. !Fe, n . ..;9 
IO '.1.AA 0,55 
ro n.: 0,-15 

LI 1.5 5.2 
1 0,6 5,6 

0,9 0,11 5,2 

2 0.2 7.2 
2,5 5,J 6.6 
1.2 13 7.8 
6,7 .J,8 7 
3, 7 L 7 6.S 
1.? 7 

:.1 0.5 5,6 
1.5 0,) 5,8 
1.-1 0.6 5,8 
1.1 0,7 5.8 
1,3 1,9 5,i 

I 0,6 5,4 

IJ I. :::T 
10 'J,76 
IO O.')) 
10 0/17 
IO 0,., 

0,81 4,7 1,4 6,6 
0, -19 2, 2 6,2 
0.61 1.8 1,5 6.2 
0.62 1,6 2,) 5.8 
0,45 1 O,.J S,6 

iO 0,7R o.s 1.4 0,2 6.2 

200 0, 7r. ·J,-l8 
100 i),78 o.s 

10 0.85 0,54 
11)1 IJ. "TA 0, 5 
50 '),7a D.51 

'.J,8 0,9 5,8 
l 1 5,8 

4,9 7,i 
1.-1 0 6.~ 
1.2 0,7 6 

200 :.li 2.01 1.5 22,5 7,4 
300 ~.74 1,75 13.9 7.1 6,4 
50 2,5i l,63 11,9 6,5 7 

200 i.97 1.26 9 3,9 6,8 
100 :.6~ 1,0f) 6,5 3.2 6,8 

100 ·).81 o.~2 

100 :1,8 0,51 
JO ri,81 0,52 

100 O,A 0,51 
')() 0,79 0,51 

100 !. n t.11 
3((1 I. 23 0. 79 

<[) l.12 o. 72 
JOO 0,97 0,62 
?.00 I). ')2 ()' 59 

1 l,7 5,4 
l 1.6 5,i 

1,4 0,) 6,4 
1 1 6 

1.2 0,7 6 

9,:: 1,8 6.-: 
3,3 2.6 6,·I 

2.~ 1,9 6,R 
1,8 1,7 6.2 
l.·I 2 S,8 

(1) evaluatiai dassf'i> 'Jltll ilf•Drox. ooncentnt1ons 
R Red 
SR Strooq red 
T Turbiditv 

0 -t • .J o. ! 
0 ),q 0,01 
Q 2,9 0.4 
0 2.2 U,01 
0 2,2 0,01 
0 2.6 0,2 

>10 7,2 
>10 7.1 + 

>10 7.1 
>10 7.1 
>10 7,2 
>10 7.1 

0 2,6 0.1 >10 6,9 
0 0,6 0,1 >10 8 + 

o o.~ 0.1 >lO :.2 • 
0 1 ~.3 >10 7 
0 :.8 0,2 >10 7,1 
0 ) 0,1 >10 7,1 

0 1,7 0,5 >16 7,1 
0 ] 0 >10 7 
0 2,6 0,6 >10 7 
0 2,6 0,1 >10 7 
0 2 I 0 ~10 7,2 
0 2,1 0,2 >10 7,J 

0 2,- 0,1 >10 7,1 
0 3.~ 0.1 >10 7,1 
0 l,': 0.2 >10 7,2 + 
0 2.~ 0 >10 7,1 
0 2,9 0,2 >10 7 
0 3,4 0 >IO 7,1 

c 5,2 0,2 >10 7.1 
0 4,9 0,1 >10 7,2 
0 3,6 0,2 >10 7,1 
0 1,9 0 >10 7,2 
0 1.5 0,2 >10 7,1 

0 3,7 0 >10 7,7 + 

0 3,8 0 >10 7,1 
0 1.6 0,5 >10 7,1 + 
0 0.1 0,3 >10 7,2 
0 1,5 0.1 >10 7,1 

0 4,5 0,) >10 7,2 
0 J.8 0,2 >10 7,1 
0 3 o.s >10 7,1 
0 1 0.3 >10 7,1 
0 1,9 0,3 >10 7 

0 i,'1 0,1 >10 8 
0 ],6 0 >10 7,7 

0 2.1 0 >10 7,6 
0 0,1 0,1 >10 7,2 
0 2,1 0 >10 7,1 



4.1.3. Considerations. 

The rivers Barada and : 'ayani are p::>lluted both with biological and indu~rial pollutants; the river 

Melehani is mainly concerned with biological pollution 

The water pollution varies with: I) location, 2) ~ime of sampling, 3) period of the year, 4) hour of the 

day 

The Barada river is already slightly polluted from its springs where it receives se·n'Cl~e waters c'.)ming 

from residential buildings; inside the city of Damascus the polluti'Jn load increase because of the 

release of urban sewage waters and is very high after Z.I.A 

By comparing on a qualitative basis the datft coliected jn different places of the rivers, it js evident 

that the pollution of the surface water has mcreased from 1977 to date. 

For a better understanding of long period variations of the water quality, a comparison has been 

made between the lab~ratory results obtained !"rom water sampies collected from Barada and Dayani 

rivers by HHS [3 J, at the end of June 1977 , by BRGM [ 4] in January and June 1990 and by the 

actual survey on July 1994. 

Table 11 shows the relationship :ind the pollution trends in the rivers, indicating the presence of 

Heavy metals such as Chromium, Copper, Iron. Nickel, Manganese and Zinc at concentrations of 

0,01-0,5 ppm. This confirms the industrial pollution of the rivers c!ating back since at least !977. 

The daily and hourly dist1ibution of pollutants into the rivers is relative to the activity of the 

Damascus inhabitants. 

The laboratory data of table 13 apparently well correlated with the er.vircinment are- dissolved oxigen, 

BOD, Electrical Conductivity, and chlorides; because of the high concentration it was not possible to 

find a corre!atiou between the ammonia values at inlet and outlet of ZIA 

In July 1994 the waters of Barada river show the following concentrations as showed by table 14 

which is an elaboration cf the data of table 13 
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Table 14 Chemical balam:e of pollutants 

SITE Diss02 BOD5(a) EC Solids NH3 Cl 
mg/I mg/I µSiem mg/I mg/I mg/I 

0) Before Damascus city. 

5 20 300-400 l-4 30-40 
I) Before Z.I.A. 

2-4 100 500-600 0-10 >IO 35-70 
2) After Z.I.A 

0,5-2,5 250 600-2000 50-200 >IO 35-450 
J) Difference (2-l) 

1,5 150 100-1400 50-200 O-J80 

IDS g/1 

0.1-0,9 

Dissolved Oxygen decreases by 1,5 mg/I after ZIA while the BOD increases by i50 mg/I. As for 

chlorides at the hours of higher pollution they are up to ten times the maximum concentration 

recorded before ZIA. 

The pollution load of Dayani and Blfada rivers is evidently determined by the activity of the ZIA 

During the samplii1g of the Barada waters at site 2 the water was red coloured.may be by blood. 

Blood is an interesting valuable resource as considered ir, alten•ativ~ to the lack of fertility resulting 

by the abandoning of the waste-waters for irrigation. Dry hlood contains slow release Nitrogen at ~ 

rate of about 14 percent. 

By elaborating the data about the height of the water table which it com.!s to only 2 meters below 

!toil level, it!: wide variations (more than 14 meters of excursions are recorded in some places), and 

the relevant sum~er time ground water usage for irrigation (approx. 20,000 It/sec), it is evident that 

there is a direct relationship between the surface and the ground waters in relation to the period of 

tile year and the location; in some periods and places the surface water reaches the water table and in 

oth~rs the ground wateis recharge the river. This mutual relationship is a confirmation of the high 

vul!lerability of the aquifer and, consequently, of the risks of the ground water for human 

consumption. 
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At present the wells in the neighbourho Jd of the rivers are not degraded but the wells close to the 

river beds could probably be polluted as iemonstrated by the fact that animals often refuse to drink 

this water 

The beds of the river and of all the canals are covered by a sediment having a high degree of both 

organic and industrial pollution_ We do not know exactly the thickness (during the field survey we 

obtained approximate values between 20-40 cm) and the pollution level, but it is reasonable to 

suppose that, because the quanfay of pollutants released into the river waters and the duration of 

pollution, the pollution of sediment is very high, similar to toxic sludge_ At our ad ... ise, for the critical 

position of interface between the surface and ground water, polluted sediment is the most relevant 

agent of the ground-water pollution_ 

The SOL1rces of pollution can be divided into diffuse and punctual sources; the first group consists of: 

- I) pollutants in solution 

- 2) pollutants in suspension adsorbed on suspended solids 

the second one: 

- 3) polluta.,ts continuously released by river sediment 

- 4) pollutants originated by the discharge of so!id wastes 

- 5) pollutants released by critical point of water stagnation. 

each of this pollution has a proper significance and a typical behaviour: 

- The c1Jncentration of the pollutants in the waters is variable daily and seasonally. 

- The release of pollutants from sediments is constant in time and correlates only to 

the capacity of surface water to dissolve it and to the exchange between surface and 

ground water. 
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- For what concerns point 4 the release of pollutants is correlated to the materials 

discharged in the river beds and banks~ point 5 depends on the duration of contact 

and on the pollutants concentration_ 

4.2. Ground wate•·. 

4.2.1. Balance. 

The whole Barada river basin is interested by very important flows of groundwater_ The rocks of the 

mountains are mainly calcareous. and karstic phenomena are very frequent Karstic phenomena 

originate the source of the Banda river. the Ain El Fijeh spring and many o~her springs_ The water 

table of the aquifer exists also inside the mountains, while the hydrogeological and hydrological 

basins are not exactly correspondent_ The hydrogeologic.al basin of the Ain El Fijeh spring has for 

instance an area of about 700 km2 and Iies in large part outside the hydrological Barada basin_ And 

other outside hydrogeological basins feed the Barada hydrological basin. where the direction of the 

flow lines follows only approximately the direction of the ma!n valley upstream of Damascus. 

In the town of Damascus the water table is very shallow and in some zone may feed both the river 

and the canals. Inside the city many wells are utilised for urban and private water supply (See 

paragraph 4-3_)_ 

Downstream of Damascus. in the Ghouta plain. the isophreatic and the flow lines (See figure I 0) 

show the aquifer being fed not only from North-West. parallel to the Barada river, but also from 

South. that is from the Awaj river [21-

In the figure l 0, representing the isophreatic and flow lines of the year 1966, an area appears, near 

the Aateibe lake, where the isophreatic level is the lowest, and on where all the flow lines converge_ 

In this area. which has also the lowest elevation of the surrounding zone (about 600 m a.s I_), the 

horizontal velocity of the groundwater is nearly down to nothing, and the last flow is evaporated. 

From the figure IO the aquifer of the Awaj river results apparent, parallel to the water course West 

of Damascus, and converging northwards and mixing with the Barada aquifer in the Ghouta plain. 

Here the mean slope of the water table is about 0.004. 
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In the Ghouta plain there are alsc \rmous springs. many of which perennial. According to the 

Ministry of Irrigation. the most important of them are: 

Arush 

Kalaia 

Der Al Asafir 

with a mean 41ld maximum discharge of 465 and I, I 00 l/s 

with a JT1ean and maximum discharge of I47 and 1,200 Ifs 

with a mean and maximum di~harge of 173 and 770 l/s 

The approximate depth of the water ~able in the Ghouta groundwater aquifer is generally less than I 2 

m (See figure I I), but in peripheral areas it is more. At Zablatani the mean depth seems 

to be less trum IO m (2]. 

The thickness of the sedimentary iayer of the aquifer is evaluated to range between 200 m and 250 

m, and the loose material are mainly gravel and sand. There are also limited silty beds. 

During the year the ex:cursion of the water level is about 4 m, but in some zones can be higher. 

At the end of the dry season, the water table has the minimum level, while after ~he rainy season it 

reaches the maximum. 

The storage coefficient for the Ghouta area is estimated to be about 0.04-0.05 [2]. The trasmissivity 

value is very variable (see Fig. 12) in the Barada aquifer [2]. In two areas of 25 km2 and 4.5 km2 it is 

>500 m2/day, in an area of 197 km2 it ranges between I 00 and 500 m2/day, and in the remaining 

area it is <JOO m2/day. 

At Zablatani the transmisivity value seems to be about 390 m2/day. 

In the Ghouta area the aquifer is utilised, together with the Barada river and the canals, for irrigation 

purposes and for various local water supply. 
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In the Ghouta plain the annual alimentation of the aquifer comes both from the upstream 

groundwater, and from the other important sources. whose the most important are: 

- the rainfall; 

- the seepage from the bed of the Barada rivec and the canals keeping into account 

that these courses convoy natural and sewerage water; 

- the seepage from the fields during the irrigation both by surface water and by 

groundwater, 

- \he springs of the area. 

The main losses of water from the aquifer are: 

- the evgporation; 

- the outflow of the groundwater; 

- the outflow of the surface water; 

- the groundwater pumped for irrigation and not coming back to the aquifer by 

seepage, being utilised by the crops. 

The surfac.! water is the most important item for the recharge of the aquifer, and the whole volume 

coming in the plain disappears, because of crops requirements, evaporation from free surfaces, and 

seepage to aquifer. The seepage is a high percentage of the surface volume. By the aquifer the 

groundwater is pumped for irrigation. and also in this case a high percentage of water comes back to 

the aquifer. 

In the "Damascus Sewage Master Plan Studies" [2] a 65% of surface water coming to the Ghouta 

plain and a 24% of the pumped groundwater were evaluated to leak to the aquifer. 

V cry important appears therefore the vertical movement of the water, to and from the aquifer. 

About this subject it is important to remember that, according to the Darcy law, the vertical velocity 

of infiltration from the soil to the aquifer is much higher than the horizontal velocity in the aquifer, 

which is due, in the Ghouta plain, to the water table slope. which is of a few unit per thousand. 
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The Ministry of Irrigation makes referenc : to the following input and output values, included in the 

feasal>ility study of the year l 986 "Water Resources Use in the Barada and Auvage basins for 

irrigation of crops" [5]: 

Input 

- groundwater from another area 

- rainfall 

- surface water inflow 

- from springs and from other basins 

Tot. Input 

Output 

- evaporation 

- outflow of groundwater 

- surface water outflow 

- from boreholes for irrigation 

- from surface water for irrigation 

- from groundwater for water supply 

Tot. Output 

Millions of mJ 

210 

292.5 

484.8 

164.5 

1151.8 

Million of m3 

276.4 

62 

105.2 

343.0 

396.1 

67.3 

1250.0 
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AGURE 10 - ISOPHREATIC (ma.s.I.) AND FLOW LINES IN THE GHOUTA PLAIN 
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I AGURE 11-WATER TAELE DEPTH (fll) - (October 1977) 
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RGURE 12-ACQUIFER TRASMISSIVITY (mq/d) IN THE GHOUTA PLAIN 
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" 2.1. Quality. 

The effects of salt migration in soils were well recognized in ancient Mesopotamia where the 

capillary rise of water from shallow water tables carria: dissolved salts to the soil surface with 

significant effects on agriculture [ 6]. 

The water movement in the subsoil should be as follows: 

·· the water table rises io about 2 meters depth: the capillary fringes rises to about 0.2-

0.3 meters 

- sods are irrigated by surfa~e irrigation with high volumes of water (at least 60-80 

mm of water in 100 cm of soil ;:rofile) and the volumes of water are high enough to 

pennit about 40-500/o of the water supply to drain to the d~r strata. 

The water movement in the soil profile at critical points should therefore be: 

depht water water water r~rnarks 

cm type fate movement 
I\ dry Evap. sa!t concentration by EV v 

20 irrigation 

40 irrigation root Up 

60 irrigation adsorbtil:n 

80 irrigation 

JOO irrigation drainage Down possible 

120 drainage salt concentration, 

140 drainage vadose cracks, vertical pores, 

160 capillary zone coarse material 

180 watertable Irregular Up & Down 

200 groundwater 

For these reasons the contact between the drainage water and the water-table is close enocgh to 

permit i) a continuos and intense exchange or ii} an intermittent but frequent ~change between the 

front of the drainage water and the watertable. 
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Tht: movement of solutes through the vadose zone. to groundwater. is of iaaJea.Sing concern as 

greater pressure is put on the environment_ Solutes of particular concern are pesticides and heavy 

metals which are substantially adsorbed int0 soil particles; however there are other chemicals that 

may contaminate groundwater resources_ 

Following this mechanism even if the subsoil is able to fix the chemicals that it receives from the soil. 

the groundwater pollution. for wet and dry a!temance, is directly related to the salts not fixed by the 

soil. 

This mechanism is always active in the river beds where we found a constant degree of water 

pollution and a stationary wry polluted sediment in close contact with the water table and 

consequently with the ground-water. The surface water, polluted or r.ot, therefore will drain into the 

sed:ment and transport the dissolved salts in the ground-water_ 

There is a definite poSStl>ility of movement of a concentration peak of a nonadsorbed, nonreactive 

solute through soils for constant "q". The movement of the peak of a solute concentration profile 

through a uniform soil is described assuming that there is no preferentiai movement of water through 

soils or wetting front instability effects, the soil drains to a constant water content following 

infiltration (field capacity) non significant soil-solute interac.tions or chemical transformations occur, 

crop water uptake is uniform with depth to the bonom of the root zone, and the profile is at field 

capacity below the root zone. 

Because ofits importance for human consumption the groundwater quality is continuosly monitored 

by Govemamental services and Authorities. 

In order to investigate the relationship between surface and grouna-waters, all the data made 

available by Syrian Autho.-ities <".onceming the analysis of the wells in the study area have been 

collected. In figure 13 is indicated the position oft.he wells, boreholes and springs inside and within 

the neighbourhood of the study area 

In table 15 are given, for the 1977, the chemical characteristcs of ground waters at locations 

indicated in figure 13 
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Table 15 Analysis of ground water from Ho~ard (3] 

Sample pH EC Na K Ca . Mg Cl N03 S04 HC03 Mg/Ca SAR 
TS 7.1 620 33 4.2 72 62 30 7.0 30 332 ' 4 0.7 

T13 7.0 850 49 1.9 84 133 45 !2.7 31 4'Z4 2.6 0.8 
TI4 7.0 680 29 2.0 70 82 47 7.4 44 370 2.0 0.6 
Tl9 7.0 650 31 2.4 80 70 40 4.6 26 357 1.5 0.6 
T25 7.4 640 33 2.4 67 98 97 4.6 44 338 2.4 0.6 
TIO 7.3 1070 32 1.9 70 140 125 4.5 50 308 3.3 0.5 
T31 7.4 1490 80 I. I 91 204 120 0.9 200 321 3.7 I.OS 
T34 7.2 1950 84 1.8 82 334 272 0.9 300 367 6.8 09 

T35 1.5 930 44 2.4 48 140 75 0.5 145 289 4.9 0.7 

Remarks: EC mmho/cm~ N03 mgN/I~ S04 mgS04fl: HC03 mgCaCOJfl~ others mg/I 

1bc Ministry of Housing gives tne following data representing the composition of ground water. 

Table 16 Groundwater: chemical and microbiological composition 

Nitrates 20- 30 mg/I with upper limit of 60 mg/I 

Nitrites 0-0.2 mg/I with upper limit of 0.2mg/I 

Phosphates 0-0.3 mg/I with upper limit of 0.6mg/I 

Ammonia 0-0.1 mg/I with upper limit of 1.6mg/I 

T.M.C. 37°C 0- 50 col/ml with upper limit of >400 

Coliform 0 - 1 -:ol/100 ml 

At present the water from wells very close to the river beds is utilised for irrigation, with some 

caution for livestock use .• never for Human consuption. 

For what concerns the Zablatani Industrial Area. the hydrogeological data for some well are as 

follows: 
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Table 17 The wells insi:ie the Zablatani Indu~i.rial Area 

WeliN. 206 207 70 
Location Chicken s. h. Chicken s. h. Sheep s.h. 
deph in m 66 66 70 
Flow Rate m3/h 44 46.5 60 
Static lev. m. 8 8.5 11 
Fluctuation m. 14 9.5 

and the water quality is: 

Table 18 Chemical analysis of water samples collected in date 15.05.94 from wel!s 

in the tanneries area 

W. pH EC Mg Ca rn rn rn S04 Cl TAC TA TDS PO.! BODs Cu Cr Fe 

Ca Mg 

µS/c ------------~·--------------~-~---------mg/I--- ---~~--------------------------

m 
7.2 450 12 64 50 160 2JO 11 0.3 220 0 225 OA5 75 45 0 
2 

2 7.3 1,100 12 180 50 450 500 58 2.0 520 0 :>.:O 0.85 50 25 0 
8 

3 7.~ 1,050 9.6 120 40 300 340 68 1.9 420 0 525 0.20 50 25 0 
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FIGURE 13-POSITION OF WELLS BOREHOLES AND SPRING ;N THE 
NEIGU.BOURHOOD OF THE Z.l.A. 
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4.2.3, Considrrations. 

By comnaring the inigated surface :m~a (50,000 Ha) with the number of wells (more than 17.000) 

the resulting density i~ of a "eii every about 2.5 Ha. Tflis value expresses ttte high vertical water 

motion confinning the high ri;,k of pollution over the whole Ghouta aquiier. Following Howard [J] 

and others. th-c: water chcn-Us:ry of the area reflects the local contamin&tior. by infiltration from 

polluted surface wat"!rs and salinity increase to the east in accordance with reducing ground-waters 

thr.)ughput. 

In the table 19. Zit have Ix-en assembled the laboratory data obtaine<! by LENGIPROVODKHOZ 

[7] and BRGM [3]; from a more de,ailed analysi5 the data have been analysed for the following 3 

hypothesis: 

I st correiation: Samples grouped per s~son: 

- 1st group: Jul-Aug-Sep-Oct 

- 2nd group: Nov-~-Jan-Feb 

- 3st group: Mar-Apr-May _Jun 

2nd correlation· Sampies grouped per same date 

3st correlation: Samples grouped per potential areas of hydro geological influence with surface 
waters 

the following information has been obtained: 

i st correlation 

- The content of N03 1s higher during the months of Mar-Jun and is at its minimum 

during Nov-Feb when can be noted the rise of chlorides and sulphates as well as 

the magnesium concentration~ the calcium concentration is constant. The sodium 

concentration shows the tendency to decrease in the period Mar-Jun 
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The 2nd correlation does not show interesting elements; from the 3rd correlation the following 

information can be obtained: 

- B} evaluating the groundwater in relationship to the direct contact with the surface 

waters considering that the water table is 6 meters deep in Damascus city, 2-5 

meters deep along the Barada river end over 10 meters deep along the Dayani and 

Akrabani riv.!rs a high concentration of nitrates in the Damascus and Dayani 

groundwaters, and a -:.ontemporarely sharp decrease in the nitrates concentration of 

the Barada groundwater can be seen. 

- Magnesium shows high concentrations immediately outside of Damascus city, drop 

to very low values in the middle Barada valley and increases again in the lower 

Barada vaHey. The Dayani and Akrabani groundwaters show a magnesium 

concentration higher than that obtained by analysing the Damascus groundwater: 

hoth sodium and chlorides show the same trend. 

The Dayani grounJwater shows a greater biological pollution load than the Barada groundwaters. 

For the year 1977. m&ps indicating the quality of the groundwaters referring to Electrical 

Conductivity, Chloride. Nitrate and water quality for i:Tigation according to USDA [3] are available 

as shown in the following figures 14 a/b/c/d. 

From these figures it can be clearly noted the area of interference of surface waters with 

groundwaters; the lines of same concentration of chlorides and total salts follows the Barada river 

eastwards from Damascus city. 

Chlorides and T.D.S. concentrations are low in the groundwater recharge area where the Barada 

surface water can recharge the more saline groundwater; this situation, apparently more favourable, 

can b~ considered negative for the exchange of pollutants between surface and groundwater. 

We can conclude that a high contamination of the ground water actually exists in relation to the high 

level of pollution of the surface water and sediments resulting from the infiltration of the surface 

waters into the sub-soil and from direct contact of the main ground water with the river ground

water; this situation is enhanced during the dry periods. The direct consequence is the high level of 
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pollution of the wells adjacent to the rivers~ wells utilized at present for irrigation and rarely for 

human and livestock consumption. 

For drinking purposes the ground-waters are polluted by phosphates. nitrates. nitrites and ammonia. 

often in high concentration. 

Magnesium is another serious problem since Ghouta deep waters are utilised for irrigation 
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FIGURE 14a-GROUNDWATER ELECTRICAL CONDUCTIVITY OF DAMASCUS BASIN 
IN Nov.-Dec. 1977 (E.C.u.m.h.o./cm 25) 
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RGURE 14b-NITRATE CONTENT OF WELL WATER OF DAMASCUS BASIN 
Nov.-Dec. 1977 (NC>aas mgnN) 
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FIGURE 14c-CHLORIDE CONTENT OF WELL WATERS OF DAMASCUS BASIN 
(chloride as% meq/I total anions) 
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RGURE 14d-GROUNDWATER QUALITY FOR IRRIGATION OF DAMASCUS BASIN 
Nov.-Dec. 1977 U.S.D.A. CLASSES 
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4.3. Water supply. 

For the water supply of Damascus three main cources are a·'3ilable: the Barada source, the Ain El 

Fijeh spring and the groundwater of the city. 

According to the Director of the Drinking Water Supply of Damascus, from the Barada source a 

discharge of 1.1 m3/s will be derived by gravity. In few months the source will be connect~ to the 

Ain El Fijeh spring by a pipe 20 km long W.th d!ameter of 1000 mm, but the discharge of I . I mJ/s is 

not yet utilised. The mean discharge of the sou;ce is 4 m3/s up to a maximum as high as IO m3/s. 

The Ain El Fijeh spring is utilised since the year 1902, and now 7.5 mJ/s are derived by gravity to 

the Damascus aqueduct, while the mean discharge of the source is 8 mJ/s, with a maximum value of 

28 m3/s. An oval concrete tunnel 15 km long connects Ain El Fijeh spring to Damascus. 

In Damascus city itself there are 130 wells. divided in 13 groups of I 0, which pump water into the 

distribution network. In the dry period a dai!y volume of 170,000 m3, corresponding to a mean 

discharge of 2 mJ/s, is abstracted by the wells from the aquifer. By the end of the dry period the 

mean discharge from wells decreases to 1.5 :n3/s 

The population served by the city distribution network are at present about 4. 5 millions, the mean 

distribution water supply is 7. 5 mJ/s, therefore the available quantity of water per inhabitant is of 

about 144 litres/day. 

It 1'1Ust be pointed out that about a thousand ~ther private wells are active in the city of Damascus 

for various purposes. 

In the upper rural area of the Barada river basin there are 14 villages and towns, and about 200,000 

inhabitants. In particular in the Ghouta plain there are about 500,000 inhabitants. In the rural area the 

available quantity of water per inhabitant is 125 litres/day. 

The total annual volume of water for the whole rural area is therefore of about 32 millions mJ, and 

for the plain about 22 millions mJ. Almost all this volume, corresponding to a total mean discharge 

of about I m3/s, is obtained by pumping wells. 
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It is interesting to remark that the population served by the water supply systems is at present 

growing at an annual rate of about 5%, and therefore corresponding should be the water 

requirement. 

For the next years an increasing utilisation of the water resources for water supply purpose can be 

easily foreseen. An in~ng volume of waste water will be therefore delivered to the Barada river 

and to the derived canals, and in these courses the volume of natural water "ill be less and less. 

More and more frequent the days will be with natural discharge zero. 

4.4. Sewerage. 

The ratio between the mean discharge of the sewerage and the mean discharge of the aqueduct is 

0.8, and so at present the mean discharge of the sewerage can vary from 6 m3/s to 7.6 mJ/s, that is 

roughly from 190 millions m3/year and 240 millions m3/year. 

The sewerage is of mixed type, and can pour waste water everywhere along the canals and the 

Barada river. 

There are 72 main pouring points and a very high number of secondary pouring points. 

Considering that in dry periods the discharge in the Barada river or in the derived canals may be 

zero, it is possible to sup;>ose that sometimes the sewerage discharge only constitutes the discharge 

of these courses. 

This is what can happen in the reaches of the Barada river and Dayani canal, which flow on the limit 

of the Zablatani industrial area. 

In the future the already built rollector about 20 km long will collect and transport by gravity from 

Ain T erma all the waste water to the treatment plant of Adra, at present in course of construction. 

The treated water will come back to the Ghouta plain, and it will be necessary to utilise it for the 

irrigation and for the recharge of the groundwater. 

According to the Deputy Director of Directorate of Irrigation and Water Resources, from Adra four 

lined canals, from 11. 1 km to 15 km long and roughly following the contour lines, will convey the 

treated water by g~avity westwards (See figure 15). Four pumping stations are also foreseen for 

morphological reasons. From the lined canals the water will be derived to a large number of earth 

canals and utilised for the irrigation. 
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The whole municipal drainage and treatment system has been designed on the basis of the following 

parameters: 

- Dry weather discharge: mean 5.613 m3/s; max. 8.42 m3/s 

- Rain weather inflow at the MTP: 11.226 m3/s 

In the rural areas each village has its sewerage network, and the pouring lines come out without 

treatment to the nearest canal or to Barada river, where the water has always been derived for 

irriga!ion purposes. 

Anyhow, as previously said, the use of this surface water is now prevented. 

Recently the Ministry of Housing decided to make a plan fur the construction of treatment plants for 

villages and groups of villages. 

For the villages of the Ghouta plain situated near the collector to Adra it was decided to join their 

pouring lines to this collector in the next years. 

The available water resource in the Barada basin is now more and more utilised for water supply 

purpose, and this resource is so more and more transformed into waste water discharged in the 

Barada river and in the canals 

Without a treatment plant the ratio in these courses between polluted and natural water is 

increasingly higher, and in some peric.ds the flow can he constituted by waste water only. If it is 

considerr·d that the surface water is the most important recharger of the aquifer, and would be 

utilised for irrigation, it re~ults apparent the great utility of the treatment plant in Adra. 
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FIGURE 15-SCHEME OF THE IRRIGATION CANALS DOWNSTREAM OF ADRA 
TREATMENT PlANT 

E E E 
E 

.¥ .JC .¥ 
.JC 

<i' CD .-, 0 

- N ri - -

i- -- -- e 
.¥ 

L Q 
? --- ---------····---·-·--------·------------··-·------- - . 

lliil c;fudio Trrnim Cherubini fr Associates Rome - Italy 



4.5. Conclusions. 

Keeping in mind what has been previously said, some consideratjons can be made, such as: 

- in the months between July and Februa.'Y the mean natural discharge of the Barada 

river at Hameh for the period 1984-1993 was 2.6 mJ/s; 

- in the Barada river and in the Dayani canal near the Zablatani industrial area the 

natural daily discharge can t-e zero at present and in the ~l.iture with increasing 

probability. In these days the only possible discharge is the waste water discharge; 

- when the treatment plant in Adr:i will be operating and all the W2ste water will be 

conveyed there, the possibility exists for the bed of the Barada river and of the 

Dayani canal to be dry; 

- with the treatment plant in operation, a very high discharge will be absent in the 

water courses. The total <lischarge of thP. Damascus aqutduct wiH be !n a short 

time 8.6 m3/s during the wet months (7.5 m3/s from Ain El Fijeh and I. I m3/s 

from the Barada source), and 10.6 m3/s during the dry months (other 2 m3/s from 

the wells in the city). The waste water conveyed to Adra will range therefore 

approximately between 6.9 m3/s and 8.5 m3/s; 

- the high discharge conveyed to Adra is subtracted from the irrigation of the 

Ghouta plain, and it must come back to the Ghouta plain, close to the area of 

subtraction, or else the aquifer will lose its most important source of alimentation; 

- the total lack of the effluent of the Adra treatment plant for the Ghouta plain 

aquifer may happen if this effluent wm be released near the plant definitely or 

while waiting for the construction of the four designed lined irrigation canals 

departing from the plant. The release of the effluent near the plant must be 

absolutely excluded. From the figure I 0 it can be observe<! !1ow in Adra the water 

table has an elev~tion of about 590 m and the isophreatic lines range in the 

irrigated area between 660 m and 590. If released near Adra, the effluent can only 

go uselessly to the Aateibe lake; 
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- in the future ii wiU be necessary to monitor c-ontinu\.)usly the aquifer in order to 

check a possible loweri:ig of the water table and the condition of the pollution: 

- it mu~t be pointed out that the aquifer is now utilised in the Ghouta plain both for 

the irrigation and for the water supply of about 500,000 inhabitants. 
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5. PUBLIC HEAL m IN ZARLA TANI AND SURROUNDING RURAL AREAS. 

The overall ob~rvations of the health situation and particularly of the rural areas served by the rivers 

which pass through the industrial area having collected the water-borne refuse of the city of 

Damascus, derive from contacts, official and unofficial, with representatives of the sanitary Authority 

of the Health Ministry, doctors from the public health service. In addition they arise from official 

documents and, in particular those provided by the Health Service of the Suburbs of Damascus, and 

also from confidential information from doctors in the rural areas. 

Unfortunately, there is very little documentation, so that very many infectious diseases escape official 

epidemiological notice, as the doctors do not report them, particularly family and private doctors. 

The records which do exist refer in the most pan to serious illnesses which require hospitalisation. 

All the following observations derive therefore both from what CHS. observed in the field and from 

what up to date medical science knows about the health situation in which Damascus and its 

surrounding areas finds itself 

From an inquiry into the most widespread diseases reported in Syria and in the town of Damascus, 

conducted by some Er.glish engineers during the years 1972-1976, it results that the must common 

diseases were, besides cholera, typhoid fever, poliomyelitis, viral hepatitis and dysentery. This was, 

having been carried out by a non-medical team, an extremely limited account, taken from statistical 

annual reports of the Ministry of health which, unfortunately, as noted before, are, even today, 

partial, fragmentary and incomplete. Because of this, infectio1Js diseases in the urban and rural areas 

are obviously epidemiologically underestimated, even if everybody interviewed is convinced that the 

reality is much more serious than the official figures demonstrate. 

This certainty deriv~s in particular from today's high density of population, which has almost tripled 

since 1977, and from the scanty volume of water in the rivers which receive both the sewage waste 

from the town and indusr.riaJ emissions. The industries, like the population, have grown in number, 

size and productive capacity. Therefore, despite the Health .\uthority's commendable efforts to 

promote campaigns for the spread of hygiene regulations to limit the risks of infec:ious diseases in 

the population, and to carry out periodical checks on the river waters. the;e still exist serio"c; dangers 

of the spread of diseases of various nature and origin. In fact, the present reality lead:; one to believe 

that in the river:; which pass through Damascus, but particularly those which collect the industrial 
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waste of Zablatani, there is present in notable quantities biological organic pollutants (bacteria, 

spores, fungi, \irus, parasites), organic material (blood. gelatines. remains of decomposing animals), 

inorganic pollutants (metals. mineral dusts), chemical pollutants (salts. solvents. acids. bases). 

This unquestionably explains the high risks of human contagion of varying types and intensity. From 

personal sources and from facts emerging from documents with ware provided to CHS .. there is 

evidence of a high number of cases of diarrhof'.a and dysentery (amebic, bacillary. shigella, 

parathyphoid) as well as influenza, especially in the winter season. There are very frequent cases, 

particularly in the rural areas. of viral hepatitis A and B, brucellosis. jaoundice. The cases of 

salmcnellosis are less frequent and those of ~holeric diarrho~ rare (and anyway less frequent after 

August 1993). Because of the geographical situation the cases of malaria by anopheles and 

pulmonary TBC carried by import skin or bovine meat are extremely rare. 

There are numerous cases of renal sand chemically constituted of calcium salt in children 

(presumably connected with the use of very hard water) and of anaemia in children and pregnant 

women. 

CHS. received from the Health Service of the Suburbs of Damascus and from the local public health 

workers documentation concerning infectious diseases reported in the extra-urban villages of Kiswe, 

Jarmana, Zamalka, Douma, Zakie. Harasta, Sabka, Canakir. Deratie, Neblr:. Hegireswed, Eltil, 

Katana, Sabora, Kutsia, Daria, Jabadin, Kataifa, Sahnaya, Modinie, Artoz (see the attached table 20). 

In these villages 52,000 people live, 50% of whom work in agriculture and 500/o in small local 

industries. 

Th-.: large numerical discrepancies in the official data between 1993 and the first 5 months of 1994 de 

not necessarily mean that the present health situatio11 is considerably worse but rather that there has 

been a grrater effort on the part of the health authorities to deal with the problems. 

It is certain, however, from this p31tial data and from unofficial information that the number of cases 

of infectious diseases, above all those connected with water, are undoubtedly underestimated, and 

that the health situation is more s!rious than shown by the official data. This is particularly so bearing 

in mind that this data refers to a rural population of 52,000 and that the population of Damascus is 

now more chan 4 million. 
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The river water, much of which is used more or less illegally to irrigate the fields under cultivation, is 

cettainly highly polluted. Even if the seriousness of the pollution can only be confirmed scientifically 

by careful bacteriological, chemical, toxicological, etc., investigations,. an indirect proof is offered by 

the fact that the authorities have prolul>ited the cultivation and eating of green leaf vegetables. 

Apart from other possible pollutants such as metals, chemical products, minerals, biological derivants 

(bacteria, virus, parasites, etc.) deriving from the industrial area, from the river water and from the 

poSStole consequent pollution of the water-bed, wells, irrigation canals, the soil, etc., the urban and 

rural populations can also suffer from various diseases. 

Some of these diseases of viral origin. such as poliomyelitis which is very rare today, those caused by 

coxsachie, adenovirus, rheovirus, echovirus and epidemic hepatitis are transmitted orally by 

vegetables, fruit, uncooked food, polluted by water contaminated by human or animal faeces. 

The bacterial such as typho-paratyphoid fe\·er and salmonellosis, bacillary dysentery, cholera, 

enteritis, enterocolitis caused by pseudomonas and escherichia coli are also transmitted by mouth and 

strictly connected to the assumption of polluted water, fruit or vegetables. 

Brucellosis can be contracted both cutaneously and through the mucou~ •nembranes of animal, 

tetanus which is found in sheeps intestine can be introduced through wounds infected by spores 

deposited on the ground in the faeces. 

Leishmaniasis is transmitted to man by sting of a phlebotome which lives in warm dump environment 

while leptospirosis is transmitted through the urine of rodents and dogs, seen in large numbers near 

authorised and unauthorised dumps, immediately next to water courses, through cutis, mucous 

membrane or ir. an endemic way caused by the ~ntact with marshy or infectious water courses. 

Fungi infections (such as candidiasis), dermatopathies (such as those caused by Dermatophagoides), 

and epidermophitons are possibly carried by water and are therefore ubiquita.ian. 

Amoebic dysentery, giardiasi, balantidium choli dysentery are connected to the presence of 

unicellular protozoa in water and therefore contracted by mouth. 
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The common intestinal parassitosis as the ones due to oxyuries, ascarididae, whip worms, taenia are 

transmitted by mouth as well and carried by infected water or food. 

Even if comparative epidemiological studies have not been carried out on the effect of infective, 

parasitic diseases or transmitted by animals in the civilian population originated by infected water of 

area of Zablatani and the other areas of Damascus city, on the basis of actual knowledge can be 

certainly admitted that some diseases found in the population referred above, have been caused by 

water pollution produced particularly by slaughter houses, tanneries, glue factories etc., as referred in 

the chapter related to the environmental impact assessment. 

Unfortunately we do not have official and unofficial information about diseases contracted by the 

local popu!ation causej by pollutants corrjng from the industrial area such as le1d, chromium, carbon 

monoxide poisoning, bronchitis, pneumoconiosis etc .. 

Presumably, given the considerable amount of chemica~ substances unloaded into the sewers and 

through these, into the rivers, these diseases could be occurring now, but they are ignored or are 

confused with common illnesses. It is already known in fact that the majority of industrial toxics 

cause non-specific biological damage which are not easily identifiable in their provenance if the origin 

and seriousness of the polluting source is not known. To all this should be added the great impact on 

the atmospheric environment of the heavy motor traffic and particularly the very large lorries which 

use the roads through the industrial area ofZablatani. 

Particular attention should be paid moreover to the hygiene and safety in the wc,rk environment and 

to the care of workers' health by means of environmental improvement and the adoption of 

appropriate systems of individual prevention, which at present are very much lacking. These 

measures are necessary to prevent acddents and work related illness, and because of the danger to 

the local population, in particular the families of the workers, by means of passive transmission of 

pollutants from the work environment. 

In cQnclusion since the expectt.".d annual grow of the Damascus and Rural population is more t1'.an 

5% and because of industria1 increase, in a few years the sanitary situation could become drasm~.tic. 

This if no water purifying plants and severe controls of public. and industrial hygiene will be 

introduced. 
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DETAILED REPORT 

PART II 

ZABI .. AT ANI INDUSTRIES 

TH'1~lR IMPACT AND TECHNICAL SOLUTIONS 



6. INVENTORY 

The team analysed into details the present situation .:>f the activities located into ZIA. TL, CHS, and 

PHE visited all existing activities to evaluate the present pollution problems and obtained data about 

the pollutants emanating from non-tanneries. In the meantime 150 private tanneries and 4 public 

tanneries were investigated by SC I. 

Moreover, SBC I inspected 12 tanneries outside of ZIA, located in Ain T erma, which were also 

considered in the EIA. Ain T erma area is marked in the figure I 

During the investigation, it was proved that in Ain T erma, outside the area inspected, there are about 

20 other limestone cutting factories that discharge high quantities of carbonates. We suggest that the 

same preventive measures as for Zablatani limestone cutting be adopted also for these facilities. 

Actually the total number of activities reckoneJ with in the area have been 299, including two glue 

factories located in Ain Terma, five factories out of or-Jer (four glue factories and one public velvet 

factory), and six clothing factories under construction. 

The data from one military slaughter house are restricted, therefore we assumed, only for calculation, 

the same ones as for the public sheep slaughter house, but it is possible that they do not respond to 

the truth. 

All the activities are listed in the following table 21. which also indicates: 

- one map code, responding to the location in figure 16. 
- number of workers, as counted in the field or referred by factory managers. 
- one activity code, whose meaning is: 

CRM: 
CBM: 
LMC: 
SLH: 
BPP: 
SAW: 
LIP: 
CMM: 
MSH: 

car repair and maintenance. 
concrete brick and sewers moulders. 
limestone cutting and/or polishing. 
public and private slaughter houses. 
tannery and/or SHL by-products processing. 
saw mills. 
activities with relevant land impact. 
commercial activities. 
varioul' activities. 
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Table 21 List of ZIA industries 

MAP ACTIVIIT ACTIVITIES WORKERS 
CODE CODE 

I MSC GRAIN GRINDING 2 
2 MSC WEAVING lO 
3 MSC IRON SMITH 2 

"' C~1M BRICK SHOP 3 
5 MSC WEAVING 5 
6 MSC ALUMINll 1'.1 DOORS AND WINDOWS FACTORY 3 
7 MSC STO\ "'E FACTORY "' 8 SAW SAWMILL 6 
9 SAW SAWMILL 12 
lO LMC LIMESTONt: POLISHING 12 
II CMM SHOP 2 
12 CMM SHOP 2 
13 MSC IRON SMITH .J 
l.J MSC GAS BOTTLE FACTORY 6 
15 CMM BRICK SHOP 3 
16 CMM BRICK SHOP 5 
17 CMM BRICK SHOP 4 
18 MSC ICE FACTORY 12 
19 MSC MARBLE LAPPING MACHINES F <\CTORY 5 
w C\1M ICE SHOP l 
21 CMM BRICK SHOP 2 
22 LMC LIMESTONE POLISHING 9 
23 LMC Lll\IESTONE CUITING 8 
2.J CMM TIRES SHOP 3 
25 MSC GLASS REINFORCED PLASTICS MOULDING 5 

26-103 CRM CAR REPAIR AREA tN°78 FIRMS) 350 
10.J MSC GLASS REINFORCED PLASTICS MOULDING 2 

105-l.J6 CR.\1 CAR REPAIR AREA (N°.J2 FIRMS) 180 
147 MSC PUBLIC VELVET FACTORY (OUT OF ORDER) 0 
I.JS SLH PRIVATE POUL TRY SLAUGHTER HOUSE 20 
l.J9 CBM CONCRETE BRICK AND SEWERS MOULDER 6 

150-161 LMC N° 12 Lil.\IESTONE POLISHING 50 
162 LIP SCRAPS-IRON DUMPING 0 
163 UP SOLID WASTE DUMPING 0 

16.J-167 SAW N° .i SAW MILLS 30 
168 LMC LIMESTONE POLISHING 5 

169-175 LIP N° 1 SCRAPS-IRON RECOVERY 32 
176 CMM MACHINERY STORAGE 0 
177 SAW SAWMILL .J 

178-179 MSC N°1 MOULD FACTORY IO 
180 MSC FURNITURE FACTORY 8 
181 MSC DRUM FACTORY 5 
182 MSC IRON SMITH 3 
183 LIP OPEN SHEEP MARKET & SLAUGHTER HOUSE AREA .JO 
18.J LIP BRICK OPEN STORAGE AREA () 

!85-186 CMM N° 2 SHOPS 5 
187 CMM STOCK YARD 0 
188 CMM MARBLE SHOP 2 
189 MSC MECHANICAL 2 
190 CMM MARBLE SHOP 2 

191-193 CMM N°J SHOPS 6 
19.J SAW SAW MILL 3 
195 MSC ALUMINIUM DOORS AND WINDO'.VS FACTORY .J 

196 MSC IRON SMITH 3 
197-200 CBM N° .i CONCRETE BRICK AND SEWERS MOULDERS l5 

20 I (]jIJ LMC LIMESTONE POLISHING 6 
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202-215 CBM N° 1-1 CONCRETE BRJCK AND SEWERS MOULDERS S5 
216 SLH PUBLIC POUL TRY SLAUGHTER HOUSE )0 

217-2:!2 MSC N°6 BUILDINGS FOR CLOTHl!':G F. UNDER CO~STRlJCTION 0 
22?-257 MSC N° 35 CLOTill'l':G FACTORY 280 

258 CMM BA TII FITTINGS STORAGE 15 
25'> CM~I TRUCK COl\.1PANY 50 

260-266 Cl\.t\1 N°7BAKERY 30 
267 SLH PUBLIC SHEEP SLAUGHTER HOUSE 150 
268 BPP LIVE-STOCK FEED FACTORY 15 
269 SLH MILITARY SLAUGHTER HOUSE 150 
270 LMC Ll~tESTONE (. UTTING 12 
2il CMM TOBACCO WHOLESALER 10 
272 CMM STOCK YARD 0 
27) CBM CONCRETE BRICK AND SEWERS MOULDER 7 
27.J CMM FRUIT COLD STORE 7 
275 CMM CHEMICALS SHOP .J 
276 LIP TANNERY SOLID WASTES COLLECTION 5 
277 SLH PRIVATE POUL TRY SLAUGHTER HOUSE 20 
178 CMM SHOP 2 
279 MSC WORKSHOP .J 
:so LMC LIMESTONE POLISHING 7 
281 LMC LIMESTONE POLISHING 5 
282 CBM CONCRETE BRICK AND SEWERS MOULDER .J 
283 LMC Ll~tESTONE CUTTING 5 
28.J MSC WORKSHOP 3 
285 LMC LIMESTONE POLISHING 6 

28<'-287 BPP N° 2 MEAT PROCESSING 8 
288 BPP GUT FACTORY .J 

289-297 BPP N° 9 GLUE FACTORY (.J OUT OF ORDER) 16 
298-299 BPP N° 2 GLUE FACTORY (AIN TERMA) 8 

TOTAL 1.885 

The summary. according to the different categories of activities is: 

M.C. 

CRM 
MSC 
SLH 

CMM 
CBM 
LMC 
LIP 

SAW 
BPP 
TNR 

Table 22 Summary of ZIA industries 

ACTIVITIES 

CAR REPAIR AND MAINTENANCE 
VARIOUS ACTI\1TIES 
SLAUGHTER HOUSES 
COMMERCIAL ACTl\1T!ES 
CONCRETE BRICK AND SEWERS MOULDER 
LIMESTONE POLISHING OR CUTTING 
LAND l!\1PACT ACTIVITIES 
SAWMILL 
TANNERY AND/OR S. HOVSES BY PROD PROCESSING 
TANNERY 

Xr OF 
FIR~IS 

120 
6.J (I) 

WORKERS 

530 
382 

5 3i0 
32 158 
21 137 
22 I25 
12 77 
8 55 
15 (2) 5I 

I6.J (3) 1.075 
TOT AL 299 2. 960 

Remarks: (I) one out of order. six under construction. (2) four out of order. (3) inventored by SC J 
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1. ENVIRONMENTAL IMPACT ASSESSl\fENT AND INDUSTRIAL HYGIENE. 

The following schedules contains. for each main category of industries. the most likely discomforts 

and diseases, and at the same time suggest preventive and/ or remedial measures. 

7. I. Slaughter Houses 

7.1.1. Public Sheep Slaughter House 

The workforce at the slaughter house consists of 150 people. Slaughter takes place between 7.00 

p.m. and 12.00 midnight and an average of 2-5 thousand animals a day are slaughtered. The 

opera ion takes place on two floors. 

The animals to be sacrificed. without any pre treatment (washing. disinfestation, etc.) arrive on the 

upper floor by way of a corridor in single file, and are then weighed on hooks attached by a posterior 

hoof to a moving track on the ceiling, and they move slowly towards the area where their threats are 

cut so as to cause death by bleeding. The blood mixed with water to the amount of 1/3 runs directly 

into the sewerage system (on average IO tons a day). 

Proceeding via successive stations the animals are eviscerated and the selected contents (heart, liver. 

etc.) fall through appropriate openings in the floor and are collected on the lower level in 

differentiated containers. At the end, the animal is skinned and the skin, also collected on the lower 

floor, is sent to the tanneries. 

The hoofed part of the foot is cut from the rest of the body and the body is sent in part to be 

refrigerated for later sale and in part to be frozen. 

The small intestine is sent to gut factories for musical instruments; the hooves to animal food 

factories for further treatment. 

IMPACT ON THE WATER :This is represented both by organic material (above all blood which in 

itself constitutes a vehicle for infection by micro-organi::>ms (bacteria, virus. fungi) present both in 

biological material deriving from the animals (urine. faece~) and on the fur. hooves etc. and by 
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macrorganisms (helminths, nematode) w!tic~ tlow directly into the sewers with the waste washing 

water. 

IM!>ACT ON THE AIR: This is practically non-existent as chemical substances and other volatile 

products are not used. 

IMP ACT ON THE SOIL: This is modest and is connected prevalently with animal residuum (hairs, 

parts of the carcass. clumps of fur, etc.) or their excretions (faeces, urine). 

PREVENTATIVE MEASURES: I) Remove the most contaminated parts of the animal during the 

processing (hairs, hooves, intestines etc.). 2) Alternate moments of cleaning the floor and the 

utensils. 3) Replace workers protective clothing for every shift (overalls, gloves, etc.). 4) Talce care 

that air and water flow go in the opposite direction from the animals, or from the cleanest to the least 

clean and not vice versa. 5) Where possible collect or destroy the blood which, as has been noted. in 

addition to being a possible carrier of infection from the animals, is an excellent culture ground for 

the growth and reproduction of several micr.:>-organisms and which, flowing directly into the sewers 

can contribute to the amount of infectious material present in the environment. 6) Pay attention to 

the cleaning, disinfection and maintenance of the plants. 7) Provide periodic rodent control. Rats are 

the carriers of many diseases for man. 

7.1.2. Poultry Slaughter House 

There are one public slaughter houses and two private slaughter houses. 

In the public slaughter house the~e are 30 workers and a maximum 8,000 animals a day are 

sacrificed, coming from breeders in the surrounds of Damascus. 

The blood of the animals sacrificed. mixed with water, runs directly into the sewerage system 

After they have been showered the feet are removed and they are eviscerated, and then some are sent 

to market and some are refrigerated or frozen. Most of the operation is carried out automatically by 

machine. 
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Once the various phases of the work are finished the work areas are washed and tfisinfected with 

formaldehyde. 

In the private slaughter houses there is a total of 40 people working. In one of these there a:-e rooms 

where the chickens stay until they are s:icrificed. 

IMP ACT ON THE WATER: I) Direct transfer intC\ the sewers of bacteria and parasites present in 

the animals feathers by means of the waste washing water ~sed for plucking and showering; 2) 

growth in the amount of infectious material present in the environment due to the direct flow of the 

animals blood into the sewers; 3) the entry into the urban sewers of the remains of the disinfection of 

the floors and, for the private s?aughter hcuse which has the rooms where the animals stay, their 

excretions during the c!eansing operations 

IMP ACT ON THE AIR: Nothing for the public slaughter house where good h~'gienic measures have 

been adopted. Pcssible but modest for the pnvate slaugnter house with accommodation for the 

chickens (dispersion of feathers with parasites, powder deriving from contaminated dried 

excrement). 

IMPACT ON THE SOIL: Mod~st for the private slaughter houses and deriving from excrement, 

feathers, i·emains of decomposing interior organs. etc. ~.r<'thing for th~ r-ublic slaughter house. 

PREVENTATIVE l\iEASURES: These should pertain in particular to th~ private slaughter houses. 

where supervision should be carried out of environme11t3l and work hygiene rules. 

7.:. 'ly products processing 

7.2.1. Livt ·stock feed factory 

The work takes place in a two-5torey building situated inside the public sheet slaughter area. 

The work cycle consi:,ts of drying the bone:-i or other di~carded parts of the animals which cannot be 

used commercially. These come partly frr the public slaughter house, but mostly are brought from 

outside in lorries. The last part of the process consists of grinding the materi2.I. Bones and other 
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material are dried in c;,:,nta.iners on the upper floor by means of the r...!at produced on the ground floor 

lly boi!er~ and then ground into animaJ feed. 

IMPACT ON THE WATER: The Ahsolute lack of any rules {lf hygiene means that all types of 

rnbbish are emptied into tl1e sewage systefTI_ both solid ( smail ~emains Cof animals in the early stages 

of put;·efaction) and bacteria?. "iral and mycotic elements. etc. 

Il\.f.PACT ON THE AIR: As a consequence of the direct discharge. imo the atmosphere of the smoke 

from the bur.ting of bones and other animal parts. the.re is a ba~ srneH whi.:h justifi~ the cQmplaints 

of the inhabitants of the area immediately surrounding the 9lant. 

IMPACT ON THE SOIL: There are numerous fragments of organic materi!!! left on the- grom'!d 

during the transport and/or the unloading of animal parts to be treated. which, in the heat. tena to 

dec0mpose rapidly, constituting a vehicle for many infectious elements. 

PREVENTA TfVE MEASURES: Pay attention to the cleansing of the work er.vironmcnt and 

pa11icularly pro,ide for its disinfection and for the accurate cleaning and disinfectio:i of the open 

work areas, removing organic material. Channel into the atmosphere through high chimneys, 

containing filters. the fumes from the drybg of the organic material, so as to dilute them in the air 

3.nd so ~iiminate tne arrival of bad smells in the surrounding area. 

7 .2.2. Glu~ fat:tory 

These are small factories producing ::mimal yiue haseJ on gelatine obtaifled by extraction with hot 

water of a mixture of soluble proteins derived from the remains of ~kin and animal bones. 

Gelatine obtained in this way is laid out on spcrially designed frames and solidifies by drying in the 

sun. The worken: use r.o protective clothing. 

IMPACT ON THE WATER: Increase in the fluvial bacteria by means of the entry into the sewage 

system of :-efi.Jse water, which may be polluted by bacteria and virus. Animal geiatine in fact 

represents an excellent breeding ground for many pathogenic germs (so much so that in bacteriology 

it is used as 1 culture for the d~velopment of various species of bacteriological flora) for example 
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!Jacter!a type Achromobacter. Bacillus like Subtilis. Micrococcus Roseus. Staphylococc-Js Aureus. 

lMPACT ON TtlE AIR: This derives from the process of putrt:faction. rr::>m mould. etc., which can 

tJeve.Jop from remains of skin and rone left to dry in rhe StJn before the extraction by heat of the 

gelatine. operations which take !)lace in the winter 

IMPACT ON THE SOIL: Bacte1ial and rodent con~amination of the residual skin. left to dry in 

heaps in the sun before being treated to extract the gelarine. It should be remembered that rodents 

also by means of their excretions left on the soil can be possible vehicles of infection. 

PREVENTATIVE MEASURES: Periodical rodent control. 

7.2.3. Gut factory 

The operation consists essentially of the manual emptying of the alimentary contents of the animal's 

small intestine. This is emptied directly into a big tank fed with running water. The water and its 

contents is then emptied directly into the sewage system. The operation is carried out with bare 

hands. 

IMP ACT ON THE WATER: Introduction into waste water of pathogenic bacteria, nematode and 

helminths, with a modest increase in the bacterial and parasitic flora of the sewage. 

IMP ACT ON THE AIR: Nothing. The operation is carried out in a damp 3tmosphere. 

IMPACT ON THE SOIL: Modest and caused by the unloading of solid refuse. 

PREVENTATIVE MEASURES: Provide for the periodic disinfection of the tank with chlorine. 

7.3. Concrete brick and sewers moulders 

There are 2 I in total concentrated in a fairly limited area and employing i 3 7 workers. 
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The main materials consist of cement. sand. chalk and grav.!I which are collected in piles "Without any 

protection against the climatic elements (\\'ind and rain). in the same way as the finished goods ready 

for sale. 

The work process (production of cement pipes, oricks and tiles, etc.) is carried out manually in the 

open air. pouring into appropriate moulds a paste made of the various materials and water depending 

on the goods to be manufactured. 

There ar~ no \\"ind barriers. despite the very strong winds in this area. to protect the materials in use. 

IMP ACT ON THE WATER: Nothing, as water is used to make the paste. 

IMPACT ON THE AIR: Caused by the various powders which, carried by the strong wind which 

blows in this area, reach the houses located immediately behind these factories. Their inhalation by 

the local population represents :i real danger of contracting respiratory illnesses. It should be borne in 

mind that the force of the wind can carry the lightest dust {that is. the most dangerous because it can 

be inhaled directly and reach the deep lung) a long way from the industrial area. 

IMPACT ON THE SOIL: Practici:lly nothing. 

PREVENTATIVE MEASURES: Bearing in mind the danger of the powders in question and their 

capacity to cause respiratory diseases, it is necessary that the piles of primary material should be 

enclosed with anti wind barri~rs or covered \\1th plastic sheP.ts, at least when work is finished. 

7.4. Limestone cutting and polishing 

In the industrial area of Zablatani thP.re are 3 companies which cut limestone and 19 companies who 

work it. The cutting of large pieces takes place in the open, under a continuous jet of water which 

both cools the blade and removes the dust which is produced, with saws of a ~uitable size and 

strength foa· the stone to be cut. The water, mixed with lime dust, runs directly into the river. For the 

operations of polishing rough shapes from slabs of marble, water is collected and recycled using 

small decanting bowls. The finishing of the pieces is carried out in the open with a angle grinder and 

this operation produces a great quantity of dust. 
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IMPACT ON THE WATER: This invo:ves. particularly for the factories which ctt the large 

limestone. the direct introduction of finely ground lime into the water coufS'!S and its consequent 

dispersal at great distanc~ from the polluting factory. 

UvfPACT ON THE AIR: As the cutting takes place under a continuous jet of water and this runs 

directly into the river. the danger of air pollution and direct inhalation of dust is very reduced. This 

dust, however, can form from the dried residuum which is not swept into the river and so enters the 

atmosphere. 

A massive impact consequent upon the dispersion of the dust into the air is, on the other hand, 

present in the finishing operations which use the angle grinder, because this work ;s done dry and the 

dust, of which the granules are all small enough to be respired or inhaled, disperse directly into the 

environment and when carried by the wind can represent a danger of respiratory disease for the local 

population (broncopathies. pneumor>athies ). 

IMPACT ON THE SOIL: Nothing. 

PREVENTATIVE MEASURES: Use of methods which a!low the decanting of the lime material 

before the water enters the river. Provide fur the removal of the dust by aspiration at the work 

station during the finishing operation with the ang!e grinder, anci pay attention to the cleansing of the 

environment where the dust is produced. 

7.5. Car repair and maintenance 

In the industrial area there are situated, in two distinct adjoining areas. workshops for the repair of 

cars and lorries (engines and body work), and for maintenance (oil changes and lubrication of the 

mer.hanical parts, cleaning of carburators, radiators. etc ) 

One area comprises 78 workshops situated along the bank of the Dayani and Barada rivers Of these 

around 20 carry out the painting of body work. 

In the other area situated along the bank of the Dayani river, there ~re another 42 workshops. mostly 

carrying out repairs of engines and the maintenance of big lorries. The materials found in the 
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workshops are mechamc:il parts of ;!ngir.es. grease far the lubrication of n1cd1anical pans. oi!s 

(alreadv used or new) for the lubricaticn or piston~, brake oil. clutch oil. solvents for degreasing 

m>!ehanical pans. etc. The implements in use are ?W->se in rmrmal use for mechanical operations. The 

materials found in :he bOOy workshops comprise "'tro-cellulose varnishes. varnishes containing lead. 

in whi'h .1re present solvents. such as toluer e and xylcn. methvl-ethyl-keton. together- with colouring 

pigments. From the lat-el'.; it is not possible to k11(\w if bcru:ene is !)reseo~. This substance is 

prohibited in Europe becauSf:' it can ~ause leukaemia as weli as less severe anaemru. 

All the n:otor repair. mechanical part operations on the C3fS, and the painting work are earned O!.lt in 

an open emironment without any system for suckin£ aw3y th~ fine spray produced by the 

compressed air pistol. 

IMP ACT ON THE WATER: I ) Possible pollution of tht: rive:- wheo d•e w8.!;te oil. solvents. Wttste 

cleaning water. etc., are swept into the river; 2\ ~he pi~ments removed from body work with i.he 

mechanical emery polisher can fall inw the river and!rn spr~d cvP.r the su.Tounding land. as i:.an the 

dust from the filler used or. the body '..vork. being carried by the wm<! and possibly P''"'~iut:ng the 

water bed. 

IMPACT ON THE AIR: Dispersion and carrying ti· long distan~es by ~he ·AAnrl of soiv<..'flt vapours 

and atomised paint. 

IMPACT ON THE SOIL: The possible falling of atomised paint contaming lead rnd blown by the 

wind or.to the surrounding vegetation or into ~he river. with entry into the food chain if animals 

nonnallv use;:! in human alimentation eat the vegetation or drink the river water. Carrying by the 

wind onto the ground and surrounding vegetat:on of filler and paint finely ground by the angle 

~rinder and polisher used to re;nove \he body work paint (some paints also r.ontain lead). 

PP~VENTA TIVE MEASURES: Collect grease, used oil, solvents, diny washing water in 

appropriate containers to send to dumps or for recycling. Carry out all the operations of paint 

removal and painting in closed environments. provided with aspirators and dust and paint spray 

filters. 
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7.6. A«ivitiH "·ith relevant land impact 

In the industrial zone of Zablatani there are some areas where scrap metal of all types and solid urban 

waste are deposited. one open sheep and goat market and slaughter-house and an area where tannery 

solid wastes are collected. 

This situation cenainly causes emironmental risks: 

7.6.l. Sc:np metal dumping 

IMPACT ON THE SOIL AND WATER: caused by rust powder, iron products., paint lacquer and 

powdered resins from the atmosphere dispersed over the soil and in the w.11er. and also found at long 

distances from the dumps. 

7.6.2. Solid waste dumping 

IMPACT ON THE SOIL A.~TI WATER: this is imponant. and is caused by the dispersion in the 

environment of rubbish blown by the wind and moved by scavenging animals (cats and dogs, etc.) 

which search among the rnbbish for food; by the processes of putrefaction of organic material witn 

the consequent danger of infectious diseases; and by the increase in the number of rats which 

themselves are a possible source for the transmission of disease to man. 

IMPACT ON THE AIR: characterised by the :., .. ! smells ·::hich arise from the putrefaction of organi1.: 

material, increased by the high tempera~ures. 

7.6.J. Open shttp market an i s:aughter house aa·ea and tanneries' sol~d ll:astes collection 

IMPACT ON THE SOIL AND WATER: caused by the dispersion into tht: surrounding environment 

of ham;, dandruff, faeces, urine blood. skin. interior pans of the animals awaiting slaughter or 

a!ready slaughtered. or by decomposing of tanneries' solid wastes. 

IMPACT ON THE AIR: bad smell originating from animal excrement. 
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PREVENTATIVE MEASURES: Leachate from tanneries' solid wastes must be convoyed to 

sewerage. Referring to other activi!ies. the only preventative measure is the elimination both of the 

dumps and the sheep and goat market. or. where this is not possible. their remonl a long way off 

and their proper isolation from inhabiteG areas. 

7. 7. Other industrial activities 

Sorr~ minor indUSi.ries. except Gas Bottle Factory ilI1d Glass Reinforced Plastics Moulding. are not 

referred to in this pre-sent report because their impact on t!'te soil, water and air is extremely small or 

completely absent. Howewr the extent of tf'!e impact of tt.e individual in~ustries on the region can be 

seen in the $\Jmmarising table. 

7.7.1. Gas bottle factory 

The operations consist in welding the various components of t:ie gas bottle and are carried out in 

badly lit environments. made particularly cramped due to the high concentration of tht! work material 

and implements ~h:it are distributed around the work area without any order. The welding of the 

parts is carried out with an eleetric welder with electroc!es of basic and/or rutilic type, withcut any 

system for the removal of the \\elding fumes which invade the work atmosphere. 

ll\1P ACT ON THE WATER: Practicall1· non-existent. 

lMPACT ON THE AIR~ This is caused by carbon monoxide (CO) produced at the tip of the welding 

tool and dispersed into the environment, by the fumes, vapours or small drops. 1nd above ail by 

atm.:>spheric pollutants deriving from welded metals (iron, etc.) and from the corresponding oxides 

and from Cr, Mn. Hg, Cd, Be, As, Cu, Sb, Ni, Pb present in the coating of the electrodes. from .he 

czone (03 ) produced by the atmospheric oxygen by the ultraviolet radiation and by the nitrous 

vapours synthesised by atmospheric 02 and N2· 

IMPACT ON THE SOIL: Nothing 

PREVENTATIVE MEASURES: Aspiration of the fumes at the point of welding by means of hoods, 

vacuum tubes, etc.. and with elimination of dust by means uf filters. thermic, electrostatic 

precipitators, etc 
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1. 7 .2. Glass ninf on~ plastics moulding 

There are two small factories emplo~ing 7 workers in total. the work consists in t:te preparation of 

table tops or smal! parts of car l">ody W(\rk, layering wool glass fibre specictlly shaped moulds. These 

fibres are stuck together v.ith metil-ethil-keton peroxide (MEK) put int.:> the rr.ould with brushes or 

sponges. 

IMP ACT ON THE WATER: Very modest and represented essentially by the reriaias of wool glass 

fibre waste water from ·.vashing the moulds. etc. 

IMPACT ON THE A..'R: This catosed by fragments of wool glass .1bre ::arried away by the wind and 

bv MEI< peroxide, a cr"'."'!'.ical compoum:I with a low boiling point which th.;refoie evaporates easily 

par;: ularly because of the high emironmental teMperatme. The impact on rhc air is small due to the 

tiny number of fanories and the very low production. 

IMPACT ON rHE SOIL: As these operations are carried out in the open air, resideal traces of the 

wool glass fibres or of solid refuse, off:uts from the moulds, sprays of MEK peroxide etc can land 

on the soil. Also here the impact is small. for the rearons given above. 

PREVENTATIVE f\.fEASURES: I) positioni~g on the work benches of extractor hoods and filters 

for the MEK peroxide vapours and fragments of wool glass fibres; 2) the collection of the remains of 

chemical compounds to avoid the discharge of toxic waste. 

7.8. Tanneries 

We visited public and private tanneries with the aim of gaining an idea of the characteristics of the 

work in the various factories. 

The normal production cycle followed, given some exceptions because of small differences in usage 

and variations in the working environment (covered, panially covered, in the open), is more or less 

the same. Jn general there are variations in the size of :he plants, the amount of machinery and 
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numbers of workforce. the productive ca.pacity and cenain phases of working (as for example the 

use in some working phases of a tub instead of a dmm., the prevalence of skin dyeing with rods (by 

hand) rather than with compressed air pistols. and the way of tanning ("ith chrome. with tannins). 

IMPACT ON THE WATER: 1) Increase in salinity due to sodium chloride; 2) fncrease in the 

bacterial flora of the water caused by micro biological pollutants both of the ,;ra1 type (Pox-virus, 

Papova\irus, Rhinovirus) and of the bacterial type (Bacillus Antrac=s. Micobacterium, 

Staphylococcus. Pseudomonas, Clostridium. etc.), of the fungal type (Dennatophagoides, 

Aspergillus) and the protozoan type (Trypanosoma, Besnoitia), or by helminths (genus Filaria) 

deriving from hair, dandruff. animal skins. In fact the micro biological risk can be considered absent 

only after pickling. Some spores. like tetanus, are resistant to the very strong chemicals used in this 

operation; 3) Element!" prodJcing decomposition of organic material; 4) Acidification of the waters 

due to the introducti:>n ofwea~ acid (formic. lactic, etc.) and strong (sulphuric) 5) alcalinity of the 

water due to the introduction of base (lime. natrium hydroxide, natrium bicarbonate); 6) Introduction 

into the waters of large quantities of chrome and vegetable and/or synthetic tannins; 7) Introduction 

into the waste waters of sulphates (ammonium, sodium, etc.), of tryptic enzymes, dyes, sulphonated 

or synthetic oils, etc. 

IMP ACT ON THE AIR: 1) Production and development in the atmosphere of sulphur dioxide and 

hydrogen sulphide with a consequent bad smell; 2) In some working phases, according to the 

tanneries' chemist, tetrachloroethane. a volatile substance, belonging to class JA of the IARC, 

develops, inhalation of which can cause not only irritation of the respiratory pathways or hepatic 

damage. bur, according to some epidemiological studies, also causes cancerogenisis in man; 3) Acid 

vapours with possible damaging effects on the surrounding vegetation; 4) Dispersion by means of the 

atmosphere of aerosol paint used to colour skins. In addition, this operation is carried out with a 

spray gun directly in the environment without any system of vacuum removal. 

IMP ACT ON THE SOIL: On the whole these are indirect and connected to the movement into the 

soil, and possibly the water bed, of the chemical substances transponed by tlae water, particularly 

when this is used for irrigation purposes. 

PREVENT A.TIVE MEASURES: I) Channelling of the waste water from the drums and pits; 2) 

Good ventilation of the enclosed rooms and sucking away of the toxic vapours at the point of origin; 

llll1 Studw recmco ('hemhm1 & A .\'SOC/ates Romt• - lta~v 
1)1 



,..-------------------------------------- ---- ----------

3) Provide systems of vacuum removal during varnishing whether done wit?- a spray pistol or with 

rods. 

7.9. Summary of industries' environmental impact 

To allow a correct and exhaustive comprehension of the actual situation, one tab I~ and maps were 

developed, with the objective to present in a rational way the situation of the industrial area. 

Results have been quantified in order to emphasise the intensity of the impact upon water. air, soil, 

workers safety and health and public health and the consequent necessity and urgency to adapt the 

suggested preventjve measures. 

Evaluation results are listed in following table 23 as values ranging between 0-3. Higher values 

correspond to higher impact. 

The meaning is: 

0. No environmental impact; 
I. Low impact, no action is required; 
2. Relevant impact. Preventive actions are required; 
3 Very rel(; ,·ant impact. Urgent and drastic actions are required. 

Figures t 7, I 8, 19,20 and 2 I repon, in a chromatic scale, the values from the EIA tables. Stronger 

colours stress higher risks. 

Table 23 Summary of ZIA industries' impact 

Activity ACTIVITIES WATER AIR SOIL workers Public 
Code safety & Health 

health 

CRM CAR REPAIR AND MAINTENANCE 2 3 

CBM C:O'.llC:Rt:n: BRICK .\~D s•:wt:Rs \IOl'l.DERS 0 3 0 3 2 

LMC LIMESTONE CUTTING AND POLISHING 
LIMESTONE POLISHlNG I I 0 3 I 
LIMESTONE ClJTTING 2 0 0 3 0 

SLH SLAUGHTER HOUSE 
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PRIVATE POULTRY SLAUGHTER HOUSE 3 I ) 2 I 
PUBLIC POUL TRY SLAUGlffER HOUSE 2 0 0 I I 
PUBLIC SHEEP SLAUGHTER HOUSE 3 0 I 3 2 
PRIVATE POUL TRY SLAUGHTER HOUSE 3 0 0 I I 

BPP BY-PRODUCTS PROCESSING 
LIVE-STOCK FEED FACTORY 3 3 3 3 2 
MEAT PROCESSING 2 2 0 2 
GUT FACTORY 3 0 I 2 
GLUE FACTORY 2 3 2 I 

SAW SAWMILLS 0 0 2 

LIP LAND IMPACT 
SCRAPS-IRON DUMPING ) 0 2 2 0 

SOLID WASTE DUMPING I ) 2 2 0 
SCRAPS-IRON RECOVERY I I 2 2 0 
OPES SHEEP ~IARKET &: SL\l'GHTER HOl'SE AREA 3 2 3 2 3 
BRICK OPEN STORAGE AREA 0 3 0 I 2 
TANNERY SOLID WASTES COLLECTION 2 2 I 2 I 

MSC MISCELLANEA 
ALL~fr.\fl,''\f DOORS A.~D Wr.\00\\'S FACTORY 0 0 0 0 
CLOTIIING FACTORY 0 0 0 0 
DRUM FACTORY 0 0 0 0 
FURNITURE FACTORY 0 I 0 2 I 
GASBOTfLEFACTORY 0 2 0 3 0 
GLASS REINFORCED PLASTICS MOULDING I I I 3 0 
GRAIN GRINDING 0 0 0 0 0 
ICE FACTORY 0 0 0 I 0 
IRON SMITH I 0 0 I 0 
MARBLE LAPPING MACHINES FACTORY 0 0 0 1 0 
MOULD FACTORY 2 0 0 2 0 
STOVE FACTORY 0 1 0 1 0 

WEAVING 0 1 0 3 0 
WORKSHOP 0 0 0 I 0 

TNR TANNERIES 3 2 3 2 
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8 WASTE WATERS CHARACTERISTICS 

8.1. Non tanneries 

The categories of factories that extensively use process waters are as follows: 

- 5 Public and private slaughter-houses 
- 22 Limestone cutting or pohshing 
- 11 Tannery and/or S.H. by-products processing 

Only the Public Poultry S.H. (M.C. 216), the Public Sheep S.H. (M.C. 267). the Li\'estock Feed 

Factory (M.C. 268). the Military S.H. (:\f.C. 269) and I Limestone Cutting (M.C. 270~ they 

discharge in the t:ity sewer system. 

In addition to that, small quantities of waters come from cars and mechanical pans washing and are 

polluted by surfactants. oil. grease and heavy metals . 

For each category of industry, the following aspects have been evaluated 

- Quantity and quality of waste waters; 
- Water saving possibility; 
- Possibility of reducing po:Iution by modifications to the production cycle: 
- Pollution control measures. 

Data have been supplied by company managers 01, else, drawn upon personal experience. direct 

observation of actual situation. bibliographical references [8]. 

8.t.I. Slaughter-houses 

8. I I.! Characteri"tics of the wastes. 

Waste wtl;crs c-;~ poliJted by remarkable quamities of grease and gross material coming from 

S!O!"'!?ch coracnts. Organ;c load (measured as BOD5) is due in part to washing and rinsing during the 

s':wghtering process, and in pal1 from the blood. The average characteristics of such waters are 

shown by table: 
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Table 24 Slaughter houses· waste waters characteristics 

ORGANIC LOAD TOT AL 
FACTORY 

ANIMALS 
SLA 'JGHTEICD 

PER DAY 

FLOW 
RATE 

ORGANIC 
LOAD (BLOOD) 'JRGANIC LOAD 

meld (SL\l "GHTERI:-;G 
PROCESS) 

Kg. BOD51~ Kg. 60D~/d 

K~. BOD~id 
Put.lie sheep S.H 4.000(1) 300(3) 2,COQ(5) 1,200(7) 3,200 
Publicpoultr~·S.H. 8.000(1) 1600) 96(6) 56(8) 152 
Milira~ S.H. 300(2) 2,000(2) 1,200(2) 3.200(2) 
Pri,-arcpoult~ s.H. 4,0coO> so(4) 4g(6) 2s(8) 76 
Pri\·a1e r-oultry. S.H. 4,000(11 80(4) 4g(6) 28(8) 76 

TOTAL 920 4, 192 2,512 6. 704 
REMARKS:( I l Managers' statement. 12) Assumed data. (3» Calcr.lation made on a sample drawn from a well. (-1) 20 
L'animal f9f. (5) 500 gr. 8005/ani'llal 110!. (6) 12 gr. 8005/:mimal (II). (7) 3 I ofblood/aniw.al (8) 120 gr of 
blood/animal (I litre of blood= 100.000 mg. 8005) 

8.1 1.2. Wat er saving 

Public Poultry S.H. water consumption corresponds to the values usually accepted wnile for Sheep 

S.H. consumption seems to be quite low. A reduction of water usage can have negative 

consequences on working hygiene. therefore there are no possible saving. 

8.1.1.3. Reduction of pollution load 

30% of the pollution load can be reduced by collecting the blood in a tank placed rigl1t under the 

jugulating point 

8.1.1.4. Precautionary measures 

All slaughter-house waste waters should be sent to a treatment plant (CETP or MTP). Before 

discharging into the sewer, waters should be pre-treated in house with a coarse screen and a oil and 

grease pit to remove grcss material . 

8.1.2 Limestone cutting and/o!" polishing 

8.1.2.1. Characteristics of the wastes 

The factories use water for c0oling nnd lubricate machineries that cut or polish lir:1estones. Pollution 

is of ar. inorganic lype due to the removed cah.:ium carhonate The majority of the Limestnne:.~ 

(]llJ S111d10 fr,mco I 'ha11h1111 & A s.rnc1ate.1· Rom1: - !!uly 

....._ _________ _ 
----' -- _!____ ___ l___I _____ II I 

106 



polishing shops already recirculat~ \Vater and discharge it into ditches. from which it will partially 

evaporate or be absorbed by the soil. The Limestone-cutting factories do not recirculate water, 

discharging it, instead. into the river (two firms) or into the city sewer (one finn) 

Total flow is: 

Table 25 Limestone cutting waste waters characteristics 

FACTORY Nr. of fl.OW RATE TOTAL FLOW 
FACTORIES"' (mcJd each) RATE 

(me.Id) 
LIMESTONE-CUTTING " 250 meld (1) 750 meld ·' LIMESTONE-POLISHING 19 12 meld (I) 228 meld 

TOTAL 978 meld 
Remark: (I) capacity measured on the discharge of a representative finn 

It is pointed out that in the area of :\in T enna there are over 20 large limestpne cutting, in total 

discharging into the river Dayani thousands of cubic meters per day, causing serious pollution. In 

fact the white colour of the polluted waters can be no~i~ed for miles down stream. 

8.1.2.2. W :tt~r saving 

Limestone:; Polishing recirculate aJr~ady the waters, then no additional savings can be realisfr:ally 

sought after . 

Limestones-cutting. instead, can achieve relevant water saving by recirculating the waste waters . 

The water saving tan reach up to 90 percent, however accurate values can only be determined by 

experimental tests. 

8.1. 2.3. Reductfo:l of the pollution load. 

The pollution lo3d can be :;lightly reduced by modifying some productior1 teshnolt'gie:-.. but the 

obtainable results are not j:Jstified l::y the cost . 

3.1.2.4. Precautionary measures 

Waste waters can be d:.impcd into sewers after removal hy sedimentation of the suspended solids In 

case, imtead, of dumping th~m in~o the rivers, the treatment must include dari-tlo~cula:ion. 

!(17 
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8.1.3. Slaughter-houses and tannery b~- prod!1cts processing 

8.1.3.1. Characteristics of the wastes 

Factories that belong to this category produce a discharge polluted meanly by organic substance and 

by suspended or dissolved grease and oil. 

Characteristics of the discharges are recapitulated as shown in table 26: 

Table 26 By-products processing· s waste waters characteristics 

FACTORY Nr. of FLOW RATE ORGANIC LOAD TOT AL FLOW TOT AL ORGANIC 
FACTORIE (me.Id each) Kg. 8005/mc. (me.Id) LOAD 

s Kg. 8005/d 
Live-stock feed F. 1 20(1) o,6s(I) 20 13 
Glue factory. 7 20(2) 0,60(2) 140 84 
Meat processing 2 20(2) 2,00(3) 40 80 
Gut factory. ls(2) o.Jo(2) 18 5 

TOTAL 218 182 
REMARKS: (I) Per~o:ial experiences. - (2) Stated Yalues. -(3) Assumed 

8.1.3.2. Water saving 

It is difficult to expect a relevant reduction in water consumption since it might induce a loss of 

quality of the product. 

8.1.3.3. Reduction of pollution load 

Substantial reductions are not expe1.:ted. A tentative can be made in Glue factories by increasing the 

recovery of proteic fractions. 

8.1.3.4. Precautionary measures 

Al! discharges should be conveyed to a treatment plant (CETP or MTP). 

Industrial wasti:s should be submitted to in-house treatment for removing gross solids, oils and 

greases 
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8.2. Tanneries 

8.2.1. Characteristics of the wastts 

The SC l has carried out an accurate inquiry on 150 private tanneries (one of which !s out of order) 

located in the Z.I.A., 12 private tanneries are situated in Ain Tenna and -t Publi<.: ones (one of which 

is out of use). 

As a result the follm"ing flows and pollution loads have been roughly estimated though confirmation 

must come from detailed plant design. 

Table 27 Tanneries' equalised effluent rough waste waters charact€ristics 

PARAMETERS ~r.-1 \1AX. 

Daily flow (meld) 7,000 l l,000 

pH 6 IO 

BOD5 (mg/I) 1,200 I,5110 

COD (mg1l) 3,000 4,000 

SS (mg/I) 1.500 3.500 

SM (mg/I) .;o ~o 

+++ 
70 lOO Cr ( wg/I) 

Sf- (mg/I) iSO 200 

0. & G. (mg/I) 50 1,000 

er (mg/I) 1,600 2.280 

S04-- (mg/1) I.IOO l,475 

8.2.2. Water saving 

The SC J and the Leather Exp(!rt, Mr. Kuber, have analysed the working cycle of all tan11~ries and 

their advise ;s by far the most significative for determining the optimal choices for imµrovmg the 

tanning process adopted in Zablatani from both the productive and environmer.cal point of view. 
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On our side. our considerations are as follows. 

Damascus is located in a semi arid zone ( 200 mm yearly rainfall ) and the water balance of the 

underlying aquifer is already at the limit of depletion because of the increment of population and the 

growth of the economy, even more so should the peace process in the area proceed as we all expect 

Most of the tanneries do draw continuously water from the wells during all the working day. wasting 

to sewers good part of it. A relevant saving can be obtained by feeding the process through 

intermediate storage tanks, the level of which automatically regulates well pumping . 

Additional sa\ings could be stimulated by imposing the installation of sealed water-meters upon 

pump outlet pipes with relative ground water consumption tariff system . 

8.2.J. Reduction of the pollution load 

Since the conditions of the aquatic emironments are critical, maximum attention must be exerted 

towards reducing waste waters and solids. Precious results can be obtained by introducing the 

process modifications such as the introduction of "Clean Technologies" . Some of them, considered 

to be particularly effective in the specific situations are: 

- Rduce the discharge of chlorides preferring the purchase of fresh skins to the salted 
ones, using as much as possible manual cleaning for salt removal and re-using more 
than once. if possible, the picklir.g bath. 

- Reduce the discharge of sulphates by increasing the exhaustion of liming's baths and 
evaluating the cost-benefit and practicality of recovering the baths 

- Reduce the discharge of chrome, increasing the exhaustion of baths. 

- Replace the Kerosene/salt degreasing mixture with biodegradable surfactants. 

Nevertheless, it is well known by writers that, because tanners are very traditional in their process 

technology, suggestions of innovative procedures, though sound, can well be disregarded. 

To actually achieve the implementation of the clean procedures it is necessary. in our opinion, to 

develop locally a Leather Industry Excellence Centre also considering the experiences of the C.T.C. 

of Lyon or of the Leather Experimental Institute in Naples. 
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The Centre may perform the following functions: 

- Test new tanning technologies particularly those that can get better quality product, 
sa\ings of water and chemical products. 

- Tanneries should be prO\ided \\ith assistance to upgrade environmental and working 
conditions. 

- Establish training courses for young personnel 

- Analyse the quality of tanned products and auxiliary chemical analysis 

- Make research on national and international markets to indicate the most favourable 
conditions for the purchase of machines and raw materials or for the sale of finished 
products. 

This latter function can be very important to favour the establishment of a Commercial Sef\ ice for 

buying -selling, leading to a far superior contractual power compared to any single tanner alone. 

Still, we expect some tanners to be reluctant to share this son of services. but we do strongly 

recommend to give Sf'rious attention to the development of this spirit of co-operation and of 

industrial quality culture. since environmtntal restrictions can only be accepted 

I) If permitted by the level of the industrial gross margin. 

2) If supported by the general perception of the population, workers and industrialists 

This Institute could become a landmark for other countries in the Middle East ; it should be directed 

by expert tanners, open to updating by frequent interchanges with similar foreign centres and it 

should be assisted by qualified international experts. 

The Institute should have its own buildings. and, specifically, in addition to offices, conference 

rooms, and a library, it should be provided with: 

- A Lab for chemical analysis 

- A Lab for testing products 

- A Lab to test tanning cycles with pilot machineries 
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The final characteristics of the Institute could be determined by the Tanners Association with the 

assistance and the supervision of international organisations (e.g. UNIDO). 

8.2.4. Prttautionary mrasurn 

The factory precautionary measures depend by the characteristics of the net collection of the tannery 

discharges and the treatment plant. therefore, they will be indicated in the chapter relative to the 

CETP. 

8.3. Summary of thr waste characteristics 

In the table 28 shown below the average power values are summarised and the organic charge 

di\ided by category of factories for the discharge in the river or in the Public sewer: 

Table 28 Summary of ZIA industries' waste waters characteristics 

DISCHARGE FACTORY Nr. of TOTAL TOT AL ORGANIC 
FACTORIES FLOW(mc/d) LOAD 

(Kg. 8005/d) 
RIVER GLUE FACTORY 7 140 84 
RIVER MEAT PROCESSING 2 40 80 
RIVER GUT FACTORY I 18 18 
RIVER PRIVATE POULTRY S.H. 2 160 152 
RIVER LIMESTONE-CUTTING 2 500 0 

TOT NON TANNERIES 14 858 334 
RIVER TANNERIES 164 9,000 13,500 

TOT. RIVER DISCHARGE 178 9,858 13,834 

CITY SEWER LIVESTOCK-FEED F. I 20 1.:: 
CITY SEWER PUBLIC POUL TRY S.H. I 160 152 
CITY SE\\C:R PUBLIC SHEEP S. H I 300 3,200 
CITY SEWER MILITARY S.H. I 300 3,200 
CITY SEWER LIMESTONE-CUTTING I 250 0 

TOT. C. SEWER DISCHARGE 5 :,030 6,565 

GRAND TOTAL 183 10,888 • 20,399 
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The percentage of flow rates and of pollution loads relative to the non-tanaeries is marginal when 

compared to the pollution loads induced by tanneries and related industries. The ratio between the 

daily average flow is 858/9.000=9.5%. while the ratio of the average organic mass load is 

334/13.500=2.5%. 

Therefore. in the following ~onsiderations and calculations the values of the tannery discharges can 

be directly used with acceptable approximation. 

8.4. Possible waste waten' rruse. 

Agriculture is the major user of water and can accept lower quality water than domestic and 

industrial users. There will surely be a growing tel"ldency to look towards irrigated agriculture for 

solutions to the overall effluent disposal problem. 

Waste water contains impurities. careful consideration must be given to the possible long term 

effects on soils and plants from salinity. sodicity, nutrients and trace elements that occur naturally or 

are added during use or treatment. 

The reuse of sewage effluent for agricultural water re-;ources is an old concept but today the 

presence of industrial effluents. of degraded very polluted waters. of high microbial population is a 

limiting element for their reuse. 

The evaluation of waters for their suitability for irrigation is given in the chapter "agriculture". In the 

following is given the criteria to adopt for the evaluation of sewage-waters for irrigation. 

The following table indicates the minimum waste water characteristics and the minin.~I microbial 

cortamination required for irrigation 
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Table 29 Minimum waste water characteristics required for irrigation 

Reclaimed waste water primary secondary and secondary Median total 
applications effluent disinfected coagulated filtered coliform!' 100 

disinfected ml 
Crop irrigation: 

fodder crops x NR 
fiber x NR 
seed crops x NR 
eaten raw (surface irr.) x '? ., -.-
eaten raw (spray irr.) x ., ., .. , .. 
Processed prod.(spray) x 23 

Landscape irrigation: 

golf courses, freeways x 23 

parks, playgrounds x 2,2 

Recreational impoundments: 

No public contact x 23 

boating and fishing only x 2,2 

body contact (bathing) x 2,2 

Waste water destined to provide fertiliser and irrigation for the production of food and the 

restoration of greenery requires pre treatment to remove constituents that are toxic to crops or 

present a health hazard to man or beast. 

In the following tables it has been given the standard values recommended by the "Damascus 

Sewerage Project" for irrigation waters: 

Table 30 Standard for irrigation recommended by the Damascus sewerage project. 

Element maximum permissible level Element 

mg/I 

Al 5 As 

Cd 0.01 Cr 

Co 0.2 Cu 

Fe I Pb 

Mn 0.5 Ni 

Zn 2 

Source: Damascus Sewerage Project 
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maximum permissible level 

mg/I 

0.1 

1 

0.2 

5 

0.2 
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:md the standard limits for the presence of heavy metals in irrigation waters adopted by the Federal 

Water Pollution Control Administration ( 1968) and by Environmental Protection Agency. 

Table 31 Heavy metals: USA and Italian limits for irrigation. 

Element Sewage water Drainage water FWPC A limits EPA limits for Ital. limits ( I ) 

for irrigation irrigation 

Cadmium 0.01-0,07 0.0036 0.005 0.01 0.02 

Chromium 0.55-1.00 0.07-0.09 5 0.1 2 

Copper 0,45-0.64 0.074 0.2 0.2 0,1 

Zinc 1.00-1.30 0.183 0.5 

Remarks: (I) Follo\\ing the tab.A ofltalian Lawn. 319n6 

By comparing tables 30 and 31 it can be seen that the Syrian limits adopted for the irrigation waters 

are in accordance to the USA and Italian limits. 

Tannery effluents contain a low level of P, K, and Mg. Besides carbon, the predominant tenilising 

elements are Ca, Sulphur, Nitrogen and, in effluents, water. 

The Sulphur, in tannery waters, is in the form of sulphates and is therefore directly adsorbed but at 

the same time it may readily be leached owing to the solubility and the poor retention of SO.(- ion 

on colloids. 

The sulphite content of tannery wastes is minimal; it has to be limited as far as possible for its 

toxicity to crops. 

Among the fertilising elements contained in tannery wastes are ammonia compounds and nitrogen 

which seems to be, as SO"' -- ions, of greatest interest. Nitrates are practically absent. 

The chromium oxide has no effect on calcareous soils; the same for the most soluble chromium 

sulphate. 

The long-term behaviour of Chromium accumulated in surface horizons is not well known but it 

appears that the chromium given as liquid or solid fenilisers, at the normal rates of applicatior. h.l the 

soil, is unable to pollute the ground-waters [ 12) 
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In evaluating possible reuse of tanneries' effluents. we must consider that in the Ghouta area the ma:n 

problems for their utilisation are: 

I ) high water table 
2) high quantities of adopted irrigation water 
3) relatively high subsoil penneability useful for the ground water recharge but 

dangerc.us for ground water pollution 

In climatic and pedological situation almost similar to Syria the concentration of heavy metals that 

are able to pollute the ground-water is very low but not absent at least not in the situation of close 

contact between the drainage water and the water table. 

The evaluation is complicated by: 

i) the particular em-ironment existing in the Ghouta., 
ii) the techniques adopted to overcome the problems of the soil salinity (i.e. the 

adoption of new crop varieties), 
iii) the lost of fertility in relation to the decrease of the surface waters for irrigation 

(mainly for Nitrogen and Phosphorus content) 

In the Ghouta, and in particular in the study area, is recorded presence of: 

i) high water needs for crop production, 
ii) high water demand for ground water recharge 
ii) decreased quality of the ground water and surface waters. 

The abandoned utilisation of the surface waters in summer season for irrigation is directly correlated 

to an increase of the soil salinity because the ground-water appears to be not completely suitable for 

irrigation. 

In conclusion our opinion is that the waters released by tanneries, both if directly used as if treated 

up biological step, are in any case unsuitable for irrigation mainly due to the following reasons: 

I) the water quality is very poor and outside the limits of suitability adopted for 
irrigation waters relating to chlorides and sulphates. 

2) With the onset of the Adra treatment plant the rate of flows of all the canals ~ill be 
drastically reduced and will often drop to zero in the summer season, so that 
dilution rate will be very low just when the water demand for irrigation is at its 
maximum 

.\r11d10 fr:.n;w ('h<·ruhim-< A s.wc:1a:<·x Romt• - Italy 
I I 6 



3) In quantitative terms the wlume of waste water available for re-use by irrigated 
agriculture is negligible when compared with the overall volume of water used for 
irrigation The volumes of water released every day with a tlow of rate of 10.000 
mdday is sufficient to irrigate with intervals of I 0 days not more than .200-300 Ha 
(or 2.000-3.000 Donams) if the loss of water in the canals is kept under contro1 and 
if the natural water into the canals is enough to mix with the sewai?e water Vlrithout - -causing risks to health. 

4) There are also complex interactions of both surface and ground-waters with the 
soil and the crops. 

In conclusion, avoiding waste waters reuse. the current tenilisation power of the surface waters will 

be lost but. at the same time. \\ill be lost also any potential risk of chemical pollution of the soils by 

addition of pollutants. 

On our opinion it is possible to irrigate \\ith waste water, if necessary, only the external fields of the 

Ghouta plain close to desen where the ground water cannot return back 
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9. COMMON EFFLUENT TREATMENT PLANT (CETP) 

The first aspect that has been examined was the soundness of proposing a chemical-physical 

treatment of all the tannery and tannery -like wastes, then conveying the treated eflluent into the city 

main sewers collector, leading to the Adra urban sewage treatment plant. 

The answer is doubtless positive, for several reasons. 

In fact, it is not possible to continue to discharge the eflluent in the river because it will compromise 

even funher the quality of the water of the river and, since the interchanges of the river bed 

sediments with ground water. the quality of the soil will become deteriorated right while the 

Government is putting into practice politics for the overall improvement of environment and 

agriculture. 

According to the results of agricultural studies, in fact, irrigation with raw polluted water, althou5h 

potentially welcomed because of the arid climate, is not possible because o~ its high content of micro 

biological pollutants and salts. Because of the latter, actually, irrigation by tannery water, though 

chemical-physically or even biologically treated, is not recommendable, specially in the Zablatani

Ghouta situation where plants do already show cases of sufferance by excessive salinity . 

But even excluding the agricultural re-use, it is not possible to dump the raw sewage into the city 

sewage collector, leading to the treatment plant, because of the overload to the Adra MTP and 

because of the problems which would come from the release of hydrogen sulphide gases and 

subsequent hazard to workers and corrosion of concrete structures. As far as MTP overload is 

concerned, it comes from the relevant organic matter concentration of the ZIA raw wastes, measured 

as COD. In comparison with the design assumptions of the MTP, the ZIA organic load would cause 

an increase of 44 tons/day, or 20% above the estimated 200 tons/day design input, which, by 

themselves do already represent a relevant increase to the early design assumption of 134 tons/day, 

superseded by the Damascus population increase. The ZIA COD overload would stress the 

biological oxidation step, though the applied process is the ratther flexible prolonged aeration type. 

However. the COD overload would affect the much less flexible anaerobic digestion sludge line. In 

addition, since the wastes carry large quantities of suspended solids, very significant amounts of them 

(up to 25 tons/day) could precipitate for self-flocculation, with both risks of clogging and seeding of 

anaerobic phenomena inside the collector to Adra. It has been, then, evaluated if the proposed 

physico-chemical treatment would have been sufficient to avoid dysfunction to the city sewer and to 

the MTP. 
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In order to answer to this point, the following aspects have been evaluated: 

- Characteristics of the sewer system in the tannery's cluster 

- The effluent impact on the city sewer and the MTP 

- Environmental impact. 

Finally the possible crisis scenarios of the CETP have been evaluated with indications of the 

consequences and related suggested containment measures. Structural failures of CETP basins have 

not been considered since good engineering practice can readily be expected in Damascus. 

Evaluations are made on each one of the aspects mentioned above. 

9.1. Zablatani s~wer network 

Tanneries' discharges are characterised by huge quantities of suspended substances, gross materials, 

sand and aggressive chemical products. 

The concentration of suspended particles has been estimated between 1,550 - 3,500 mg/I for a total 

inclusive load of 24,5 to 38 t/d. 

Gross materials come from working cycles of the tanneries (fleshings, trimmings. hairs. etc.) and 

from other industries (chicken feathers. stomach contents, processing residues, etc.). 

Sand comes from tanned skins, from working areas and from impurities by the use of lime for the 

liming process. 

When waters are discharged in the sewer, a typical spontaneous phenomenon of flocculation takes 

place, because of the presence of chromium hydroxide, by which suspended matters flocculate and 

sediment, while the problems of such sedim\;iitation are aggravated by the presence of the gross 

materials. 

Moreover, by meeting waters at lower pH, as typical while mixing with the much larger flow of raw 

city sewage, the dissolved sulphides contained in tannery effluents release hydrogen sulphide. which 

by subsequent transformations into sulphuric acid and in presence of specific bacteria can cause rapid 

deterioration of the sewers concrete structures. 

Because of same reason it is advisable that tannery cluster industrial sewers were separated for the 

two types of acid and basic waste waters. as more and more applied world-wide. 
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The benefits of having two separate acid/basic sewers arise from the weed of preventing the release 

of this fumes. aud the relative hazards for the workers and damages to the structures when basic and 

acid waste waters mix. 

Anyhow. presently, this problem is not critical because: 

- Strong winds. frequent in the zone, permit rapid dispersion; 

- The waste wa!ern are spilled out by manv small factories distributing the effect 

upon the length of the network; 

- Tanneries wvrk with much similar processes and timing the occurrence of mixing 

too different waste streams 

Therefore, the sewer's system of the tanneries' cluster must respect the following recommendations: 

- As possible separate basic from acid discharge. 

- Install, at each factory site. a mechanical pre treatment composed of a coarse screen 

and grit/grease chamber. 

- The total quantity of collected materials from these devices has estimated on the 

basis of practical experiences at about 5% of the soaked weight. Consequently the 

quantity of the solid wastes retained by the mechanical pre-treatment will be about 

7.5 to 14 t/d for an average quantity per factory of 50-100 Kg/d. To insure the 

correct periodic maintenance of the pre treatments, it is advised to organise a 

Service System (managed by the CETP team) daily collecting the screened solids. 

disposing them together with the screened material collected by the primary phase 

of the CETP itself 

- The average speed of the flows should insure the cleaning of ducts ; the pipes should 
have adequate size to obtain an average speed of not le~s than 0,30 mt/sec. Lower 
speed can be accepted in secondary sections should it be impossible otherwise . In 
such case, the inspection manholes should be located at intervals no longer than 20 
mt. 

- Rain water should not be allowed into the sewer because in case of an overflow, 
hazardous pollutants may spill over to surface waters. 
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- The location of the plant should be such as to minimise mechanical lifting of 
sewage since this step is most frequently cause of malfunctions_ Should pumping 
be unavoidable. then the following guidelines are recommended: 

- Should be located as near as possible to control areas: 
- Abundance of redundant stand-by equipments 
- Protective screen. with automatic cleaning: 
- Electrical supply directly from the C'ETP. to which an alarm system must 

be connected. 

- The industrial sewer should be made with material capable to resist chemical attacks. 
such as PVC, regularly adopted for this type and concentrations of wastes 
:furthermore. its surface smoothness permits lower inclinations, which is a 
farnurable feature for tile application. 

9.2. City collector to Adra and !\ITP impact 

The proposed treatment plant is physico-chemical type composed of homogenisation phase for 24h .. 

followed by catalytic oxidation of sulphides and clari-tlocculation. 

Standards have been fixed for the dumping of industrial waste flows into the city sewerage. 

In the following table, the homogenised parameters of the effluent are compared with the standards. 

In addition. the necessary abatement efficiencies arc compared with those measured in the treatment 

plant treating the effluents of the Tannery Cluster of S_ Croce sull' Amo (13] since the latter applies 

the same processes as the ones considered for the CETP. 

Table 32 Minimum CETP efficiency required compared with similar existing plant 
yeld 

Parameter Equalised effluent Standard Min. reqtiired Actual efficiency yield 
(max.I efficiency reached at S.Croce plant 

pH 6- JO 6- 10 
Suspended solids (mg/I) 3_500 500 67% 98~'o 

CO.D. (mg 0211) 4,000 3.000 25% 80% 
Sulphides (mg s·-11) 200 3 98,5% 99% 

++-t-
JOO 5 95% 99% Chrome (mg Cr /J) 

Chlorides (mg CT/I) 2.280 J.000 44% 0 
Sulphates (mg S04--/I) 1,475 1.000 68% Not reponed. 
Oil & grease (mg/I) 1,000 100 90% Not reponed 
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Hence, for all the considered characteristics the plant ma~' reach the target reduction, except for 

chtorides, while for sulphates and oils actual plant data were not available. For each significative 

parameter the impact upon the receptive system has been estimated. 

9.2.1. Flow 

The treated flow of the CETP is l l .000 mdd. : 24 h = 460 mc/h 

The ratio between the CETP effluent and th~ influent to the Adn municipal waste water plant is 

shown below in table 33: 

Table 33 CETP/MTP flow ratio 

Av. Flow 
Max. Flow 

CETP 
460 mc/h 
460 mdh 

MTP 
20.200 mc/h 
30,300 mc/h 

FLOW-RATIO 
2,3% 
1,5% 

The increase of flow is not relevant for the MTP. taking into account the buffer volume formed by 

the city sewer, designed for a rain water flow equal to i,3 times the maximum dry weather flow. 

9.2.?. Suspended solids 

The phase of clari-flocculation insures an abatement of over 95%, according to S. Croce experience. 

Considering 95% only, as safe value, the out flow of Suspended Solids from the CETP is estimated 

as follows: 

38,5 t/d x 0,05=2 t/d, which is 1% of the load oi200 t/d S.S. expected at the entrance of the MTP. 

thus exerting no real effects on the MTP water or sludge line . 

In addition to the suspended solids, gross solid and sand must be considered, both the quantities 

removed by the in-house pre-treatments and the materials removed by the mechanical treatment steps 

placed at the entrance of the CETP to avoid damage to the pumps. The mechanical treatment should 

include bar screening and a sand trap on the pump intake and a fine straining immediately afterwards. 
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9.2.3. C.O.D 

With an 80% removal rate the effluent from the CETP will contain 44 t/d x 0.2 = 8.8 t/d of COD. 

representing the 4% of the about 220 t/d expected to enter the MTP 

This additional flow is irrelevant. It is. instead, necessary that the flow of effluent from the plant is 

kept constant into the 24 hours to avoid peak loa is. 

9.2.4. Chrome Ill 

The concentration of Cr III in the equalised flow has been estimated from 70 to I 00 mg/I for a total 

flow of0,5 to l. I t/d. 

The Cr III is solubk in acid ambient, while it precipitates in the alkaline ambient as m the 

sedimentation phase, such as to cause the almost total removing of the chrome. 

Even in case the effluent had the highest level of Cr III concentration allowed by the standards, 

(5 mg/I), still the daily quantity released by the plant will be equal to 35-55 Kg/d, insignificant 

quantities when compared with the potentiality of the MTP, where, at worse, traces of chrome could 

be found in the sludges 

Yet, it could be advantageous to reduce the quantity of chrome in the flow mostly since the salts of 

Chrome are imported and are very expensive. 

To reduce the quantity of the discharged chrome and to increase the exhaustion of the baths gives 

economical benefits to tanners. Again, it would be better to look at the recovery of chrome. 

9.2.5. Sulphates - Chlorides 

Both exceed the standards. as shown next: 

Sulphates 
Chlorides 

1,475 (mg S04--/l) 
2.2so (mg crll) 

S111d10 T1xmc:o ('hemhim & A .unctates Rome - ltaZr 

16.22 t/d 
25.08 t/d 

12J 



The treatment process does not remo\'e of chlorides The reduction of sulphates is not theoretically 

well quantified depending on \'arious factors. imponant among which the type of addith·es utilised 

However. it is reasonable to expect a reduction of not less than 200 ii_ In any case. because of the 

dilution ratio. the impact of both salts on the MTP effluent is negligible. as reported next. where for 

maximum safety. calculations do not assume any abatement of these salts_ 

Sulphates 
Chlorides 

33.4 (mg S04 --tl) 
51. 7 (mg Cr/I) 

In fact. maximum acceptable concentrations for these salts intc activated sludges could reach 25-50 

g/l for sodium sulphate, and 5-10 gll for sodium chloride [ 1-l 1-

To be consider~ that for the irrigation purposes foreseen for the Adra effluent, up to 980 mg/I of 

sulphate and 140 mg/I of chlorides [I] could be acceptable. St!ll. in order to control chlorides 

content, the adoption of "cleaner technologies" is recommended. 

9.2.6. Sulphides. 

The concentration of sulphides in the equalised effluent is evaluated at 150 to 200 mg:. as s-- for a 

total load of 1,6 to 2,2 t/d. The sulphur of sulphides dissolved in water is panly found as free gas 

H2S. and partly as hydrosulphidric ion HS- : percentages depend upcn pH_ 

Example: at 20 °C the percentage of H2S is 90% at pH6; of 50% at pH7 and 99°0 at pH9 [16)_ 

Then, at the point of immission of the effluent of the CETP into the city sewer. release of H2S will 

occ.ur. the quantity of which depends upon the concentration of the latter in the effluent of the 

CETP. To prevent this occurrence. the acceptable standard concentration should non be e:~ceeded 

In such case. should the almost total removal of sulphurs be obtained, also considering the anaerobic 

conditions of the sedimentation lines. the final concentration of sulphur in the effluent is about l 0 

mg/I of s-- according to practical experiences _ 

To make sure that standards are strictly respected it is necessary to install an aeration step before the 

effluent enters the sewer_ 
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9.2.7. Oils & Greases 

A concentration of up to 1.000 mg/I of oil and grease in the discharge has been assumed by the SC I 

team. but no informations are available about heir form. dissolved or emulsified 

It is suggested to perform oil removal by air flotation the entry of the plant, ""1th an estimated 

removal efficiency of the dissolved fraction of about 700, o . The emulsified fraction. instead. can be 

removed as surface scums during sedimentation. since the addition of flocculation chemicals has the 

additional effect to help breaking the emulsions. The oil and grease can be disposed of together with 

ihe solid wastes 

9.3. Impact on the environment 

Emissions that produce impact are composed of 

- Solid wastes produced m the first phases of screening including mechanically 
removed materials. 

- Sludges produced in the sedimentation phase. 

- Odours from treatment and sludge facilities. 

- '.'Ioises by machineries in production processes 

9.3.1. Solid wastes 

The quantity and the quality of solid wastes that will arrive at the initial phases of the CETP. cannot 

be exactly predetermined, since it may vary as a function of the efficiency of the single pre 

treatments. Instead. it can be estimated that the overall quantity of raw waste produced in the cluster 

and removed on the whole by both in-house and plant pre treatments is equal to about 5o,c, of soaked 

weight of tanned skins. varying between a minimum of 155 t!d to a maximum of 290 t:d. then 

between 7. 7 to 14.5 t/day, fo:- an average of 11 r:day. 

The composition of wastes and the evaluation of their re-use potential could only be determined after 

a period of plant steady state operation. 
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At the beginning the wastes '"'ill be discharged cautiously with sands. the qmintity of which is 

estimated by 3 to 5 t/d. Eventually. the quantity of wastes will be 20 t/d produced partly at the 

factories and p~ at the plant The quantities are such to suggest the organisation of a common 

collection system. then c~ing it to a disposal site This Juty. as said. should be directly managed by 

!heCETP. 

9.3.2. Sludgn 

As aforesaid, we assume that in the sedimentation phase, 950,·;, of the S.S. of sludges will be removed 

from the stream, tr which the additives dosed during the treatment. estimated about 500 mg/I of 

treated sewage. should be summed. gi"ing a total dry sludge production of 28 to 44 t/d. The liquid 

sludge quantity, with an assumed 4% dry matter concentration, normal in chemical plants. comes to 

700 to I, I 00 mdd. Considering this very high volume. transportation of sludges \~ill be feasible only 

after volume reduction by a dehydration treatment that is possibly performed with technologies such 

as drying beds. centrifuges. belt presses and filter presses. In the present case. the following 

technologies are considered unsuitable. 

- Drying beds. since occupy excessive lands and cause ill-odour emissions. 

- Centrifuges because do not permit to reach the dry matter content, necessary for 
ease of handling and transportation. 

Hence, the choice is between filter presses and belt presses, for which it must be 
remembered that: 

- The belt presses have lower capital costs, simpler operation. li!ss space occupation, 
but reach lower levels of dry matter content (about 24 to 26%) 

- The filter presses have higher capital costs, higher operating costs and bulkier. while 
permitting higher levels of dryness (about 36 to 38%). 

As a consequence. the two alternative choices of sludge volumes are: 

Belt presses (25% dry) 
Filter presses (37% dry) 

Min. 
112 t/d 
75 t/d 

Aver 
144 t/d 
97 t/d 

Max. 
I 76 t/d 
119 t/d 
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The composition of sludges (iroduced by each of this types of equipments varies within rather narrow 

limits. as shown in the table below where there are recent analysis penormed on sludges of the 

S_Croce Ciull' Amo plant. and the average results of a research made on sludges produced by 40 

tanneries treatment plants. [ 17] 

Table 34 Composition of sludges produced by a tannery cluster pretreatment plant 
and by 40 (average) tanneries· treatment plants 

PARAMETI'.R (%ON DRY St;BST:'L~CE) 

TOTAL RESIDI 1: <>NE\" AP< >RAT!< >N !05 °C 
PH IN DISTILLED WAffR 
T<>1AL FIXED RESID! il: 550 cc 
TOTAL VOLATILE RESIDL1'. (ORG.'-'\;IC '.'-.f.\TIERl 

ORGANIC CARB< >N 
T<HAL NITROliEN 

TOT.<\L P205 
TOTALK20 
ToTALCaC03 
CHROMIUM VI 
TOT.<\L CHROMIUM 

S.CROCE S.ARNU PL.\NT 

38.3% 
9.1% 
61.~'0 

39_001c. 
21% 
2.1% 

0.42% 
0.01% 
41.4% 

ABSENT 

2.23% 

AVt:RAfiE ON 40 PIA"JTS 
36.8% 

N0".'11 DECLARED 
54.3% 
48,2% 
26.1% 

4~·(, 

o.02~c. 

NON DECLARED 

ABSENT 
3.6% 

Pollutants removed from waters are concentrated in the sludges. then their management constitutes 

one of the major risk factors for the emironment perplexities are relative mainly to Chromium VI 

and III. Chromium VI is not expected while. in the CEPT case it can be forecasted that the quantity 

of Chromium III in sludges will be about 2.5% dry, this value is aligned with experimental results. 

Two alternatives have deserved consideration : agricultural utilisation and landfill disposal. 

9.3.2.1. Agricultural use of sludges 

Following the agricultural study results. the possibility to use sludges in agriculture is excluded 

because of the possible release of pollutants to the aquifer, possibility greatly enhanced by the 

soaking/drying cycle of the soil envisaged as a consequence of the relevant venical movements of the 

water table. In addition. there is concern for the very high level of chromium concentrations. the 

effects of which are not well known in case of prolonged utilisation in arid climates. Still. 
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- Uncompleted or nil stabilisation of sludges causes obnoxious em1ss1ons m the 
disposal sites 

- Relevam micro biological acti,·ity. which limits the ar~s an.; crops to which tannery 
sludges can be sately applied On the other hands. the slu.:!ges have an interesting 
agronomic \"alue owing to the contents of organic :naterial and of nitrogen 

Referring to chromium III. it should be noted that: 

- The trivalent Chromium is essential to · •:: and its absence in the diet can cause 
pathological syndromes at a '"ascular !e'<: [ l 8]~ 

- The use of chromium containing tannery sludges has been demonstrated as not 
causing the accumulation of chromium in Indian com plants. wheat and rice [IQ). 

- Tests performed with tannel) ,Juds~s ha\"e sho,,n the effectiveness of these 
substances as fertilisers for wheat and Indian .:om (20); 

- The poor mobility of Chrome Ill in the soil may. indeed. limit the problems to the 
water table. but at the same time causes build up of chromium in the soil. e\·en if 
possible negative consequences may happen only in the long range [21 ]: 

Conclusively, to dispose of sludges on fieids. it is necessary to reduce the concentration of the 

pollutants by dilution with other fertilisers such as sludges produced by the MTP or the compost 

made by the DAR EL HAJJ AR installation. In both cases sludges should be stabilised 

Three possibilities exist: 

I ) Digest sludges at the CETP 

- Advantages: lower costs of transportation for further reduction of about :o to 25~-o 
of the dry substance. Favourable energetic balance or at least in parity in the case of 
anaerobic digestion. 

- Disadvantages: High costs of installation. abo\"e all in the case of anaerobic digestion 
Reduction of the organic fraction 

2) Digest sludges at the ~1TP 

Having examined all alternative aspects. we do not recommend this solution for the following 

reasons: 
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- The overload. caused by the CEPl sludges on the anaerobic digestion step of the 
MTP. requires redesign and technological modifications. for which do not exist 
money nor time 

- To our l:nowledge there are no significative experiences of re-dissolution of 
dehydrated sludges. and we feel that the immission in the digestors of high contents 
of d~· matter. may alter the functional parameters of the processes. 

3) Digest sludges at :\.L HA.JJAR installation. 

That one appears the mos! favourable application. The compost obtained in Al Hajjar plant from the 

solid wastes of Damascus city have been utilised by farmers for many years with apparently positive 

trend between crop producti\ity and soil fertility. 

The Damascus solid wastes are continuously controlied both for content of selected matter and for 

chemical composition with the exception of heavy metals content. 

Raw fresh and rotted composts are graded according to the process of decomposition; variation is 

caused by the type of material being composted. 

The composition of the Damascus U.S.W. obtained from the Garbage Company i>y collecting the 

main refuses is: 

Table 3 5 Damascus V rban Solid Wastes composition 

N Materials composing Wet weight Percent Water content Material content 
(Kgs) content% % % 

<20mm 55 5 ., .. 
_..) 54 12.42 

2 Paper. hard paper 29 12 57.5 6.9 
3 bones. skelton 75 .. 15 0.45 ..) 

4 metals .. '\ 
..) - 15 0:0 

5 glass. stones. ceramics 2 I 0 0 
6 materials. clothes 12.5 6 25.4 .... ., 

..> . ..>-
7 rubber. plastic 25.5 10 5 JO 1.05 
8 veg .. food wasrc; J05 5 43 67 8 29.15 

TOTAL 24J JOO 53 29 

The foll()wing table gives the main parameters useful for the characterisation of a typical Damascus 

US C. obtained after 36 days of fermentation. normally utilised for agricultural purposes. 

129 



Table 36 Damascus Compost composition 

determina:1on 
Water content 

Mineral 
Nitrogen 

Organic carbon 
Organic matter 

pH 
ON ratio 

As result advantages and disadvantages are: 

MU 
o· 
.·o 

% 
% 
0/ .o 

% 
% 
% 

content 
34 
1.2 .. 
I..) 

25 
44 
6.9 
19.3 

- Advantages: Sludges would be mixed to the entering wastes so there would be no 
extra installation costs but only more handling complexity. Havil"g checked 
personally the efficiency and capacity of how the installation is directed. no real 
difficulties can be anticipated. 

- Disadvantages: Excessive humidity (>60%) in the wastes entering the composting 
plant. inhibits the process. The feasibility of this alternative is tied up to the 
acceptance by compost plant managemc:nt of sludges with dry matter content 
variable between a minimum of 24%1 (belt press) and a maximum of 38%1 (filter 
press). 

In conclusion there are possibilities of using sludges in agriculture but the complexity of the question 

does not permit definite indications . The alternative possibilities should be examined in a separate 

study which evaluates the feasibility and the convenience. 

9.3.2.2. Landfill disposal 

Despite the problems for its handling and disposal custs, landfill disposal is a realistic and immediate 

solution In fact, the Italian experience about the treatment of [22] tannery sludges indicates the 

following: 

- Organic substances contained in sludges. tend to mineralise in very short time. 

- There is no actual fear of sulphur emissions in mechanically dehydrated sludges. 
Every control has demonstrated that in the locations of disposal of tannery sludges, 
there is no increase of pollutant concentration in the ground and in the surrounding 
environment. 
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- All tests made in the Italian landfiils for conditioned tannery sludges confirm that 
there is no spontaneous percolation. and liquors are produced only by rain. 

Funher tests made with E.P. Toxicity and TCLP test procedures have demonstrated that less than 

5%, of chrome contained in tanned wastes is washed away, while in the usual running conditions at 

pH 6-9 the release of Chrome is not expected. 

Funhermore. it should be remembered that Chrome III has a scarce mobility in the ground. 

particularly in clay soils, and it does not have negative effects for haman health, differently from 

chrome VI. which. instead. is an extremely toxic chemical (23]. At this respect. we should stress: 

A) The chromium in the waste is exclusively or nearly exclusively trivalent;. 

B) The waste is gener dted from an industrial process which uses trivalent chromium 
exclusively or nearly exclusively and where the process does not generate 
hexavalent chromium. 

C) The waste is typically and frequently managed in non-oxidising environments. 

We confirm that there are no risks if the landfill is provided with: 

• waterproof clay bottom 

- collecting system of the percolate liquors 

Therefore, sludges can be disposed of in the landfill presently under construction at DAR EL 

HAJJAR that has the essential requisites. It is equippd with the system of biogas collection, the 

production of which will be increased by the organic fraction of non-stabilised sludges. 

9.3.3 Odours, noises 

Disturbing airborne emissions (sulphurs, hydrogen sulphide, mercaptans, etc.) come from all the 

basins of the plant, mostly from the sludge treatment facility, and by the open air storage of 

putrescible substances. 

Noises come from all moving machineries. particularlv by compressors and by in-house means of 

transport. 
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Emissions are not dangerous but they cause disturbance to inhabitants in the area near the installation 

and effects can be perceived at hundreds of meters further off. In this case. the constant wind in the 

Ea~t-West direction favours the dispersion of emissions but at the same time it amplifies the 

disturbances in the immediate areas located east wards. 

9.3.3.1 Odours 

To reduce trouble folloY.ing preventative measures must be adopted: 

- The sludge settling tanks for thickening sludges should be covered and the emissions 
treated with wet scrubbers. 

- The open air storage of putrescible substances should be avoided; consequently it is 
confirmed reccomendation not to use open sludge drying beds. 

- Mechanically treated sludges should be processed inside closed shed, the place 
should be ventilated and extracted air should be treated with wet scrubbers. 

To avoid worker's health damages caused by the indoor climate [24] extraction air flow from shed of 

approximately 30 volumes per hour is suggested. 

Solid wastes and sludges should be stored into sealed containers frequently removed. possibly 

applying automatic conveying. In this case the number of tractors necessary for the transportation 

will be two or three. The number of dewatered sludge (average 25% D.S.) daily transports, by 

utilising standard containers of 20 me with a filling factor capacity of 75%, will be: 

( 176 t/d Sludges + 20 t/d S. W.) I 20 T x 0, 75 = 13 transportation pick up daily. 

It is suggested to consider the possibility of future complete plant enclosure since preliminary design 

phase; execution may follow later. in case of intense urban development of the surrounding area. 

A relevant ill-odour emission is constituted by the air frc1n the desulphuration tank. The quantity of 

air should be limited to the minimum necessary interlocking air comp:-essors to a sulphide meter. 

Since in some hours, responding to a low sulphide concentration. water stirring by forced air will not 

be sufficient, mechanical agitators must be installed in the tank. That solution allows to save energy 

by replacing air stirring with more energy efficient mechanical stirring, for periods the former would 

not be required by the oxidation process 
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9.3.3.2. Noisrs 

In reference to usual standards the following maximum values of noise emissions should be measured 

in '"ccordance with the characteristics of the territory around the plant: 

I ) Populated areas 

2) Industrial areas 

SO dB 

70dB 

It is advisable to refer to value I) for Zablatani and to value 2) in case of Ain Terma 

Still. whenever applicable we would suggest: 

- Install compressors within enclosures 

-Cover pumping stations 

- Fence the whole plant with dense and tall tree barrier. 
These last safety measures will also contribute to reduce the expansion of ill-odours. 

9.4. Crisis scenarios 

The CETP is surely necessary to reduce to acceptable levels the impact of the water pollution. Still, 

it must be noticed that. in absence of the plant, the impact on the surrounding environment will be as 

dispersed as per now, while after the construction of the plant, a failure of it would cause a very 

concentrate source of impacts. 

At a design level, then, a!I possible measures must be foreseen and implemented to prevent 

operational problems. such as: 

- Ensure flexibility by dividing the process phases into parallel lines. 

- Install redundancy of all the critical process equipments . 

- Ensure reliable electrical energy supply, by an electric generator 

- Install large storage capacities for process chemicals and provide for accurate 
management of chemicals supply. 

To further anticipate potential problems and their relative possible remedies, the most probable 

scenarios of crisis have been envisaged and analysed in the following. 
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9.4.l lnltt pumping station 

In this case. all untreated waste waters would be dumped into the rivers. This situation is criticai 

since hydrogen sulphide may develop at the discharge point, surface waters would become polluted 

and even infiltration into ground waters might occur. The criticity of this occurrence depends by the 

flow rates of the rivers. at the time. Therefore, based upon written guidelines to be issued together 

with CETP start-up. the plant management will decide whether and how long to continue the free 

discharge into the river or. else. to order the interruption of the industrial production. The decision of 

dumping untreated waste waters into the environment must be immediately reported to 1nd 

authorised by Sanitary Authorities. 

9.4.2. Intermediate pumping stations 

The urgency of the decision is smoothed down by the time factor connected to the buffer volumes of 

the basins downstream the failed station. Should the time be too short for remedying the situatic n. a 

decision as for the point above will be taken by plant management. 

9.4.3. CETP efflutnt pumping station 

The treated effluent causes, indeed, less problems should it be discharged into the river. Still. in case 

of low flows, the input of treated waste waters could reach such a percentage of the total flow to 

cause problems in the long run. In addition, the micro biological load of the CETP effluent is 

unacceptably high. Therefore, the plant management will evaluate how long effluent discharge into 

the river is acceptable for the given conditions. provided that: 

- No more than few days outage is ensured 

- Discharged effluent is chlorinated 

- Sanitary authorities are informed and have granted their permission. possibly taking 
restrictive measures for the use of polluted waters, drinking waters extraction from 
effected wells. etc. 
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9.4.4. Dnulphurization phase 

The crisis mJv occur because of failure of the machineries or by lacking of the chemicals From 

personal communications about pilot tests. the efficiency of sulphur removal in absence of catalyst is 

appro'.\ 50%. which means that. in such conditions. the concentration of sulphur in the effluent 

would reach 100 mg/I or 45 kg/day Since the effects would be worse the lower the oxygen 

concentration. it is better to dump the semi treated effluent into the rivers. for very short times 

though. than into the sewerage. We suggest to instaJI an H2S continuous sensor, on the \·ery point of 

connection to the sewerage. to monitor the actual values of the discharged stream. 

9.4.5. Oariflocculation phase 

The crisis may occur because of failure of the machineries or by lacking of the chemicals. In both 

cases spontaneous ct~:iflocculation occurs, leading to an abatement of approx. 60-70%. In this case 

approx. 15.4 tons/day will be left into the partially treated eff1.!ent, which, by constituting approx. 

8% of the total amount reaching the MTP should not cause excessive problems for short times. Still. 

since the reduction of removal will concern other characteristics as well the discharge of the partially 

treated effluent is permitted for short time only and, a.iyhow, must be reported to and authorised by 

the CETP. 

9.4.6. Sludge treatment 

In case of failure of the drying equipments, the volume of the material to be disposed of would 

increase 6-7 folds. with related increase of disposal costs and handling problems. 

Sludge thickeners can be overloaded and permit 2-3 days of cr-ntainment. To dispose of the liquid 

sludges in the landfill would cause problems of transport, distribution onto the hndfiil surf ace, 

increase of percolate liquors. which should provoke unacceptable plant malfu11ctions in few days. 

In case of lacking specific chemicals. the volume increases approx. 2 folds, also causing problems in 

handling and transportation. Also in this case, technical and economical problems would not permit 

more than few days of operation at reduced efficiency 
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9.5. PLANT LOCATION 

Recently, two locc:tions have been cleared. the first one in the area of ZABLA TANI at the south-east 

border of the Cluster; the second in the :\IN TERMA's area South of the existent tanneries. The two 

locations are indicated in table I. From an environmental impact point of view the CETP should 

preferably be located at Ain T erma better than at Zablatani, for its much lower present and 

anticipated density of population, gi\ing additioncJ safety in case of technical or organisational 

failuies of the CFTP. It will also minimise the impact of the estimated approx. IO - 15 truck loads 

each day. 

9.6 CONCLUSION 

It is our opinion that even by apr.-lying all the suggested safety measures, the only real guarantee of a 

correct operation of the treatment plant depends by c!eveloping a wdl thought Body of 

em;ronmental regulations and ~mmdards and, most important thau all. establish a fu!ly com)'.letent and 

powerful local Authority which is empowered with valid instruments and \\ith t:-te authority to 

enforce its decisions. 

The Authority will rule both the operation of the plant itself and will have the maximum possible 

power to manage the correlated or-crations. including the power to limit the industrial production. 

perform environmental inspections. interfere with agricultural and sanitary centres in the plain. 

As far as the operation of the plant is concerned, a comprehensive operation manual must be is;ued. 

providing for at last the following measurements to occur. 
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Table 3 7 CETP inlet and outlet suggested measurement 

Flow rate: continuous with recording 

pH: continuous with recording 

COD: daily upon equalised sample 

BOD5: weekly 

SS: twice a day 

TDS: twice a day 

SO.i--: twice a day 

Cr III: twice a day 

Oil: twice a day 
Cl-: twice a day 
s--: continuous with recording 

Conductivity: continuous with recording 

Table38 CETP sludge line suggested measurement 

Total residue on evaporation 105 °C 

pH in distilled water 

Total fixed residue 5 50 °C 

Total volatile residue (Organic Matter) 

Organic carbon 

T ctal nitrogen 

Total P205 

Total KiO 

Total CaC03 

Ch:-omium VI 

Total Chromium 

Daily 

Daily 

Daily 

Daily 

Weekly 

Weekly 

Weekly 

Weekly 

Weekly 

Daily 

Daily 

!tis suggest~d that the plant be provided with its own analysis laboratory, capable to perfonn at least 

!ht-Se mcntimwd analysis. It is also necessary for the health of the inhabitants that two hydrogen 

sulphide detectors be installed. The first detector should be located near the point of the immission in 

tht: sewer; the second on the perimeter down wind . 

Both dttP.ctors stiould continuously report the alann signal to a recorder located on a console table 

or cesk. 
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In order to ensure proper piant operation and clear definition of responsibilities, it is recommended 

to provide the CETP with a compu:er supervi~ion and control system . 

The system should have both adminis~r:itive and technical functions, such as: 

- Administration of personnel and presence control by magnetic badges 

- Control and management of chemicals and spare parts storage and automatic re
ordering 

- Automatic supervision of th€ critical mechanical aspects of plant machineries. to 
prevent unexpected failures 

- Automatic control of all relevant plant parameters for which reliable automatic 
sensors exist (levels, flows, pH, Redox, sulphur, etc.) 

- Supervising "intelligent" software which, in addition to manage alanns related to the 
reached values can give indications about the actions to take in case of failures, 
malfunctions, etc. 

In order to stimulate plant personnel to act responsibly, system resetting after alarms must be 

achieved by personalised badges, such as to leave traces of who has done what. 
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19 October 1'193 

~ DIUIS or m••1wa roa 
m SllBC'>P'RAC""OR m cuar our 

All avtaomtUDL DIPM:r USISSWJ! (SD) 
Oii m nmusnDL .u:rIV%TDS ur '!'BB 1•• •mx .IJIDIJS'DlllL .ua 
wrm SPECIAL BllPllUI:S a. 'DIB PROPOSBD DDDY asn 'f'REA,...,-r 

In order to &ehieve the aims of tbe project cile subcontractor 5Pll: 

1.1. Deterai.D• the Present Dviroamental. Impact of th• SaJ:tlataDi lDdastry OD 

the SllTixoJmaDt 

1) Collect and process all the d&ta available on pollution emaD&tinCJ 
!:rca industrial activities in Z&J>latani.. since the other 
subcontractor (for the TechDo-Econaaic study on the CEPTP) vill 
elaborate in detail the dau on pollution e-.anating frca the 
leather pEOCUSi.Dg, the emph.a..iis should ~~on other 
:.ndustries, taki.Dq into accoant u.qw.d, SOILl and qaseous vastes. 

2) :~tem.ine the present pollution load from each industrial 
!.:~ivity in the Zablaeani industrial area and its environmental 
:;pact, including bum.an health. __ 

1.2. Reco~nd Pollution Control Measures 

1) ?repare outlines of pollution control measures for the ran9e of 
:.:idustrial and manuf acturinq activities represen~ed in the 
::ablatani indusc:ial area {except leather proeessinCJ) • 

1. 3. Bstimate the BDri.rozmeAtal Impacts after baYiag impl-Dted the 
Pollution Control Mea.sare• 

1) 

2) 

3) 

4) 

?still.ate the effects of the pollution control measures ud the 
~ected ilaprov~ts 

?sti.aate the dif f ereot situations arising from normal &Dd 
:,realtdown conditions iD waste treatment plants (with special 
!::?hasis on tannery CZPT?). 

?still.ate the illpaci;S of dumpi.Dq/disposal of solid wastes on sites -· 
~ be identified, vitb emphasis on their potential use !or soil 
:onditioni.Dq. 

3stillate the illpa~ of the disposal of 1.iquid wastes OD sites to 
::,. ide11tified, vitb .-pbasis on. their pot"ential use for 
irrigation. 



It is proposed tliat the Ell teaa sbould be JUde up of the following 
specialists: 

1 ) Team le.ader 
2) Hydrologist 
J) Agriculturalist 
4) Public 3ealth Enqineer 
S) Coanuni.ty Health Speoeialist 

The teaa vill work in close cooperation vith the other subcontractor, 
G~iIOO consul::.an~s as 1.1ell as vitb -:he local experts frma the Ministry of 
Environment, the Tanners Craft Society a.nd the KUnici.pal. Governaent of 
Damascus, who will coordinate the data collect.ion on production processes, 
~ste water and solid waste recipi~ts, and vi.ll provide local expertise 
(laboratory vat~ :md waste water analyses and soil surveys). 

The coordi!lation and supezvi.sion of the proqress and quality of the EX.A 
\olOuld be carri~ out by UNDP/tJNIDO and representatives of potential donor(s) 
to the project. 

The .Job Descrip~ions of these speculists wiould be: 

2. Bydrologist: 

Responsibl~ for overall completion of sub-contract; 
and delive..-1 of final report. Responsible for recom
mending ap?ropria~e pollution control measures, 
assessing -:heir i::pact on the municipal effluent 
severac;e/-:=~ate~-= s:9Stem, on the environment and on 
ciownst=ea.a ~ater ~sers and the potential use of the 
treated ~s~e. 

Estimated -:!!:ie ::-eq-.i.:..=!?d: - field: 5 weeks - home 6 
weeks 

Responsibl~ for the data collection on quality of the 
qround and surlace water flows, establ.ishinq the 
level of pollution load in these waters. In addition, 
responsibb for assessment of bydrol09ical hazards 
emanating ::-om the solid waste disposal site. • 

Estimated -:i.me required: - field: 2 weeks - ham: : 2 
weeks 

Responsibh for coeckinq agri:ultural and livestock 
baseline data and collec:tin9 information rela~ing to 
agricultural crops and livesU>c:k adjacent to the 
Dirhani and Barada rivers and solid v;uste disposal 
site. Assessment of risks to crops and livestock 
irrigated/~tered/conditi.oned with cont••inated 
waters or solid vaste. btiJlate effects on aqri
cultura l product.ion and quality of products as a 
result of the implemented pollution control measures. 

Estimated ti.me required: - field: 2 veeJta - home : 2 
veeks 



4.Pablic 
llealth Engineer: Jlespon•ible for 89alaati.oa of recci Dded poillltioD 

conaol -.are. for leather industq and propoai.Dg 
specific ..,..u.z:es for other sablauni indutriee. 
Respoosihle for aaaes-.it of effects of tbe 
p~ted effluents d.iwcbu·9e into the WJDicipal 
sewera9e/treat.ent sy.tea aa ~ll &a the pablic 
health risks resulti.D9 fro. the efiluent and solid 
waste pretreataent and dispos~l-

Estilaated tiae required: - field: 2 weeks - home : 2 
wee.ks 

5.Community Bealth 
Soecialist: Responsible for assessinq the social and pablic 

health baseline cata. and col.lectin9 other relevant 
data avail.Ahle froa mmicipal. and health authorities. 
To eYalu.ate the concerns of the local population 
about enYiromlental. problems and proposed pollution 
control lleaSures Uld to assess the number of 
inhabitants likely to be affected in different zones 
of inflaence. Assessaeot of iaprovements in public 
health and standards of liYi.n9 as a resul.t of the 
proposed 11easures (i.e. c:cmpared to the present 
situation). 

?stimated time required: - !ield: 2 weeks- hoae : 2 weeks 

TOTAL ESTIKAtt!> T:.'f!: ?"O:t T~ :=:AH ~QOIRED: 1 __ aim 

4. THE PRELIKIJIARY WORK PI.All AllD TDIE SCJIEDULE 

.a.1. Work plan 

1) The Te.aa Leader will be fielded in ~ for about 1 month in 
order to prepa.-w-e a detailed work phn for tbe other mesr"czs of 
the Teaa who will join hia 2 weeks Qereafter. 
Du:inq the total period of its one-:.onth field mission the Teas 
vill collect all the necesn.ry data !or the preparation of the ' 
!~- Tbis field mission should be ca..."Tied out at the same time 
with the other subcontractor's secooo field mission (presentation 
of ~he Techno-Ecoaom.ic Study on Tan.."'ery Ufluent Treatment) , so 
tba~ the latter can inf~rm ~he forme= about all preYious 
ac~ivicies related to t.!le subjec:~. 

2) Tbe teaa would proces.o the collected data and elaborate the Draft 
Ell at bame-base during the period of one month. 
The Draft BIA will be sent to the ouer subcontractor (via 
mrme>/UIDP) vbo u obllqed to take into c:ouideratioD all the 
remarks of the m when fiDallziD9 the Teclmo-lfcoDoaic Stady on 
Tannery affluent Treatment uid Tender Docmaents for the First 
Phase of Illplementation. 

3) The Draft BIA will be scrutinized by IJll'XDO aperts and their 
remarks taken into coosiden~ion duriDCJ the elaboration of the 
final version. 

4.2. Ti.me Scbedula 

The final work plan anti ti.Jae scbedult" will be prepared once th• 
subcontractor b.Aa been selected. Tbe tentative time schedule. 11tartin9 from 
the date the contract ba• been awarded would b.a: 

l) 

2) 

Briefing the P&nject Teaa Leader 
in Vienna 

First field ai.••ion of the Teaa 
Leader (other Mmbers 2-l veeks) 

ooo - 003 day 

003 - 035 day 



l) 

4) 

S) 

Work at bcae-baaer elaboration . 
And sul:aitbnce of the •oratt EXA.•. 
Complete team. 

1JNDX> review of the Draft. BU 

Finalization and subaittance of the EZA 

035 - 065 day 

065 - 080 day 

080 - 100 day 

f 



ANNEX B 



STUDIO TEC~ICO CHERUBINI PROJECT TEA~1 : 

-Team ltadu: ~lassimo Mendia 

- Public health enginttr : Alfredo Cerotto 

- Agricoltunlist : Leonello Cavallari 

- Hydrologist : Emilio Usai 

- Community health specialist: S. Fati 
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pro\ided us with the necessary data they had available. enriching them with their personal. valuable. 
experience. 

Specifically. we have really appreciated the support and the goodw committed towardcour 
fTlission by the folio-wing persons : 

GOVERNORA TE ( MOHAF AZA T ) OF DAMASCUS 

- Eng. '.\1aan Kanawati. Director of the industrial area of Zablatani, acting as National Project 
Director (NPD) gave us complete background of industrial and en\ironmental issues and supported 
us all the way during the field visits to the Zablatani area,facilitating our contacts with local 
entrepreneurs. 

- Eng. Wadiya Youha. Director of enivironmental affairs, permitted us to achivie rapid and 
effective contacts with the Institutions we emisaged as potentially usuelf for the project. 

- Eng. Khalil Hayash, Chief Engineer of the Govemorate of Damascus extensively presented to our 
team the facts.the rationale and the consequences of the large sewer and waste treatment scheme for 
the whole town of Damascus. 

UNDP 

- Mrs. Nadia Kosak . lf1'.TIP Project Cfficcr supported us relentlessly establishing contacts at very 
high ministerial levels, in addition to providing relevant background informations about the Syrian 
environmental and economic situation . 

- Mr K.H. Hla . UN Resident Representative encouraged us to look . in wider terms, at the 
positive consequences that an environment-conscious development would have for Syria. 

DAMASCUS SYSTEM for SOLID WASTE MANAGEMENT 

- Eng. Sarni Dibs. Director of the Damascus composting plant in additiction to showing and 
describing in details the functioning of his plant gave us informations about the overall present and 
future philosophy of solid waste management. 



- Eng. Nidal Khouri . Responsible for the collection and trasportation of Damascus urban solid 
waste!;, explained us in detail the actual situation. 

UNIVERSITY OF DAMASCUS 

- Prof Shihly Al-shami. professor of environmental engi'leering at the Uni,ersity of Damascus. 
disclosed how the knowledge relevant to us was distributed among various institutions. including 
names of potentially helpful people. 

MINISTRY OF IRRIGATION 

- Eng. Salem Ayoubi. from the Depanment for Barada river. gave us access to all the data they 
had. Such data proved precious for understandig of the local hydrology. 

- Eng. Shawaf. Director of the eO\ ironmental department. and his assistant. eng. Athif Dib gave us 
general informations about the chemico-physical characteristics of the relevant waters. 

- Eng. Mohammad Daabaji . agricultu!"alist gave us tata about the crops and irrigation techniques 
prevailing in the rural areas downstream Zablatani. 

- Eng_ Aziz Ghadban, Director of projects, introduced to us the design principles to be applied 
for the overall scheme for the recycling of the waters treated by the Pamascus waste water treatment 
plant, applied for the overall scheme for the recycling of the waste water treatment plant.presently 
under completion at Adra. 

ASSOCIATION OF THE TANNERIES OF DAMASCUS 

- Mr, Kamel Sheir, Chairman of the Assol.iation. provided us complete background of the local 
tA...,ning market, technologies and praxis_ In addition, mr. Kam~! gave us very efficient logistic 
suppoa'! to establish meaningful relationship with his associates and with other private industries of 
the Zablata~i area_ 

ACSAD (ARAB RESEARCH CENTER ON ARID ZONES) 

- Mr. Jean Khouri and Dr. Abdallah Droubi gave us important maps and very competent 
comments about the responsivennes of the aquifers andemeath the areas relevant to our study. 

DEPARTMENT OF DRINKING WATER TOWN OF DAMASCUS 

- Eng. El Miskye, Director of the Department . gave us relevant informations about the hydrology 
of the area of Damascus just upstream our site and competently commented upon our early 
assumptions about the foreseeable evolution of the surface water situation. 

MINISTRY OF HEAL TH 

- Prof Mrs. Dayeh. Deputy Minister Jf health, supported our efforts tto obtain meetings and 
informations from other relevant perso11s of Ministry staff. including: 

- Dr. Al Jorf Samir, Director of Public He~lth Center, 
- Dr. Misbah Ghali . Chief of J:nvironmental Dept .. 



- Dr. Mani Lahhan. Chief of Epidemiology Deps .. who gave us a ~ide picture of the public 
health situation in Syria. 

- Dr. Walld Al Turk. Director of the Health Services of the Rural Areas of Damascus gave us 
medical record for the 

last 12 months into his territory; 
- Dr Rabe Alhomsi and nurse Amind Madaman. from the medical centre in Ain T crma. gave 

us valuable. practical experience about health in 
the small rural \illages : 

Last but surely not least we want to thank the other partners of the project, such as Sdrjan 
Selanec. team leader of subcontract I .for his sharing with us iiis introductions to the key people and 
his previous ground breakink work. 
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