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Summary 

Groundwater is an invaluable resource 

in Jordan. It contributes to about 70% of 

the domestic water supply and is the 

major source of drinking water in the 

country. Thus, its protection is of the 

highest priority for the Ministry of Water 

and Irrigation (MWI). Over the last two 

decades, the MWI has taken a series of 

proactive measures to protect 

groundwater resources. In 2011, the 

MWI, in collaboration with the German 

Federal Institute for Geosciences and 

Natural Resources (BGR), implemented 

Groundwater Protection Zones in 

Jordan, in which the watershed of each 

groundwater well was divided into three 

zones, delineated using GIS maps. In 

Groundwater Protection Zone 1, no 

industrial or human activities are 

permitted, whereas in Zone 2 domestic 

and agricultural activities are allowed, 

but with strict limitations and frequent 

monitoring. Zone 3 covers the rest of the 

groundwater catchment area and it is 

assumed that human activities herein 

are less likely to contaminate the 

groundwater within the watershed. The 

concept of Groundwater Protection 

Zones was followed by the development 

of Groundwater Vulnerability Maps. 

Mapping the vulnerability of groundwater 

aquifers through spatial hydrogeological 

assessments can pave the way for an 

enhanced understanding of the 

sensitivity of natural systems to 

anthropogenic activities. These maps 

are an important decision support tool 

that should be considered for land 

management planning. Groundwater 

Protection Zones along with 

Groundwater Vulnerability Maps are 

becoming essential in Jordan particularly 

in areas that are not served with a 

sewage network. 

The main aim of this study originated 

from a request by the National 

Implementation Committee for Effective 

Integrated Wastewater Management – 

NICE to review and update the 

previously developed list of Hot Spots. 

Hot Spots are defined as areas where 

groundwater resources, through leakage 

of domestic wastewater from cesspools, 

septic tanks, or sewage networks or 

through inappropriate handling of 

wastewater, have been contaminated or 

are expected to be contaminated. Based 

on multi-dimensional criteria i.e. people 

served, level of pollution, frequency of 

pollution and the presence of on-site 

treatment, 16 Hot Spots were identified. 

The identified Hot Spots, in combination 

with the Groundwater Protection Zones 

and Groundwater Vulnerability Maps, 

can be seen as an important decision 

support tool for stakeholders and 

decision makers when deciding where 

wastewater treatment plants will have 

the biggest impact for groundwater 

protection.
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1. Introduction
The protection of water resources of an 

appropriate quality is of utmost national 

importance, and the optimal 

management and use of the scarce 

water resources is essential. 

Groundwater and surface water 

resources need to be protected in order 

to restrict pollutants affecting these 

resources. The majority of water 

resources in Jordan are contaminated 

with coliform bacteria originating from 

leakage of domestic wastewater from 

cesspools, septic tanks, sewage 

networks or through inappropriate 

handling of wastewater. 

In the National Framework for 

Decentralized Wastewater Management 

(MWI, 2015) and in the Decentralized 

Wastewater Management Policy (MWI, 

2016) various Hot Spots of groundwater 

contamination from domestic 

wastewater were identified. Both 

documents, included a chapter on 

“Groundwater Protection”, defining 

groundwater risk sites as well as a 

selection of wastewater treatment and 

reuse sites within groundwater 

protection zones. The identification of 

such Hot Spots was based on the 

Jordanian “Microbiological Guideline for 

the Quality of Drinking Water” issued by 

the Higher Committee for Water Quality 

(WAJ et al., 2017). For the impact of 

domestic wastewater on groundwater, 

biological agents such as Escherichia 

coli (E. coli), were the main indicator of 

contamination. 

The main aim of this study, based on a 

request from the National 

Implementation Committee for Effective 

Integrated Wastewater Management – 

NICE, was to update the chapter from 

the above-mentioned documents 

including the list of Hot Spots (MWI, 

2015; MWI, 2016). In addition to 

improving public health and reducing 

environmental pollution, wastewater 

management is most beneficial where it 

supports the protection of groundwater 

and, in particular, where it facilitates the 

implementation of groundwater 

protection zones (MWI, 2016). 

To realize these benefits, priority should 

be given to locations where 

decentralized wastewater management 

supports the remediation of groundwater 

pollution from wastewater or the 

prevention of groundwater risks 

associated with wastewater (MWI, 

2016). 

Through technical cooperation between 

the Ministry of Water and Irrigation and 

the German Federal Institute for 

Geosciences and Natural Resources 

(BGR), a guideline has issued in 2006, 

which was updated in 2019, for the 

protection of water resources, in which a 

total of twenty-one Groundwater 

Protection Zones were delineated.
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2. Principles of Groundwater 
Protection Zone

Groundwater Protection Zones indicate 

areas where groundwater is at risk from 

potentially polluting activities and 

accidental releases of pollutants. 

According to the Water Resources 

Protection Guideline, the Groundwater 

Protection Zone 1 of a spring has to 

extend at least 50 m upstream of the 

well, 10 m downstream and 15 m to 

each side. The perimeter should be 

completely fenced and locked, allowing 

only authorized personnel to access the 

area. Furthermore, there must be signs 

indicating restrictions and the 

significance of Zone 1 (Figure 1). 

 

 

Figure 1 Signpost marking the boundary of a 

Groundwater Protection Zone 1 in Jordan 

(© BGR). 

 

Protection Zone 2 starts at the outer 

boundary of Zone 1 and ends at the line 

from which groundwater will, 

theoretically, take 50-days to reach the 

well. The 50-day line assumes that most 

pathogenic bacteria die within a period 

of 40 – 60 days while moving towards 

the groundwater. By preventing 

bacteriological contamination entering 

the groundwater within this 50-day line, 

it can be assumed that the water arriving 

at the wells is free of any bacterial 

contamination. Signs should also be 

installed to clearly show the most 

important restrictions (Figure 2). 

 

 

Figure 2 Signpost marking the boundary of a 

Groundwater Protection Zone 2 in Jordan 

(© BGR). 

 

Activities that are allowed within Zone 2 

are: 

(i) Residential areas with a connection 

to a local sewerage system or 

installation of a properly managed 

cesspit; 

(ii) Agricultural activity: Organic 

agriculture; 
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(iii) Existing industries: Those that 

produce wastewater have an obligation 

to implement all necessary 

environmentally sound practices and 

(iv) Other activities: New 

establishments, extensions or changes 

are not licensed unless the responsible 

organization gives permission, 

referencing Jordanian legislation and 

related studies. 

 

Protection Zone 3 comprises all the 

remaining groundwater recharge area for 

the well or spring. 
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3. Concept of Groundwater 
Vulnerability Maps

In comparison to the aforementioned 

Groundwater Protection Zones – 

Groundwater Vulnerability Maps provide 

an easy to understand tool for decision 

makers and stakeholders, showing how 

quickly pollution can reach the 

groundwater in a given area. While 

Groundwater Protection Zones focus on 

water sources (wells/ springs/ dams), 

vulnerability maps consider groundwater 

resources as a whole. 

They are an important decision support 

tool that should be considered for land 

management planning. Activities that 

cause or might cause contamination 

should not be allowed in highly 

vulnerable areas. The overall aim is to 

provide an indication of whether a 

proposed development or activity is 

likely to be acceptable or of potential 

concern. 

Various methods have been developed 

for different geological settings and 

available data. For the current study in 

Jordan, Groundwater Vulnerability Maps 

were produced using the COP-Method 

(Vías et al., 2006). In contrast to other 

methods frequently used in Jordan, this 

approach is able to describe the rapid 

infiltration of water through karst 

features (Brückner et al., 2018). 

Parameters considered in this method 

are: 

§ Surface features (e.g. karst, 

slope, vegetation - Concentration 

of Flow). The C-Factor represents 

the infiltration conditions of 

surface water into the aquifers. In 

karst environments, water 

infiltrates rapidly, bypassing the 

protective cover. 

 

Figure 3 C-Factor of the COP-Method (© BGR). 

C – Factor (Concentration of Flow)

Surface Features Slope & Vegetation C – Factor
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§ Texture and thickness of the soil 

cover; thickness and lithology of the 

geological layers above the 

groundwater table (Overlying Layer). 

The overlying layers are the basis for 

the assessment of groundwater 

vulnerability. The O-Factor is a 

combination of the vertical distance 

that contaminated water has to 

traverse to reach the groundwater 

table and the retention potential of 

the soil and rocks.

 

 

Figure 4 O-Factor of the COP-Method (© BGR). 

 

§ Quantity of rainfall as well as 

rainfall intensity (Precipitation). 

The average value of wet years 

during a 30-year period 

(1984/1985 – 2013/2014) was 

considered. Recharge is 

considered indirectly with the 

precipitation factor. Variability is 

considered to some degree by 

using a “worst case scenario” 

(rainfall for wet years only, 

defined as yearly precipitation 

that is at least 15% above 

average).

 

O – Factor (Overlying Layer)

Texture (Soil) Thickness & Lithology Confining Conditions
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Figure 5 P-Factor of the COP-Method (© BGR). 

 
A detailed description of the data and 

procedure for producing the maps can 

be found in Brückner et al. (2018). The 

groundwater vulnerability maps 

presented in this study (see Figures 

7 – 12) show the vulnerability of the 

aquifer that is closest to the surface – 

B4/5, A7/B2, A4 or A1/2 – independent 

of whether it is exploited or not. Also due 

to geological conditions, the maps can 

show the vulnerability of different 

aquifers. The aquifer which the 

groundwater vulnerability map refers to 

at any point, is shown on the inlay map. 

This can help to identify pollution 

pathways, especially by including 

potential hazards and groundwater flow 

direction. They also show where 

establishing a sewage network should 

be prioritized from a water quality 

perspective. 

The overall data were not sufficient to 

calculate the vulnerability of the deeper 

Kurnub and Ram sandstone aquifers 

which outcrop along the Dead Sea rift in 

the southern parts of Jordan. The maps 

show five categories of groundwater 

vulnerability (Very High, High, Moderate, 

Low and Very Low), which are defined 

as follows: 

§ very high: groundwater 

resources that have very limited 

natural protection 

à very high sensitivity to 

groundwater pollution from 

surface activities. 

§ high: groundwater resources 

that have limited natural 

protection 

à high overall pollution risk to 

groundwater from surface 

activities. 

§ moderate: groundwater 

resources that have some natural 

protection resulting in a moderate 

overall groundwater risk.  

P – Factor (Precipitation)

Quantity Intensity P – Factor
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§ low: groundwater resources that 

have some natural protection 

resulting in low overall 

groundwater pollution risk. 

§ very low: groundwater resources 

that have a high degree of 

natural protection. This reduces 

their overall risk of pollution from 

surface activities. However, 

activities in these areas may be a 

risk to surface water due to 

increased run-off from lower 

permeability soils and near-

surface deposits. 
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4. Prioritization of Hot Spots
4.1 Hot Spot definition criteria 
In order to decide where wastewater 

treatment plants have the biggest 

impact, hot spots were defined. These 

Hot Spots are defined as areas where 

groundwater has been contaminated or 

is expected to be contaminated from 

untreated wastewater through (i) e.g. 

leakage of domestic wastewater from 

cesspools, septic tanks, or sewage 

networks or (ii) inappropriate handling of 

wastewater. As a decisive parameter, 

the coliform bacterium concentration of 

E. coli, measured as the most probable 

number (MPN/100 mL), is used for the 

classification of the level of pollution. 

The identification is based on the 

Jordanian Microbiological Guideline for 

the Quality of Raw Water for Drinking 

Water issued by the Higher Committee 

for Water (Table 3). In order to identify 

the source of contamination, the 

provenances of contamination, as 

mentioned in the Decentralized 

Wastewater Management Policy (MWI, 

2016), need to be considered: (i) source 

of pollution such as feces and other 

pollutants that may directly impact the 

water resource, (ii) entry point of 

pollutants to the water supply path and 

(iii) entry of pollutants due to lack of 

control measures. Water resources 

(springs, dams and wells/wellfields) in 

Jordan were classified into three 

contamination categories: High, 

Moderate and Low (see Table 1), where 

principles such as the population served, 

level of pollution, frequency of pollution 

and availability of treatment of the water 

resource were considered. Each 

criterion was evaluated separately for 

each water resource. Water resources 

that were placed in the High category 

were considered to represent a Hot 

Spot.

Table 1 Criteria that were considered for the classification of the Hot Spots. 

Criteria High Moderat Low

People served* > 50.000 10.000 - 50.000 < 10.000

Level of pollution$ E. coli  conc.
2.000 - 20.000

E. coli  conc.
200 - 2.000

E. coli  conc.
20 - 200

Frequency of pollution per year& Daily to weekly Monthly to quaterly Yearly or above

Treatment at water resource Not available - Available

* Population that can theoretically be served; calculated on a daily water consumption basis of 70 l / inhabitant.

$ Only wastewater induced pollution is considered. As a decisive parameter the E. coli concentration (Most 
probable number (MPN)/100 ml) is used for the classification of the level of pollution. The identification is based on 
the Jordanian Microbiological Guideline for the Quality of Raw Water for Drinking Water.

& According to the classifcation of WAJ.
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5. Vulnerable Water Resources in 
Jordan: Hot Spots

Based on the description in: 

1. Prioritization of Hot Spots, various 

water resources in Jordan were 

considered and classified according to 

the criteria presented in Table 1. In total 

sixteen water resources can be 

considered as Hot Spots (Table 2; 

Figure 6). 

Of these, the following were ranked 

highest by MWI/WAJ for the 

implementation of wastewater 

management solutions: 

1. El-Qantara spring 

2. Tannur & Rasun spring 

 

Table 2 Identified Hot Spots in Jordan for the year 2019. 

   

Governorate

Spring Well/ Wellfield

Hareema 1.113.375 15.905 n.a.

Pella 3.082.526 44.036 √

Kufr Asad 2.359.280 33.704 n.a.

Ajloun El-Qantara 473.879 6.770 n.a.

El-Beida

Tannur; Rasun

Shore'a & √

Hazzir √

Azraq 1.389.844 19.855 √

Baqouriyyeh 2.673.537 38.193 √

Baq'a 1.632.283 23.318 n.a.

Yazidyya 392.040 5.600 n.a.

Awajan 3.153.600 45.051 n.a.

Ruseifa 2.124.016 30.343 n.a.

Madaba Heedan 11.149.269 159.275 √

Karak Mujib Dam 15.027.780 214.683 √

GW-Protect. 
Zone

Water Resource
Abstraction 

Volume m3/y&
Population 

served*

Irbid

Zarqa

n.a.: not available; *calculated on a daily water consumption basis of 70 L/inhabitant;
& for the year 2018.

944.137 13.488 n.a.

Balqa
1.295.350 18.505
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Figure 6 Locations of the sixteen Hot Spots identified in Jordan. 
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5.1 Irbid Governorate 
The Irbid Governorate is located in the 

north of Jordan. It has an area of 

1571.7 km2 and is characterized by a 

moderate climate in the summer and a 

cool and rainy winter. It is the second 

largest governorate in terms of 

population, after Amman. Its population 

was 1,867,000 in 2017 and it has the 

highest population density in the 

Kingdom. A significant population 

increase has been caused by the Syrian 

crisis: about 133,000 Syrian refuges 

have moved to the governorate, 

increasing pressure on the scarce water 

resources. 

Six centralized wastewater treatment 

plants are located in Irbid Governorate: 

(i) North Shouna; (ii) Wadi Al-Arab, 

(iii) Central Irbid, (iv) Wadi Shallala, 

(v) Ar-Ramtha and (vi) Wadi Hassan. 

 

Groundwater vulnerability 

The vulnerability in the Irbid Governorate 

is mostly classified as moderate 

(Figure 7). In the south and west of 

Irbid, the A7/B2 aquifer outcrops and 

exhibits very high vulnerability in the 

incised wadis, where distance to the 

groundwater is lower. Vulnerability is 

very low in areas where the B3 aquifer 

outcrops and moderate to very high in 

the north and east of the governorate 

where the B4/5 aquifer outcrops, again 

strongly influenced by the occurrence of 

wadis.

 

Figure 7 Groundwater vulnerability map of the Irbid Governorate. 
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— Hareema wellfield 

Located in the northern part of the Irbid 

Governorate. Approximately 171 m3/h of 

water is extracted providing water for the 

network including Kharja, Bawakis, 

Hareema, Khair, Qaseef, Sila, Kharib, 

Yarmouk Hospital, Sama Al-Rousan – 

all located in the district of Bani Kinanah 

– and Kafr Jays. 

§ Treatment at the wellfield: 

Chlorination. 

§ A7/B2 aquifer, covered by B3. 

§ May be contaminated with 

Molybdenum, Nickel and Arsenic. 

 

— Kufr Asad wellfield 

Located in the west of the Irbid 

Governorate. Approximately 281 m3/h of 

water is extracted providing water for the 

network including Kufr Asad, Sidour, Al-

Kharaj, Malakah, Mansoura, Hatem, 

Abder, Umm Qais – all located in the 

district of Bani Kinanah – and Qumim. 

§ Treatment at the wellfield: 

Chlorination. 

§ A7/B2 aquifer. 

§ Contamination from the Wadi 

Arab WWTP as a result of by-

pass or overflow due to 

overloading. 

 

— Pella wellfield 

Pella wellfield (also known as Tabaqat 

Fahl) is located in the central Jordan 

Valley. The water has been used since 

Roman times, and is pumped from five 

shallow wells in the alluvium of Wadi 

Jurum. Although the water originates 

from the A7/B2 limestone aquifer, the 

deeper wells are causing problems and 

are contaminating the shallow wells. 

Groundwater Protection Zones for the 

spring were delineated by (Hobler et al., 

1999). 

Approximately 650 m3/h are pumped 

and directed to the network including 

Fahl, Wadi al-Rayyan, Tall al-Arbaeen, 

Qal'at al-Sheikh Muhammad and al-

Zamiliya. 

§ Treatment at the wellfield: The 

raw water is passed through 

sand filters to reduce turbidity 

and to achieve low levels of 

suspended solids. Next, it is 

pumped through reverse osmosis 

units to reduce the relatively high 

concentration of soluble salts. 

The water is then pumped 

through a ventilation tower to 

reduce the high concentrations of 

sulfur. 

Treatment is only required because of 

the deeper wells, about 3 km north of 

the spring, which have high salt 

concentrations and flow into the shallow 

wells. 
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5.2 Ajloun Governorate
The Ajloun Governorate is located in the 

north western part of Jordan, with an 

area of 419,636 km2. It is the second 

smallest governorate in Jordan after 

Jarash. 

This is one of the governorates in which 

karst features are frequent due to the 

steep topography and relatively high 

amounts of rainfall. 

Various springs, streams and artesian 

wells are present in Ajloun, and these 

are an important source for drinking 

water and irrigation. 

One central wastewater treatment plant 

– Kufranjah WWTP – is located in the 

governorate. 

 

Groundwater vulnerability 
Groundwater vulnerability in Ajloun 

Governorate is mostly moderate to low. 

In the depressions around and south of 

Kufranjah, vulnerabilities are very high 

because the aquifer outcrops directly. 

The A7/B2 aquifer outcrops in the 

northwest of the governorate (Figure 8).

 

Figure 8 Groundwater vulnerability map of the Ajloun Governorate. 
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— El-Beida spring 

Initially pumping at a rate of 35 – 

120 m3/h as this rate is needed to feed 

the Kufranjah tank and network. 

§ Treatment at the spring: UV-; 

filtration and chlorination unit. 

Currently the spring is not connected to 

the main drinking water network and no 

treatment is applied. Water is taken 

directly from the spring by tankers.

— El-Qantara spring 

Pumping at a rate 80 – 200 m3/h to feed 

the Rasun and Abu Al Hawa network, as 

well as the Baun reservoir. 

§ Treatment at the spring: 

Chlorination. 
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— Tannur/ Rasun and El-Beida 

springs 

Rasun and El-Beida springs are both 

located within the catchment of the 

Tannur spring and are of particular 

importance since about 20% of the 

population is supplied with water from 

them. The adjacent villages are the main 

recipients, however excess water is 

distributed to Ajloun, Anjara and Ain 

Janna via the Ba’oon and Ishtafeina 

reservoirs. 

Investigations for the delineation of 

groundwater protection zones, as 

described by (Brückner et al., 2015) and 

Hamdan (2016) showed abundant karst 

features and a short spring flow 

response time to rainfall events. 

Contamination events have obliged the 

WAJ directorate in Ajloun to stop 

pumping water from the springs for 

periods between several days to a few 

weeks. The majority of the 

contamination events occurred during 

the rainy season, which usually extends 

from October to April (Brückner et al., 

2015). 

Olive oil extraction represents one of the 

major agricultural industries in Ajloun. 

This produces large amounts of 

wastewater as a by-product of the 

milling process, so called “zeebar”, with 

a high pollution load (high concentration 

of toxic organic compounds like 

polyphenols). It cannot be treated in 

conventional wastewater treatment 

plants and requires collection in isolated 

pools and transportation to special 

disposal sites by tanker trucks. The 

Tannur spring, in particular, is affected. 

Rasun spring is contaminated with 

E. coli. The contamination is highly 

correlated with precipitation and thus 

usually occurs during the rainy season. 

The most probable sources of this kind 

of contamination are the cesspools of 

the houses in the surrounding villages, 

which are apparently not sealed properly 

and leak into the groundwater (Brückner 

et al., 2015). In summary, the main 

source of contamination occurs from 

coliform bacteria after rainfall and illegal 

dumping of olive oil wastewater. 

The Tannur and Rasun springs are 

protected by a fence, both have a guard 

on duty at all times and the water is 

chlorinated before distribution to the 

water supply system, whereas at the 

smaller El-Beida spring there is no 

spring capture or treatment and water is 

only collected by tanker trucks. 
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5.3 Balqa Governorate
Balqa is located in the western part of 

the Kingdom, with an area of 1120.4 km2 

and a population of about 518,600 

inhabitants. The governorate is 

characterized by varied climate and 

terrain reaching from 224 m below sea 

level in the area of the Jordan Valley to 

1130 m in the highlands. 

Five centralized wastewater treatment 

plants are located in Balqa Governorate: 

(i) As-Salt, (ii) Baqa’a, (iii) Fuheis-

Mahes, (iv) Tal Mantah and (v) Al-

Echraiah. 

Groundwater vulnerability 

South and east of Salt, the A7/B2 

aquifer outcrops and is highly vulnerable 

because of the absence of a protective 

cover. Vulnerabilities are also high along 

Wadi Shuayb, where several springs 

that are used for water supply emerge. 

Vulnerabilities in the rest of the area are 

mostly low. In the Baqa’a wellfield, water 

is extracted from the Kurnub Sandstone 

– data for this aquifer are quite limited so 

it was not possible to calculate 

vulnerability in that area (Figure 9).

 

Figure 9 Groundwater vulnerability map of the Balqa Governorate.
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— Al-Echraiah, Hazzir, Azraq and 

Baqouriyyeh springs 

All springs are located in Wadi Shuayb 

and are used for the water supply of As-

Salt and Fuheis-Mahes; they have been 

affected by bacteriological contamination 

for many years. 

Margane et al. (2010) delineated 

groundwater protection zones for the 

springs and found that leaking cesspools 

are most likely the source of frequent 

bacteriological contamination. 

Grimmeisen et al. (2016) showed that 

the discharge at the Hazzir spring is 

influenced by a leaking water supply 

line, showing a rapid connection 

between the shallow subsurface and the 

spring. 

The water from all wells is treated at Al-

Echraiah and then pumped to Naqab Al-

Dabour, Batneh and the reservoir of the 

Azraq spring. 

§ Treatment at Al-Echraiah spring: 

UV, membrane micro-filtration 

and chlorination with a total 

capacity of 22,000 m3/d. 

The following approximate amount of 

water is extracted: 

§ Al-Echraiah spring: 75 – 

150 m3/h. 

§ Hazzir spring: 120 m3/h. 

§ Azraq spring: 160 m3/h. 

§ Baqouriyyeh spring: 

200 – 400 m3/h. 

Due to an increase in bacterial 

concentrations in the Azraq spring, the 

water can no longer be pumped directly 

into the Fuheis reservoir. 

 

— Baq'a wellfield 

Located in the north eastern part of the 

Balqa Governorate. Approximately 

383 m3/h of water is extracted providing 

water for the Baqa’a Camp network. 

§ Contamination with E. coli. 

§ Treatment at Baq’a wellfield: 

Chlorination 

 

— Yazidyya wellfield 

Located in the eastern part of the Balqa 

Governarote. Approximately 540 m3/h of 

water is extracted, providing water for 

the Yazidyya, El-Masri, Al- Hadeeb, 

Sahlooliyyeh, Al- wasiya, Al-Rmamen, 

Um Sobhiya network.  

§ Contamination with E. coli. 

§ Treatment at Yazidyya wellfield: 

Chlorination 
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5.4 Zarqa Governorate
The Zarqa Governorate is located east 

of Amman. Its desert climate is dry in the 

summer with little rain in winter and it 

has a total population of about 

1,439,500. Two centralized wastewater 

treatment plants are located in the Zarqa 

Governorate: 

(i) Azraq Camp and 

(ii) Khribit As Samra. 

Groundwater vulnerability 

Groundwater vulnerability is mostly low 

to very low, with the exception of areas 

around Zarqa city that predominantly 

have moderate vulnerability (Figure 10). 

 

 

 

Figure 10 Groundwater vulnerability map of the Zarqa Governorate. 
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— Awajan wellfield 

A total of about 410 m3/h is pumped to 

feed the network of Awajan (Western 

Region) and Upper Awajan Reservoir. 

Treatment at Awajan wellfield: 

Chlorination. 

 

— Ruseifa wellfield 

Located in the south west of the Zarqa 

Governarate. Approximately 465 m3/h of 

water is extracted providing water for the 

network including Jreba, Jabal Faisal 

and the Ruseifa tanks. 

The hydrogeological conditions are 

disturbed by leakage from the water 

supply networks as well as leakage from 

the wastewater network. 

The groundwater vulnerability map 

above does not give the right 

impression. Contamination can pass 

from the A7/B2 to the A4 aquifer due to 

cross-formation screening.  

The wells are contaminated because of 

the leaking wastewater collection pipes 

in Seil Zarqa. 

§ Contamination with E. coli. 

§ Treatment at Ruseifa wellfield: 

Chlorination. 
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5.5 Madaba Governorate
Madaba a is one of the central 

governorates and is characterized by a 

semi-wet, drought-prone climate. It has 

a population of about 199,500 

inhabitants. 

One centralized wastewater treatment 

plant is located in the Madaba 

Governorate: (i) Madaba WWTP. 

Groundwater Vulnerability Map 

Groundwater vulnerability along Wadi 

Wala is moderate to very high because 

most of the protective cover has been 

eroded. In the highlands, vulnerability is 

mostly low to very low (Figure 11).

 

Figure 11 Groundwater vulnerability map of the Madaba Governorate.

— Heedan wellfield 

The well field is located in Wadi Heedan 

and its tributary Wadi Wala, downstream 

of Wala Dam; it is the only source of 

drinking water for the city of Madaba. 

Heedan wellfield receives water from 

managed aquifer recharge at Wala dam, 

which has been in operation since 

approximately 2004. Water is mainly 

extracted from the A7 aquifer (but also 

from the deeper A4 as well from the 

A1/2 aquifer), a karstic limestone aquifer 

with high permeability (Gassen et al., 

2016), which has to be shut down 

regularly due to turbidity and 
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bacteriological contamination. 

Contamination can be correlated to 

rainfall events, which flush liquid and 

solid waste from human septic tanks and 

animal manure into the wadi. This 

contaminated floodwater easily infiltrates 

the aquifer and arrives shortly after at 

the wellfield (Gassen et al., 2016). 

Groundwater protection zones have 

been delineated by (Gassen et al., 

2016). 

Approximately 10 MCM/year is extracted 

from the A7 limestone aquifer and 

directed to: 

§ Cement reservoir. 

§ The Hamaydah network. 

§ Theban reservoir.

 



 
Vulnerable Water Resources in Jordan | Hot Spots 

 

 

 

 

 

 

22 

 

5.6 Karak Governorate
The Karak Governorate is located in the 

south of Jordan, dominated by a desert 

climate and with an overall population of 

about 348,180. 

Three centralized wastewater treatment 

plants are located in the Karak 

Governorate: (i) Lajjoun, (ii) Karak and 

(iii) Mu'tah (Adnanieh) WWTP. 

Groundwater vulnerability 

Groundwater vulnerability is mostly low 

to moderate with some areas of high 

vulnerability in the wadis, and at aquifer 

outcrops, for example in the immediate 

vicinity of Mujib Dam (Figure 12).

 

Figure 12 Groundwater vulnerability map of the Karak Governorate. 
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— Mujib Dam 

The following information is based on 

(Margane et al., 2008). 

 

The dam is located in the Karak 

Governorate, close to the border with 

the Madaba and Amman Governorates. 

It was constructed between 1999 and 

2003 and started to fill up in the winter of 

2003/2004. 

Mujib Dam has a maximum storage 

capacity of 31.2 MCM. In the south it is 

used to supply the mining and 

processing industries, such as the Arab 

Potash Company (APC), the Salt 

Factory, the Magnesium Factory and the 

Bromine Factory (altogether demanding 

approx.10 MCM/year), and provide 

additional water for irrigation to the Ghor 

Mazra’a area (approx. 2 MCM/year). It is 

also intended to be used for water 

supply to the villages south of the Mujib 

Dam (Jebel Shihan area, Al Qasr), 

however water quality problems hinder 

such use. 

The surface water from the Mujib Dam is 

released whenever needed and flows in 

the lower Wadi Mujib towards the Dead 

Sea. Before entering the Dead Sea it is 

collected and transferred north and 

south. Since a large proportion of the 

water will ultimately be used for drinking 

purposes, the entire lower Wadi Mujib 

from the dam to the Dead Sea needs to 

be protected from pollution. 

Water quality in the Mujib reservoir is 

monitored regularly by the WAJ 

laboratory, Ministry of Health and 

Environment and parallel to that by the 

Royal Scientific Society (RSS). The 

measurements of RSS are carried out 

on behalf of JVA. Since changes in the 

main hydro-chemical components are 

minor, monthly measurements are 

sufficient to assess the general quality of 

the surface water. 

 

The most significant aquifers in the 

vicinity of the Mujib Dam are the A7/B2 

aquifer, the A1/2 aquifer and the 

Kurnub/Disi aquifer. Over most of the 

western part of the Mujib dam surface 

water catchment, the A7/B2 aquifer 

outcrops and thus receives groundwater 

recharge. The westernmost part the 

A7/B2 aquifer is overlain by basalt, 

which acts as an aquifer as well, so that 

basalt and A7/B2 essentially form a 

combined aquifer. 

Generally, groundwater flow in the 

Kurnub/Disi aquifer is directed towards 

Wadi Mujib, which acts as the main 

collector of its outflow to the Dead Sea. 
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Hazards inside Groundwater Protection 

Zones 

Protection Zones 1 and 2 

§ Agriculture: oil contamination 

from the operation of generators, 

washout of pesticides and 

fertilizers (mainly from olive 

groves); chicken farms, with the 

potential risk of bacteriological 

contamination in manure. 

§ Residential buildings/stables: 

contamination by sewage water 

or animal dung/manure. Disposal 

of wastewater in cesspits (absent 

municipal sewage collection and 

treatment system in all villages 

and scattered residential areas in 

Protection Zones 1, 2 & 3). 

Potential risk: leaking and/or 

overflowing cesspits and/or 

absence of cesspits - infiltration 

into groundwater, flushing with 

surface water runoff to reservoir. 

§ Gypsum mines: contamination by 

hydrocarbons; landslides; 

increased amount of sulphates in 

the reservoir - transfer of 

sulphates by wind and soil 

leaching. 

 

Potential Hazards inside Protection 

Zone 3 

§ The main hazard to the water 

resources arises from 

uncollected and untreated 

wastewater. There is a high risk 

that wastewater is flushed out 

from cesspits during heavy 

rainfall events. Analyses of the 

reservoir show contamination 

with E. coli.
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6. Recommendations
The development of recommendations 

for the protection of the identified Hot 

Spots needs to include a careful 

assessment of risks and benefits of 

wastewater treatment in Groundwater 

Protection Zones, including: site 

selection criteria accounting specifically 

for hydrological and geological 

characteristics of the protection zone, 

and safety considerations for the 

selection of sites for wastewater 

collection, treatment and discharge 

facilities, treatment technologies, reuse 

of treated wastewater, and sludge 

management (MWI, 2015). 

 

Due the prevalent karstic geology and 

ensuing high vulnerability to pollution, 

the establishment of wastewater 

treatment systems is confined to 

Protection Zone 3, assuming that 

additional requirements are fulfilled, i.e. 

selecting the least vulnerable location 

within Protection Zone 3. Furthermore, 

treated effluents should not be 

discharged into wadis leading to 

Protection Zone 2 (JS 893, 2006) or 

areas of high groundwater vulnerability. 

Individual groundwater vulnerability and 

hazards maps for areas with rapid urban 

growth and contamination risks reflect 

the natural protection of the aquifers and 

the risks prevailing at the time, which 

can be integrated into land use planning 

and for land use licensing decisions. In 

addition, land stability, flooding risk and 

potential negative impacts of georisks 

need to be considered. Wastewater 

collection systems traversing Protection 

Zone 2 must be designed in such a way 

that they cannot cause pollution, e.g. 

through damage by georisks (rockfalls, 

landslides, earthquakes, tectonic 

movements). Specific guidelines for 

EIAs of wastewater systems in karst 

areas have been developed by BGR and 

should be applied here. 

When reusing treated wastewater, e.g. 

in agriculture, the Jordanian Standard 

for Reuse (JS 893, 2006), is to be 

complied with. 

The open discharge of treated 

wastewater to the valleys adjacent to 

Protection Zones 1 and 2 is prohibited 

by Article 30 A/3 of the Water Authority 

Law No. 18 of 1988 and amendments 

thereof. 

 

It is permissible to use treated 

wastewater for the purposes of artificial 

recharge, provided that the water in the 

aquifer is used for irrigation purposes 

only. Technical studies must be 

performed before using reclaimed water 

to verify that there is no effect on 

aquifers used for drinking purposes (JS 

893, 2006). 



 
Vulnerable Water Resources in Jordan | Hot Spots 

 

 

 

 

 

 

26 

 

For aquifers used for drinking water 

supply, managed recharge of treated 

wastewater is prohibited in Protection 

Zones 2 and 3, due to its negative 

impact on water resources. However, in 

view of the extreme and increasing 

water scarcity in Jordan, it is worthwhile 

examining each case separately and 

establishing exceptional cases, e.g. in 

Protection Zone 3, where feasible. For 

this, a feasibility study with a detailed 

analysis of the hydrogeological situation 

must include an investigation of 

groundwater travel times. 

 

General Measures 

In order to put into effect groundwater 

protection from domestic wastewater the 

following measures shall be taken: 

Measure 1: To establish, with urgency, 

treatment systems for the identified Hot 

Spots as well as wastewater treatment 

systems in the surrounding region in 

order to protect vital groundwater 

resources from pollution by domestic 

wastewater. 

Measure 2: To connect all houses 

with impermeable cesspools to a sewer 

wherever new wastewater collection 

systems are established. 

Measure 3: To establish a strategy for 

cooperation between the municipalities 

and the Water Authority for the 

enforcement of wastewater regulations. 

 

Measure 4: To make groundwater 

protection from domestic wastewater 

possible, a wastewater regulation that 

solves the issue of ”permeable 

cesspools” in Jordan, and in particular 

the revision of Article 8 (A) of the 

National Wastewater Regulation 

66/1994 shall be implemented. 

Article 8 (A) states that "If a private 

wastewater sewer cannot be connected 

to the public wastewater sewer for any 

reason whatsoever, the owner shall 

construct at his own expense within the 

boundaries of his property an absorption 

pit and/or septic pit in accordance with 

such instructions and standards as shall 

be determined by the local council in 

certain areas in coordination with the 

Authority." In the National Wastewater 

Regulation 66/1994, Article 2 the item 

"Absorption Pit" is defined as "A pit set 

aside for all the water extracted from 

liquid waste and for the drainage thereof 

through soil cracks and pores". 

 

Irbid Governorate 

Hareema, Kufr Asad and Pella-wellfields 

Hareema and Kufr Asad wellfields both 

serve as drinking water reservoirs for the 

municipality of Banin Kinana. The 

installation of impermeable cesspools at 

all houses, as well as the 

implementation of decentralized 

wastewater treatment systems will 

significantly positively impact both 

wellfields. Furthermore, the Wadi Al 
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Arab WWTP currently does not meet the 

effluent limits according to the Jordan 

Standard (JS 893, 2006) and therefore 

potentially threatens the Kufr Asad 

wellfield through leakage of the treated 

wastewater from the transfer pipeline. 

The WWTP is currently being upgraded. 

 

Pella wellfields: Preliminary 

recommendations have already been 

presented by (Hobler et al., 1999), 

including that solids, as well as the 

wastewater, from all tourist facilities be 

directed outside the groundwater 

protection area. The wastewater should 

be treated using decentralized 

wastewater management solutions. 

The vulnerability of groundwater to 

pollution in the catchment of the Pella 

wellfield is high to very high in some 

parts, because the A7/B2 aquifer 

outcrops in parts of the wadi. It is 

therefore urgently recommended that 

the enforcement of existing regulations 

is strengthened in order to reduce 

pollution. 

 

Ajloun Governorate 

El-Beida, Tannur and Rasun: 

Preliminary recommendations have 

already been presented by (Brückner et 

al., 2015). Untreated wastewater is the 

most likely cause of pollution. Because 

of the remote location and relatively low 

population, the connection to a 

centralized wastewater treatment 

system is not a high priority. Approaches 

to the disposal of wastewater based on 

decentralized wastewater management 

options in the region are necessary. 

In order to stop the pollution of the 

springs with olive oil wastewater, 

environmental laws have to 

implemented. This should include 

systematic control, but also allow the 

olive mill owners to dispose of 

wastewater at an acceptable cost. In 

reality, it is often not economically 

feasible to bring all of the wastewater to 

Al-Ekeeder landfill. 

 

Qantara spring: Giving citizens 

incentives (e.g. financial) to have their 

houses connected to the sewer network. 

 

Balqa Governorate 

Al-Echraiah, Hazzir, Azraq and 

Baqouriyyeh springs: Preliminary 

recommendations have been presented 

by Margane et al. (2010) to avoid 

contamination of the drinking water 

source and reduce the health risk to the 

local population. 

Rehabilitation of the sewer network at 

As-Salt city to protect the Hazzir spring 

from pollution. 

 

Baq'a a and Yazidyya wellfields: 

Connection of the eastern areas of 

Balqa: Baqa’a, Yazidyya and Um Al-

Dananer to the new, currently planned, 

WWTP. 
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Zarqa Governorate 

Awajan- and Ruseifa wellfields: 

Expanding the transfer pipeline and 

installation of new pipelines to avoid 

overflow of manholes. 

 

Madaba Governorate 

Heedan wellfield: Preliminary 

recommendations were presented by 

Gassen et al. (2016). The production of 

the Heedan wellfield is severely reduced 

by temporary contamination of the 

groundwater. Such events occur during 

heavy rainfall events and are 

characterized by high faecal 

bacteriological pollution, which leads to 

the shutdown of the wellfield. A 

shutdown results in a tremendous 

shortfall in the water supply to Madaba. 

It is recommended that a new wellfield 

east of Madaba shall be opened and 

connected to Madaba via the Disi 

pipeline. 

 

Karak Governorate 

Mujib Dam: Preliminary 

recommendations were put forward by 

Margane et al. (2008). It is 

recommended that only one central 

outtake at the dam itself be established 

and the irrigation water be distributed 

from there via pipelines. Agricultural 

fields inside Zone 1 have to be 

abandoned and pesticides should not be 

applied in protection Zone 2, with 

organic farming methods employed 

instead of using chemical fertilizer. 

Fishing in the lake using rowboats 

should only be allowed by a limited 

number of persons. Existing residential 

sites should be connected to an 

appropriate sewerage network or 

impermeable cesspools. 

It is recommended that a wastewater 

collection system be established as well 

as a wastewater treatment system for all 

villages (either a decentralized or cluster 

solution, see (MWI, 2015; MWI, 2016). 

 

Decision-Support Tool ”ALLOWS” 

As suggested in the National Framework 

for Decentralized Wastewater 

Management and the Policy for 

Decentralized Wastewater Management 

in Jordan (MWI, 2015; MWI, 2016), it is 

recommended that the ALLOWS 

decision-support tool (‘Assessment of 

Local Lowest-Cost Wastewater 

Solutions’) shall be used for the 

development of all wastewater 

management solutions in Jordan in 

order to assess whether a centralized or 

decentralized approach is more feasible 

at a specific location. ALLOWS is a GIS-

based tool that enables the stakeholder 

and decision-makers to develop different 

wastewater management scenarios and 

carry out the cost assessment of each 

scenario based on the dynamic cost 

comparison method. This makes the 
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ALLOWS tool a valuable decision 

support instrument for decision-makers 

and stakeholders to choose the most 

suitable wastewater management 

solution (van Afferden et al., 2015). 

Depending on the desired result of the 

assessment, the ALLOWS tool can be 

fed with data of any type and any range. 

While the analysis can be carried out as 

detailed planning for the scenarios, the 

data required for the assessment must 

be accordingly of high resolution and 

exact. With global data (terrain, 

infrastructure, and international and 

national benchmarking cost data) the 

tool can be used preliminary planning 

and decision support instrument. 

Generally, the following data are 

required for the ALLOWS tool: 
(i) Primary geo-database provides 

information on the land surface (relief, 

terrain), physical infrastructure (streets, 

buildings, etc.), water bodies, and land 

use (agricultural, residential, industrial, 

municipal, etc.); (ii) Socio-economic 

database, which provides information on 

total population and population growth 

rates, average household size, land 

ownership (parcel index), and 

international and national benchmark 

prices for all costs associated with 

wastewater infrastructure (treatment 

unit, network construction, pump and 

lifting stations, operation and 

maintenance of the treatment unit and 

conveyance, labor, electricity, water, 

sludge disposal, etc.); (iii) Water 

database provides information on water 

supply and conveyance, water 

consumption, connection degree to 

piped water supply and wastewater 

disposal, individual wastewater 

production, wastewater composition 

(e.g. organic load) and is derived from 

data from the local Water Authority and 

verified by field visits or through 

authorities at the Governorate level and 

(iv) Secondary geo-database, which 

provides detailed information about the 

physical infrastructure (built environment 

including individual buildings and 

streets) and wastewater infrastructure 

already in place (network, septic tanks, 

etc.). The scenario development relies 

on spatial analysis and designing 

wastewater infrastructures visualized in 

GIS; it then generates site-specific 

financial indicators for different 

wastewater management scenarios and 

thus enables planners and decision-

makers to identify and select the best 

solutions for any given local wastewater 

management problem.
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�ϲϓ�ΓΩΩΣϣϟ΍�ΔϧΧΎγϟ΍�έ΅Αϟ΍�ΔϳΎϣΣϟ�ΕΎϳλϭΗ�ϊοϭ�ϥ·
�΍Ϋϫ�έρΎΧϣϟ��ΎϘϳϗΩ��ΎϣϳϳϘΗ�ϝϣηϳ�ϥ΃�ΏΟϳ�έϳέϘΗϟ΍

�ϩΎϳϣϟ΍�ΔϳΎϣΣ�ϕρΎϧϣ�ϲϓ�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ΔΟϟΎόϣ�Ω΋΍ϭϓϭ
�ϰϠϋ�ϰϋ΍έΗ�ϲΗϟ΍�ϊϗϭϣϟ΍�έΎϳΗΧ΍�έϳϳΎόϣ��ϝΛϣ�ΔϳϓϭΟϟ΍

�ΔϳΟϭϟϭέΩϳϬϟ΍�ι΋ΎλΧϟ΍�ιϭλΧϟ΍�ϪΟϭ
�Δϣϼγϟ΍�Ε΍έΎΑΗϋ΍ϭ�ˬΔϳΎϣΣϟ΍�ΔϘρϧϣϟ�ΔϳΟϭϟϭϳΟϟ΍ϭ

ϭ�ΔΟϟΎόϣϭ�ϊϳϣΟΗϟ�ϊϗ΍ϭϣ�έΎϳΗΧ΍�ϝΟ΃�ϥϣ�ϑϳέλΗ
�ΓΩΎϋ·ϭ�ΔΟϟΎόϣϟ΍�ΕΎϳϧϘΗϭ�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ

�ϲϓ�Γ΄ϣΣϟ΍�Γέ΍Ω·ϭ�ΔΟϟΎόϣϟ΍�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ϡ΍ΩΧΗγ΍
ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΔϳΎϣΣ�ϕρΎϧϣ (MWI, 2015). 

�ΩϳΩηϟ΍�νέόΗϟ΍ϭ�ΓΩ΋Ύγϟ΍�ΔϳΗγέΎϛϟ΍�ΎϳΟϭϟϭϳΟϠϟ�΍ �έυϧ
�ϑέλϟ΍�ϩΎϳϣ�ΔΟϟΎόϣ�Δϣυϧ΃�˯Ύηϧ·�έλΗϘϳ�ˬΙϭϠΗϠϟ

�ΔϳΎϣΣϟ΍�ΔϘρϧϣ�ϰϠϋ�ϲΣλϟ΍�˯ΎϔϳΗγϻϭ�ΔΛϟΎΛϟ΍
�Ύ �οέόΗ�ϊϗ΍ϭϣϟ΍�ϝϗ΃�έΎϳΗΧ΍�ϱ΃�ˬΔϳϓΎοϹ΍�ΕΎΑϠρΗϣϟ΍

�ϰϠϋ�Γϭϼϋ��ΔΛϟΎΛϟ΍�ΔϳΎϣΣϟ΍�ΔϘρϧϣ�ϝΧ΍Ω�έρΧϠϟ
�ϲϓ�ΔΟϟΎόϣϟ΍�ϩΎϳϣϟ΍�ϑϳέλΗ�ϡΗϳ�ϥ΃�ϲϐΑϧϳ�ϻ�ˬϙϟΫ

ϟ΍�ϥΎϳΩϭϟ΍ΔϳϧΎΛϟ΍�ΔϳΎϣΣϟ΍�ΔϘρϧϣ�ϰϟ·�ΔϳΩ΅ϣ 
έυϧ΍�JS 893/2006( �ΔϳγΎγΣϟ΍�Ε΍Ϋ�ϕρΎϧϣϟ΍�ϭ΃

ΙϭϠΗϠϟ�ΔόϔΗέϣϟ΍. 

�ϕρΎϧϣ�ϲϓ�ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΔϳγΎγΣ�ρ΋΍έΧ�αϛόΗ
ϟ΍�ϭϣϧϟ΍ϲϧΎϛγ �ΙϭϠΗϟ΍�έρΎΧϣ�ϊϳέγϟ΍�ΕΎϘΑρϟϩΎϳϣϟ΍ 
ΔϳϓϭΟϟ΍�ϲϓ�ΎϬΟϣΩ�ϥϛϣϳ�ϲΗϟ΍ϭ�ˬ�Ε΍έ΍έϘϟ΍�ΫΎΧΗ΍
Α�ΔϘϠόΗϣϟ΍�ϲο΍έϷ΍�ϡ΍ΩΧΗγ΍�ρϳρΧΗΎϬλϳΧέΗϭ�ˬ�ϊϣ

ϣ�έΎΑΗϋϻ΍�ϥϳόΑ�ΫΧϷ΍�έΎΛϵ΍ϭ�ΕΎϧΎοϳϔϟ΍�έρΎΧ
�ΔϳΟϭϟϭϳΟϟ�ΔϠϣΗΣϣϟ΍�ΔϳΑϠγϟ΍ΔϘρϧϣϟ΍. 

�έΑϋ�έϣΗ�ϲΗϟ΍�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ΕΎόϣΟϣ�ϡϳϣλΗ�ΏΟϳ
�ϥϣ�ˬΙϭϠΗϟ΍�ΏΑγΗ�ϻ�ΔϘϳέρΑ�ΔϳϧΎΛϟ΍�ΔϳΎϣΣϟ΍�ΔϘρϧϣ
�ΔϳΟϭϟϭϳΟϟ΍�έρΎΧϣϟ΍�ΎϬΑΑγΗ�ϲΗϟ΍�έ΍έοϷ΍�ϝϼΧ
�ϝίϻίϟ΍ϭ�ΔϳοέϷ΍�Ε΍έΎϳϬϧϻ΍ϭ�έϭΧλϟ΍�ρϭϘγ�
�ϲϟ΍έΩϔϟ΍΍�ΩϬόϣϟ΍�ϡΩϗ�ΩϘϟϭ���ΔϳϧϭΗϛΗϟ΍�ΕΎϛέΣϟ΍ϭ

�έΩΎλϣϟ΍ϭ�νέϷ΍�ϡϭϠόϟ�ΓΩΩΣϣ�ΕΎϣϳϠόΗ�ΔϳόϳΑρϟ΍
ϟ΍�ϩΎϳϣϟ΍�ΕΎϛΑηϟ�Δϳ΋ϳΑϟ΍�Ε΍έϳΛ΄Ηϟ΍�ϡϳϳϘΗϟ�ϲϓ�ΔϣΩΎό

ϟ΍ϭ�ΔϳΗγέΎϛϟ΍�ϕρΎϧϣϟ΍ϲΗ ϻΑϬϘϳΑρΗ�ϥϣ�ΩΎ. 

ϡ΍ΩΧΗγϻ΍�ΓΩΎϋϹ�ΔϳϧΩέϷ΍�Δϔλ΍ϭϣϟΎΑ�ϡ΍ίΗϟϻ΍�ΏΟϳ 
JS 893/2006 �ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ϡ΍ΩΧΗγ΍�ΓΩΎϋ·�Ωϧϋ

ϝΎΛϣϟ΍�ϝϳΑγ�ϰϠϋ�Δϋ΍έίϟ΍�ϲϓ�ΔΟϟΎόϣϟ΍. 

�ϰϟ·�ΔΟϟΎόϣϟ΍�ΔϣΩΎόϟ΍�ϩΎϳϣϠϟ�ΡϭΗϔϣϟ΍�ϑϳέλΗϟ΍�ϊϧϣϳ
�ΔϳϧΎΛϟ΍ϭ�ϰϟϭϷ΍�ΔϳΎϣΣϟ΍�ϕρΎϧϣϟ�ΓέϭΎΟϣϟ΍�ΔϳΩϭϷ΍

�ΓΩΎϣϟ΍�ΏΟϭϣΑ)30�΃3( �ϡϗέ�ϩΎϳϣϟ΍�ΔρϠγ�ϥϭϧΎϗ�ϥϣ
18 �ϡΎόϟ1988 ϪΗϼϳΩόΗϭ. 

�ΓΩΎϋ·�ν΍έϏϷ�ΔΟϟΎόϣϟ΍�ϩΎϳϣϟ΍�ϡ΍ΩΧΗγΎΑ�΢ϣγ�ϳ
Ύϳϣϟ΍�ϡ΍ΩΧΗγ΍�ϡΗϳ�ϥ΃�Δρϳέη�ΔϳϋΎϧρλϻ΍�ΔϳΫϐΗϟ΍�ϩ

�ΏΟϳ�ϭ��ρϘϓ�ϱέϟ΍�ν΍έϏϷ�ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΔϘΑρ�ϲϓ
�ϩΎϳϣϟ΍�ϡ΍ΩΧΗγ΍�ϝΑϗ�Δϳϧϔϟ΍�ΕΎγ΍έΩϟ΍�˯΍έΟ·

�ΕΎϘΑρ�ϰϠϋ�έϳΛ΄Η�ΩϭΟϭ�ϡΩϋ�ϥϣ�ϕϘΣΗϠϟ�ΔΣϠλΗγϣϟ΍
�Ώέηϟ΍�ν΍έϏϷ�ΔϣΩΧΗγϣϟ΍�ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍

)JS 893/2006.( 

ϟ�ΔϣΩΧΗγϣϟ΍�ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΕΎϘΑρϟ�ΔΑγϧϟΎΑΩϳϭίΗ �ϩΎϳϣ
ΩΎϋ·�ϊϧϣ�ϳ�ˬΏέηϟ΍�ΔϘρϧϣ�ϲϓ�ΔΟϟΎόϣϟ΍�ϩΎϳϣϟ΍�ΔϳΫϐΗ�Γ

�ϰϠϋ�ϲΑϠγϟ΍�ΎϫέϳΛ΄Η�ΏΑγΑ�ˬΔΛϟΎΛϟ΍ϭ�ΔϳϧΎΛϟ΍�ΔϳΎϣΣϟ΍
�ΓΩϳΩηϟ΍�ϩΎϳϣϟ΍�ΓέΩϧϠϟ�΍ �έυϧ�ˬϙϟΫ�ϊϣϭ��ϩΎϳϣϟ΍�έΩΎλϣ

ϟ΍�ϥϣ�ˬϥΩέϷ΍�ϲϓ�ΔϳϣΎϧΗϣϟ΍ϭΩϳΟ �ΔϟΎΣ�ϝϛ�Δγ΍έΩ
�ϝΎΛϣϟ΍�ϝϳΑγ�ϰϠϋ�ˬΔϳ΋ΎϧΛΗγ΍�ΕϻΎΣ�ΕΎΑΛ·ϭ�ΓΩΣ�ϰϠϋ

ΛϳΣ�ˬΔΛϟΎΛϟ΍�ΔϳΎϣΣϟ΍�ΔϘρϧϣ�ϲϓ�ϊϣ�Ύ�ϧϛϣϣ�ϙϟΫ�ϥΎϛ�Ύϣ
�ΏΟϳ�ϱΫϟ΍�ϲΟϭϟϭϳΟϭέΩϳϬϟ΍�ϊοϭϠϟ�ϝλϔϣ�ϝϳϠΣΗ
��ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ϝΎϘΗϧ΍�ΕΎϗϭ΃�ϲϓ�ϕϳϘΣΗϟ΍�ϝϣηϳ�ϥ΃
�Δϣυϧϣ�Δγ΍έΩ�ϰϟ·�ωϭΟέϟ΍�ΏΟϳ�ˬϙϟΫ�ϰϠϋ�Γϭϼϋ
�έρΎΧϣϟ΍�ϥϋ�έϳέϘΗ�ΙΩΣ΃��ˬΔϳϟΎΗϟ΍�ΔϳϣϟΎόϟ΍�ΔΣλϟ΍

ϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΔϘΑρ�ΔϳΫϐΗ�ϲϓ�ΔϳΣλϟ΍�ϡ΍ΩΧΗγΎΑ�Δ
Ηγϣϟ΍�ϩΎϳϣϟ΍�ΔΣϠλ. 
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ΔϣΎϋ�έϳΑ΍ΩΗ 

�ϩΎϳϣϟ΍�ϥϣ�ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΔϳΎϣΣ�ϝϳόϔΗ�ϝΟ΃�ϥϣ
�ΔϳϟΎΗϟ΍�Ε΍˯΍έΟϹ΍�ΫΎΧΗ΍�ΏΟϳ�ˬΔϳϟίϧϣϟ΍�ΔϣΩΎόϟ΍ 

έϳΑΩΗϟ΍ 1�ΔϧΧΎγϟ΍�έ΅ΑϠϟ�ΔΟϟΎόϣ�Δϣυϧ΃�˯Ύηϧ·��
�ΔΟϟΎόϣ�Δϣυϧ΃�ϙϟΫϛϭ�ϥϛϣϣ�Εϗϭ�ωέγ΄Α�ΓΩΩΣϣϟ΍

�ϝΟ΃�ϥϣ�ΔρϳΣϣϟ΍�ΔϘρϧϣϟ΍�ϲϓ�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ
�έΩΎλϣ�ΔϳΎϣΣ�ϩΎϳϣϟΎΑ�ΙϭϠΗϟ΍�ϥϣ�ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍
�Δϳϟίϧϣϟ΍�ΔϣΩΎόϟ΍ 

 

�έϳΑΩΗϟ΍2�έϳϏ�ΕΎϧ΍ίΧϟΎΑ�ϝίΎϧϣϟ΍�ϊϳϣΟ�ρΑέ��
�ΓΩϳΩΟ�Δϣυϧ΃�˯Ύηϧ·�ϡΗ�Ύϣϧϳ΃�ΔϣΩΎόϟ΍�ϩΎϳϣϠϟ�ΓΫϔϧϣϟ΍

�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ�ϊϣΟϟ 

 

�έϳΑΩΗϟ΍3�ΕΎϳΩϠΑϟ΍�ϥϳΑ�ϥϭΎόΗϠϟ�ΔϳΟϳΗ΍έΗγ΍�ϊοϭ��
ΎϳϣΑ�ΔλΎΧϟ΍�ΕΎϣϳϠόΗϟ΍�ΫϳϔϧΗϟ�ϩΎϳϣϟ΍�ΔρϠγϭ�ϑέλϟ΍�ϩ

�ϲΣλϟ΍ 

 

�έϳΑΩΗϟ΍4�ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΔϳΎϣΣ�ϝόΟϟ�ϲγΎγ΃�έϳΑΩΗϛ��
�ϡϳυϧΗ�ˬΔϧϛϣϣ�Δϳϟίϧϣϟ΍�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ�ϥϣ

�ϲϓ��ΔϳλΎλΗϣϻ΍�έϔΣϟ΍��Δϟ΄γϣ�ϝΣϳ�ΔϣΩΎόϟ΍�ϩΎϳϣϠϟ
�ΓΩΎϣϟ΍�ΔόΟ΍έϣ�ΔλΎΧϭ�ˬϥΩέϷ΍8 �ΕΎϣϳϠόΗϟ΍�ϥϣ��΃�

�ΔϣΩΎόϟ΍�ϩΎϳϣϠϟ�Δϳϧρϭϟ΍66/1994 �ιϧΗ��ΎϫΫϳϔϧΗϭ
�ΓΩΎϣϟ΍8 �ϩΎϳϣ�ϱέΎΟϣ�ϝϳλϭΗ�έΫόΗ�΍Ϋ·��Ϫϧ΃�ϰϠϋ��΃�

�ΔϣΎόϟ΍�ϱέΎΟϣϟ΍�ΔϛΑηΑ�ΔλΎΧϟ΍�ϲΣλϟ΍�ϑέλϟ΍
�ϰϠϋ�Ίηϧϳ�ϥ΃�ϙϟΎϣϟ΍�ϰϠόϓ�ˬΏΎΑγϷ΍�ϥϣ�ΏΑγ�ϱϷ
�ΔϳλΎλΗϣ΍�ΓέϔΣ�ϪΗΎϛϠΗϣϣ�ΩϭΩΣ�ϝΧ΍Ω�ΔλΎΧϟ΍�ϪΗϘϔϧ

�ΕΎϣϳϠόΗϟ΍�ϊϣ�Ύ�Ϙϓϭ�ϲΣλϟ΍�ϑέλϟ΍�ϥ΍ίΧ�ϭ΃�ϭ
�ϕρΎϧϣ�ϲϓ�ϲϠΣϣϟ΍�αϠΟϣϟ΍�ΎϫΩΩΣϳ�ϲΗϟ΍�έϳϳΎόϣϟ΍ϭ

ϣ�ΓΩΎϣϟ΍�ϲϓ����ΔρϠγϟ΍�ϊϣ�ϕϳγϧΗϟΎΑ�Δϧϳό66/1994 
�ˬϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣϟ�Δϳϧρϭϟ΍�ΕΎϣϳϠόΗϟ΍�ϥϣ

ΓέϔΣ��ΩϧΑϟ΍�ϑ�έό�ϳ �ΓέϔΣ�ΎϬϧ΄Α��ιΎλΗϣϻ΍
ϣΟϟ�ΔλλΧϣ�ΕΎϳΎϔϧϟ΍�ϥϣ�ΔΟέΧΗγϣϟ΍�ϩΎϳϣϟ΍�ϊ

��ϡΎγϣϟ΍ϭ�ΔΑέΗϟ΍�ϕϭϘη�ϝϼΧ�ϥϣ�ΎϬϔϳέλΗϭ�ΔϠ΋Ύγϟ΍ 

�ΩΑέ·�ΔυϓΎΣϣ 

�Ωγ΃�έϔϛϭ�ΎϣϳέΣ�έΎΑ΍�ϝϘΣ�ΔϳΎϣΣϝΣϓ�ΔϘΑρϭ 

�ϩΎϳϣϟ�ϥϳϧ΍ίΧ�Ωγ΃�έϔϛϭ�ΎϣϳέΣ�έ΋Α�ϥϣ�ϝϛ�ϝΛϣϳ
�ϰϠϋ�ϝίΎϧϣϟ΍�ϊϳϣΟ�ρΑέ�ϥ·��ΔϧΎϧϛ�ϲϧΑ�ΔϳΩϠΑϟ�Ώέηϟ΍

�Δϣυϧ΃�ΫϳϔϧΗ�ϙϟΫϛϭ�ˬΓΫϔϧϣ�έϳϏ�ΔϳλΎλΗϣ΍�έϔΣ
�έϳΛ΄Η�ΎϬϟ�ϥϭϛϳγ�Δϳίϛέϣϼϟ΍�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ΔΟϟΎόϣ

ϥϳϠϘΣϟ΍�ϼϛ�ϰϠϋ�ϲΑΎΟϳ·.�ϥΈϓ�ˬϙϟΫ�ϰϠϋ�Γϭϼϋ
�ϱΩ΍ϭ�ϩΎϳϣ�ΔΟϟΎόϣ�ΔρΣϣ�ϊϣ�ϕΑρϧΗ�ϻ�Ύ�ϳϟΎΣ�Ώέόϟ΍

ΔϳϧΩέϻ΍�Δϔλ΍ϭϣϟ΍JS 893/2006 �ϲϟΎΗϟΎΑϭ�ˬ
�ΏϳέγΗ�ϝϼΧ�ϥϣ�Ωγ΃�έϔϛ�έΎΑ΍�ϝϘΣϟ�ΩϳΩϬΗ�ϝϛηΗ

�ϝϘϧϟ΍�ΏϳΑΎϧ΍�ϕϳέρ�ϥϋ�ΔΟϟΎόϣϟ΍�ϩΎϳϣϟ΍ 

�ϝΣϓ�ΔϘΑρ�έΎΑ΍�ϝϘΣ �ϝόϔϟΎΑ�ΕϣΩϗ�ϰϟϭϷ΍�ΕΎϳλϭΗϟ΍
�ϝΑϗ�ϥϣ)1999Hobler et al. �ϑϳέλΗ�ΏΟϳ��

�Γ΄ϣΣϟ΍ϭ�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�Ε΂ηϧϣϟ΍�ϊϳϣΟ�ϥϋ�ΔΟέΎΧϟ΍
�Ύϧϫϭ��ΔϳϓϭΟϟ΍�ϩΎϳϣϟ΍�ΔϳΎϣΣ�ΔϘρϧϣ�ΝέΎΧ�ΔϳΣΎϳγϟ΍
�Γέ΍Ω΍�ϝϭϠΣ�Δργ΍ϭΑ�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ΔΟϟΎόϣ�ΏΟϳ

�Δϳίϛέϣϼϟ΍�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍ 

�ϥϳΑ�Ύϣ�ϥϭϛϳ�ϼϳΑ�έΎΑ΍�ϝϘΣ�ϲϓ�ΙϭϠΗϟ΍�ΔϳγΎγΣ�ϥ·
�ϙϟΫϭ�ˬ˯΍ίΟϷ΍�νόΑ�ϲϓ�΍ΩΟ�ϊϔΗέϣ�ϰϟ·�ϊϔΗέϣ

�ΔϘΑρϟ΍�ΕΎϔηϛΗ�ΏΑγΑA7/.B2  

 �ˬϱΩ΍ϭϟ΍�ΩϭΩΣ�ϝϭρ�ϰϠϋ�ϝϛηΑ�ϲλϭϧ�ϙϟΫϟϭ
ϥϳγΣΗ�ϰϠϋ�ϝΟΎϋ �ΫϳϔϧΗ΍�ϝΟ΃�ϥϣ�ΔϳϟΎΣϟ΍�ΕΎϣϳϠόΗϟ
�ΙϭϠΗϟ΍�ϥϣ�ΩΣϟ΍ 

 

��ϥϭϠΟϋ�ΔυϓΎΣϣ 

�ϥϭγ΍έ�ϭ�έϭϧΗ�ϭ�˯ΎοϳΑϟ΍�ϥϳϋ�ϊΑϧ �ϰϟϭϷ΍�ΕΎϳλϭΗϟ΍
��ΎϬϣΩϗ2015Brückner et al. �ΏΑγϟ΍���

�ϭ�ΔΟϟΎόϣϟ΍�έϳϏ�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ϭϫ�ΙϭϠΗϠϟ�ϝϣΗΣϣϟ΍
�έΑΗόϳ�ϑέλϟ΍�ϩΎϳϣ�ΔΟϟΎόϣ�ϡΎυϧΑ�ΔϘρϧϣϟ΍�ρΑέ

�ΏΑγΑ�ΔόϔΗέϣ�Δϳϭϟϭ΃�Ϫϟ�αϳϟ�ϱίϛέϣϟ΍�ϲΣλϟ΍
�ϲϟΎΗϟΎΑϭˬΎ�ϳΑγϧ�νϔΧϧϣϟ΍�ϥΎϛγϟ΍�ΩΩϋϭ�ΩϳόΑϟ΍�ϊϗϭϣϟ΍

ϲϧΑΗ�Γέϭέο�έϬυΗ �ϩΎϳϣϟ΍�ϥϣ�ιϠΧΗϟ΍�ϡϳϫΎϔϣ
�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�Γέ΍Ω·�ϝϭϠΣ�ϝϼΧ�ϥϣ�ΔϣΩΎόϟ΍

�Δϳίϛέϣϼϟ΍ 
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�ϝΟ΃�ϥϣ�Δϳ΋ϳΑϟ΍�ϥϳϧ΍ϭϘϟ΍�ΫϳϔϧΗ�ΏΟϳ�ΙϭϠΗ�ϑϗϭ
�έλΎόϣ�ϥϋ�ΔΟΗΎϧϟ΍�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣΑ�ϊϳΑΎϧϳϟ΍

�ˬϲΟϬϧϣϟ΍�ϡϛΣΗϟ΍�ϙϟΫ�ϝϣηϳ�ϥ΃�ΏΟϳ��ˬϥϭΗϳίϟ΍�Εϳί
�ϥϭΗϳίϟ΍�έλΎόϣ�ΏΎΣλϷ�ΡΎϣγϟ΍�Ύ �οϳ΃�ϥϛϟϭ
�νϔΧϧϣ�έόγ�ϝΑΎϘϣ�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ϥϣ�ιϠΧΗϟΎΑ

�ϱΩΟϣϟ΍�ϥϣ�αϳϟ�ˬΔϳϟΎΣϟ΍΍�ϑϭέυϟ΍�ϝυ�ϲϓϭ�ˬΎϳΑγϧ
ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ϝϛ�ϝϘϧ�Ύ�ϳΩΎλΗϗ΍ �έΩϳϛϷ΍�Ώϛϣ�ϰϟ· 

�ΓέρϧϘϟ΍�ϊΑϧ Α�ϥϳϧρ΍ϭϣϟ΍�΢ϧϣΑ�ϲλϭϧ�νό�ίϓ΍ϭΣϟ΍
�ϰϠϋ�ϝίΎϧϣϟ΍�ρΑέϟ��ΔϳϟΎϣϟ΍�ρΎγϗϷ΍ϭ�νϭέϘϟ΍�ϝΛϣ�

�ϲΣλϟ΍�ϑέλϟ΍�ΔϛΑη 

 

��˯ΎϘϠΑϟ΍�ΔυϓΎΣϣ 

�ΔϳέϭϗΎΑϟ΍ϭ�ϕέίϷ΍ϭ�έϳίΣϟ΍ϭ�Δόϳέηϟ΍�ϊΑϧ �Ρ΍έΗϗ΍�ϡΗ
�ϝΑϗ�ϥϣ�ϰϟϭϷ΍�ΕΎϳλϭΗϟ΍ 

)Margane et al. 2010�ΏϧΟΗ�ϝΟ΃�ϥϣ���ΙϭϠΗ
�ΔϳΣλϟ΍�έρΎΧϣϟ΍�ϥϣ�ΩΣϟ΍ϭ�Ώέηϟ΍�ϩΎϳϣ�έΩλϣ

�ϑέλϟ΍�ΔϛΑη�ϝϳϫ΄Ηϟ΍�ΓΩΎϋ΃ϭ�ˬϥϳϳϠΣϣϟ΍�ϥΎϛγϟ΍�ϰϠϋ
�ϥϣ�έϳίΣ�ϊΑϧ�ΔϳΎϣΣϟ�ρϠγϟ΍�ΔϧϳΩϣ�ϲϓ�ϲΣλϟ΍

�ϝϣΗΣϣϟ΍�ΙϭϠΗϟ΍ 

�ΔϳΩϳίϳϟ΍ϭ�ΔόϘΑϟ΍�έΎΑ΍�ϝϭϘΣ �ϥϣ�Δϳϗέηϟ΍�ΔϬΟϟ΍�ρΑέ
�ΔρΣϣ�ωϭέηϣ�ϊϣ��έϳϧΎϧΩϟ΍�ϡ΃ϭ�ΔόϘΑϟ΍��˯ΎϘϠΑϟ΍

�ΓΩϳΩΟϟ΍�ΔΟϟΎόϣϟ΍ 

 

�ϥΎΟϭϋέΎΑ΍�ϝϭϘΣ�ΔϳΎϣΣ��˯Ύϗέίϟ΍�ΔυϓΎΣϣ
Δϔϳλέϟ΍ϭ 

�ϝϘϧϟ΍�ρϭρΧ�ΩϳϭίΗϭ�ΔϳϟΎΣϟ΍�ϝϘϧϟ΍�ρϭρΧ�ΔόγϭΗ
�ϝϫΎϧϣϟ΍�ϥΎοϳϔϟ�ΎΑϧΟΗ�ϙϟΫϭ�ΓΩϳΩΟϟ΍ 

 

ϥ΍Ωϳϫ�έΎΑ΍�ϝϘΣ��ΎΑΩΎϣ�ΔυϓΎΣϣ 

ϥ΍Ωϳϫ�έΎΑ΍�ϝϘΣ :ΎϬϣΩϗ�ϰϟϭϷ΍�ΕΎϳλϭΗϟ΍ 

 )2016Gassen et al. �ϝϘΣ�ΝΎΗϧ·�νϔΧϧ΍��
�ϩΎϳϣϠϟ�Εϗ΅ϣϟ΍�ΙϭϠΗϟ΍�ΏΑγΑ�ΓΩηΑ�ϥ΍Ωϳϫ�έΎΑ΍

�ϡγ΍ϭϣ�ϝϼΧ�Ι΍ΩΣϷ΍�ϩΫϫ�ϝΛϣ�ΙΩΣΗ��ΔϳϓϭΟϟ΍

�ϱέϳΗϛΑϟ΍�ΙϭϠΗϟΎΑ�ίϳϣΗΗϭ�Γέϳίϐϟ΍�έΎρϣϷ΍
�ϝϘΣ�ϕϼϏ·�ϰϟ·�ϱΩ΅ϳ�Ύϣϣ�ί΍έΑϠϟ�ϲϟΎόϟ΍�ϲϣϭΛέΟϟ΍

��ϼ΋Ύϫ�ωΎρϘϧ΍�ϝϛηϳ�Ύϣϣ�έΎΑϻ΍�ϲϓ�ϩΎϳϣϟ΍�Ε΍Ω΍Ωϣ·�ϲϓ�
�ΎΑΩΎϣ 

�ϕέη�ϲϓ�ΩϳΩΟ�έΎΑ΍�ϝϘΣ�έϔΣ�ϲϓ�˯ΩΑϟΎΑ�ϲλϭϧ
�ϲγϳΩϟ΍�ωϭέηϣ�ρϭρΧ�ϰϠϋ�΄ΑΩΎϣ�ρΑέ�ϭ�ˬ΄ΑΩΎϣ 

 

��ϙέϛϟ΍�ΔυϓΎΣϣ 

�ΏΟϭϣϟ΍�Ωγ �ΎϬϣΩϗ�ΕΎϳλϭΗ�ϝϭ΃
)2008Margane et al. .( 

�Ωγϟ΍�ϲϓ�ρϘϓ�ΓΩΣ΍ϭ�Δϳίϛέϣ�ΔϠϳλΣ�˯ΎηϧΈΑ�ϰλϭϳ
έΑϋ�ϙΎϧϫ�ϥϣ�ϱέϟ΍�ϩΎϳϣ�ϊϳίϭΗϭ�Ϫγϔϧ �ρϭρΧ

�ϝΧ΍Ω�Δϳϋ΍έίϟ΍�ϝϭϘΣϟ΍�ϥϋ�ϲϠΧΗϟ΍�ΏΟϳ�ϭˬΏϳΑΎϧϷ΍
�Ε΍ΩϳΑϣϟ΍�ϡ΍ΩΧΗγ΍�ϡΩϋ�ΏΟϳϭ�ˬϰϟϭϷ΍�ΔϳΎϣΣϟ΍�ΔϘρϧϣ

�ϕέρ�ϡ΍ΩΧΗγ΍�ϙϟΫϛϭ�ΔϳϧΎΛϟ΍�ΔϳΎϣΣϟ΍�ΔϘρϧϣ�ϲϓ
�ΓΩϣγϷ΍�ϡ΍ΩΧΗγ΍�ϥϣ��ϻΩΑ�Δϳϭοόϟ΍�Δϋ΍έίϟ΍

�ϡ΍ΩΧΗγΎΑ�ΓέϳΣΑϟ΍�ϲϓ�ΩϳλϠϟ�ΡΎϣγϟ΍�ϲϐΑϧϳ��ΔϳϭΎϣϳϛϟ΍
ΩΣϣ�ΩΩόϟ�ϑϳΩΟΗϟ΍�Ώέ΍ϭϗ��ρϘϓ�ιΎΧηϷ΍�ϥϣ�Ωϭ

�ϰϠϋ�ΔϳϟΎΣϟ΍�ΔϳϧΎϛγϟ΍�ΔρηϧϷ΍�ϱϭΗΣΗ�ϥ΃�ΏΟϳϭ
�έϔΣ��ΕΎϧ΍ίΧ�ϭ΃�ΔΑγΎϧϣ�ϲΣλ�ϑέλ�ΔϛΑη

�ΓΫϔϧϣ�έϳϏ�ΔϳλΎλΗϣ΍ 

�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ�ϊϣΟϟ�ϡΎυϧ�˯ΎηϧΈΑ�ϰλϭϳ
�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ�ΔΟϟΎόϣϟ�ϡΎυϧ�ϰϟ·�ΔϓΎοϹΎΑ
��ϼΣ�ϭ΃�Ύ�ϳίϛέϣϻ��ϼΣ�ϥΎϛ�˯΍ϭγ��ϯέϘϟ΍�ϊϳϣΟϟ

�ˬΎ�ϳΩϭϘϧϋ��έυϧ΍MWI, 2015ˬ MWI, 2016.( 

 

��έ΍έϘϟ΍�ΫΎΧΗ΍�ϡϋΩ�Γ΍Ω΃ALLOWS" 

�ΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�Γέ΍ΩϹ�Δϳϧρϭϟ΍�ΔγΎϳγϟ΍ϭ�έΎρϺϟ�Ύ�Ϙϓϭ
�ϥΩέϷ΍�ϲϓ�Δϳίϛέϣϼϟ΍ 

)MWI, 2015�ˬMWI, 2016(ˬ �ϕϳΑρΗ�ΏΟϳ
�Ε΍έ΍έϘϟ΍�ϡϋΩ�Γ΍Ω΃ALLOWS �ϊϳϣΟ�έϳϭρΗ�ϰϠϋ

�ϥϣ�ϥΩέϷ΍�ϲϓ�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ�Γέ΍Ω·�ϝϭϠΣ
�ϱίϛέϣ�ϻ�ϡ΃�ϱίϛέϣ�ΞϬϧ�ϥΎϛ�˯΍ϭγ�ˬϡϳϳϘΗϟ΍�ϝΟ΃

��ϥϳόϣ�ϊϗϭϣ�ϲϓ�ϯϭΩΟ�έΛϛ΃�ϭϫALLOWS �ϲϫ
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�ϥϛϣΗϭ�Δϳϓ΍έϐΟϟ΍�ΕΎϣϭϠόϣϟ΍�ϡΎυϧ�ϰϠϋ�Δϣ΋Ύϗ�Γ΍Ω΃
�ϩΎϳϣ�Γέ΍ΩϹ�ΔϔϠΗΧϣ�ΕΎϫϭϳέΎϧϳγ�έϳϭρΗ�ϥϣ�ϡΩΧΗγϣϟ΍

ϟΎϛΗ�ΔϧέΎϘϣϭ�ϲΣλϟ΍�ϑέλϟ΍�ΕΎϫϭϳέΎϧϳγϟ΍�ϑϳ
�ϥ�ϛϣϳ��ΔϳϛϳϣΎϧϳΩϟ΍�ΔϔϠϛΗϟ΍�ΔϧέΎϘϣ�ΔϳΟϬϧϣ�αΎγ΃�ϰϠϋ
�ϲϧϘΗϭ�ϱΩΎλΗϗ΍�ϡϳϳϘΗ�˯΍έΟ·�ϥϣ�έ΍έϘϟ΍�ωΎϧλ�ϡϳϳϘΗϟ΍

�ΔϳϟΎΣϟ΍�ΔϣϳϘϟ΍�ϰϠϋ� �˯ΎϧΑ�ΕΎϫϭϳέΎϧϳγϟ΍�ϑϠΗΧϣϟ
�ϡϋΩ�Γ΍Ω΃�ϪϠόΟϳ�Ύϣϣ�ˬΔϔϠΗΧϣϟ΍�Ε΍έΎϳΧϠϟ�ΔϳϓΎλϟ΍
�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ�Γέ΍Ω·�ϝϭϠΣϟ�ΔϳγϓΎϧΗ�έ΍έϗ 

)van Afferden et al. 2015( 

�ΏϠρΗϳALLOWS ��ΔϔϠΗΧϣ�ΕΎϧΎϳΑ�Ωϋ΍ϭϗ�ΔόΑέ΃ 

)1�έϓϭϳ��ΔϳϟϭϷ΍�Δϳϓ΍έϐΟϟ΍�ΕΎϧΎϳΑϟ΍�ΓΩϋΎϗ��
�ˬΔΛΎϏϹ΍��νέϷ΍�΢ργ�ϝϭΣ�ΕΎϣϭϠόϣ

�ˬωέ΍ϭηϟ΍��ΔϳΩΎϣϟ΍�ΔϳΗΣΗϟ΍�ΔϳϧΑϟ΍�ˬ�αϳέΎοΗϟ΍
�ϡ΍ΩΧΗγ΍ϭ�ˬΔϳ΋Ύϣϟ΍�ΕΎΣργϣϟ΍�ˬ�Φϟ·�ˬϲϧΎΑϣϟ΍

�ˬΔϳϧϛγϟ΍�ˬΔϳϋ΍έίϟ΍��ϲο΍έϷ΍ϧλϟ΍�ˬΔϳΩϠΑϟ΍�ˬΔϳϋΎ
�Φϟ·˭ 

)2�ϲΗϟ΍�ˬΔϳΩΎλΗϗϻ΍ϭ�ΔϳϋΎϣΗΟϻ΍�ΕΎϧΎϳΑϟ΍�ΓΩϋΎϗ��
�ϥΎϛγϟ΍�ϭϣϧ�ΕϻΩόϣ�ϲϟΎϣΟ·�ϥϋ�ΕΎϣϭϠόϣ�έϓϭΗ

�ϲο΍έϷ΍�ΔϳϛϠϣϭ�ˬΓέγϷ΍�ϡΟΣ�ργϭΗϣϭ�ˬϥΎϛγϟ΍ϭ
�ΔϳϟϭΩϟ΍�ΔϳόΟέϣϟ΍�έΎόγϷ΍ϭ�ˬ�Ωέρϟ΍�έη΅ϣ�

�ΔϳΗΣΗϟ΍�ΔϳϧΑϟΎΑ�ΔρΑΗέϣϟ΍�ϑϳϟΎϛΗϟ΍�ϊϳϣΟϟ�Δϳϧρϭϟ΍ϭ
ϟ΍�ϑέλϟ΍�ϩΎϳϣϟ�˯ΎϧΑϭ�ˬΔΟϟΎόϣϟ΍�ΓΩΣϭ��ϲΣλ

�ΔϧΎϳλϟ΍ϭ�ϝϳϐηΗϟ΍�ˬϊϓέϟ΍ϭ�Φοϟ΍�ΕΎρΣϣ�ˬΕΎϛΑηϟ΍

ˬ˯ΎΑέϬϛϟ΍�ˬϝϣόϟ΍�ˬϝϘϧϟ΍ϭ�ΔΟϟΎόϣϟ΍�ΓΩΣϭϟ �ˬϩΎϳϣϟ΍
�Φϟ·�ˬΓ΄ϣΣϟ΍�ϥϣ�ιϠΧΗϟ΍˭ 

)3�ϝϭΣ�ΕΎϣϭϠόϣ�έϓϭϳ��ϩΎϳϣϟ΍�ΕΎϧΎϳΑ�ΓΩϋΎϗ��
�ΔΟέΩϭ�ˬϩΎϳϣϟ΍�ϙϼϬΗγ΍ϭ�ˬΎϬϠϘϧϭ�ϩΎϳϣϟ΍�Ε΍Ω΍Ωϣ·

Ύϳϣϟ΍�Ε΍Ω΍Ωϣ·�ϰϟ·�ϝϳλϭΗϟ΍�ιϠΧΗϟ΍ϭ�ΏϳΑΎϧϷ΍�έΑϋ�ϩ
�ΔΑϳϛέΗ�ˬϑέλϟ΍�ϩΎϳϣ�ΕΎΟΗϧϣϭ�ˬΔϣΩΎόϟ΍�ϩΎϳϣϟ΍�ϥϣ
�ϲϫϭ��ϱϭοόϟ΍�ϝϣΣϟ΍�ϝΛϣ��ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣ

�ϡΗϳϭ�ΔϳϠΣϣϟ΍�ϩΎϳϣϟ΍�Δ΋ϳϫ�ϥϣ�ΕΎϧΎϳΑ�ϥϣ�ΓΩϣΗγϣ
�ϝϼΧ�ϥϣ�ϭ΃�Δϳϧ΍Ωϳϣϟ΍�Ε΍έΎϳίϟΎΑ�ΎϬϧϣ�ϕϘΣΗϟ΍

�ΔυϓΎΣϣϟ΍�ϯϭΗγϣ�ϰϠϋ�ΕΎρϠγϟ΍ 

)4ΔϳϭϧΎΛ�Δϳϓ΍έϐΟ�ΕΎϧΎϳΑ�ΓΩϋΎϗ�� �ΕΎϣϭϠόϣ�έϓϭΗ
�ΔϳϧΑϣϟ΍�Δ΋ϳΑϟ΍��ΔϳΩΎϣϟ΍�ΔϳΗΣΗϟ΍�ΔϳϧΑϟ΍�ϥϋ�ΔϠλϔϣ

�ΔϳΗΣΗϟ΍�ΔϳϧΑϟ΍ϭ�ωέ΍ϭηϟ΍ϭ�ΔϳΩέϔϟ΍�ϲϧΎΑϣϟ΍�Δργ΍ϭΑ
�ˬΔϛΑη��ϝόϔϟΎΑ�ΓΩϭΟϭϣ�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣϟ

��ϙϟΫ�ϰϟ·�Ύϣϭ�ˬϲΣλϟ΍�ϑέλϟ΍�ΕΎϧ΍ίΧ 

�ϲϧΎϛϣϟ΍�ϝϳϠΣΗϟ΍�ϰϠϋ�ϭϳέΎϧϳγϟ΍�έϳϭρΗ�ΩϣΗόϳ
ϣλΗϭ�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳϣϟ�ΔϳΗΣΗϟ΍�ϰϧΑϟ΍�ϡϳ

�ΔΟϳΗϧϭ�Δϳϓ΍έϐΟϟ΍�ΕΎϣϭϠόϣϟ΍�ϡυϧ�ϲϓ�ΓέϭλΗϣϟ΍
�ϊϗϭϣϟΎΑ�ΔλΎΧ�ΔϳϟΎϣ�Ε΍έη΅ϣ�Ωϟϭϳ�ϙϟΫϟ
ϑέλϟ΍�ϩΎϳϣ�Γέ΍ΩϹ�ΔϔϠΗΧϣ�ΕΎϫϭϳέΎϧϳγϟ �ˬϲΣλϟ΍
�έ΍έϘϟ΍�ϲόϧΎλϭ�ϥϳρρΧϣϟ΍�ϥ�ϛϣϳ�ϲϟΎΗϟΎΑϭ�ΩϳΩΣΗ�ϥϣ

Ϸ�ϝϭϠΣϟ΍�ϝοϓ΃�έΎϳΗΧ΍ϭϣ�Γέ΍Ω�ϲΣλϟ΍�ϑέλϟ΍�ϩΎϳ
ΔϳϠΣϣϟ΍ ΓΩΩΣϣϟ΍.
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§ Ministry of Water and Irrigation 
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10. Appendices 
10.1 Microbiological Guideline for the Quality of Drinking Water 
The document was prepared by the Higher Committee for Water Quality at the 

Ministry of Water and Irrigation and the Water Authority of Jordan. The Guideline has 

been mandatory since 2017 and has to be followed by all water companies in Jordan, 

as well as by owners of drinking water resources. The Guideline identifies the 

minimum requirements for the raw water treatment of groundwater and surface water 

resources used for drinking water purposes. 

Required treatment stages are defined according to the concept of the World Health 

Organization’s drinking water safety plans and risk management (WHO, 2017). Under 

these criteria, raw water is classified into one of two categories, (i) protected- and (ii) 

non-protected groundwater resources. Non-protected groundwater resources are 

grouped into three categories (Categories I – III, see Table 3). 

The annual rate of the coliform bacterium concentration of E. coli in the raw water is 

used as the specific factor to categorize the source, which determines the required 

treatment stages. 
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  ماخلا هایملا ةیعونل ةیجولویبوركیملا رییاعملا
 رداصملا كلت للاغتسلا ةجلاعملا نم ىندلأا ِّدحلا تابلطتمو برشلا هایم رداصمل

 
 هایملا اترازو تقفتاو ، هایملا ةطلس /يرلاو هایملا ةرازو يف ةلكّشملا هایملا ةیعونل ایلعلا ةنجللا اھتدّعأ ةقیثو يھ
 مازلإ كلذكو ، اھب ةكلمملا يف برشلا هایم ةرادإو دیوزت تاكرش مازلإو ، اھب مازتللاا ىلع ةحصلاو يرلاو
 .2017 ماع اھیلع أرط ثیدحت رخآ ناكو ،اھب ةصاخلا برشلا هایم رداصم باحصأ
 ةیئاملا رداصملا نم ماخلا هایملل ةمزلالا ةجلاعملا تایلمع نم ىندلأا دحلا تابلطتم دیدحتب ةقیثولا هذھ صتخت
 ةجلاعملا لحارم دیدحتو ، تائف ىلإ ماخلا هایملا تمِّسق ثیح ؛برشلا ةیاغل ةحلاص حبصتل ةیحطسلاو ةیفوجلا
 ھـتَّـنـبـت يذلا رطاخملا ةرادإو برشلا هایم ةملاس ططخ موھفمب ًلامع ةئف لكل )ةبولطملا زجاوحلا( ةبولطملا
 .ةیملاعلا ةحصلا ةمظنم
  :يلیامك برشلا ةیاغل مدختستس يتلا هایملا رداصم تفـِّنـص رییاعملا هذھ بجومب

 .ةیمحملا ةیفوجلا رداصملا -1
 :تائف ثلاث ىلإ تمـِّسق هذھو ؛ )ثولتلل ةضرعملا ةیفوجلا رداصملا( ةیمحملا ریغ ةیفوجلا رداصملا -2

 .ةثلاثلا ةئفلاو ةیناثلا ةئفلا ، ىلولأا ةئفلا
 ددحم لماعك ماخلا هایملا تانیع يف )E. coli( يلاوك ایشیریشسیلاا تایصع ددعل يونسلا لدعملا دـمُِـتعا
 .كلذل اعًبت ةمزلالا ةجلاعملا لحارم دیدحتلو ، ردصملا ةئف فینصتل

 دیدحت ىلع اضًیأ تلمتشاو ،ةدیدجلا رداصمللو ةمئاقلا رداصملل ةیلیغشتلا تاءارجلإا ىلع ةقیثولا تلمتشا
 ام مھأ صخلی هاندأ لودجلاو ؛لیغشتلا ةداعإ تایلآو اھنع غیلبتلا تایلآو رداصملا هذھ تافاقیا عاونأ فیرعتو
 :ةقیثولا يف ءاج

 
 فینصت مقرلا

 ردصملا
 تایصع ددع

E. coli 
 )رتللم100/ةیصع(

 عمج ةیراركت
 تانیعلا

 ةیعون رییاعم
 ىرخأ

 ابًوجو فاقیلإا ةبولطملا ةجلاعملا

 يفوج 1
 يمحم

  E. coli  دوجو دكأتی مل
 تانیعلا يف

 ،ایًرھش ةنیع
 نع لقی لاو
 تانیع ينامث

 ایًونس

 دیزت لا ةراكعلا
 تادحو 5 نع
  ةیرتمولفن
8,5 ≤ pH≤6,5 

 / ةیصعE. coli ≤  50 ریھطتلا
 رتللم100
 pH  >6,5 <8,5  وأ/و
 تادحو 5>ةراكع وأ/و
 ةیرتمولفن

 ریغ يفوج 2
 :يمحم
 ةئفلا 2-1
 هایم( ىلولأا

 )ةیفوج

20  coli E        
	 رتللم 100 /ةیصع
 نم %20 نم رثكأ يف
 للاخ ةصوحفملا تانیعلا

 ماع

 ،ایًرھش ةنیع
 نع لقی لاو
 تانیع ينامث

 ایًونس

 دیزت لا ةراكعلا
 تادحو 5 نع
  ةیرتمولفن
8,5 ≤ pH≤6,5 

 /ةیصعE. coli ≤  50 ریھطتلا
 رتللم100
 pH  >6,5 <8,5  وأ/و
 تادحو 5> ةراكع وأ/و
 ةیرتمولفن

 ةئفلا 2-2
 هایم( ةیناثلا

 )ةیفوج

20> E. coli   ≥ 2000 
 يف رتللم100/ ةیصع
 نم %20 نم رثكأ
 للاخ ةصوحفملا تانیعلا

 ماع

 يف تانیع 3
 عوبسلأا

 دیزت لا ةراكعلا
 تادحو 5 نع
  ةیرتمولفن
8,5 ≤ pH≤6,5 

 تایلمعلا نم يأ •
 حیشرتلا :ةیلاتلا
 حیشرتلا ،عیرسلا
 حضانتلا ،ةیشغلأاب
 حیشرتلا ،يسكعلا
 ئطبلا يلمرلا
 تایلمعب قوبسملا
 ریثختلاو طلخلا
 .بیسرتلاو
 ةیلمع كلذ عبتی •
 ریھطتلا

E. coli ≤  5000 
 رتللم100/ةیصع
 pH  >6,5 <8,5  وأ/و
 تادحو 5>ةراكع وأ/و
 ةیرتمولفن

 ةئفلا 2-3
 هایم( ةثلاثلا
 وأ/و ةیفوج
 )ةیحطس

2000 >  E. coli 
 رثكأ يف رتللم100/ةیصع
 تانیعلا نم %20 نم
 ماع للاخ ةصوحفملا

 يف تانیع 3
 عوبسلأا

 دیزت لا ةراكعلا
 تادحو 5 نع
  ةیرتمولفن
8,5 ≤ pH≤6,5 

 ةجلاعم تایلمع
 درو امع ةیفاضإ

 ةیناثلا ةئفلل

E. coli < 20,000 
 رتیللم100 /ةیصع
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Table 3 Classification of water resources according to the Jordanian Microbial Guideline. 

 

 

  E
. coli

Frequency of sam
pling

Further  quality param
eter

Req. treatm
ent

 Forced shout dow
n 

1. P
rotected

G
roundw

ater R
esource

 -- N
o E

. coli
-- one sam

ple / m
onth

-- at least eight sam
ples per year

-- Turbidity not m
ore > 5 N

TU
-- 8.5 ≥ pH

 ≥ 6.5
-- D

isinfection
-- E

. coli > 50 M
P

N
/100m

l
-- 8.5< pH

  < 6.5;
-- Turbidity > 5 N

TU

2. N
on-P

rotected
G

roundw
ater R

esource
C

atogary I
(G

roundw
ater)

-- 20 M
P

N
/100 m

l in > 20%
 of the 

sam
ples per year

-- one sam
ple / m

onth
-- at least eight sam

ples per year
-- Turbidity not m

ore > 5 N
TU

-- 8.5 ≥ pH
 ≥ 6.5

-- D
isinfection

-- E
. coli > 50 M

P
N

/100m
l

-- 8.5< pH
  < 6.5;

-- Turbidity > 5 N
TU

C
atogary II

(G
roundw

ater)
-- 20 < E

. coli > 2000 M
P

N
 / 100 

m
l in > 20%

 of the sam
ples per 

year

-- three sam
ples / w

eek
-- Turbidity not m

ore > 5 N
TU

-- 8.5 ≥ pH
 ≥ 6.5

A
ny of the follow

ing:

-- D
isinfection

-- R
apid filtration

-- N
ano-, U

ltra-, M
icro- filtration

-- R
everse osm

osis 
-- S

low
 sand filtration

-- E
. coli > 5000 M

P
N

/100m
l

-- 8.5< pH
  < 6.5;

-- Turbidity > 5 N
TU

C
atogary III

(G
round- &

 S
urfacew

ater)
-- 2000 M

P
N

 / 100 m
l in > 20%

 of 
the sam

ples per year
-- three sam

ples / w
eek

-- Turbidity not m
ore > 5 N

TU
-- 8.5 ≥ pH

 ≥ 6.5
-- S

am
e as for C

ategory II
-- E

. coli > 20000 M
P

N
/100m

l

Classification
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