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1. INTRODUCTION
1.1 Objectives of the Study
(1) Strategic development of water resources (water quatity)

Receat social and economical growth of Damascus is putting significant pressure on
the environmenti of the arca .~ Many water resources discussed in the water resourees scelion
are vulnerable o such pressure, and pollution by sewage, industrial waste, fertilizer, or
pesticide are jeopardizing the future of ‘precious resources.  The ever increasing water demand
is also forcing DAWSSA fo usc water with less desirable qﬂality.

To develop cffective niaster plan projects for water supply, it is essential to:

- 1) identily major water quality problems
i} cvaluatc existing and promtsmg water resources

i) formulate projects to improve present water quality conditions

A serics of water quality studics were conducted to fulfill these objectives.

(2)  Environmenial evaluation of p;bpoécd projects

“Toi nmprovc the prcscnt watcr supply oondmon a number of pIDjCCIS were proposed

"m Ch‘lptcrs 5 dand 6 of the Mam Report.: In- Chaptcr 6 of this Appcrldn whether the

lmplcmcnlalxon of these pro_;ecls are cm'lronmcntally sound or not was evaluated. - The
componenis of the study include : ' ‘

i) Initial Environmental Examination of Proposed Projects

i) Environmental Screening of Proposed Projects
iii) Scoping for the Feasibility Study level EIA
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2. GENERAL CHARACTERISTICS OFTHEAREA
2.1 Natural Setting of the Arca

The following natural characteristics of the study arca are potentially important to the
- water qualily.

i) Limestone : ‘The amount of divalent cations, 'i.e;, Ca®™ and Mg", determines the
hardness of water. The dissolution of Jimestone releases -calcium ion to the

aqucous environment:

CaCO, + CO, + K,0 — Ca** + 2HCO;

'rclcascs calcium jon w hich is responsible for water hardness. Limestone is
abundant in the stud_y arca, thus thereis a polcmnl that the hardness is high in the

‘sludy area. . However, hardness depends on various physical and chemical

conditions, such as the contact time, temperature, existence of other ions, and_ 50
forth, ‘ '

i) Gypsum G)psum (CaSO,) or othcr sulfur containing mineral scenis to exist in

Dummar arca located in the western pari of the city, allhough the cxlcm is not

known. D1ssoluuon of gypsum also rclcascs h'mjncss to water.

~ i) ‘Climate: The Clili}'atc of thé study area is semi- aridic. ~ Because cv*nporat:on‘
' cxccods lhc pre(:lpltauon, accumuhllon -of sal in surface water may occur '

Howcvcr the evidence of salinity problcm in the study arca was nol very

_prominent.
2.2 Human Activilics Associated with Water Pollution

Thc polluhon of water in lhc ‘;illd)' arca can bc: attributed mainly to the followmg

SOll rcces.

i) waste water from hotischold and commercial activitics
i) excessive fertilizer and pesticide use in agriculture
ii1) industrial waste
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2.2.1  Household and Commercint Activities

Table D-2.1 summarizes the estimated population per administrative district and the
cstimated load of environmental pollutants from houscholds. - There arc considerable
uncertainties in these cstimates because (1) large number of illegal residents, and (2) the unit
loads strongly depend on the income level, habits, and other factors of houscholds. There are
also . numerous Zshops, restaurants, and other commercial establishments in Damascus.
Because sewerage, septic tanks, and other forms of water Irchlmcms' are limited, a farge part of

* the houschold and commercial wastewater is discharged (o the nearby rivers.

- 2.2.2 0 Agnculture

The basin of Zabadani arca is known for intensive agricultural activities. In the city,

* the agricultural arcas arc found in the Mazeaa arca (north part of the city), and in the Kafar
" Sousch arca {south west part of the cily). ~The outskirts of Damascus are also agricultural

‘areas.

(1) Fertilizer

In these arcas, fcrhlncrs arc used C\lenswcly " The amount of fertilizers used in
S)na is cstimated in Table below:, ' ' '

The use of various I'crtlllzcrs in 1990,

celement . manue o chcmlcal{lypc) T ~ tolal

cnitrogen - 71.2kg/ha o . 28,1 kgiha » 993 kgha

(ammomum nitrate, urca, ammonium sulfate,
- complex fertilizer)

“Phosphorous 416 Kgha ' 16.8 kg/ha ' 58.4 kg/ha

(conc. superphosphate, complex fertilizer)

potassibm 1.7 kg/ha _ 0.8 kg/ha _ 73 kg/ha

- (potassium sulfate)
source: JICA, 1992 o T

Appm\lmatcly 70% of chcmwa} mtrogen fcrulmcr used in 1990 was’ manuﬁchmd n .

' Syna, while 16% of chemical phosphorous femh/cr was produocd in Syria.” 'All chemical
potassium fertilizer was imported in 1990 (JICA, 1992). : :

(2) Pesticide

Pesticides are also widely used to protect agricultural products, especially fruit trees.
According to a report compiled by JICA (1992), 3019 tons of insecticides/herbicides were

- D3



imported in' 1990.  Brief interviews with the local farmers revealed that aluminum sulfate,
dimethylthio-N-monomethylamid, and possibly many other chemicals are used on regular basis
in Zabadani area.

Decision No. 10 (1990) prohibits the import and use of the following 33 pesticides in
Syria from health risk consideration:

Table  List of pesticides banued by Decision No. 10 (1990)

- aldicarb -HH.DN. - arsenical compounds - BHC
- cadiium compounds - cyanide compounds - carbofuran - chlordane
- cyanofenphos - cyhexalin - -DDTs - diazinon
- - dibromochloro - dinoscb - endosulfan - endrin
- EPN - heptachlor - leptophos - dicofol
- dicldrin - oxyamyl ' - paraquat - fenamiphos
- fonofos - prothoate o - 2,4,5;T - bromoxynil compounds
- daminozide . - ethyl parathion - - mierctic compounds - flurine compounds

- dioxin compounds

Despite this legal control of pcshc:dcs ;mport and use, a largc amount of illcgal

pc:sﬂcndcs has been smuggled from chanon " The types and amount of the pcsuc'ldes used in

the arca arc difficult o cstimate. Smcc_1990, at least the followving pesticides have been found

in groundwater :samplés around Damascus: lindane, - dicldrin, “captane, tetrachlorvinphos,
ctylparathion, chlordanc DDE, DDT q"ilcndnng, hcptachlor mthO\ychlor bDD, a-BHC
‘and B- -BHC.

223 [ndusmcs

Table 1>-2.2 summarizes major industrics in Damascus. The east side of the city,
espectally Kaboon and Ghotta areas are the main industrial areas. The control over the
disposal of industrial waste is minimal‘in’ the study arca. Raw industrial sewage is being

d'umpcd dircclly into the rivess. - This uncontrollcd dumping of industrial waste is contnbulmg
1o the deterioration of surface water quality in Damascus.  Of main concem is the release of

toxic substances, such as heavy metals, that could lead to scrious health problems.  To control

industrial discharge, the Mixiis'lry of the Stat¢ for Environment recently formulated the
industrial discharge standard, and the eaforcement of this standard has been initiated, starling
. from newly cstablished industries.
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2.2.4 Sewerage

The construction of the sewerage system {capacity 485 million m*/day) is undenway,
and will be completed in 1998.  This will reduce the uncontrolled release of houschold and
commercial wastewater considerably. To implement biclogical treatment, sewage has to be
free' of toxic chemicals, ‘The Ministry of State for the Environment is lying to cnact an
industrial water standard so that the industrial waste water will nor harm the biotogical syslcm
in the sewerage treatment plant.

'2.2.5 Asbestos

in the past, asbeslos cement pipes have been widely used throughout the world for

‘drinking water supply. However, the health effect of inhaled asbestos is well knowa.

According lo DAWSSA, no asbestos pipes arc used in Damascus.

2.3 Environmental Administration of Water Resources

Water is - very precious in Syna and protection of watcr [csSources h'xs onc of the

~ highest - pnontlcs in environmental administration in Syria.  The following laws and
'regulallons are parllcularly 1mp0rtant 1o the cnwronmculnl protection of water resources for.

Damascus

() Law : Environmental Protection Act .

The fundamcnmljcnvironmcnla} law in Syria, “Environmental Prolcciion Act”, is

: 6uncnljy'bcing formulated. " The following articles (draﬂ) are p’ulicul'urly pcrlmcnt to lhc

environmental aspects of water resources.

- Chapter I1, Axticle 2-a: need for water quality standards

- Chapter 11, Atticle 3: prohibition of pollution of surface water and aquers
< Chapter 11 : Environmental Impact Assessnient -

The enf orccmcnt of lhlS law is a chailcngmg task that Symn go\ cmmcm w |l! face i in
the next decade. :

(2)  LawNo. 45 Drinking Walcr Standard

The Syrian drinking water standard (Appendix } is the oldest environmental standard
in Syria.  [twas enacted in 1973, and has been amended most recently in 1994, It gencrally
follows the WHO drinking water standard guideline (1994).
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3} Industsial Discharge Standard %

In accordance with the draft Environmental Law, Article 3, a new regulation on
industrial discharge standard has been formulated by the Ministry of State for Environment.
Under this regulation, poiluting industries arc mandaled to treat their wasle water o the
acceptable level set by the law.

The enforcement of this law will improve the eavironmental condition of industrial
arcas of Damascus {e.g., Jobar). The government is planning to implement this law [rom
rew industries. The proposed law only regulate the concentrations of substances in the
“discharge, and not the mass released by industries.  Such regulation willend up increasing the
total water consumption. For this reason, the amendment of the proposed law is being

considered.

‘(4).  Law 10: Protection of Fi geh Aquifer

| Law 10 was enacied in 1989 to protect Figeh spring. It consists of 12 articles and
defines two Kinds of protection zones, which are summarized in Table below.  The prolection’ _

zoncisshowninFigureD-2.1. . R . T _ %;

Table  Protection of Figeh Aquifer

~ name of prolection zone area - regulations _
. Direct Protection Zone . - Immediate vicimty of - no works (agnculiure, industry,
: L ~thearca - tourism, construction ¢lc.) except

- sewage facility to protect the arca.
- Villages inside the protection zone can
- . carry out limited aciivities such as
unirrigated cultivation without using
pesticides andfor fertilizers, limited
catile husbandry, and repairing
' - existing houscs.
Boundary Protection Zone -~ 770km” same as above

" (5).  Decision No. 919: Protection of Barada Spring

. Issucd by the Minisry of _l“rrigalion‘ih 1986_ (d profect ‘Barada_S.pring. * The decision
consists of 4 arlicles, article I defines two protection zones, which are shon in Figure D-2.1.
“They are summarized in Table below. :




& ;;S\

Protection of Barada Aquifer

name of prolection zone area regulations

= O - v - .

First Proteclion Zone Immediate vicinity of Prohibition of any construction of
the area civil works, use of polluted waste

water for irrigation, storage of
garbage, and storage and use of
chemical pesticides.

Second Protection Zone 770 km’ Prohibition of constiuciion, civil
works, storage of garbage, and wastc
water leakage.

(6) * Decision 10 : Prohibition for the Impott and Use of Chemical Pesticides in Syria o

~ Issued by the Ministry of Agriculture in 1980, it prohibits the import and usc of the 33
pcsticidr:s in Syria from health risk consideration. - Environmental Protection Act, Chaptér Ii,
Atlicle 4 also supports this deciston.

(7y  EIA

Uncontrolted development oftcn leads  to cmfironmcntal dlsaslcr To realize

fcnvlronn‘cnlally sound -development, those who issuc the penmit- of aulhonmuon o a.
development activity have to be informed about the potential “environniental 3mp1cl of the
~ proposed activity. - This assessment of potential environmental impact by the proposed activity

is the aim of EIA. " Another important ObJCCll\’c of EtA is to suggest any alleinative plans or
mitigating measures {o the demsmn makcrs so that the proponent of the project can mahc the

_ project ' as cnvironmentally s sound - as pos31bic Under the Environmental Protccuon Acl '

Chaptcr HI, EIA is now mandalor) for pl‘O_]CClS with polcnually largc cnvlmnmcntal impact.

Protccuon of waler Fesources is one of the most xmporhml goals of I:,IA in Syria.
The following special consnderauons arc incorporated in the EIA Dccru:

- According to the Annex 2 of EIA Decree (Dmft) water basins which have a h}dmuhc
conneclion wnh permancit or scnn permanent usable surf'tce waler or usablc aqucrs, are
designatéd '1s sen:ntnc areas, For any major propcl in such area, Em s l:kcly to be

obli igatory.

- ElAis oomplﬂsor’y for all major- water polluting activitics or activities that usc significant
amount of water. They are listed in the Annex 1 of the EIA Decrec (Draft).

- EIA is compulsory lor the following water supply activitics.
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Watcr supply activilics with compulsory EIA.

e . Egyﬁ\

Activily

Criterion for EIA requirement

groundwater wells

yiclkd 2 10 MCM/year

ariificial or controtled
infitiration of water

capacity 2 10 MCM/year

[CSCIVOIrs

water pipclines with a diamicter of more
than 1 m and length of more than 10 kin
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3. WATER QUALITY STUDIES
3.1 General Introduction

A series of water guality studies were conducted to elucidate the water guality
conditions of the study arca. The studies have the following two components.

i} Analysis of Historical Water Qaaliiy Data : Historical waler quality data provide
valuable information about how the water quality changed in time. In this set of -
analyses, cxisting water quality data were collected, compiled, and analyzed.

ii) Field Water Quality Studies : The field water guality studies were designed o
investigate the present water qualily conditions detail. The studies consist of
field survey, sampling, physical/chemical/biological analysis of water samples, and
analysis of results. o | -

32 Exisling Data

32.0 Grou.ndwa't.cr Quality

Since 1968, D'AWS'SA’S_ water qualily testing laboratory (D_A_WSSA lab) has carried - :

- out numerous water quality analyses for the DAWSSA water supply systems. - Table below

summarizes the types of routine water quality moniloring'pfrogfam by the DAWSSA fab.

Routine water quality monitoring at DAWSSA, : o
R location number of analyses -

Analysis . ilems :
_ R B ~in 1995
General Water  tubidity, EC, TDS, temp., pH, TH, 10 primary well fields, 386
- Quality Monitoring TH/Mg, T{AC, naajor.calions. major ~ Figeh
anions, residual chlorine, tolal
bacteria, total coliferm
Sanitary Condition residual chlorine, total bacteria, total  all reservoirs, tap water 5,974
Menitoring coliform from 34 districis in ‘
' ' : © 7 Damascus ;
Heavy Metal Pb, Cd, Cr, Cu, Zn, Fe, Mn - several ldcatio_ns © several samples

Analyses

note : EC (clectrical conductivity), TDS {tota! dissolved solid), TH (total hardness), TH/Mg (Mg hardness).

In addition to DAWSSA,' a few foreign teams have conducted sporadic water quality
studies in the past. For example, BRGM (Bureau Rescarch Geology and Mining, France) in
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association with DAWSSA investigated the water quality around Damascus in 1990-1991, as a
pait of the comprehensive water resources studies for Damascus city.

Despite the abundance of historical water quality data, analysis of the collected data
has not been done, partly because the data have not been compiled.  As a part of this study,
sclected historical data were compiled in the Data Book.

Reliable data on heavy metals, pesticides, pathogens, virus, algae in water are scarce.
" There exist large variations in the existing dalé, in part, due to the lack of adequate data quality
control. Thercfore, the existing record was not analyzed in detail.  The results of BRGM
study is summarized in Appendix.

3.2.2  Surface Waler Quality

The main river system in the stuiiy area is the Barada river and its network. The
“water quality of Barada river network has been routinely monitored at 35 monitoring points by

the Minislrj' of lrrig"tlion ‘A past of lhc waler quality data collccted by the Muustry of
Irrigation was compslcd m A ppcndl\ and was analyzed in Section 3.4.

33 éield Water Quality Studics
- 331 lmrodu'clibﬁ

To obuun current w et thly dala lhrcc sets of ﬁeld water quallty sludlcs w ere
mrncd out, : '

3.3.2  General Water Qualily Study

To oblain gcncni water quahly data in the study area, 126 samples from 75 location
were analyzed for physical, chemical, and blologtcal characteristics. * The samphng tocations
were sclected (F]gurcs D-3.1a-¢, T able D-3. 1} to inv csugatc the general water quality of ‘the
slud) arca. The S'mlphng locations were detcrmmcd on the basis of the following criteria:

- afeal sampling densuy '
- land use
- geology
- hydrology
- amount of the water resources used
- existing data
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- level of pollution

- water supply network
Among thesc 75 locations, 53 were selected from wells and springs {groundwater samples), 1 1
were selected from taps and distribution systems, and t1 samples were selecled to assess the

surface water quatity.

These water samples were ahaly:md for 30 items given in Table D-3.2.  The water
quality 'malyscs were carried out at the DAWSSA water quallly testing laboratory, c‘ccept for
water (cmpcralurc pH, nitrite ion (NO,), ammonium ion (NH,'), taste, and color,. whu:h were
analyzed on- snc by using the portable ivater analyzer (Kyoritsu WAS- D2)

3.3.3  Heavy Mectals and Pesticides Analyses

In Junc/July, 1996, 10 and 7 samples were ana}yzcd for heavy metals ‘and for
pesticides respectively. - The locations of the sampling siles for heavy metals and pesticides,
as given in Figures D-3.1a-c and Table D-3.1, were decided by considering the land use,
importance of l_he water resources for water supply, and historical records. | :

* The heavy metal clements and pcsﬁcides analyzed in this Slud)" are given in Table D-
3.3..  The: analyscs were carried out al “the Higher fnstitute of Applied: Sciences - and
ichhnology (HIAS I} in Syna HIAST is one of the best analylical’ * laboratories in Syna.
“The: anaiytlcal methods used al HIAST are modif 1cd AWWA- (Amcncan Water Works
“Association) Standard Methods: a HPLC mcthod for chionnatod pcsiludcs aGC mclhod for
“organo- mtrogcnfphosphorous pcstlc:dcs and a f]amclﬂamelcss AA inethod for heavy mclals :
‘The hcavy metal samples were also analyzcd at the DAWSSA watcr qualaly tcstmg I'iboratory

_ Af(cr the - initial - investigation, C o ch!orinalcd: pesticides  were’ found frOm‘ lhc
Oumawiyin samples, - Thereflore, additional samples were taken from the reservoir (before
- chlorination) as well as from cach of the 13 wells in Oumaw iyin well M lclcl on Scp!cmbcr 2.

The analysis was ‘conducted at HI AST

Because sonie pesticides were found in the second investigaijon, the conf i_nimlion of _

these resulis was desired. - Another two samples’ were laken from the reservoir (after

chlorination) and well #2 on Scptember, 25, and were analyzed at HIAST ‘and Residual
Pesticide Research Institute in Japan. To bring the samples back to Japan, solid exlraction
was cariicd out by using reverse-phase (C-18) solid extraction carinidge system (Varian)‘ The
sotid  extraction cartridges were washed with methanol followed by phospliorous buffer
solution (pH 7).  The water samples were extracted al their natugal pHs (around 7.5).
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3.3.4  Sanitary Condition Monitoring

In June, 1996, 433 samples were analyzed for lotal bacteria count, total coliform
_ count, and residual chiorine concentration. The analysis was carried out at DAWSSA.

3.3.5  Quality Assurance anid Quality Control (QA/QC)
i) QA/QC at DAWSSA

DAWSSA laboratory does not adopt any systematic QA/QC protocol.  Nevertheless,
DAWSSA laboratory maintains its data quality by cross-examining newly obtained data with
the historical data in rather empirical manner.  Such situation is very common, even in the
laboratories in developed nations.  If any abnormat result is observed, or if the variations in
analyses arc large, repeated mulliplicative analysis is performed.  The microbalance {Mettler)
~is periodically serviced, and all stock standard solutions are replaced periodically. DAWSSA
- should, however, adopt some form of systematic QA/QC procédurc in near future.

i) QAIQC al HIAST

'~ The analysis of pesticides and heavy me!als_r_cquijr(:s cven tougher QA/QC because the

a'n'tly:lica] procedurcs arc often complex ‘and the odnéemralions of posiit:idcs and heavy metals

in water s'unplcs arc extremely low, HIAST, at which the sqmples were 'ma]ymd for pcs{ladcs

and hcavv metals, is onc of the best research mshlulcs in Sym As a pari of its QA/QC .

proccdurc HIAST is 1doptmg the GEMS progr.un of WHO, whlch 1§ essentially an external
standardization program, for general water quality an’tlyses pcsuadc analyscs,’ and heavy
mietal analyses. . HIAST also implements a set of standard procedures 16 monitor internal data
quality. '

- Inaddition to the QAIQC ¢f foﬂ al H!AS’[‘ we conduc{ed a cross-examination of two
amplcs at HIAST and al the Rcsmlual Pcsucudc Research Institute (RPRI) in Japan. In this

~* examination, same water samples that w ere 'malyzcd at lI]AST wete extracied using Varian C-

18 Solid Extraction Cartridge, and weie analyzed at RPRI. © For extraction ff iciency control,
a sct of standardized agueous solutions (spiked with known amount of pesticides) were
- analyzed by using the same analylical protocol.
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3.4  Results of Watcr Quality Studics
3.4.1  Collected Data

Tables D-3.4, D-3.5, D-3.6, and Figure D-3.2 show the water quality data obtained
in this study. - Historical water quality data are compiled in Databook 9¢-9¢ and Figure D-3.8.

“analysis of hydrochemistry “data was attempted.
: -h}drochemlslry data is presented. :In this “diagram, ‘the slatistical distances of data are

type of study location ___source
Historical  [groundwater Databook 9¢ [DAWSSA (1980-1996),
Water | BRGM (1991)
Quality surface waler Databook 9d Ministry of Irrigation (1994)
ticides and heavy metals Databook 9¢ [BRGM {1591
Present roundwater (gencral) Table D-3.4  |this study
Condition [surface water Table D-3.4 |this study
| table water Table D-3.4 _[this study
- present water quality slatistics | Table D-3.5 |this study 3
Ipcsticides and heavy mictals | Table D-3.6 Jihis study
sanitary condition Figure D-3.2 {this study -

342 Hydrochcmisry of Watcr Resourccs

' F:gurcs D-3.3a-¢ show the lnlmcar dmgr'um, of water thty dah in 1995/6. The

i chcmastry of waters in Barada and Figch arcas (Figure D-3.3a) is calcnum blC'ubomlc Llype with
B 'wanab!c perccntagc of magoesium. : W'uc-rs in the caslcm part of Damasciis (Fxgurc D-3.3b)
- are h)drochcmscally homogcncous  On the’ ‘other hand, h)drochcmlslry of Umvcrsny well

field (Figure D-3.3¢) is markedly different f rom the hydrochemistry of other wells.

" Based on the field water qu:ﬂily studics conducted in June - August, 1996, statistical

In Figure D3.4, a dendrogram. of
presented as a “tree”.  The water resources that have similar h)droch(:mlslry belong to’ lhc
same branch. - Water resonrces with \cr}' different water chemistry brasich out in the carly
stage of the branching.  For the analysié, the normalized concentrations of Ca, Mg, K,'Nz_n, _
HCO,, SO,, and Cl were used.  From the figure, it is evident that : '

i) Hydrochemistry of water from mountain areas, i.¢., Zabadani, Figeh, and Hermon
arcas, is statistically different from the hydrochemistry of water from Damascus.
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iiy Hydrochemisry of water from the western hill foot of the city (Dummar,

Communication Center, and University) is also differeat from the hydrochemistry

of other watcr resources.

These analysis were uscd to group together the water resources with similar water

- quality, regional geology, land usc, and other environmental characteristics as shown below.

~ List of Water Quality Groups

© Souilh Damascus

East Damascus

Area Group Representative Water Resources
Zabadani Barada - Barada wells
Zabadani Zabadani Wells
-~ Figek Figeh Main Figeh Main Spring -
_ Figeh Valley Ain Haroush, Deir Moukaren, Figeh Side Spring
‘Hermon - Houran  Mountain {(Hermon)  Yaafoor, Knasa, Shebani, Beit Jenn
Flat Land (Houran)  Katana, Near Artooz, Tabibiych
Damascus Western High © Dummar, Mezze, University
: . Kafar Sousch Kafar Souseh
* Qumawiyin Cumawiyin

Kadam Railway, Takadom, Karem Taha,
Mazraa, Jobar, Kaboon, 1bn Assaker

3.43  Public Health Aspects of Water Quality |

An Baclcﬁollogica! aspécl of waler quality

' (ij : -'Grou:id\\'alcr‘ '

On the basis of the ficld sufvey conducted in June and August, 1996, il was found

~ that the total bacteria counts at most existing production wells were < 100 counts/100 ml.

However, Ain Haroush, Figch Side Spring, and Halabnch werc highly contaminated with

bacteria.  The total bacteria counts at these wells were higher than 2000 counts/100 mL. in
** both June and August, 1996, * They also had high coliform counts {> 1000 counts/100 mL).
- These waler resources appear (o be “poorly protected from the local microbial poltution

probléius.

Figure D-3.5 shows the seasonal variations of the total bacteria and total coliform

“counts (1995) at the Energy Dissipation Basin which is a waler reservoir at which waters from

.
i

Barada, Deir Moukaren, Ain Haroush, Figeh Side Spiing and Figeh Main Spring are mixed,

" The bacteria counts are high in dry scason.
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(i) Surface waler

The total bacteria counts of surface water samples in 1996 were in the order of 10° -
10° counts /100 mL.  The coliform counts were also high suggesting that the surface water is
highly contaminated by sewage.

- (lit) Polable waler

In Junc,: 1996, no bacleiia or coliform was found from. the disiribllﬁon sys{éni in
1996. © 93 % of samples (lotal 433 samples) contained 0.1 - 0.4 mg/L. of residual chlorine,

~ and less than 3. % of the samples contained < 0.1 mg/L of residual chlorine (Figure -3.2).

This result proves that the disinfection system is effectively eliminating the bactenia in the water

~ supply system.  In the past, DAWSSA did nol expéricnee any major outbreak of water borne

discases. - It was noted that some distribution networks are old and the water pressure is low, -

~ They are prone to sccondary pollution by sewage and other Iocal pollution problems even the
* water is free from pollution at the source. Improvement of local networks are recommended.

2 Humém_ ﬁ&1ilh related inorgahic:s

(1) Groundwater o

' In 1996, the concénirations of nilrate, which was the dominant form of nitrogen ‘in
groundwater, were generally below 10 mig-NOy/L in less denscly populated mountain arcas

* - (Zabadani, Figeh, and-Hermon). - On the ‘other hand, the ‘nitrate: concentrations 'in South -

Damascus (c.g., Kadam Raihf’ay) were as high (45 mg-NOy/L) as the WHO drinking water

slandard (50 mg-NO,/L). The contour diagnini of nitrate concentration is given'in Figure D-
'3.6c. This is one of the most important water quality problems in Damascus.

Historical change i nitrate éoncc;nlraﬁonS for selected wells is given in Figure D-3.7c,
The nitrate level in Figeh water has been low, and the fevel has hol_bcc'n'changed much in t_hc L
last a few decades. - The groumdwater in Cumawiyin has similar trend .. The nitrate levelsin
Mazraa have been somcwhht high (around 25 mgfi). However, the level has nol'chzmgcd_ ‘
appreciably in the last 10 year.  The larges! change in the itrate level occurred in the south
Damascus area (c.g., Kadam Railway). Due to the scattering of data, it is difficult to detect
any systematic trend.  DAWSSA changed the analylical methed for nitrate in 1992, and this
appears to be a part of reason for the large increase in pitrate concentration in 1992 - 1993,
The growing pollution problem in the southern part of the cily was also supported by the
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change in chloride concentration in the area.

The tevels of heavy mctal concentrations in groundwater were generally low (Table D-
3.6), and all groundwater samples satisfied the Syrian Drinking Water Standard {or heavy
metals.  In 1991, BRGM reported an clevated level (22.9 pg/l) of lead at Univessity.
- However, the concentration of tead at University wellfield was below detection limit (6.8
/L) this time.

(it} Surface water

Ammonia has been the dominant form of nitrogen in surface water.  The nitrogen
" concentration (as mg of clement nitrogen/L) increased from about 1 mg-N/L at Barada Spring
to 25 - 70 mg-N/L in downstream of Damascus. = This increase in nitrogen is mainty cansed
- by the discharge of sewage and industrial waste water into the rivers.

Figure D-3.8d shows the seasonal change in ammoniuin concentration. The
ammonium concentration increascs significantly in the dry season (July - February). ~This is -

' because the Mux of rivers decreases significantly in dry season due to the natural scasonal
decrease in recharge, irrigation, and abstraction of sublerrancan water by wells.

The heavy metal concentrations of surface water (Barada river) were about an order of

‘ nlagllillldd higher than the ones of groundwater (_.hinc,f_l996). - An extremely high level of
chromium (40 mg/L} was found in Dabaghat, which is the tannery arca (Table D-3.6). " The

test at (he sile did not show hexavalent chromium, Cr (V1), indicaling that the chromium oxist

* mainly in reduced form, presumably as Cr(tll). ~ Although Cr (1) is less toxic than Cr (VI},

Cr (Il can be oxidized to Cr (VI) during chlorination. It is highly likely that similar heavy
“metal pollution problems exist in other industrial arcas of Damascus,

(i) Potable water

The nitrate concentrations of tap waters from DAWSSA syélcm were relatively low (4

o 15 ljif;-NO,lL): in June. © However, as the production from city wells increased in dry

~ season; the nitrate concentration of éupplicd water also increased. ~ This change was evident in
~the Kadam Railway area where the nitrate concentration was as high (45 mg-NO,/L) as the
WHO Drinking Water Standard (50 mg-NO,/L) in Augusl,
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3) Human health related organics
(i) Groundwater

The study indicated the potential of pesticide pollution at Oumawiyin.  In total three
sets of studies were conducted to investigate this suspected pesticide 'problem at Oumawiyin.
The results are given in Table D-3.6. According to the reports by HIAST for the second
investigation, the concenltrations of aldrin, dicldrin, heptachlor, and fenitrothion exceeded the
Syrian or Japancse Drinking Water Standards. T herefore, additional samples were taken on
Sept. 25, 1996, and were analyzed at HIAST and RPRI in Japan for _cross-exéminalion.-
While HIAST reported 0.84 4 g/L. of dicldrin for the rescrvoir sample, the GC-MS ana!ysié at
RPRI did not find any pesticide. - Anticipating such difficuity in cross-examination, known
amount of pesticides spiked in aqueous solutions was extracted using the same extraction '
method : reversed (C-18) phase solid extraction at neutial pH. A reversed phase extraction

“systein is svitable for highly hydrophobic organic chemicals, such as chlorinated pesticides
~examined this time. - However, the rcsu:ll.t)f the extraction eff i_cic_nc'yjtcsl at RPRI was low. . |

This means that the pesticides in the sample were 1ol effectively extracted (o the rev rersed 'p:hase
-~ of the solid extraction system. - * Therefore, it is premature to conc!udc that the levels. of
- pcsllcrdc in the samplcs were bclow thie detection limit. ‘

No pcshc:dcs were detected from o!her wclls and spnngs studied - lhlS time.
chcrlhclcss rouline monitoring of pCSIICldc and other lcmc organic che;mcals in all water
FCSOUFECS S strongly recomniended bocause many highly toxic pesticides banned by Decision

‘ _5 10 (1980) are sl:ll in use (c g, mrbof uran is used at Tlshrcpn Park whcrc anm\vlym well
ficld is located). :

(i} Surface water

Chlonmtcd pesticides were found (Tablc D-3.6) from surfacc waters (DDT and DDE
in Tck:ch, and DDE,’ mclhO\schIor lindane, and hcptach!or in D1baghat) Tekich is focated
downsiream of Zabadani agncululml area zmd there are many fa '1ctones in Dabaghat area.

(4 Acsthetic aspoct of water quality

{ Groundwater

More than 85 % of the raw groundwater samples examined this time satisfied the
acsthetic aspect of Syrian Drinking Water Standard. The data statistics (minimum, maximum,
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percentiles at 10, 20 50, 80, and 90) are given in Table D-3.5.  Approximately 10 % of the
groundwaler samplcs did not satisfy the Syrian Drinking Water Standard for color or turbidity
(before chlosination), and approximately S % of the groundwater samples did not salis{y the
criteria for hardness and sulfatc.  Major acsthetic problems are rather localized to the
foltowing regions: high hardness / sulfur in Dummar - University area; and high hardncss in
South Damascus arca {e.g., Kadam Railway).  In addition, rclativcly high salinity (Na, Cl,
and EC) in Mczze area was noted,  Some groundwater in Mezze are known (o contain 3 to 4
gl of total dissolved sotid. The contour diagrams of eléctric conductivily, total hardness,
sulfate, and chloride are given in Figures D-3.6a-d.

{ii) Suiface water
Suiface water in Dantascus had slrong'sewagc odor, gray - black in color, and turbid.

The data statistics are given in Table D-3.5. Na, SO, and Cl concentrations in industrial areas
{Dabaghat and Jobar) were orders of magnitude higher than the ones at Barada Spring.  The

ficld pH in the industrial arca were also exceptionally high (9.4 in Jobar in June, and 9.0 in

Dabaghat in August) due to the discharge of alkaline industria} waste water.

{iit) Potable 'war_tcf

Except for one sample from Kadam (color problem, all samples from the .

_DAWSSA’S “distribution system satisfied the acsthetic aspect of Syrian Drinking Water
~ Standard.  The data statistics ar¢ given in Table D-3.5." The hardness level in Kadam area
© was as high (440 mg CaCO,/L) as the Syrian Drinking Water Standard (500 mg CaCO,/L) in

August, while it was much lower (200 mg CaCO,/L) in June.  Other zicslh_cli_c waler qualitics -

were also low in August.  This is because the low quality water from the local wells (Kadam

Raihway) has been pumped since July to suppicnienl the water from FFigeh in dry scason (also
“see section on nitogen).  The complaints { rom the customers arc usually on high hardncss,
-+ -color, and turbidily in'su_mmcr', our results were in good agreement with the complaints,

- s O\"c"!ill"lqual'ilﬂ':o_f the supplicd water
In Tabtq D-3.7, the annual volume averaged  qualily of the waler supplicd by
" DAWSSA is given. | T he yield from cach well was estimated from the estimated yield for

1995, The qualily of individual water resource was assumed to be constant throughout the
year, and was estimated from the sesults of the field water quality study.
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Itis evident that the overall quzﬂily of the supplied water is high, as nearly 80 % of the
water is avatlable from Figeh Main Spring.  However, the quality of the supplied walcr varics
significantly by scason, and by region.  Our study indicated that the water supplied to certain
regions (e.g., Kadam) changes from 100 % Figeh Water in wel season o essentially 100 %
local water in dry season.
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4. EVALUATION OFWATER RESOURCES

4.1 Suitability of Watcr Resources

In this section, the water qualities of existing and promising waler resources are

cvaluated with respect to their suitability for sources of drinking water,  The Syrian Drinking

Water Standard and WHO Drinking Water Standard Guideline is used as the criteria for the
judgment. If the water quality is not ideal for drinking, the natural, social, and economical
reasons are discussed.  Water resources with major water quality problems, or the arcas
where the water quality will p_otehlially’ deteriorate in the future are summarized in Figure D-
3.9

4.1.1 - Groundwater

4} . Zabadani Arca

- Barada Group The Barada w clls which now supphcs water for Damascus in dry season,

provide water with adcquatc ‘quality for drinking. No pesticide was found from Barada °

Spring this time. - However, Zabadani is an intensive agncultunl arca and tourism in the area

s growing rapidly. ' The protection of Barada wells in future will require strict enforcement of

land use control (Decision 919, 1986) and integrated source control on fertilizer, pgslicidé_,. and

. sewage.

- Zabadam Group Thc water qualll:cs of olhcr wclls m Zabadam valley are. gcncrally good

However, shallow inigation wells showed elevated nitrate concentration, prcsumably due o

the fertilizer use in lhc arca.  Some wells are known to have bactcnologlcal problems.
Enwronmcnial zoning is rccommcndcd to protect prec;ous waler resources from agriculture and
tourism development.

i)  Figeh Area

- Figéh Main Spring : Tﬁé_\u'a,lcr qilélily of the main Figch niai_nhpring is superb, and it

satisfies the Syrian Drinking Water Standard for all items cxamined this time. - Our study
detected no _pcsiicidc at Figeh main spring, although thete are some reports with detectable
pesticides in the past. As the main source of drinking wates for Damascus, the protection of
‘Figch‘a"quifc'r has the highest pn‘ority over any other development in the area. A strict
enforcement of the land use control (Law 10, “Protection of Figch Spring”, 1989) shall be
obsecrved.
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- Figeh Valley Group : The total bacteria and coliform counts al Figeh Side Spring, Deir
Moukaren and Ain Haroush were considerably high. Conscquenily the microbial counts at
the Energy Dissipation Basin, where waters from Figeh, Barada wells, Ain Haroush, and Deir
Moukaren are mixed and sent to Damascus, were also high, These wells appeared to be
pootly protected from the local microbial poliution problems.  The source of the polintion
seems to be sewage from the local villages or recharge of contaminated Barada river.  To
protect these wells, an adequate waste water management program is needed for the villages in
the Figeh valley.

1it) Hermon and Houran Areas

- Mountain Area : Waler quality in Hermon Mountains was generally very good, and was
comparable to Figeh Main Spring.  No bacteriological study was conducted this time.

- Flat Land Arca : W':lcr'quality in Houran area was also quite good, although hardness in
~ some resources (e.g., Katana S1) was somewhat h:ghcr (370 mg-CaCO ). No
f bactcnologlcal study was conducted this lime. - S '

“iv) - Damascus City

- West ngh Group : W‘I(Cl‘ qualily in the western perimeter of Damascus (soulh of Barada

* River) is low, '1pp'ucntly for geologlcal reasons.  The hardness and sul[ur conocnlrauon (as

sulfale) in Dummar arc higher than the Syrian Drinking Water Standard (500 mg- CaCO,/L for

 hardness and 250 mg-SO,/L for sulfate). " Existence of corrosive sulfide was also noted in this
“area. Mezze arca is known foi high salinity (EC, Na, and CI). University well field has
- mixture of these problcms mmcly high hardness and high sulfate (as. hlgh as the Synan- _
" Drinking Water Standard), and relatively hlgh chlonde conicentration. '

- anawiyin G.roup : Across the Bardada River from Uniﬂ'crsily well ficld, Oumawiyin well
ficld has very good general water quality.  The groundwater quality at the National Museum

~ was also high. “The waler qualily at Shoukry al Qouwatly Street is also c\pcclcd (o be good.

However, chlorinated pesticides (dleldnn and heptachlor) were found [ rom Oumawnym in July,
1996. Therefore, a detailed environinental study is being caricd out. © If the pcslrc:dc
problcm persists, the use of any pesticides in Tishreen Park, where the Ouma\\ 1ym well ﬁcid 15

located, will be stopped, and the use of all contaminated wells are suspended. |

- Kafar Sousch Group : The water quality a1 Kafar Sousch is chasactenzed by slighty higher
hardness and nitrate concentration than those of Gumawiyin group. Waler resources at
Kanawat Garden is expected to be similar. '
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- South Damascus Group : The major water quality problems in this area are high hardness and
high nilrate conceatration, both of them are as high as, or even higher than, the Syrian
Drinking Water Standard.  Consequently the supplied waler quality in this area delcriorates
alinost to the permissible limit of the Syrian Drinking Water Standard in dry season, when the
local wells arc pumped to supplement the Figeh water.  The sources of nitrate problem seem
1o be seepage of untreated sewage and fertilizer use in the southwest part of the city. The
source of hardness is unknown, but apparently geological. Because the water treatment for
nitrate {nitratc removal) is very expensive, blending with Figeh water is the last and only option
0 make use of the local water resources, if the water quality becomes uniacceptable.  The
water quality in this part of the city will need constant atiention in the future.

- East Damascus Group : The gcncml'wa_lcr qualitics in Maﬂ'éa, Kaboon, Jobar, Ibn Assaker
and other arcas of Damascus are good enough Lo salisfy the Syrian Drinking Water Standard.

4.1.2 Su'rf:':cc Water

- - Zabadani Arca: DD‘T and DDE were found f Tom the water samplcs collected at Tekich (Tab}e
D-3.6). Because the ban on these chemicals was enacted only 6 years ago, and Zabadani arca

is vér’y closc to the l_cbanou border, it is possible that these chemicals are still in use, or may be: -
- used until‘rcccnlly “Otherwis¢ the’ gcncral surface water quality in this arca is rcasombly ,

good, and the nitratc lcscl is still low for surface water.

Flgch Arca Barad'i fiver in Flgeh arca is polluted by !oca] sewage and dumpcd wastc This
pollunon probtem is especially pronounccd in dry scason when the flux of the natural riv cr
g dccrcascs The filthy condition of the river is evident from the high coliform counts and the
high ammnionium oonccntrauons " Surface water in this area is not suitable for a water resource

of drinking water. To protect water resources in Deir Moukaren, Ain Haroush, and Figeh

Side Spring, the water quality of Barada River needs to be improved.  The most cffective
- approach is scwagc con!roi

- Damascus Area : The water qualities of Barada river, Tora river, and Yazid river deteriosate
rapidly as the rivers flow through the city.  Duic 10 the pollution problems, surface watér in
Damascus will not be suitable for drinking, even after basic water treatmeat.  Ammonia
concentrations areas high as 80 mg-NH,/L, and héavy metals and pesticides were also found.

A major chromium pollulion exists in Dabaghat, where tanning industries are
concentrated.  The area should be thoroughly investigated for chromium pollution, and
- appropriale remediation aicasures should be taken immediately.  The use of chromium
containing water for irrigation also should be stopped.

D-22

o



3

Overall evaluation of waler resources

The current water qualitics of existing and promising water resources are summtarized

as follows.

note :

2) heavy metals, mlralchulnleiammoma
" 3) pcsuudcs
- 4y temp., odor, color, pH lC hardm,ss lltajOl‘ ions, lurbxdu)
35) not acccptablc does not satisfy S)'nanf‘Wl 10 drinki ng water standard.
6) potential pcsuc:do problem , :
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Groundwater .
Area Group Aspect of Water Quality
Micrebial | HealthRelated | Health Related Aesthelic
_ _ _ Aspeets” Inorganics® Organics” - Aspeets?
Zabadani Basada good good good excellent
Zabadani fair fair - good . not known - fair - good
Figeh Figeh Main- excellent good - excellent § good - exccllent excellent
_ Figeh Valley fair good good good
Hermon - Houran |Mountain “unknowa unknown vnknown good - excellent
1at Land unknown unknown unknown good - excellent
- | Pamascus West High - good good unknown not acceplable
Oumawiyin _good ‘good 1ot acceptable® 2 good
Kafar Souseh . good goud unknown’ good
South good - faie " |fair - notacceptablg - unkoown " fair - nol
. o ‘ S acceplable
‘IEast good good - " good good
Surface Water ' -
Area ' S _ * Aspect of Waler Quality
© Microbial' | HealthRelated | BlealthRelated {  Acsthetic . -
Aspeets? Inorganics?. |  Organics” Aspects®
Barada Spﬁﬁg .gm:)od _ good L goui excellent
Tekich - faig fair not acccplablc ~ good
Figeh not acceptable nol known not known not acocﬁtable
Damascus not acceptable | oot acceptable | not acecptzable not acceptable
1) total bacteria’coliform counts. ' :



5. PLANS OF IMPROVING PRESENT CONDITIONS

5.1 Ovenall Approach

In this section, strategics to improve current water quality conditions will be discussed.

Water quality problems are generally very complex, and no single approach will solvé all the
‘problems.  Beside DAWSSA, a number of goverament bodies are intercsted in the water
qualily issucs; and they have already launched various projects to improve water quatity of the

© study area. To develop effective master plan projects that DAWSSA can implement, therefore,

. these factors have to be taken into consideration.

The selection of the master plan projects was practioed in two stages. - In the first
© stage, a prelintinary screening was performed based on the following steps. ‘

step 1: idenufication of potential approaches
~step2: identification of ongomg or pl'umcd prOJCClS by DAWSSA and: other
o 'gmcmmcnlbodncs
“step3: scicening of potential pmJects bascd on: the urgency, effeclncncss, and
1mplcmentab|hly
‘stepd selccuon of candldatc pmjecls for master plan :

This chapter focuses on this first stage SCICening processes. |

In the second stage, further ahalysis was performed on the selected candidate projects.
In this stage, projocts * proposed from peérspectives other than waler quality, c.g., water
rcsourccs,? waler demand, unaccounied for waler, ctc.ﬁ, were intcgi‘éicd o 'dcvelbp final
~candidates ‘for the master plan projects.  Much detailed analysis based on (he - cost-
benefiveconomic 'lmlysns and environmental impact analysis, were performod This sccond
stage screening is cxphmcd in Scchon 5. 6 of the Main Report.

52 ¢ ldc"miﬁcaiion bf Potential Approaclic_s |
521 - Controlling the Release of Contaminants
i) Sewerage system : In Damascus, wastewater from houscholds, commercial establishments
and industries are being discharged to nearby rivers and to the ground without treatment.

The acule need for scwerage system has been recognized by the city, and the construction of
sewerage system including the treatment plant is underway.  Recently the Ministry of State
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for Fnvironment launched a comprehensive sewage control program for Barada / Awaj
% basins. The program aims at controlling release of raw sewage to the environment through
installing scptic tanks and small scale sewage (reatment plants in the arca.

ii) Control on fertilizer and pesticide use : Overuse of fertitizer and pesticide needs to be
controlled.  1n particular, the usc of pesticides in the basins of important watcr resources,
e.g., Figech and Barada, is a major concem. Although the import and use of highly toxic
peslicides is banned by Decision 10 (1990), these chemicals have been used until today.

iii) Control of discharge of industrial waste : The Ministry of State for Environment recently
formulated a law to conltrol industrial waste. Under the current plan, the industrics are
supposed 1o ireat industrial waste water to the acceptable industriat discharge slandard sct by
the proposed law, and the treated industrial waste waler is retreated at the sewage treatment
plant which is under comstruction. The removal of toxic chemicals is crucial to the

“operation of the scwage treatment plant. '

52.2  Prolection of Watér'Rcsourccs

| g i) Protection of Basada Spnng Aquifer : Zabadani arca is an mlcnswc agricultural area, and a
- - Jarge amount of fertitizer and. pcsll(:ldcs is used in the area. ~ The development of resorts in
Zabad'im is also a threat to the water quality- of Barada spring. - To prolect the aqulfcr of
Barada sprin g, the Mlmstly of lrngmon lssucd Dcc:snon No. 919 in 1986.

+ii) 'P'ro'tection of Figch Spring'Aql}ifcr : Law 10 was enacted in 1989 to protect Figeh spring. -
The current protection zone protects over 770 km? of the Figeh catchment arca. '

i) Protection of Wells in Damascus : Considering the locations of existing wells in denscly
populated Damascus, it will be difficult to secure large protection zones around wells in

. Damascus.  However, the land use around wells may be corilrollod. : Dcvclopmént of
major potluting indusirics around wells should be discouragcd. |

" iv) Protection of Individual Wells : Many wells owned by DAWSSA are rather old oF poorly -

constructed.  Consequently, they are vulnerable to the Iocal polluuon problems Wells
that are highly polluted by ricrobes.

i - casing : to protect a well from being contaminated by more polluted water near the surface,
3% a sturdy casing should be placed at least 30 meters from the surface. '
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- strainer ¢ the placement of strainers should be carefully designed to avoid withdrawing
poliuted water. Before deciding the depth of strainer, the vertical distribution of ... and
their water quality needs to be investigated.

- ceiling : although most wells are sealed at the surface, the ceiling needs to be free of leaks
from the susface. The level of ceiling and obscrvation hole shall be above the ground

level to prevent contamination of the well by runoff.
'5.2.3° Water Blending and Advanced Water Treatment

i) Blending : The water quality studics sevealed that the major water quality problems that
require immediate attention are rather localized (o South Damascus and Westein High
regions. In these regions, the levels of nitrate, hardness, or sulfate are as high as the
drinking water standard. “1f the levels of contamination become unacceptable, the use of
these resources has to be sustained.  On the other hand, the stu‘dies also showed that waler

~{rom F;gch Main Spring has good quality, Wthh may be used (o dilute the contaminated |

“water.  This approach will save the. e\.ls[mg water resources from beooming tmavmldblc

due to water quality problems.

" ii) Softening :: Water with a total hardness of &5 to 100 mg/L. as C'tCO are considered mosl

‘su:lablc for domestic purposes. The process of rcmovmg hardness is called “softening”,
'md lime-seda ~ash  softening, - ion- ctchangc reverse-osmosis, . electroosmosis, - and

crystallization are the available technologics: for soﬂcnmg " Lime-soda softcnmg is most:
cost effective for a largc system.  ‘The disposal of sludge is the main drawback of this

mc[hod

iii} Niteate Removal ¢ Nitrate may be removed with ion exchange (anion exchange), biological
trealment, reverse osmosis, or electroosmosis. It is well known, however, nitrate removal
- is very cosl]y Under the nonnal water use condilion, the renioval of nitrate is rarcly

pmcuccd

: iv) Hea'zvy Metal and Pesﬁcfdé ‘Rcmdvall: The conVcnﬁonal_tcchnology lo remove héavy metals

-~ and pesticides from water is activaled carbon treatment. It is well known that activatod

' carbon treatment is very ‘costly.” * Furthesmore, human health is at risk if the system fail to

salisly the required specification. Therefore, it is the best lo avoid the use of water
contaminated with heavy metals or pesticides. '
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5.2.4  Detaited Environmental Study

Detailed water quality studics are recommended.  For groundwater quality, three
dimensional distribution and transport of pollutanis have to be clucidated.  German
Technology Corp. is about to launch a program with ACSA to study groundwaler potlution
problems in Damascus.  For surface waier, the extent of pollution by toxic industrial waste,
e.g., chromium pollution in Dabaghat, should be carricd oul as soon as possible. -

5.2.5 Improvement of Water Quality Testing

Itis an essential roquirenicnt for every water supply authority to ensure public health
and safcty. However, DAWSSA’s water quality testing laboratory has a limited capacity and
can only analyze 30 samplesfday for general water quality.  The laboratory does not analyze
for pesticides, disinfection by-products, and pathogens.” Many of the analytical instruments
are old, and unrchab!e and in general, ' repair services and replacement parts are unavailable.
‘The laboratory must be 1lpgnidcd in order to provide regular and oomp:_ehenswe water quality -

* tesling.
52.6  Improvement of Water Pipes

_ Some dmnbunon pipes are old dnd are prone to sccondary conlammahon from Ioca]

poliuliOn. For cxample, a ap w ater sample [rom Kadam was contaminated by oil, while this -
“problem did not exist a few hundred meters away. -Apparently a part of the lom] distribution
“nétwork was the source of lhis_lom]iuii problem. . Replacement or repair of _loca] distribution

nctwork is recommended.

5.2.7  Reinforcement of Exislihg Water Resources / Development of New Water Rcs_ourécs

i) Reinforcement of Existing Water Resources : If more water is available from the existing
‘watcl  resources, DAWSSA does not have o use’ subslandnrd walcr The available -
" reinforcement schemes are discussed in Section s ‘ o

i) Dcﬁclopmcm’ of New Water Resources ':'Dc'\'clopmcnl of new water resoiuccs will also-

enable DAWSSA to use less water from contaminated wells.  In section -, water resources

development plans are laid out in detail.
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53  Preliminary Screening of Potential Master Plan Projects

In the first stage screening of potential master plan projects aic based on the following

criteria:
i) Effectiveness : The elfcctiveness of the project to improve water quality is assessed.
ii) Urgency : Certain projocts are urgently nceded.

iii) Implcmcmabi!ily. + Whether the proposed project can be implemented or not is
judged in terms of the following aspects.

- cost-benefitfeconomic aspect @ The cconomical feasibility of the project is
considercd. '

- technical éspccl' Some projects rcqu:re hlghly sophisticated tcchnologlcs lhzlt
w ould makc the |mplcmcntauon of the pro;cci diffi lcull

- social ind institutional aspect : “The implemcntation of the proposed project may be

 the l’CSpOHSlb]llly of other govemment body. Or, there exist legal, socnl or
- culturad factom that prevent DAWSSA lonmplcment lhe program

. The results ;of the prcliminary screef ng is given in Tzib]e D-5.1.
5.4 . Projects Sclected for the Sccond Stage Scrd’eding _ |

“The following two projects were selected as candidates - for the second slage
screening.

5.4.1 Improvement of Watey Quaiity Testing

o Itis an essential rcqu:rcmcnl for cvery water supply 'mlhonly 10 ensure pubhc hcath
and swfcly - The frequency of water quality test dcpcnds on the population served, volume of

supplicd waler, water :qua_lily, and the reliability of the system. The review of DAWSSA’s

© water tesling record (Table D—S. 2) demonstrated that the capacity of DAWSSA walter testing
laboratory, which can test maximum 30 samples/day for general waler aralysis and maximum

50 samples/day for bacteriological analysis, is not sufficient.  With the deterioration of water-

quality, the demand for water testing will inerease in the future, and new types of testing, e.g.,
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pesticide analysis, will also be required.  Based on the recommended capacity in Table D-5.2,
the following reinforcement programs in human resources, training, space, and equipnient are

suggested.
(n Staffing

Currently there are 8 staff members at the laboratory handling almost cntise water

: quality testing. “The testing is labor intensive, and the staff are considerably busy. The
- shortage in staff is onc of the major factors that limit the testing capacity. '

‘To meet the growing demand lor water testing, the number of stuff should be doubled -

in the next 20 years, A specific reinforcement plan is given in Table D-5.3.

() Training/Education

The- sla!T have gcneral knowlcdgc ln chcmlslry and bioIogy -which is required for ‘

| roulme physical, chemical, and blologic'”tl anajyscs Ho_s_»e&cr DAWSSA Jab will not be able :
- 1o implement more sophisticated analysis - (pcshﬂdc specializod Siolbgiéa! analysis, ctc.),
" which will become mcreasmgly imporlant in the next 20 years, unless DAWSSA takes the
. initiative in the training of laboralory staff. ‘

-~ The tack of trained personnel is the leading reason why sophlsucatod chemlml malys:s i‘ms '

bccn so dif ficult i m Syria, Insmlmcnmuon is much simpler problem. _

- It takes at least one year of workmg (hands on) e\pcncm.e beforc a !cchmcaan leams
enough about asophlsltcalcd instrument, : ' o

“These spccnlucd anal)ses have slocp learfing curves.: Wilhbut dirccti(_ms of 'expcricnccd;

analytical chemist, it is impossible to acquire such knowledge and e'\cp'criéncé |

DAWSSA is urged to launch a serics of lralmng programs for the hboratory staff, Examplcs '

of such programs are given in Table D-5. 4,

‘(3) - Space/Facility

The laboratory is siluated in the bascmcnl of the old DAWSSA bmldmg Thcrc are 6 _
small rooms in the laboratory, and 5 of them are connectcd in series; with'a common cnlrancc ;
m the front of the buitding.  The total area of the laboratory is abom 130 m®. " Thesc 6 rooms
are used as an office,” a laboratory for physical and chemical analyses, a Iabora{ory for - |
bacteriological analyses, a reagent storage room, a room for atomic absorption instrument, and
a rooni for gas chromatography. There is no storage room. The lack of emergency door or -
window in the case of firc or explosion was rioted.
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A normal laboratory technician uses about 25 to 30 m? of space. The current
'laboralory is too small for any expansion of the laboratory capacily. The laboratory space has
to be expanded first before the reinforcement of staff and equipment can take place.  Table D-
5.5 shows a suggested size of new water lesting laboratory. A sample layout of the new
laboratory is given in Figure D-5.1.

(d)  Equipment

The lack of equipment is onc of the major problems at DAWSSA lab.  Table D-5.6
lists the analytical cquipment a waler testing laboratory should have. Many exisling
“instruments at DAWSSA lab were provided by the BEuropean study team in carly 1990’s.
These instruments ‘are gelting old, and many of them are out of order. The routine
- maintenance/repair services of exisling instrupients are virtually non-existing.

1) Analylj(:a! Equipmient : Table D-5.6 summarizes the estimated number of various cquipment

noeded at the _DAWSSA lab. There are a number of equipment that have to be provided

immediately.  These instraments have to be purchased firsl. ~ Because the exisling

- laboratory ‘is too small to house a lot of equipment, and because equipment has limited lil"c,: |

usually sev eral years, it is not possible nor wise fo procure all equipment al once. Thc

. purchase should be made on the priorily basis, wh;ch ‘should be reviewed every half year,

Futhermore, it is cMrcmcl}, important to work out the tr'unmg, nnmlcnancc “and repair p!an

Cat the time of purchmc A special scmcc agrccmcm should be arringed with the

B manufacturer: the mamlcnancc “and rcpaJr scmccs should - be promplly available in
| Dam'iscus :

ii) Computer : The laboratory staff have no access 16 a computer for data handling and storage.
~ All calculations are done cither by hand or by a pockel calculator. ~ All data are loggcd in
- notebooks.  The data handling and record- -keeping take up a large part of their time.- “There

is a p¢rcomj compmer (Gateway) in the labomtory, but it is dedicated to a mass spcclm

database for GC-MS. lf ihcy analyze 50 s:nnplcs aday for 20 items, the nuniber of data is
alrcady 31,0()0.: " They need at least ‘two personal computers and a piinter for data
processing. :

iii) Mobile/Satellite Water Testing Service : In the curcent system, all samples arc brought in
 from the sites. This system is not particularly cfficient, as many tests can be done
~immediately on-site.  In parlicula}, in the event of emergency, such as accidental tack of
- residual chloring in the distribution system, or cpidemic of water-borne discase, it is
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cssential to test as many water samples as possible. Al drivers for sampling should be
provided with portable water testing equipment and a cellular phone, 1o conduct on-site
testing (Mobile Water Testing Service). The equipment may also be used as a backup
when the main cquipment in the laboratory docs not work.  In addition, all major
distribution reservoirs should be equipped with basic waler quality moniloring cquipment
(Satellitc Water Tesling Service), and the operator of reservoirs and [ringe wells must be

trained to conduct simple water testing.
5.4.2  Water Quality Control in South Damascus
High hardness and high nitrate concentration are the major water quality problems in

thcarca. ‘To abide these problems, a series of counter mcasuses are considered hete.  As a
pilot projcct; Kadam Railway well ficld was selected.  Similar approaches are applicable to

" other wells.

D) Constraint

The water qualily in the arca has to be improved without changing the local water
pressure, or the tocal supply voluric because the existing water supply system is not designed
to handle high water pressure. ~ The improvement of cnlire water supply nctwork system is an

‘option which may be considered ih the future. However, such a large scale project is costly,
‘and is difficult to'implement immediately. . - ‘ ' ' ‘

(2) Approach

“The 5 approaches considered here are summarized in Table D-5.7. ° They are based '
oii the waler treatment and water blending. ' ' o
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0. ENVIRONMENTAL IMPACT ASSESSMENT OF PROPOSED PROJECTS

6.1 Favironmental Consideration

A development project can cause significant and imreversible damage to the
~environment.  To minimize adverse environmental impact by a development project, a series
* of environmental considerations have to be practiced in the course of planning, formulation,
and: implementation of the project.  Table below shows various forms of environmental
* considerations.

Project and Environmentat Consideration.

Stages of Pyoject Implementation Environmental Consideration
Preparatory Study Preliminaiy Environmenial Survey
- {full-scale Study Master Plan Study Initial Envirenmental Examination (IEE)
Féésibility Study Environmental Impact Assessment (ETA)
4 Dutmltd Design 0 - C k Design of Environmental P;dicclion Mcasures
Conslmcl.ion- o Implementation of Environmental Pm!cclioﬁ Measures :
Op;craiion ' | Environmental Monitoring
source : JICA Environmental Consideration Guidcline, IX Water Supply, 1994 ' B : 3:

62 _m inSyria

_ The overall slructurc for lmplcmenlanon of ElAis currenlly being dcvelopcd with the
assistance of METAP (Mcducrranczm D1v1ronmcntal Techmcal Assrslancc Program). This

- effort, which.is ﬁnanccd by the World Bank and the [Zuropcan Investment Bank; is o

formulate the EJIA decrce (Dal;zbook 9), general E1A guideline, specific FIA guidclines for
various scctors, EIA procedures, and organizations for EIA.

AnLlAisascto proccdurcs that is carried out by the f ollowing actors:
- - the project proponent
- - the permitting aulhonty
- Jocal authority
- stake holdess (the potcnl:ally affected groups)
- the BIA unit at central or water basin fevel
- E1A consultant
-"the Environmental Commitiee of the Governate ' @

The flow of EIA procedures is given in Figure D-6.1.
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For a number of activitics, an EIA is mandatory. Such aclivities are defined in the
EIA Decree (Databook 9). - For examiple, the following water snlpply activities require EIA.

Water supply activities with compulsory EIA.

Activity Criterion for EIA requirement
groundwater wells yicld = 10 MCM/year

artificial or controlled capacity = 10 MCM/year

infiltration of water :
reservoirs water pipelines with a diameter of more

than 1 m and length of more than 10 kmi

For other activitics, il is up to the decision of the GCEA/EIA-unit to decide whether an

EIA is required. Aécording to the Annex 2 of the draft EIA Decree, water basins which have

a hydraulic connection with permanent or semi-permanent vsable surface water or usable

- aquifers are designaled as sensitive areas.  For any major project in such area, El!’ik_isE likely 1o
be obli galofy. ' | - ’ o

63 Eni?i_ronnlerital Scieening of Proposed Projects
63.1 - Objectives

- A number of prOJccls were proposed in Chaptcr 50f the miain reporl_ T hese projects
are c\pcclod to bnng positive cnv;ronmcnlal 1mp1cls (e.8., tmprovcd public health condition
- through safe drinking water supply), while some of them may damage the environment
E sig.nif icantly. ~ As a part ol comprehensive prbjcét evaluation scheme (Scction 5.6 of Main
Repor), therefore, the environmental impact of cach project was assessed.  The objectives of
this master plan level environmental impact assessment (Initial Environmental Examination) are
* the followings :

i) assess the envirorinicital impacts of the proposed project
ii) screen oul projects with large negative environmental impact

632 1B
Because Syria has the EIA regulations, the criteria for IEE were sclected based on the

Syrian EIA guideline, MCA Environmental Consideration guideline, and characteristics of the
arca. The lollowing 5 aspects of environmental impacts were considered important.
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Criteria {or IEE.

Criteria Iixample of envirenmental impact

1. Natural Iin\'ironnlznl water : exploitation of water resources
other : destruction of tocal vegetation and wild life

2. Public Health and construction : noise, vibration, increase in teaffic, dust

Pollution operation : quality of supplied water, increase in hygiene,
health standard, subsidence

3. Waste _ disposal of various waste produccd b) the project, mcrcasem
waste water .
" 4. Local Socio- waler right, change in life stylc local cconomy, and other
factors

Fconomic Change
5. Cultural Asset damage to historical and cultural assc! {sce Figure B-2.2 for
the distribution of cultural assets).

Overall Assessment overall environmental impact

Among the most important issues are

. i) Water quality of supplied water
ii) Exploitation of water resources

“The sesults of the assessment is given in Table D-6.1.  In general, the cnvironmental
- impacts by the proposed projects scem (o be small, and the proposcd pro;ccts have significantly

large posun ¢ cm’lronmcn!"d impactin pubhc hca[lh

6.3.3 Projccis wilh High Environmemdl lnﬂpac;s

- Water Quahly Commi in South Dmn'lscus optmn 2 : This option considers the blchding of

water from Kadam Railway at 'Eastern Reservoir. ‘ Any project that involves transport of
contaminant is considered undesirable.  In addition, this scheme has the risk of
contaminaling the entire walter supply system of Easter Reservoir.

| —'Reinforcc_:n_nem of Existing Water Resources, Damascus Well, Kadam Railway : Water from

- Kadam Rhil\i*'\y contains clevaled level of hardnéss and nitrate. I the water qualily becomes
umcccptablc countenneﬂ‘surcs suggested in 1. 9 Water Quality. Comro! in South Damascus
ha\ e to be considered.

. Reinforcement of Existing Water Resources, Damascus Well, Oumawiyin : There is a

potential of pesticide pollution in Oumawiyin.  Further investigation is strongly
‘recommended.
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- Reinforeement of Existing Water Resources, Damascus Welt, University : Water from
University well ficld contains high fevel of hardness and sulfate.  Increased production from
University will decrease the overall water quality of supplicd water.

- Reinforcement of Existing Water Resourees, Damascus Weils, Dummar @ Water from
Dummar contains high levels of hardness and sulfate. Increased production from Dummar
will decrease the overall water quality of supplicd watcr.

6.4 - Environmental Examination of Master Plan Projects

In Chapter 6, a number of master plan projects were proposed, and  their
environmental impacts were semi-quantitatively cvaluated in Section 5.6.7. According to the
[EE (Scction 5.6.7), most of these projects do not pose sighificant negative environmental

"impacls. - To implement these projecis, however, much detailed environmental :impacl
; _‘ass_essments (ElAs) have to be conducted in the Feasibility St'udics. - '

'lhc plOpOSCd scope of the wark for the l"casablhly Study level EIAs are summanmd.

in 'I‘"tble D-6.2.  The components of the ElAs were selected based on the gmdchnc for EA by '

JICA. The fotlowing factors are considered crucial for the F easibility Study level EIA.

6.4.1 - ‘Social Environment -

Cullural Assel l)amascus is an anczcnl czly, and 1hcrc are numcrous knou i and )'ct-lo beo -

dnscovcrcd culmral assets.
- Water Right : ‘The allocation of ihe rc$oﬁrccs'ha\'e to be coordinated with other partics.

- Public Health : Public health is the most important aspect of te soma] cm'tronmcnhl tmpact.
“The water supplied by thcsc pEO_]CClS has to be sqfc

- Waste : Potential problems are the :disposal of excavated soil a.ud. the increase in wzisle water,
6.42  Natural Environment
- Groundwater : Projects A-3 (Suppiy improvement Projects) and Projects B-2 (Water

Resaurces Development) may exploit regional groundwater resources.  The extent of the
exploitation has o be evaluated al the regional level.
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- Surface Water : Although the proposed projects will not use surface water, exploitation of

groundwater resources will affect the surface water (e.g., Barada river, Awaj nver).
Surface water is rare in the study arca, and loss of surface water environment will cause
sccondary environmental impacts, such as loss of indigecnous fish and amphibian specics.
'The surface water pollution problems are also expected to be worsen.

" - Floraand Fauna : The exploitation of groundwater resources in Hermon arca may lead to the
~ toss of indigenous flora and fauna that rely on the precious water resources in the area.

“- Air Pollution : During construction, the release of dust and other SPM (suspended particulate
matter) has to be minimized.

- Waler Pollution : The increase in the water supply leads to the increase in the waste waler.
The projects have to be designed such that the whole life-cycle of supplied water does not
 cause -significant  environmental impact.  In project 3.1 (Water. Quality Testing
Improvement), a n_c{v laboratory was proposed. '~ The disposal of waste water from the
Jaboratory has to bc_rcgulatcd,_ as it may contain various toxic chemicals such as heavy

- metals and pesticides. . _ _ ‘ %

.- Noise and Vibration : The tevel of noise and vibration has to be minimized during the

construction.
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Table D-2.1 Release of Nitrogen and Phosphorous from Each Administrmative

District
Area Dislrict __Population ~ Ared . Depsity Nitregen® Phosphorous**
pérson km2 personkmz2 _kglyear kglycar
Villages Figeh 3975 044 9034 1.45E+04 290E+03
Al Khadra 23 012 18592 8.14E+03 © 163E+03
Bassime 468 0.18 2600 1.71E+03 3428402
Ashrafye Wadi asit 027 12263 1.21E+04 2428403 -
Judayde 4464 053 8423 163E+04 326E403
Hame 21570 ‘058 38518 TBTEH(4 157E+04
Jemarya 2034 005 40680 7.42E403 1.48€+403
Kudsaya 43398 ‘158 27467 1.58E+05 . 3.47E+04
Takadom . 38750 055 €6318 1.34E+405 2B3E404
Mitfitary Area 14040 0.85 16518 5.12E+04 $.02E404
. _Maaraba  na na. na_ - ns na. B
Damascus Rular Aldyn 166768 437 38162 6 09E+05 122EH05
‘ Mouvhajreen 77461 3163 21339 2.83E+05 565E+04
Mezze 110002 - 1328 8283 4028405 8.03E+04
" Cafarsousse 6021 12 8002 350E+05 TOIE+04
Kanawat 66761 269 24318 2448405 487E+04
Kadam 64175 3 21392 234E+D5 4.63E+04
Midan 143579 296 48506 524E+05 1.05E+05
Oid City 18493 145 Co12754 . B.7I5E+04 1.35E+04
© Shaghour 65631 47 13964 240E405 © 4.79E+04
Sarouja : 117617 349 33701 4.29E+05 8.50E404
Yarmaouk ' . 214689 227 e4517 7.84E4+05 | 157E+05
_ Jobar - 104106 642 16218 380E+05 | 7608404
" Beize : 75800 673 - 11278 RIFEHS . 5546404
.- Kaboon D 51552 497 - 10381 1.88E+05 377€+04
Dummar : 49415 - 473 10447 CABOE+D5S . 3BIEHD4
Kassion Mountain . na na. ‘na. na’ L na.
" Tolat : : : 567E+06 . - - 113E+06
A .
£ - ‘ n.a.: popuiation dala not available

E 4 total-N load agsuming 10 g/day/person '
- ' total-P Yoad assuming 2 giday/person
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Table D-.2.2

Major Polluting Industries in Damascus (BRGM, 1991)

area

major polluting indusiries

size of operation

efffuent treatment

[Harneh and Doumar

delergent, asbeslos
cement, brewery

10 major poliuting Industries
employing 1,700 workers

no; discharge to Barada
river and Tora river

rubber, foed cannning,
meat (slaughterhouses},

Kaboon textile, food canning. fargestindusirial area in limited, discharge to
electronics, washing Damascus; 131 industries in total; | Tora river
machine 38 major polluting companies
emmploying 11,750 workers
Harasta yaast 6 polluting industries no; dischargs to Tora
) _ fiver )
Old City dye, motal plating, numerous small Industries 0o, diseharge to Banias
mealal casting river and Barada river
East Ghouta match, weaving, dyeing, |12 major polluting industries no, discharge to Barada

fiver

Sit Zeinab Road

electroplating

' v}orkers: small facolries

pharmaceutical
E;;l Ghouta Tannery tannery atieasl 85 tanneries, 17 major 1Iimiied; discharge to
_ tarneries Barada tiver
lbn As;aker Industrial |metat plating, plastic, 21 pollubing facteries limited; discharge to
Complex food ) ) _ - Banias river
textile, tile, plastic, ~{a textila factory employing 2,000

limited

?;rik (2] Keswa

battesy, tile, food,
utensils, ceramics, metal
plating S

limited; discharge to
Banias river and Sit
Zeinab canal |

source : BRGMreporl, 1991
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Table D-3.1 (1/2) Sampling Locations

Arza ¥ name Jun-56 | Jul-96 |AU§-95 :::: P“:.c'ﬁ waler source remas
Zabodanl Ar2a r_'l_ Barada siﬁ@_______;; A o Q| O lgreundwater A majer spring ar-dll-e source of Barada river,
A major waler sesourses. Produces abat 7% ol atal
W - . - \
2 [Baragawely (#4) < Q Qroundw ater DAWSSA®a'er,

A majer wa'el fespurces. Froduce about 8% of lotal
3 [BaradaWel 2 (#3) (o) - o - - lgroundwater IDAWSSA Well £3 Is localedinihe eastemn pat el
the well lields, and the closesiio ihe spring.

An Arablc well used by weal ta.me:s 15 rndeep
4 | Zavatani Wel 1 (irigaticn) O - - . - groundwater |Meat DANSSAwali il K1, Ashalow weliin
intensive agriculturatl 2ore Ia Zabadand.

Awelllecaled near Zobadard Wel 1, and ks used by

" - - - . t
5 jzesen et irgatony} @ | - | [ Y decatamers, vzomderp
- | Zsbadani Well" An Arabic well used by ocal farers. A shaliow {§ m}
s | " . . I's] . . y 0 b
{irrigatior} groundwatet well in Intensive agricuttural zore of Zabadani,
L O NN DS SRR SN EUOUIN PO S —_—— .
Zahadank el ™ . An Arabic well used by kcal farmers. A shaliow (13
7 . - . - - .
(irrgation) . © grounduater m} well in inte nsive agricultural zone of Zabadani.
) B - T T T T A et used by o tarmers, Near DAWSSR wed fied
& (Zsbadani Wel 2 {irrigation) o . Q - - groundwater #2. Aweltinintensive agricuttural zone in Zabadan,
T DS I P TR P R I_Ioomdeep
A well used by ocal farmers. Near DANSSA weill med
9 ) Zabadar Well 3 [irrigation) o] . (o - - groundwaler (83 Awell inTnlensive agricuilural zone in Zabadanl.
I D AU RIS DU PR S e mdeep
. i A poleatial waer resource {3pfing) reas the Syna-
HE Sj’af)?pivg___ 1 0 ‘_____-r o groundwater . on border. )
|11 Ain Bk Q - - - rgroundwater A potential w aler resource (spring) in Zabadant,
12 |Nabosa < - - - ~  igroundwaler [A polerlislwaler resoyrce [spring} in Zabadant
. B . . . |The maia waier respurces which produces over 80%
Figuh Area 13 iFigeh ManSping 'C)w - -.E‘, “70_ i o] g_#:‘)undw aler of water used by CAWSSA ]
14 [Fgeh Side Spring N - O | - d s jgredndwater 410 the miin Figeh sping o
15 [Ain Haroush =2 L v . +  lgeoundwater aar Figeh spfing —
16 Deit Moukarenr - 2 ¢ - = lgroundwater 1A weltiedd in Do Moukaren.
8 T 3 Is, o
17 \BaadaV¥ater 3l Figeh - . o . . lgioundwatei Tie wa.elr sfmmplte flor-{Ba ada we!s- Coltected st the
N L : P Ecergy Dissipatiop Basin belore mixing,
- IR o ISP J —— ) RS, b E
o . : - 1 ure of Barsda, Fugeh, Deir Movkaren and Aln
18  Energy Dissipation asin o ) ° grovedwatel | ousnwaters. Betors chindnation,
Damascys Aa 19 (WMadead [mix} - =] - ___O B gruundwa'.éf JOoneotd main well fileds in Def\_a'scus.
20 (Mazeas (I} (] - o - s igroundatet (One ot the most polluted wels in Wazras welitields.
21 litn Assaket (mix} gt - |0 o F 07: groundial ;; ‘One ofthe 8 mazn_w;'l tiends inDamascus
22 |Oumawyln (i) © | © - | © [¢] groundwater [One efthe 8 rai
23 Cumawdyintes) -~ | © ) - ] O greunduater [A wellocaiedin
| 24} Jobar {wel 12} o - N O QO jgroundwater Or\e ofihe 8 main wel nelds mDunascus
| 25, Katoon (2l L0 LI SR _ |gound
26 | Kodarmn Raitway {mix} O ot groundw
o Q. e © lgrounduatér
8] o Le 0 Sl s rareundwater
29 Unh;ersﬂy um) 1] < - o groundwater [One ol the fiost polFuted well inU(\.‘VE(iﬂ]‘ welllield
;757 ada Store "“'ﬂ,,,;. < - LS I - 51;_91-_5_\1'3_&1‘ Ona el l-l;e & main wet faids in Damaseus, 7_';
) : ] : A privately owned well, located rear OAWS3AT well
31 |Dumerar (orivate krigationy [ - O . o - . lgroundwater if:eid which is currently undef development 100 m
— [ [ N P IO i:.5. -
. tl. shalicw we't used for a smmmmg pool Located
a2 |Yakadom {runicipal) O - Q - . groundwater rear 8 DAWSSA well fited which s curiently under
o ) ) ... [Jevelopment. R
| 33 [Kackkout (Fringe 1) C B groundw er |DAVSSAFingewell . e
| 34 [Halatneh [Fringe 6) =3 _1growrd La#e:!_ rD.@:i_SSA Foangewell B
35 {Burg al Zahera |Feinge T ) ~lgroundwater [DAWSSA Fiinge well R o
5 1Dal 0l Ward (Frnge 9) - _ o groundwater |DAVWSSA Frngs well -
Kargrn Teha [Fringe 11} o  |groundwatet D.I.NSSA Frogewel . - - 1o
K_ar_ar_Smeh (Fiege2y) | © _[groundwater A‘n’\-S‘SAFrme he!!___‘
y : - X
a3 Araid Schodd [Emergancy o aroundw ster !An emergency welllecated on lhe nosthen hight of
51) o T hecy. o - B
40 iCommumication Center - groundwael Adnep(tsa mj private irrigation wel Jo Mezze avea.
4" ‘v’abug—?;_?“ B 77_: :_ :};f geum;;alet A go_va_r- -e;-'e}alon Aed wet in Central Damastus. )
42 [Mational Musewn o : - =1 lgroundwatec A wellin ik.e National Museum
;‘::‘on M | 43 leet Jemn o) . - - - groundwter 1A petential water 1zsource (3pring) in Golan Height
44 Bed Jenn Pool - O - - « lgroundwatet |A potestizlwater rasaurce {springdin Gotan Height.
45 :Selt Jenn River . [+ - - o laroundwater A potentialw ster resource fspring) in Goiza Height.
46 |Ymaseh < - - . . groundwaler [A goteriial waled resource ey Syria« Jordan boidet.
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Table D-3.1 (2/2) Sampling Localions

} P
Area # lrare Jun-96 | Jul-58 |Avg- 98 i:;at:: es:icidwa!“ sotirce | Emaks
47 |Membe] o . - . groundwater A polentief waler resource neas Syna- dea'\ berder.
[ . . o T 1 Y potenliaw;a'.erresau-cz-!;fha sainhwest subur of
é . - - X
Near Arosz G groundwater Damasous.
- -} e ——
. A p polental water resource inlhe southwest subub off
|49 frerena ®0 b s e e doamasens ]
A po'gntial water resounce Wihe southwest suburb of
S0 [Katara 51 3 __...O,., - - . 7.“-““ ‘W‘-‘u{g'roundwalel Bamascus. -
51 1Sheban . - _0 N P -~ [groundwaler |A polertial wates resource Intlermon Mountain.,
52 [Mrasa e : L - jgroundwater A poten
A potenti
1 - - . . 1
ofreer L2 Lo | e ducuntain,
S4 |Tabibhen - (o] w’ - . groundwater Apmem'iaTwéTerrescu'ce inthe seurth of Damascus.

: Mootz of water lrom Barada, Figeh, Dely Moukaren,
Netwbrks 55 |Erérgy Qissipation Basin O - O - - Inetwark and Aln Haroush, which is sent to 1he Wal reservolr,
Afl¢i chiozihation.

. The main reservoir {capacity 62,000 mY) from which
- . network water frorn Figeh ard 8aiada s distrituled fo

58 [Wall Reservai o . <Q
. Dmasws
57 [Westem Reserveir 1.0 O - Q - - qnetwork 1A majorreservolr N‘uapac.ty 42,700 ¥,
. y L)
58 [Eastemn Reservor fLE o . o i R Inemork A maior resereoir with capacity of 28,000 m”, located

Inthe Berge ares.

Tap walel samples colleted fram a rastavrant {June)
59 (Mezze [tap) O - ° . - network and from Communication Center {Avgust) in Mezze
Wedium pressure zona. .
A tap waler sampfe coltected frorn a wlitity building In

) - . . . .
6_‘_’ B_fff_(fip] '_Cﬁ 7‘07 o Tik_f_r}w__ Berze Medium Pressiwre Zone. R
¢ i J
&t [ras h {52 p} o . o . : — A tap waler samgle coliected from ashapin
——— . [Damascus Cenler Low zone. i
X ; Mected I £
82 Kadam {t2p) o . o . . Anenwork A t3p watel sample collected from a gas slatoaln
| [ I Pamascus Cenlel Low zone. . .
’ ! ected rg "
3 |Atnauct Streel {tap) o . o K . netwark A tapwater sample celflected trom Damascys Cenfer
|7 [ — . N — Low zore. . .
64 Licbar ("” o . o . - network A tsp waler sample coltected trom ashopin
L e — [T _ |Damascus Cenle: Low tone.
. : ) ¢ Y, 9
65 [Katar Souseh ftap) © ) . o L o letwork A tap wf.e: sampie‘l:oﬁ:cted 21 the Katar Sousseh
- well statioh In Oamascus Cenler Low zone, -
Batada Bver - |66 |Texien o RN P - O liver Dawnstream of intensive agricultural srea of : . ]
| - . . O SR P i 1Zebadant - .
67 [Haroush R AN A = - s river Near hin Haroush well Field.
|88 [Figeh 2O - O b - |- e Ugpslieam of Figehsprings.
{69 |unhversity Q- - O § |- jiver ' [Upsheam ot Damaseus.
10 Al Joutah - L B o o o iver Downstream of the resdentisl and commoercial areael
| : . ez L _jpheety. —
{74 1Oabaqhal . : o o Q. : I _ {Downsiream of 1he lnd.ustr-alarea &8 of 1t 1k city. :
i 172 (5ela Foad . ~ lDcatsiream of 1he industeial area of ihe gy,
froraRyer. 7 1rs T Upslizam of Damasius.
74 Downsiream of the resdiential and commelclal areas
|~ o eftrecity,
¥ azid River |75 ) __iYpstizam of Damascus. -
; 78 [Mastshen Bazen [s] - O 4 = g . liver induslrial zone along Yazi river.

note: O asampie was taken; - na sample was laken.

D-40



Tahte P-3.2 {1/2) Analyzed lems

»% . .
‘ In-sty

ftem Symbol unit Method Measure |[Comments
ment
Water Temperature Temp. )} C thermometes 0]
Odor - snifftest (@
[~ N ) M . . . . N T DO
Taste . tasting test o akysis wag llrnlted fo chiorinated water
from water supply system.
it measues the intensity of yebiow-brown
: . coloi: 1 degree = aqueodus solution
ab! :
Color dgglee poitable color comparator O containing 3 mgA Ptand 0.5 mgA Co
: solution).
turbidim étes {Hach 2 100A)
Turbidity NTUMegrea land portable lushidity O
comparator ’
This is the pH under field condition. The
Fed pi oH on selective pack lest 0O pressuro of CO; is vsualy higher

underground, and pH may be lower than

RpH.

1

colorimeter (Wallace &

Equinibrivm pH N RpH . |¥ietnan Tyge 1000) pH in equnbbnur_n with atinosphara.
Efectrica) Condutiivity B uS{crﬁ C meler (Hach dr/2) 1t is an estim alé of ion cocentration.
Total Evaporation mglh - balance . Sum ol dissolved and suspeéded feg..
Residue (105 C) L clays) materials in water,
Total Dissolved Solids 108 mgAL calculation It was_est‘am ated from the concentrations
. - . : ol majet ions.
This was calculaled fiom the ‘ )

loh Batance . _ meql cateutation concenlrations of tne-\ior ions to venfy_lhe )

. : ) accutacy of analysis in terms of electrical

. . neblrality. : :
Major Cations

I _ ] -l The piopedties of collolds, such as
Calkefum . ca® . mg/. - |EDTAtwation : hardness and flucculation of clays, dre
. C : affecied. The study arealsrich in Ca.

" |The preperties of collolds, such as -

Magnesium Mg" © mglL EDY¥ALteation o - hardness and ﬂdcgulati«:\n of cl&ys, are
) ) , : c : [atected. . ) L
Sodium . Nat moA flame photomele? (Com;ng
. ‘a o (A1)
H : - [|flame photometer (Corni
Potassium : K mgiL lame photemeter (Corning
110}
Major Anions . .
L : L i Clconsentration is often associated with
Clorida : o - mgh ‘“9’“’3 tiration human activities, '
Sulfate 07 | :mga |lurbidity Hetigeaso) | : _ _
‘Bicarbonate {hooy | mea  [eatkedtation. | . |Estmated fram tha afkatinity and pii.
Carbonate o, “mgAL T |eateutation ¢ - |Estimated frem Lhe alkalinity and pH.
) : : ot |Améunt ef acid required to réduce the pH
- to 4.3. Usually efiectthe amountof |
Total Afkalinity TAG meqfl.: HCl Hitration 4 caibonate/bicarbonate, and other weak
: eleclrolytes, ’
Hardness is an indication of amount of :
| mgsioomt soap precipiated by the watet, mainly due
Total Hardness TH g . \EOTAttration : to Caand Mg jons. Water with exlremely
as CaCO3 ) . \
- high hardness causes diarchea, and
% _ reduces the effectiveness of soap.
Magnesium Hardness | THMg EQTAtitration Hardress caused by magaesium,
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Table D-3.2 {2/2) Analyzed llems

Slestimates tﬁe CaCQ3 precipitation of
: dissolution tendeneles. Water with Si> 0
Saturation index s calculation from ion is oversaturated with CaCO3 and may
composiion cause scaling problemn, Waley with Sle 0
is undersaturaed with CaCO3, and may be
coreosive,
Nitrogen _ - e
dati it -
. |ion selective pack test me?d. by the degradation of ’:N rogen .
Ammaohlum NH,-N mgiL - conlaining organic maller. Indicates the
Nestler reagent {qualitative) .
pollution by sewage.
) Formed by oxydadtion of NH; foim
Nitrite NO,-N maof ion selective pack test nitragen, Indication of pollution by
. sewage. )
dati 1 NH4
. colorimelry (Lovibond Forme? by oxyda on @ a‘jd Ho2
Nitrale NO,-N mg/L form nitrogen. Indicates pollution by
AF386)
_— SeWge.
. . Lran .i ) v
KMND, dermand mg KMAO,/L [titeation Measureof_ox:d;zable -:frgan.c mattes in
water. Indicates pollution by sewage.
Metals .
. atomic absorption (Marian Iron kevet may ndicate tha corrosion
l .
ron Fe | mat lgpacuanio) problem.
' : . atomic absorption (Varian Forms insoluble precipiation inwaler
Manganese . Ma ) mgfl SpecirAA-11) supply system.
Sanilary Condition - .
. BT ‘
Total bacteria count CFUI00mL [plate, Tergital 7-Agar The count 'elfds th? ?On-!“mmahon °
. human and animal origin.
Total coliform count CFULH00mL |piate, Tergiol 7-Agar A!_' Heal hdlca'hn for w'ater cortaminated
o : with pathogenic bacteria.
: ' : . OPD method, Wallace & ‘ .
Residual Chlotine e mg/ . |Tiernan photometer, Measure of sterifization slatus.
- " Jeclorimeter )
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Table D-3.3  Heavy Melals and Pesticides Anatyzed in This Study

g;% us_,’t_r_bsiance N item
heavy metals Pb, Cd, Cr, Cu, Zn, Fe, Mn, Hg, Ni, Co
peslicldes - ¢hiorinated peslicides
lindane, dieldrin, aldrin, DDT, DDE, methoxychlor, heptachlor,
“endosulfan

- organo-nitrogen/phosphorous pesticides
chlorpyrifos, fenitrothion, chiorpyrifos-methyl, bromophos,
dichlorvos, methidathion, dimethoale, methylparathion
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Table l)-j.?

“Annual Yolume Averaged Quality of Supplicd Waler

Itermn Unit Syrian Std.  Vol. Ave. Conc.**

EC uSlem 1500 350

pH 6.5-8.5 7.7

Total Hardness mg CaCO,/L 500 190

Ca mg/L 51

Mg mg/L. - 14

Na mafl. 4.5

K mg/L 0.77

Total Alkalinity meq/L 3.4

HCO; mgiL 205

S0, mg/L 250 9.7

Cl mg/L 250 9.7

NO, mg/L 44 6.9

‘Total Bacteria count/100 mlL 200 : 140*

Total Coliform count/toOmL  nd. 60*
KMnO, Demand . mg Oy/L 2 0.016

Fe ugiL 300 8.0

~Mn Hgil ~ 100 0.6 g
: no standard

: ri d.: not detected

betore disinfection

: calculated from estimated annual yield of each well for 1996

- and the resul!s of field waler qua!tty study {June - Sept 1996)
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Tabie D-5.2

Current and Suggested Capacity of Water Quality Testing

Test B ltem Current  Recommended
Capacily Capacity (by
2015)
general bacteriological  general bacteria, coliform, 50 250 samples/day
qualily tesidual chlorine samples/day
specialized biological palhogens, viruses none . 20 samples/day
study .
* general physicochemical temperature, turbidity, pH, EC, 30 100 samples/day
gualily TO0S, hardness, major samples/iday
cationsfanions, NOs, KMnQ,
: _ demand
human health related heavy metals 5 samples 50 samples/day
posticides _ none - 10 samples/day
disinfection by-product analyses none 30 samples/day
emergency tesls genera! bacteridlogical and " none 50 locations

physicalichemical analyses
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Table 1}-5.3

Suggested Reinforcement of Laboralory Staff %}

“Driver

job description current suggested comments
number number
Administration and Cata 1 3 Direclor, and data analysts (computer
"~ Processing operator),

Routine Analyses _ The large pars of their jobs are rouline.
Physical / Chemical 3 4 These tasks can be done by junior chemists
Microbiological’ = . 2 4 and biologists with 4-year ¢ollege

-educalion.

Heavy Metal, Pesticlde, 1 2 The analyses of heavy metals, peslicides,

Disinfection-Byproduct and disinfection byproduct (e.g.

Analyses halegenated hydrocarbon) require 7

experienced chemists who are familiar with
_ instrumentalion.
-Specialized Microbiological 0 2 Currently only the total bacteria count and

Analysas the total coliform count are tested. '

However, the capabilily lo conducl

specialized microbiclogical assay

(pathogens, virus) will be needed.
3 5

~The drivers should be trained for on-sile
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Table D-5.4  Suggested Special Training for Water Quality Testing

Program Name  Suggested Program targel year
Pesticide Extraction Learn solid and liguid-liquid exiraction method 1997

at HIAST
GC-MS analysis ' Take a serics of training course (1 monthyat 1997

DAWSSA from an invifed technician from
Varian using the exisling system. Analyze reat

water samples.
Virus and Pathogen analysis  Visit a water testing laboratory and takea 1998
‘ . L ' seri¢s of training course {1 month). , .
. Automated Ton Analysis Take a scrics of intensive teaining course (3 - 1999
“with Ion Chromatography  wceks) al a manufacturer. _ _ '
Computer Mandatory short program on word-processing 1997 - 2015

and spreadshect
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Table D-5.5  Suggesled Laboratory Space for DAWSSA

room suggest%d area remarks
m

adminisiralion 20 Office space

physical I chemical analysis 100 This room has to be separated from other
reoms as chemical fume may be produced
during lesting. A draft chamber is needed.
If a farge amount of organic solvents is used,
a separale room with sufficient ventilation is
needed,

microbiological / biological 80 Some growth media have strong odor. it

analysis has to be ventilated. A walk-in constant

- - temperature room would increase the
capacity for biological/microbiological
studies.

- instrumental analysis 30 For GC-MS and AA work.
data analysis 30 For data processing and computer work.
slorage 40 " In separale sections, chemicals, samples,

gas cylinders, and unused lab equipment are

stored. :
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Table D-5.6

List of Equipmient Needed at A Water Quality Testing Laboratory

Y

equipment current nzeded comments
nuriber congition number] urgency
glassware old, not ehough medium
thermometer 2 working, need more 6 medium |For general usa,
water sampler - 2 medium {For sampling from wells with
no pump.
palance 2 old, time for replacement 4 high |An microbalance, and a few
general electric balances arg
needed.
turblidimeter 1 working, nol reliable, time for] 2 high |Needed for daily analyses.
[replacemnt -
EC meter 1 working, time forreplacementy 2 tigh |Needed for daily analyses.
oH meter 2 no ballery, primitive 2. high = |Needed for daily analyses.
residual chlotide analyzer 2 working 2 high . |Needed for daily analyses.
DO meler 1 not reliable 2 high . |Needed for daily analyses,
spectrophotometer 1 not working - 2 high | Very urgenlly needed.
automatic titrator - 2 medium | It will speed up titration.
fhot plate - 2 mediuvm | General use.
magnetic stirrer - -5 high  |General Use
sterilizer 1 working 1 medium |For microblolegical study.
autoclave 4 working, capacity ks small i medium | General use, _
shaker - i medivm |General use.
colony counler 1 working 2 medium | For microblal counting,
microscope t too old (1961) i medium [General use, especially
: blologlcal studies.
" {centrifuge - i | medium |Generl use.
iricubalor 2 working 2 medium A constant temperamre foom
: . is an option.
_{constant temperature bath - i medium |General use.
density meter : = t medium |Genéral use,
vacuwm pump 1 working 2 | medium |General use. ]
furnace - 1 medium |General yse,
refrigerator / freezer 1 working, the capacdy is not 3 medium |For sample storage. A
sufficlent - |freezet is also needed.
fraction collector - 2 medivm |Handy loraulomalion of -
o s . : - ¢ |analyses.
draft chamber 1 {working, need another for. 3 high | Oefinitely needed for
A L pesticide analysis pesticide analyses.
ion chromategraphy - : 1} high . |Forautornated anaiyses o(
T : : c¢ations and anions. :
© - {flame photometer 1 {working, omy (or sod:um and - low |itmaybereplacedwithanion
‘ " {potassium s B chrornatography | :
{AA 1 ﬂorkmg néed spare famps . “low . |ltneed sa routine
. - . .__Imaintenance -
ﬁi PLC - 1 “low . |{ltwillcomplement GG sys!em
- 1 fow For routine analyses of
o : chiorination byproduct.
GC-MS { - [not utilized 1 |. low .  |needrouline maintenance
rotary evaporator - 1 high - |For pesticide analyses
solid extraction system - 1 _high  |For pesticide analyses
liquid-liquid extration systeém - 1 high - ]For pesticide 2naiyses
pure water generalor 1 The current distillation system] 1 high ~|For general use,
is not suificlent to conduct ‘ o
: : trace chemical analyses. - e
automated giassware washer - 1 low - |itwill increase the overalt | .
: elficiency of testing.
© |portable waler analyzer : o . . S
- | complete set - 1 ; high © |For on:site tesling'backup.
partial set - " 10 | medium |For satelite testing senices
cabinet {explosion p n. 3 high = |For organic soivent,
acid/base, pesticide and
. heavy melal teagents
fire éxtinguisher 1/roora| high  |Forsafty.
¢ye washer 1froem| high {For safely precaution. _
Standard Method Bocks 1 A recent one is needed. 1 high - |The most recent edition of
AWWA manual is needed.

based on "Guldeling for Water Supply Facility Design”, MWWA, 1990
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