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Foreword 
This report is part of a series of Technical Reports published by the Jordanian-
German Technical Cooperation project 'Groundwater Resources Management', 
which is being implemented by the Federal Institute of Geosciences and Natural 
Resources (BGR), Germany, and the Ministry of Water and Irrigation (MWI). This 
project started in June 2002 with a first phase ending in May 2005.  
 
The main goal of the project is to elaborate and implement groundwater protection 
measures by 
 
(1) Establishing Groundwater Protection Zones  

Activities: 
- Preparation of a national guideline for the delineation of groundwater 

protection zones 
- Delineation of groundwater protection zones in two areas 
- Coordination of the implementation of the groundwater protection zones 

with the municipalities 
- Giving support to the municipalities in establishing groundwater protection 

zones and the monitoring of compliance with restrictions 
(2) Applying Concepts for Groundwater Contamination Prevention  

Activities: 
- Elaboration of a criteria catalogue for groundwater vulnerability maps  
- Preparation of groundwater vulnerability maps for two areas  
- Giving advice to the planning authorities on consequences for land use 

decisions  
- Investigating the effects of salt-water intrusion in the Azraq region  
- Investigating the effects of anthropogenic contamination at selected sites  
- Increasing the capability of MWI staff to formulate land use 

recommendations for the protection of groundwater resources  
(3)  Supporting the National Water Master Plan (NWMP) in the field of 

groundwater management 
Activities: 
- Preparation of a nationwide groundwater flow model 
- Adjusting the rainfall-runoff model (NWMP-GTZ) and the groundwater flow 

model (NWMP-BGR) to one another 
- Integration of the results of the groundwater protection studies into the 

NWMP 
- Supporting the updating of the NWMP groundwater report. 

 
>>>>>>>>>>>>>>>>><<<<<<<<<<<<<<<<< 

 
The present report deals with the preparation of Groundwater Vulnerability Maps.  
 
Since Jordan's renewable water resources are very scarce the sustainable 
management of these resources with regard to quantity and quality is a task of prime 
importance. Presently around 58 % (2000) of the water consumed in Jordan is 
abstracted from groundwater. In the late 1990s the annual deficit in the groundwater 
budget was around 230 MCM (MARGANE et al. 2002). Consequently groundwater 
levels throughout the country have declined over the past decades at rates of 1-1.5 
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m/yr and more. With the introduction of a stricter licensing and payment policy in the 
mid and late 1990s groundwater abstractions are now starting to slowly decrease.  
 
The agricultural development in Jordan started in the early 1970s and nowadays 
around 70% of the abstracted groundwater is being used for irrigation. The increased 
agricultural land use brought about a deterioration of groundwater qualities in many 
areas through the application of fertilizers and pesticides. This is noticed chiefly by 
the increasing salinities caused by irrigation return flows, such as in the Azraq region, 
the Dhuleil-Hallabat region and the northeastern desert, but also by continuous 
increases in the nitrate contents in groundwaters downstream of extensively 
cultivated areas.  
 
Groundwater quality is also largely affected by other land uses, such as industrial 
sites, oil storage/filling facilities, sewage effluents (treated and untreated sewage), 
waste disposal sites (legal/illegal), etc. This is noticed especially in urban and heavily 
industrialized areas, such as the Amman-Zarqa region.  
 
In order to protect and conserve Jordan's groundwater resources measures for the 
protection, such as the establishment of groundwater protection zones are 
immensely important. To help implementing such protection zones the project 
'Groundwater Resources Management has proposed a National Guideline for the 
Delineation of Groundwater Protection Zones (Technical Report No. 1). Based on 
this guideline protection zones may be defined, in which certain activities and land 
uses are allowed or restricted.  
 
However, to provide an effective protection of the groundwater resources, it is also 
important to convince the land use planning authorities to take the issue of 
groundwater protection into consideration when deciding about locations and 
conditions for the establishment of facilities and activities which are possibly 
hazardous to groundwater, such as waste disposal sites, sewage treatment plants 
and sewer mains, industrial and commercial estates, storage facilities for oil products 
and toxic hazardous substances, etc. By locating such sites in areas where, and 
treating and discharging effluents in a manner that contamination of the groundwater 
resources cannot occur, a deterioration of the groundwater resources can be actively 
avoided. 
 
The preparation of groundwater vulnerability maps helps to create awareness among 
land use planners for the issue of groundwater protection.  



Jordanian-German Technical Cooperation Project Groundwater Resources Management 
Criteria for the Preparation of Groundwater Vulnerability Maps 
 

 
TR2-Groundwater Vulnerability Mapping.doc  Page  3 
 

 

1   Introduction 
 
Groundwater vulnerability maps have become a standard tool for protecting 
groundwater resources from pollution. They are especially valuable in the decision 
making process related to land use planning. Land use planners have mostly little 
experience and expertise at hand to decide which land uses and activities could be 
allowed in certain areas without causing a negative impact on the quality of 
groundwater resources.  
 
Within the framework of the Technical Cooperation project 'Advisory Services to the 
Water Authority of Jordan – Groundwater Resources of Northern Jordan' (1992-
2001) between the Water Authority of Jordan (WAJ) and the Federal Institute for 
Geosciences and Natural Resources (BGR), groundwater vulnerability maps have 
been prepared for two areas: the area around Irbid (MARGANE et al. 1997, 
MARGANE et al. 1999) and the South Amman area (HOBLER et al. 1999). They 
were supplemented by maps of hazards to groundwater in order to identify where 
groundwater resources might be at risk and draw the necessary conclusions 
concerning groundwater monitoring for these hazards and land use planning 
decisions. The mapping scale was 1:50,000 and the output scale 1:100,000. This 
scale was chosen in order to provide land use planners with appropriate planning 
tools for larger areas. As a standard method the method proposed by HOELTING et 
al. (1995) was used, which is largely applied in Germany. 
 
Within the framework of the new Technical Cooperation project 'Groundwater 
Resources Management' the project team will delineate groundwater protection 
zones for at least two wells or springs. Since large parts of the country are dominated 
by carbonatic rock aquifers, which are karstified to a variable degree, groundwater 
vulnerability maps are also needed to facilitate the process of groundwater protection 
zone delineation (MARGANE & SUNNA 2002). In Switzerland groundwater 
vulnerability maps are used as a standard tool for groundwater protection zone 
delineation in karstic areas (BUWAL 2000). The Swiss Government decided to use 
the EPIK method (SAEFL 2000) for this purpose. Other European countries intend to 
follow this concept in the near future. So far, however, few practical experiences 
have been made with the EPIK method.  
 
The proposed Jordanian Guideline for the Delineation of Groundwater Protection 
Zones (MARGANE & SUNNA 2002) equally suggests the use of groundwater 
vulnerability maps for the delineation of groundwater protection zones in karstic 
areas but leaves open which method is being applied. The main reason for this is 
that data concerning the EPIK parameters are not easy to obtain for the aquifer 
systems in Jordan. The project therefore intends to directly compare both methods 
by preparing groundwater vulnerability maps using both methods, the one suggested 
by HOELTING et al. (1995) and the EPIK method. Based on the results, it will then 
be decided which is the more appropriate method to be used in the long run in 
Jordan.  
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There are a number of other methods used worldwide (VRBA & SAPOROZEC 1994, 
MARGANE et al. 1997). Many of them are, however, rather simple and fail to yield 
appropriate results. This was the main reason for selecting the method proposed by 
HOELTING et al. (1995) for the groundwater vulnerability maps of the Irbid area and 
the South Amman area. 
 
 

2   Definition of Groundwater Vulnerability 
 
Although many efforts have been made to reach a common understanding of the 
term ground-water vulnerability, different authors still use it in a different sense.  
FOSTER & HIRATA (1988) defined 'Aquifer Pollution Vulnerability' as the 'intrinsic 
characteristics which determine the sensitivity of various parts of an aquifer to being 
adversely affected by an imposed contaminant load'.  He describes 'Ground Water 
Pollution Risk' as 'the interaction between the natural vulnerability of an aquifer, and 
the pollution loading that is, or will be, applied on the subsurface environment as a 
result of human activity'.  The US EPA (1993) distinguishes between 'Aquifer 
Sensitivity' and 'Ground Water Vulnerability'.  Although these definitions are more 
closely related to agricultural activities, they should hold true for all other activities as 
well.  US EPA defines 'Aquifer Sensitivity' as the 'relative ease with which a 
contaminant applied on or near the land surface can migrate to the aquifer of interest. 
Aquifer sensitivity is a function of the intrinsic characteristics of the geologic materials 
of interest, any overlying saturated materials, and the overlying unsaturated zone.  
Sensitivity is not dependent on agronomic practices or pesticide characteristics'.  
According to US EPA 'Ground Water Vulnerability' is 'the relative ease with which a 
contaminant applied on or near the land surface can migrate to the aquifer of interest 
under a given set of agronomic management practices, pesticide characteristics and 
hydrogeologic sensitivity conditions'.  
 
The definitions used in this report were set up by the COMMITTEE ON 
TECHNIQUES FOR ASSESSING GROUND WATER VULNERABILITY (1993) and 
by VRBA & ZAPOROZEC (1994). Accordingly 'groundwater vulnerability' is 
defined as 'the tendency or likelihood for contaminants to reach (a specified position 
in) the groundwater system after introduction at some location above the uppermost 
aquifer'.  In addition, distinctions are made between 'Intrinsic Vulnerability' and 
'Specific Vulnerability'. For the determination of the 'Intrinsic Vulnerability' the 
characteristics and specific behaviour of contaminants are not taken into 
consideration, whereas the term 'Specific Vulnerability' refers to a specific 
contaminant, class of contaminants or a certain prevailing human activity. 
 
 

3   Parameters determining Groundwater Vulnerability 
 
FOSTER & HIRATA (1988), MORRIS & FOSTER (2000) and VRBA & ZAPOROZEC 
(1994) list possible processes and mechanisms leading to an attenuation of the 
contaminant load in different media,  through which water and contaminants pass on 
their way to the water table  (soil, unsaturated and saturated zone).   
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The following factors determine the protective effectiveness or filtering effect of the 
rock and soil cover :  

- mineralogical rock composition,  
- rock compactness,  
- degree of jointing and fracturing,  
- porosity, 
- content of organic matter, 
- pH, 
- cation exchange capacity (CEC), 
- thickness of rock and soil cover 
- percolation rate and velocity. 

 
Specific chemical characteristics have to be taken into account when considering the 
behaviour of pollutants below the ground and the time they take to migrate through 
the soil, in both the unsaturated and the saturated zone. Such characteristics include:  

- dispersion, 
- chemical complexation, sorption and precipitation   
- degradation (biochemical transformation, hydrolysis, etc.). 

 
The behaviour of each chemical substance differs considerably in the underground.  
When assessing the specific vulnerability of a natural groundwater system, the 
specific behaviour of the expected individual chemical substances has to be 
evaluated.  
 
For mapping purposes, with the evaluation of the intrinsic vulnerability the behaviour 
of different pollutants is not taken into consideration.  In this case the assessment of 
vulnerability is reduced to the parameters determining the general protective 
effectiveness of the soil and rock cover.  Such a simplification allows for the 
assessment of groundwater vulnerability over large areas at a relatively low cost and 
in a comparatively short amount of time.  This general assessment forms the basis of 
further investigations.  Studies of the specific vulnerability could then be performed at 
a later stage, in sensitive areas, where groundwater pollution is expected to occur in 
the near future or already exists. 
 
Soil cover often plays an important role in the attenuation process as it leads to 
retardation of contaminants of adsorbable pollutants.  Furthermore, soils can promote 
elimination of contaminants by chemical complexation or precipitation and 
biochemical transformation or degradation (Figure 1).  Depending on the type of 
consolidated or unconsolidated rocks these processes are often less effective in the 
unsaturated zone due to limited availability of oxygen, moisture and microbes, and 
the often lower cation exchange capacity. 
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Figure 1: Processes leading to contaminant attenuation  
(after MORRIS & FOSTER 2000) 

 
 

4   Methods 

4.1 The German Concept of Vulnerability Mapping 
 
This methodology (HOELTING et al. 1995; Annex 1) is based on a point count 
system. It only takes the unsaturated zone into consideration.  Attenuation processes 
in the saturated zone are not included in the vulnerability concept. The degree of 
vulnerability is specified according to the protective effectiveness of the soil cover 
and the unsaturated zone. The following parameters are considered for the 
assessment of the overall protective effectiveness : 
 
Parameter 1: S - effective field capacity of the soil (rating for ΣeFC in mm down 

to 1 m depth) 
Parameter 2: W - percolation rate 
Parameter 3: R - rock type 
Parameter 4: T - thickness of soil and rock cover above the aquifer 
Parameter 5: Q - bonus points for perched aquifer systems 
Parameter 6: HP - bonus points for hydraulic pressure conditions (artesian 

conditions) 
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The overall protective effectiveness (PT) is calculated using the formula: 
 

PT = P1 + P2 + Q + HP   
 
P1  - protective effectiveness of the soil cover: P1 = S * W 
 
P2  - protective effectiveness of the rock cover:   P2 = W * (R1*T1 + R2*T2 +  .....  

+ Rn*Tn). 
 
To adopt this method the factor for the percolation rate (W) was modified as follows: 
 
In many areas of Jordan groundwater recharge is below 100 mm/a.  However, 
according to the German mapping approach, the highest value assigned for factor W, 
would be 1.75 for a groundwater recharge of less than 100 mm/a (HÖLTING 1995).  
Therefore, a modified scale for the factor W was introduced which reflects the low 
amounts of groundwater recharge in the study area (Table 1).  
 
Table 1 : Modification of Factor W (Percolation Rate) 
 

Groundwater Recharge 
[mm/a] 

Factor W 

> 100 - 200 1.5 
> 50 - 100 1.75 
> 25 - 50 2 
≤ 25 2.25 

 
The application of these higher factors for the percolation rate leads to a higher 
overall protective effectiveness of the soil and rock cover in areas of low groundwater 
recharge.  
 
True groundwater recharge varies considerably from place to place.  The amount of 
recharge depends on factors like topography (slope), soil cover, fracturing, etc.  
Indirect recharge plays an important role in the study area and might lead to higher 
recharge in certain areas, such as wadis or morphological depressions.  These local 
differences were taken into consideration by assigning lower values for the 
percolation factor to such areas. 
 
The process of calculating the overall protective effectiveness is very complex and 
requires the use of ARC/INFO or similar software.  
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Figure 2: Overlay process for vulnerability mapping 
 

Over the past few years, the German system has been tested in several countries 
and has proven to be useful and effective.  For this reason the German approach has 
been applied to the groundwater vulnerability mapping of the Irbid area and the 
South Amman area. 
 

4.2 The EPIK Method 
 
This method was elaborated in the framework of the COST activities of the European 
Commission by the University of Neuchâtel, Center of Hydrogeology for groundwater 
vulnerability mapping in karst areas. It was later developed by the Swiss Agency for 
the Environment, Forests and Landscape into a standard tool for groundwater 
protection zone delineation in karst areas (SAEFL 2000). 
 
EPIK takes the following parameters into account: 
 

• Development of the Epikarst, 
• effectiveness of the Protective cover, 
• conditions of Infiltration and 
• development of the Karst network. 

 
A standard classification matrix for each of these parameters is used (Table 2) 
together with standard values (Table 3). For each parameter a standard weighing 
coefficient is used (Table 4). The classification for each parameter and area is obtain 
by systematic mapping for these parameters. A guidance on how to classify the 
different features in the field is laid down in chapter 3.1 of the EPIK practice guide 
(SAEFL 2000, compare Annex 2). 
 
 



Jordanian-German Technical Cooperation Project Groundwater Resources Management 
Criteria for the Preparation of Groundwater Vulnerability Maps 
 

 
TR2-Groundwater Vulnerability Mapping.doc  Page  9 
 

Table 2: Standard classification matrix for the EPIK parameters 
 
parameter Epikarst 

E1 caves, swallow holes, dolines, karren fields, ruin-like relief, 
cuestas 

E2 Intermediate zones situated along doline alignments, uvalas, dry 
valleys, canyons, poljes 

Karstic morphology 
observed (pertaining to 
epikarst 

E3 Rest of the catchment area 
parameter Protective cover 
 A. Soil resting directly on 

limestone formations or on 
detrital formations with very 
high hydraulic conductivity1 

B. Soil resting on > 20 cm of low 
hydraulic conductivity geological 
formations2 

Protective cover absent P1 0 – 20 cm of soil  
 P2 20 – 100 cm of soil 20 – 100 cm of soil and low 

hydraulic conductivity formations 
 P3 > 100 cm of soil > 100 cm of soil and low hydraulic 

conductivity formations 
Protective cover 
important 

P4  > 8 m of very low hydraulic 
conductivity formations or  
> 6 m of very low hydraulic 
conductivity formations with > 1 m 
of soil (point measurements 
necessary) 

parameter Infiltration 
Concentrated 
infiltration 

I1 Perennial or temporary swallow hole – banks and bed of 
temporary or permanent stream supplying swallow hole, infiltrating 
surficial flow – areas of the water catchment containing artificial 
drainage 

 I2 Areas of a water catchment area which are not artificially drained 
and where the slope is greater than 10% for ploughed (cultivated) 
areas and greater than 25% for meadows and pastures 

 I3 Areas of a water catchment area which are not artificially drained 
and where the slope is less than 10% for ploughed (cultivated) 
areas and less than 25% for meadows and pastures 
Outside the surface water catchment area: bases of slopes and 
steep slopes (greater than 10% for ploughed (cultivated) areas 
and greater than 25% for meadows and pastures) where runoff 
water infiltrates 

Diffuse infiltration I4 Rest of the catchment area 
parameter Karst network 
Well developed karstic 
network 

K1 Well developed karstic network with decimeter to meter sized 
conduits with little fill and well interconnected 

Poorly developed 
karstic network 

K2 Poorly developed karstic network with poorly interconnected or 
infilled drains or conduits, or conduits of less than decimeter size 

Mixed or fissured 
aquifer 

K3 Porous media discharge zone with a possible protective influence 
– fissured non-karstic aquifer 

 
 

                                            
1 E.g.: scree, lateral glacial moraine 
2 E.g.: silt, clay 
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Table 3: Standard values for the EPIK parameters  
 
E1 E2 E3 P1 P2 P3 P4 I1 I2 I3 I4 K1 K2 K3 
1 3 4 1 2 3 4 1 2 3 4 1 2 3 

 
 
Table 4: Standard weighing coefficients for the EPIK parameters 
 
Parameter Epikarst Protective cover Infiltration Karst network 
Weighing 
coefficient 

α β γ δ 

Relative weight 3 1 3 2 
 
 
The overall protection index F is calculated based on the following equation: 
 

F = αE + βP + γI + δK 
 
 
F can obtain values between 9 and 34. The following matrix of protection indices 
provides the basis for the classification of the groundwater vulnerability into three 
classes:  
 

• high (corresponding to Swiss protection zone S1), 
• medium (corresponding to Swiss protection zone S2) and 
• low (corresponding to Swiss protection zone S3) 



Jordanian-German Technical Cooperation Project Groundwater Resources Management 
Criteria for the Preparation of Groundwater Vulnerability Maps 
 

 
TR2-Groundwater Vulnerability Mapping.doc  Page  11 
 

Table 5: Protection index 
  
K1=1 I1=1 I2=2 I3=3 I4=4 
 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4
P1=1 9 15 18 12 18 21 15 21 24 18 24 27 
P2=2 10 16 19 13 19 22 16 22 25 19 25 28 
P3=3  17 20 14 20 23 17 23 26 20 26 29 
P4=4  18 21 15 21 24 18 24 27 21 27 30 
K2=2 I1=1 I2=2 I3=3 I4=4 
 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4
P1=1 11 17 20 14 20 23 17 23 26 20 26 29 
P2=2 12 18 21 15 21 24 18 24 27 21 27 30 
P3=3  19 22 16 22 25 19 25 28 22 28 31 
P4=4  20 23 17 23 26 20 26 29 23 29 32 
K3=3 I1=1 I2=2 I3=3 I4=4 
 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4 E1=1 E2=3 E3=4
P1=1 13 19 22 16 22 25 19 25 28 22 28 31 
P2=2 14 20 23 17 23 26 20 26 29 23 29 32 
P3=3  21 24 18 24 27 21 27 30 24 30 33 
P4=4  22 25 19 25 28 22 28 31 25 31 34 
 
 Non-existent situation in the field 

 
 Protection index value corresponding to high groundwater vulnerability, respectively Swiss 

groundwater protection zone S1 
 Protection index value corresponding to medium groundwater vulnerability, respectively Swiss 

groundwater protection zone S2 
 Protection index value corresponding to low groundwater vulnerability, respectively Swiss 

groundwater protection zone S3 
 Conditions applicable to the rest of the catchment area 

 
 
 
 

5   Criteria for the Preparation of Groundwater Vulnerability Maps 
 
This chapter describes which methodological approach should be used for which 
purpose, which parameters are needed and how they can be obtained, what are the 
input and output scales, and which the process of map compilation is. 
 

5.1 Groundwater Vulnerability Maps for Land use Planning Purposes 
(Scales 1:50,000 or 1: 100,000) 

 
Not all geological units in Jordan consist of carbonatic rocks. For this reason a 
method must be used by which all different lithological units can be mapped. It is for 
this reason recommended to use the method proposed by HOELTING et al. (1995, 
Annex 2), which has already been used to prepare the groundwater vulnerability 
maps of the Irbid area (MARGANE et al. 1997) and the South Amman area 
(HOBLER et al. 1999), for the preparation of groundwater vulnerability maps at the 
regional scale.  
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The following parameters are needed : 
 
Table 6: Parameters required and Source of Information for the Preparation of a 
Groundwater Vulnerability Map following the German Concept 
 
Parameter Description Source 
Factor S: effective 
field capacity of 
the soil (ΣeFC in 
mm down to 1 m 
depth) 

The effective field capacity is 
equivalent to the so-called water 
holding capacity of a soil. It is 
determined by the texture, 
structure, mineral content and 
content in organic matter.  

Soil maps, soil surveys 

Factor W: 
percolation rate 

Corresponds to the groundwater 
recharge rate 

Estimation based on direct methods or 
indirect methods (LERNER et al. 1990) 

Factor R: rock type 
(hard rocks or 
unconsolidated 
rocks) 

The type of rock needs to be 
determined and classified according 
to Annex 1 for all lithological units 
overlying the uppermost main 
aquifer for which vulnerability is to 
be determined 

Borehole data, geological maps, field 
surveys 

Factor T: thickness  The thickness needs to be 
determined for all lithological units 
overlying the uppermost main 
aquifer for which vulnerability is to 
be determined 

Borehole data, geological maps, field 
surveys 

Factor Q: bonus 
points for perched 
aquifers 

In case perched aquifers are 
present bonus points need to be 
added 

Borehole data, geological maps, field 
surveys 

Factor HP: bonus 
points for hydraulic 
pressure 
conditions 

In case the hydraulic system, for 
which the vulnerability is to be 
determined, is under artesian 
conditions or the hydraulic gradient 
is directed upwards (often in 
valleys, depressions), bonus points 
have to be added. 

Borehole data, hydrogeological data, field 
surveys 

 
 
Recommendations for the assessment of the needed parameters with special 
emphasis of the local conditions in Jordan 
 
For assessment of the effective field capacity of the soil (ΣeFC) the maps of the Land 
Use Project (HUNTING TECHNICAL SURVEYS & SOIL SURVEY AND LAND 
RESEARCH CENTER, 1994) provide an excellent base. Soil maps at the following 
scales are available: 
 
- level 1, reconnaissance level, soil maps of the entire country; scale of 

1:200,000 
- level 2, soil maps of the intensively cultivated parts of the country; scale of 

1:50,000 
- level 3, detailed mapping for certain small areas of special interest; scale of 

1:10,000. 
 
The explanatory notes to these maps contain the names of the soil types, their USDA 
code together with their equivalent Jordanian soil code, their description, average 
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composition, average thickness, average elevation, average slope, average rainfall 
and average effective field capacities.  From these values the effective field capacity 
of the soil (ΣeFC) can be calculated easily (compare Table 3 of MARGANE et al. 
1997). According to HOELTING et al. (1995), the total effective field capacity of the 
soil is calculated by multiplying the effective field capacity [mm/m] by the average 
thickness of the soil down to a depth of 1 m (the average rooting depth). The value of 
effective field capacity of the soil then is converted to factor S, based on Table 1 of 
Annex 1 of this report. The maps of the scale 1:50,000 were used for the vulnerability 
mapping in the Irbid area. The soil maps are available at the Soil Survey Unit of the 
Ministry of Agriculture's Department of Lands and Survey (presently near Suweileh). 
 
For assessment of the parameter percolation rate the classification proposed by 
HOELTING et al. (1995) had to be modified. In large parts of the study area 
groundwater recharge is below 100 mm/a.  Because of these low values, a modified 
scale for Parameter 2, the percolation rate W, had to be introduced in order to adapt 
the methodology to the situation in Jordan (compare Table 1 of this report). It is 
recommended to prepare a map that displays the spatial distribution of the 
percolation rate. 
 
For the parameter rock cover (R), the lithological composition and especially the 
degree of fracturing and karstification should be known as precisely as possible. The 
geological maps 1:50,000 (issued by the NRA) often do not yield sufficient 
information on the location and effect of fractures. If possible fracture zones should 
be mapped by aerial photograph and satellite image interpretation. It is 
recommended to prepare a map that displays the value of factor R for each 
geological unit above the main saturated aquifer. 
 
The accuracy of the assessment for the parameter thickness of the rock cover above 
the aquifer (T), depends on the accuracy of the piezometric maps. In many parts of 
the country the accuracy of the piezometric maps for the relevant aquifers are not 
very precise because only very few reference points are available. It is recommended 
to prepare a map that displays the unsaturated thickness for the relevant geological 
units. 
 
Information on the appearance of perched aquifers (parameter Q) is usually not 
available. Such localized aquifers may play a role in alluvial aquifers. Since the 
mapping of this parameter would be too costly and time consuming and the 
parameter is not really relevant in Jordan, it is recommended to neglect it, if not local 
circumstances warrant its evaluation.  
 
The parameter hydraulic pressure (HP) is relevant mainly in areas with an upward 
hydraulic gradient, as is the case generally at the foot of the escarpment to the 
Jordan Valley and the Araba Valley. Since there are until now no multi-level 
piezometers in Jordan, a meaningful evaluation of this parameter is somehow 
difficult. Where required, it is recommended to prepare a map that displays the zones 
of appearance of upward hydraulic gradients. 
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5.2 Groundwater Vulnerability Maps for the Delineation of Groundwater 
Protection Zones (Scales 1:10,000 or 1: 25,000)  

 
For groundwater protection zones with predominantly carbonatic rocks (limestone, 
dolomite, dolomite limestone), the EPIK method (Annex 2) should be used as 
standard method. However, in areas with mixed lithologies, i.e. where other 
lithological units comprised of sandstone, alluvial deposits, basalt, etc. occur, the 
method proposed by HOELTING et al. (1995) should be applied, because only in this 
case the calculated vulnerability values will be comparable. The EPIK method uses 
the following parameters : 
 
Table 7: Parameters required and Source of Information for the Preparation of a 
Groundwater Vulnerability Map following the EPIK Method 
 
Parameter Description Source 
Development 
of the 
Epikarst 

Epikarst is defined as a highly fissured zone 
corresponding to the decompressed and 
weathered formations near the ground 
surface DODGE 1982). This upper karst zone 
is not continuous. It can be decimeters to 
meters thick and can contain perched 
aquifers which can rapidly concentrate 
infiltrating water towards the karstic network 
(MANGIN 1975). 
The availability of features like swallow holes, 
depressions, dolines, karren fields, ruin-like 
structures, intensely fractured outcrops, dry 
valleys helps to classify this parameter 

Field work (including hand auger 
drillings, excavations, trenches) 
interpretation of aerial photographs 
and detailed topographic maps 
(scales between 1: 5,000 and 1: 
25,000) 

effectiveness 
of the 
Protective 
cover 

The soil cover generally determines the 
possibility and character of attenuation and 
infiltration processes. Important parameters in 
this respect are: thickness, texture/structure, 
organic matter content, clay content, types of 
clay minerals, cation exchange capacity, 
water content and hydraulic conductivity. 
Since the determination of all these 
parameters is time consuming and costly only 
the thickness of the protective cover is used 

Field measurements of soil thickness 
and lithology (hand auger drillings, 
excavations, trenches), interpretation 
of aerial photographs and detailed 
topographic maps (scales between   
1: 5,000 and 1: 25,000) 

conditions of 
Infiltration 

It is distinguished between concentrated, 
intermediate and diffuse infiltration conditions. 
They can be identified by the surface water 
runoff characteristics (slope, runoff 
coefficient) and the presence or absence of 
preferential infiltration zones. 
The availability of the following features helps 
to classify this parameter: 
swallow holes, buried karst, exposed karst. 

Field work, hydrological 
measurements and interpretations 
(such as spring discharge 
measurements over long enough time 
periods), interpretation of aerial 
photographs and detailed topographic 
maps (scales between 1: 5,000 and  
1: 25,000) 

development 
of the Karst 
network 

The size (diameter) and connectivity of 
conduits in a karst network determines the 
flow velocity in a karst system. Part of the 
karst network may have been created earlier 
but not be in use anymore.   

The presence or absence of a karst 
network can be determined by direct 
identification of the components of the 
network, such as caves, potholes, 
active cave systems or by indirect 
methods, such as flow hydrograph 
analysis, tracer test and water quality 
variability. 
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Recommendations for the assessment of the needed parameters with special 
emphasis of the local conditions in Jordan 
 
The classification of the parameters E, P, I and K is based on a detailed mapping in 
the field and by aerial and/or satellite images of high resolution/output scale. The 
mapping scale for the preparation of a groundwater vulnerability map for the 
delineation of groundwater protection zones will usually have to be 1:10,000 or 
maximum 1:25,000. The purchase and processing of high resolution satellite images 
can, however, be quite expensive. Also, since the catchment areas of some 
groundwater protection zones can reach several km in length (zone III of the 
protection zone for the Tabaqat Fahel (Pella) spring established by the WAJ-BGR 
project 'Groundwater Resources of Northern Jordan' (MARGANE et al. 1999) 
measures 11 km), the total costs of vulnerability mapping can become quite high and 
the process could be very time consuming. A balance has to be stricken between 
what is scientifically required and what is absolutely necessary. When establishing a 
mapping program it has therefore to be weighed between what means are available 
(budget, existing data, required data) and what has to be achieved.  
 
 

5.3 Criteria for the Selection of Mapping Areas 
 
Groundwater vulnerability maps at a scale of 1:100,000 or 1:50,000 should be 
prepared for all urban areas in order to assist land use planning. Only by providing 
the decision makers in the land use planning agencies with suitable planning tools a 
better land use planning can be reached that takes the needs of groundwater 
protection into consideration. All groundwater vulnerability maps should in general be 
supported by a map of hazards to groundwater, which displays all relevant potential 
pollution sources in the area. For the preparation of a map of hazards to groundwater 
an inventory of all potential pollution hazards needs to be established (Annex 3). This 
requires extensive field work. Finally a data base of groundwater hazards should be 
established (Annex 4) based upon which the map could be prepared. Annexes 5 and 
6 may help in assessing which hazardous substances could occur in which process 
or land use activity, so that a monitoring program for the relevant substances could 
be established. 
 
Since the preparation of groundwater vulnerability maps is a costly and time 
consuming task, it is recommended first to establish a ranking list for the regions to 
be mapped that ranks the priority of map preparation. It is recommended to start with 
areas where a rapid expansion of activities hazardous to groundwater, such as 
industry, commercial activities or agriculture, is expected. 
 
Groundwater vulnerability maps at a scale of 1:100,000 or 1:50,000 should also be 
prepared for the main recharge areas of groundwater resources of prime importance, 
such as the A7/B2 aquifer. Only by these means it can be avoided that important 
groundwater resources become polluted by facilities and activities which are 
potentially hazardous to groundwater.  
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A third target area for groundwater vulnerability mapping is the mapping of 
groundwater protection zones. The project 'Groundwater Resources Management' 
has proposed the use of groundwater vulnerability maps for the delineation of 
groundwater protection zones in karst areas (MARGANE & SUNNA 2002). In this 
case mapping needs to be more detailed, if possible at a scale of 1:10,000 or at least 
1:25,000. Since topographic maps are available only at a scale of 1:50,000 and are 
mostly rather outdated, it is recommended to use geocoded aerial photographs or 
high resolution satellite images, such as ICONOS (1 m resolution) or SPOT (5 m 
resolution). For this process too, a ranking list should be established, as mentioned 
above.  
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Annex 1: German Concept of Groundwater Vulnerability Mapping 
 
Concept for the determination of the effectiveness of the rock and superficial 
cover above the topmost aquifer as a protective barrier against groundwater 
pollution  [translated by BGR from HOELTING et al. 1995] 
 
1. Introduction 
 
When assessing the vulnerability of the groundwater to contamination, the protective 
effect of the cover of rocks and superficial deposits above the topmost aquifer in of 
decisive importance. This in true when considering the impact of agriculture 
(fertilizers, pesticides) and when assessing potential waste disposal sites, 
abandoned hazardous sites etc. Determination of the protective effectiveness of the 
rock or superficial cover above an aquifer is carried out to assess the risks to 
groundwater by pollutants migrating through the soil and rock cover into the 
groundwater, und to represent the degree of risk on a map. 
 
The protective effectiveness or filtering effect of the rock and soil cover depends an 
many different factors, mainly the compactness, mineralogical composition, porosity, 
content of organic matter, pH, and cation exchange capacity, the thickness of rock 
and soil cover, as well as the percolation rate and percolation velocity. Moreover, it 
should be borne in mind that the numerous substances that may pollute groundwater 
show differing migration, sorption and degradation behavior underground, about 
which little is known. 
 
In principle, it would be necessary to develop special assessment methods for all of 
these pollutants or at least for the main pollutant groups, depending on their behavior 
in the ground, and then compile the corresponding hazard maps. 
 
In order to provide a practical method for the qualitative determination of the 
protective effectiveness of the rock und soil cover above an aquifer in spite of these 
problems, assessment scheme was developed. Although it involves considerable 
simplification, it provides valuable information related to many of the pending 
problems. Starting from assessments at point sites on the basis of existing data and 
without any costly determination of further parameters, the method allows the 
protective effectiveness of the rock and soil cover above an aquifer to be assessed 
over large areas. Thus, in many individual cases, time-consuming, detailed 
investigations and/or mapping can be avoided.  
 
Maps showing the protective effectiveness of the rock and soil cover above an 
aquifer represent a valuable tool for the remediation of contaminated catchment 
areas for potable groundwater. This is due to the fact that they show areas where 
changing the land-use or removing sources of contamination can lead to a 
comparatively rapid diminution of pollutant input and thus and thus an improvement 
of groundwater quality. Additionally, such naps provide useful information for 
assessing the effects of water pollutants originating from point sources. 
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2. Basic aspects 
 
During the passage of percolating water through the rock and soil cover above the 
topmost aquifer, pollutants in the water may be subject to mechanical, 
physicochemical, and microbial processes leading to their degradation. The 
effectiveness of these processes is mainly determined by the residence time of the 
percolating water in the rock and soil cover. The longer the residence time, the longer 
the degradation and sorption processes can be effective and thus reduce the input of 
pollutants into the groundwater. In the most favorable case, contamination does not 
even reach the groundwater, even in the long term. 
 
The cover dealt with in this paper comprises the rock and superficial deposits above 
the uppermost, interconnected, generally laterally extensive aquifer system that can 
be used far groundwater development. 
 
The residence time of the percolating water in the rock and soil cover is mainly 
determined by three factors: 
 
- the thickness of the rock and soil cover, 
- the permeability of the rock and soil cover, which depends on the 
 pedological constitution and/or lithology, 
-  the percolation rate. 
 
When assessing protective effectiveness, the soils and the lower part of the cover 
below the soil are considered separately. These two zones are linked by the amount 
of water, which passes the lower boundary of the rooting zone. 
 
For soils, the effective field capacity (eFC) is taken as a measure of the capacity of a 
soil to store plant-available water. The residence time of the percolating water in the 
soil, and thus also the evapotranspiration and groundwater recharge, are 
considerably affected by this parameter. The effective field capacity of a soil depends 
mainly on grain size, degree of compaction and humus content and is generally 
determined for the profile down to the effective rooting depth (AG BODENKUNDE, 
1982) [The handbook on pedological mapping generally used in Germany, third 
edition 1982]. 
 
The residence time of percolating water below the soil, i.e. in the rock and superficial 
deposits covering the aquifer, depends not only on the percolation rate but also on 
the geohydraulic rock properties. Due to their fundamentally different geohydraulic 
properties, unconsolidated sediment and solid rock are assessed on the basis of 
different criteria. 
 
In unconsolidated deposits below the soil it is mainly the fine-grained sediments or 
sediment components that reduce the permeability and thus reduce the percolation 
velocity. The cation exchange capacity, upon which sorption depends, increases 
from sand via silt to clay. A decrease in the percentage of clay and/or silt, however, 
causes a decrease in the residence time and cation exchange capacity and is 
equivalent to a decrease in the protective effectiveness. 
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Determination of the permeability of unconsolidated rock on the basis of a lithological 
description, or figures for the percolation velocity or residence time, especially in the 
case of coarse-grained material, is rather reliable. For the purpose of keeping the 
assessment scheme consistent, a method of determination analogous to that used 
for soil, i.e. via the effective field capacity, would be desirable. Since, however, if this 
method were used, complex model calculations would be necessary, problems would 
occur in the case of non-log-normal grain-size distributions, and the cation exchange 
capacity would have to be taken into consideration, a simpler way is chosen here. 
This does not involve any significant loss of essential information. Due to its ease of 
estimation, the cation exchange capacity can function as an approximate measure of 
the residence time and, at the same time, appropriately, measure of the protective 
effectiveness of unconsolidated deposits below the soil. Coarse elastic sediments, 
which have no cation exchange capacity worth mentioning, and unconsolidated rocks 
for which the close relationship between cation exchange capacity and residence 
time mentioned above is hardly valid (e. g. peat, sapropel), are accommodated in the 
system in a way which takes account of the shorter residence time of percolating 
water in these sediments (see Table 3). 
 
A different assessment scheme is used for solid rocks, since water moves mainly 
along joints and/or karst cavities; for this reason, the percolation velocity is generally 
high, and, due to the comparatively small contact area, the cation exchange capacity 
is likely to be correspondingly low. Thus it must be concluded that the properties of 
solid rocks are altogether less favorable with regard to protecting an underlying 
aquifer from contamination, even when the permeability is low. Decisive for the 
assessment of the protective effectiveness of these rocks are primarily the rock 
properties that determine its permeability. 
 
Due to the relatively low protective effectiveness of solid rocks, primary importance 
must be assigned to the protection provided by a possible weathering zone and 
Quaternary cover. Therefore, strongly and deeply weathered zones must be 
assessed using criteria normally applied to unconsolidated rock. 
 
The percolation rate, i.e. the amount of water infiltrating the ground per unit time, 
affects the movement and thus the residence time of the percolating water, both in 
the soil and in the lower parts of the rock cover above the aquifer. A high percolation 
rate means more rapid downward movement of water (possibly contaminated) and 
thus a lower protective effectiveness. 
 
Moreover, it must be considered that, in the curse of the sorption and exchange 
processes in the lower parts of the rock cover above the aquifer, the potential of the 
cover to retain and/or degrade pollutants is gradually reduced. This is due to the fact 
that here, in contrast to the soil zone, which contains the normal assemblage of 
organisms, the absorption capacity is not regenerated. Therefore, in the case of a 
persistently large input of pollutants, it must be expected that in the long run the 
protective effectiveness of the lower part of the reek cover will be reduced, possibly 
to zero. 
 
As the long-term maintenance of this "purifying potential" is of fundamental 
importance for groundwater protection, large quantities of percolating water and/or a 
high groundwater recharge rate must be regarded as having a negative effect on the 
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protective effectiveness of the cover above an aquifer. It is true that a high 
percolation rate tends to dilute any pollutants in the water; however, the total amount 
of pollutants leached from the ground is higher than when the groundwater recharge 
rate is low. This means that the reactive and/or absorptive components in the 
substrate are more rapidly "used up". 
 
The protective effectiveness of the soil and rock cover above groundwater aquifers is 
assessed on the basis of the assumption that the sole source of the percolating water 
is rainfall. In the case of high input of pollutants from a point source, e.g. a spillage of 
a toxic chemical, this is not strictly true, and in this case specific studies on the 
pollutants themselves and the amounts involved are necessary. 
 
Perched aquifer systems may delay or even prevent downward transport of 
pollutants. Moreover, artesian conditions make it almost impossible for contaminated 
water to percolate downwards into the aquifer. Local hydrogeological conditions, 
such as these, which provide additional protection for the main aquifer, will be 
considered in the final assessment by assigning extra points in the grading. 
 
The protective effectiveness of the soil and rock cover above an aquifer, is assessed 
on the basis of a point system, a large number of points denoting a high protective 
effectiveness. The assignment of points to the different parameters and the 
protection-effectiveness classes are partly based on the system compiled by the 
Working Group "Criteria for the assessment of the soil and rock cover above an 
aquifer within the framework of the soil in formation system". The assessment of the 
different parameters is explained below. 
 
 
3. Assessment of the parameters  
 
3.1 Soil  
 
Parameter 1: Effective field capacity (eFC)  (number of points = S) 
 
The effective field capacity [mm/dm] is determined for each individual soil horizon by 
field and laboratory measurements or is derived using standard tables in the 
Pedological Mapping Handbook (AG BODENKUNDE 1982). The eFC is then 
multiplied by the thickness of the horizon in decimeters [dm]. To simplify the 
calculation, the rooting depth is assumed to be constant at 10 dm. The total effective 
field capacity of a soil (ΣFC) is obtained by addition of the effective-field-capacity 
values calculated for each horizon down to 1 m depth (or to the water table if < 1 m 
below ground surface). For shallow soils, the effective field capacity of the substrate 
below the actual soil zone is assessed down to a depth of 1 m and included in the 
calculation. 
 
The total effective field capacity is subdivided into 6 classes as in the Pedological 
Mapping Handbook. Each of these classes is given a number of points, a large 
number corresponding to a comparatively long residence time of the percolating 
water (Table 1). 
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Table 1: Assessment of soils on the basis of effective field capacity (eFC) 
  (number of points = S) 
 

ΣΣΣΣeFC  [mm] S 
down to 1.0 m depth  

> 250 750 
> 200 - 250 500 
> 140 - 200 250 
> 90 - 140 125 
> 50 - 90 50 

< 50 10 
 
In the calculations on the basis of the effective field capacity referred to here, 
comparatively unfavorable assessment is made of argillaceous soils. However, this 
feature of the classification is justified because the soils often show regular 
desiccation cracks, which tend to accelerate the downward migration of pollutants. 
 
Within this scheme, the protective effectiveness of the soil in general is assessed 
rather unfavorably in order to take into consideration the effect of macro-pores, which 
give rise to considerable small-scale variations. 
 
 
Parameter 2: Percolation rate (factor W) 
 
As far as possible, the available data on the annual groundwater recharge from 
rainfall is used to determine the percolation factor W (see Table 2). If this data is not 
available, a comparable figure is determined by taking the difference between the 
annual rainfall (N) and the potential evapotranspiration (ETPpot.). Due to the lack of 
initial data, the effect of the slope cannot normally be taken into consideration, which 
means that the calculation is done on the basis of an almost horizontal ground 
surface. 
 
Table 2: Percolation rates and the corresponding factor (W), based on the actual 

groundwater recharge (GWR) or an alternative figure given by N - ETPpot. 
 

GWR [mm/a]* N - ETPpot. (mm/a]*~ factor W 
< 100  1.75 

> 100 - 200 < 100 1.5 
> 200 - 300 > 100 - 200 1.25 
> 300 - 400 > 200 - 300 1.0 

> 400 > 300 - 400 0.75 
 > 400 0.5 

*If the data is available, the actual groundwater recharge rate 
should be used. 
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3.2  Rock cover above the uppermost aquifer, below the soil 
 
The protective effectiveness of the rock cover above the uppermost aquifer and 
below the soil, i.e. from a standard depth of 1 m below ground surface down to the 
water table (in the case of a confined aquifer down to the top of the aquifer), is 
calculated for each bed individually. The points for all the beds in the section are then 
added up. The protective effectiveness of the rock cover below the soil depends on 
various parameters, which are assessed as follows: 
 
 
Parameter 3: Rock type (number of points = R) 
 
Due to their fundamentally different geohydraulic rock properties, unconsolidated and 
consolidated rocks are assessed separately. 

In the case of unconsolidated rocks, the residence time is derived via the cation 
exchange capacity (CEC), since both these factors depend directly on the proportion 
of fine-grained material present. The cation exchange capacity is more easily 
quantifiable because it can be obtained from standard lithological tables. To 
incorporate coarse material, which has a negligible cation exchange capacity, in the 
system, its residence time, which is invariably low, has been estimated. 

The proportions of clay and silt contained in different soil types are given in weight 
percent in Table 11 and Figure 3 in AG BODENKUNDE (1982). On the basis of 
literature data, the cation exchange capacity of clay is taken as 60 cmolc /kg and that 
of silt as 10 cmolc /kg. Using these figures, a mean cation exchange capacity was 
calculated for different types of unconsolidated rock (100 g) and converted into molc 
/m3, assuming an average dry density of 1.5 g/cm3. The number of points (Ru) was 
then estimated on the basis of the cation exchange capacity for each of the different 
types of unconsolidated rock. These are listed in Table 3. 
 
Table 3: Assessment of unconsolidated rocks (number of points = Ru) 
 
 
Type of a unconsolidated rock  Ru = no. of points per meter bed thickness 
clay 500 
loamy clay, slightly silty clay 400    
slightly sandy clay 350 
silty clay, clayey silty loam   320    
clayey loam 300 
very silty clay, sandy clay  270    
very loamy silt 250 
slightly clayey loam, clayey, 
silty loam 

240 

very clayey silt, silty loam 220 
very sandy clay, sandy silty 
loam, slightly sandy loam, loamy 
silt, clayey silt 

200 

sandy loam, slightly loamy silt  180  
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Type of a unconsolidated rock  Ru = no. of points per meter bed thickness 
slightly loamy silt, sandy loamy 
silt, silt, slightly sandy loam 

160 

very clayey sand, clayey sand, 
loamy silty sand 

140 

sandy silt, very loamy sand 120 
loamy sand, very silty sand 90  
slightly clayey sand, silty 
sand, sandy clayey gravel 

75 

slightly loamy sand, sandy 
silty gravel 

60 

slightly silty send, slightly 
silty sand with gravel 

50 

sand 25 
sand with gravel, sandy gravel 
  

10 

gravel, gravel and breccia 5 
unconsolidated volcanic material  200 
peat 400 
sapropel  300 
 
 
If the rock contains visible amounts of organic matter, the number of points is 
increased by 75 per meter thickness (not applicable to peat and sapropel). 
 
If the content of organic matter is visibly elevated, 75 points are added per meter 
thickness. In the cases of peat, consolidated volcanic material and sapropel, as with 
the coarser material mentioned above, there is limited correlation between cation 
exchange capacity and residence time; thus a large number of points are given to 
reflect the comparatively high percolation velocity. 
 
Owing to the presence of deep desiccation cracks, clay- and silt-rich superficial 
deposits up to 3 m thick resting on permeable bedrock containing no groundwater 
are treated as moderately jointed claystone (Table 4). 
 
Solid rocks, in spite of their mostly very low intrinsic permeability, often show high 
permeability due to jointing and/or karstification, and thus comparatively short 
residence times for percolating water. Therefore, the umber of points (Rs) is 
determined as the product of a figure (O) for the rock type that reflects the low 
intrinsic permeability of the rock, and a factor (F) reflecting the presence of joints, 
karst cavities, etc. (Table 4). 
 
The numbers of points given in Table 4 apply to consolidated rocks which are only 
slightly weathered. Thoroughly weathered rocks should be assessed as if they were 
unconsolidated rocks (Table 3). 
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Parameter 4: Thickness of the soil and rock cover above the aquifer (factor T) 
 
The distance covered by percolating water (assuming vertical percolation), i.e. the 
thickness of the soil and rock above the topmost aquifer, affects the residence time 
and thus the time that percolating water is exposed to mechanical, physico-chemical, 
and microbial processes. In assessing the protective effectiveness, the thickness of 
each bed in meters is used as a factor in the calculation. 
 
 
Table 4: Assessment of consolidated rocks (number of points = Rs) = product of 

points for rock type (0) and factor for joints, karst cavities, etc. (F), i.e.  
Rs = O x F 

 
Rock type O  Structure F 
claystone, slate,  
marlstone, 
siltstone 

20  non-jointed 25.0 

sandstone, quartzite, 
volcanic rock, plutonic rock, 
metamorphic rock 

15  slightly jointed 4.0 

porous sandstone, porous volcanic 
rock (e. g. tuff) 

10  moderately jointed, 
slightly karstic 

1.0 

conglomerate, breccia, limestone, 
tufaceous limestone, dolomitic 
rock, gypsum rock 

5  moderately karstic 0.5 

   strongly jointed, 
fractured or 
strongly karstic 

0.3 

   not known 1.0 
 
 
Local conditions that may provide additional protection to the main aquifer are taken 
account of using standard point bonuses as follows: 
 
 
Parameter 5: Perched aquifer systems (number of bonus points Q) 
 
A perched aquifer may prevent the migration of pollutants to greater depths and/or 
may prevent or delay contamination of the main aquifer system. This protection is 
most effective where natural springs occur. 
 
A bonus (Q) of 500 points is added for each perched aquifer with springs. 
 
 
Parameter 6: Hydraulic pressure conditions (number of bonus points HP) 
 
The hydraulic pressure conditions depend, among other things, on the lithology of the 
soil and rock cover above the aquifer, which has already been taken account of by 
the points awarded for each rock type. However, permanent artesian conditions are 
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particularly effective as a natural protection against percolation of contaminated 
water into the aquifer. Therefore, a bonus (HP) of 1500 points is given in this case. 
 
 
6.  Determination of the overall protective effectiveness 
 
To determine the overall protective effectiveness (Pt) of the soil and rock cover above 
the topmost aquifer, the following procedure is used: initially, the protective 
efficiencies of the soil (P1) and the rock cover (Ps) are calculated separately. 
 
 
Soil cover (P1)  
The number of points (S) given for the effective field capacity (eFC) of the soil from 
Table 1 is multiplied by factor W, which represents the percolation rate (see Table 2). 
 
 P1 = S x W  
 
 
Rock cover (P2)  
 
Each individual bed in the rock cover below the soil (below one meter depth) and 
above the aquifer is assessed separately: in the case of unconsolidated rock (no. of 
points = Ru) using Table 3 and in the case of solid rock (no. of points = Rs) using 
Table 5; the number of points is then multiplied by the stratigraphic thickness in 
meters (factor T). The sum of all the points for the individual rock units, i.e. the entire 
section from 1 m below the surface to the water table (to the top of the aquifer in the 
case of a confined aquifer) gives a figure representing the protective effectiveness of 
the rock cover below the soil. This figure, as in the case of the soil cover, is multiplied 
by factor W (from Table 2), which represents the percolation rate. 
 
 
If applicable, bonus(es) is (are) then added for each perched aquifer with springs 
(bonus Q) and/or artesian conditions (bonus HP). 
 
The number of points (P2) representing the protective effectiveness of the rock cover 
below the soil is calculated as follows 
 
 P2  =  W * (R1T1 + R2T2 + .... + RnTn) + Q + HP  
The protective effectiveness coefficient (Pt) for the entire soil and rock cover above 
the aquifer is the sum of P1 and P2. 
 
 Pt  =  P1 + P2  
 
 
In Table 5, five classes of protective effectiveness are shown, based on the above 
coefficient, and for which the ranges of the residence times of percolating water in 
the soil and rock cover above the aquifer are given. 
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Table 5: Classes of overall protective effectiveness 
 

Overall protective 
effectiveness 

total no. of points Pt approximate residence 
time of percolating water 

in the soil and rock 
cover above the aquifer 

very high > 4000 > 25 year 
high > 2000-4000 10-25 years 

moderate > 1000-2000 3-10 years 
low 500-1000 several months to about 3 

years 
very low 500 a few days to about 1 year, 

in karstic rock often less 
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5.  Examples 
 
In examples 1 to 4 the following assumptions are made: 
 
- soil containing 2 X of organic matter and having a effective average 

density (referred to as Ld 3 in AG BODENKUNDE 1982) 
-  N – ETPpot. = 250 mm/a 
-  no perched mater table present 
-  topmost aquifer unconfined 
 

Example 1: 

Total thickness of soil and rock cover above aquifer = 6 m. 
 
- O,8 m  topsoil, sandy with gravel 
- 2,0 m  slightly silty sand with gravel 
- 3,0 m  sandy gravel 
- 4,0 m  sand  
- 6.0 m  sandy gravel 
 
  points * W 
S =  10 = 10 x 1,0 = P1 
Ru1*T =  50 * 1,0 
Ru2*T =  10 * 1,0 
Ru3*T =  25 x 1,0Jt 
Ru4*T =  10 x 2,0 

 105 * 1,0 = P2 
 
Pt = P1 + P2 = 115 points 
 
Protective effectiveness very low. 
 
 
Example 2: 
 
Total thickness of soil and rock cover above aquifer = 16 m. 
- 1,1 m  topsoil, silty loam 
- 5,0 m  silty clay 
- 15,0 m  slightly silty clay 
- 16,0 m  slightly silty sand with gravel 
 
  points x W 
S = 500 = 500 x 1,0  = P1 
Ru1*T =  320 x 4,0  = 1280 
Ru2*T =  400 x 10,0  = 4000 
Ru3*T =  50 x 1,0  = 50 
  5330 * 1,0  = P2 
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Pt = P1 + P2 = 5830 points 
 
Protective effectiveness very high. 
 
 
Example 3: 
 
Total thickness of soil and rack cover above aquifer 50 m. 
 
- 1,2 m topsoil, silty loam 
- 2,2 m loamy silty sand 
-  50.0 m strongly karstic limestone 
 
  points * W 
S = 500 = 500 * 1,0  = P1 
Ru*T =  140 x 1,2  = 168 
Rs*T =  (5 x 0,2) x 47,8 = 72 
 `  240 x 1,0 = P2 
 
Pt = P1 + P2 = 740 points 
 
Protective effectiveness Iow. 
 
 
 
Example 4: 
 
Total thickness of soil and rock cover above aquifer m 70 m. 
 
-  1,2 m topsoil, silty loam 
-  40,0 m sandy silty gravel 
-  60,0 m conglomerate 
- 70,0 m sandy gravel 
 
  points x W 
S = 500 = 500 x 1,0  = P1 
Ru1*T =  60 x 39,0  = 2340 
Rs*T =  (5 x 1,0) x 20,0 = 100 
Ru2*T =  10 x 10,0  = 100 
   2540 * 1,0 = P2 
 
Pt = P1 + P2 = 3040 points 
 
Protective effectiveness high. 
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Example 5: 
 
Assumptions as in examples 1 to 4, but N – ETPpot. = 350 mm/a, 
total thickness of soil and rock cover above aquifer = 80 m. 

- 0,8 m topsoil, sandy with gravel 
- 2,4 m sandstone, strongly weathered (equal to sand with gravel) 
- 5,5 m claystone, strongly weathered (equal to silty clay) 
- 11,0 m claystone, slightly jointed 
- 80,0 m sandstone, moderately jointed, with intercalations of moderately 
  jointed claystones and siltstones totaling 18,0 m thickness 
 
 
  points x W 
S = 10  = 10 x 0,75  = P1 
Rs1*T =  10 x 1,4  = 14 
Rs2*T =  400 x 3,1  = 1240 
Rs3*T =  (20 x 4,0) x 5,5 = 440 
Rs4*T =  (15 x 1,0) x 51 = 765 

+  (20 x 1,0) x 18 = 360 
2819 x 0,75 = P2 

   2114 = P2 
 
Pt = P1 + P2 = 2122 points 
 
Protective effectiveness high. 
 
 
Example 6: 
 
Assumptions as in examples 1 to 4, but perched aquifer with springs present; total 
thickness of soil and rock cover above aquifer = 10 m. 
 
- 1,1 m  topsoil, sandy 
- 2,5 m  slightly silty sand 
- 3,5 m  sandy gravel, 3,0 to 3,5 m water bearing 
_ 4,5 m  clay 
- 10,0 m  slightly silty sand 
 

points x W 
S = 10 10 x 1,0  = P1 
Ru1*T =  50 x 1,5  = 75 
Ru2*T =  10 x 1,0  = 10 
Ru3*T =  500 x 1,0 = 500 
Ru4*T =  50 x 5,5  = 275 

860 x 1,0 
bonus HP  + 500        
   = 1360 = P2 
 



Jordanian-German Technical Cooperation Project Groundwater Resources Management 
Criteria for the Preparation of Groundwater Vulnerability Maps 
 

 
TR2-Groundwater Vulnerability Mapping.doc  Page  32 
 

Pt = P1 + P2 = 1370 points 
 
Protective effectiveness moderate. 
 
 
Example 7: 
 
Assumptions as in examples 1 to 4, but N – ETP pot. < 100 mm/a and confined 
aquifer, total thickness of soil and rock above aquifer = 5,0 m. 
 
- 0,8 m  topsoil, sandy with gravel 
- 4,0 m  sandy clayey gravel 
- 5,0 m  very silty clay 
 
  points x W 
S = 10 = 10 x 1,5  = P1 
Ru1*T =  75 x 3,0  = 225 
Ru2*T =  270 x 1,0  = 270 
  495 x 1,5  = 723 
 bonus HP  + 1500 
    2243 = P2 
 
Pt = P1 + P2 = 2258 points 
 
Protective effectiveness high. 
 
 
 
6.  Plausibility test 
 
To test whether the points assigned to the various rock types and the suggested 
calculation methods lead to plausible results, comparisons are made of the protective 
effectiveness of lithologically different rock types. 
 
a) The protective effectiveness of 1.0 m clay corresponds to that of 
 
 1,6 m silty clay 
 1,9 m very silty clay; sandy clay 
 2,3 m very clayey silt; silty loam 
 2,5 m very sandy clay 
 3,2 m slightly clayey silt; silt; very sandy loam 
 3,6 m clayey sand; loamy silty sand 
 5,6 m very silty sand 
 7 m slightly clayey sand; sandy clayey gravel 
 8 m sandy silty gravel 
 10 m slightly silty sand 
 20 m sand 
 50 m sand with gravel; sandy gravel 

100 m gravel, gravel with breccia 
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b) comparison of the protective effectiveness of different rock types, each  rock 
type is assumed to be 10 m thick. The soil cover is neglected.  
 
Unconsolidated rock Points Protective effectiveness 
gravel 50 very low 
sand with gravel 100  
sand 250  
slightly silty sand with gravel 500 low 
silty sandy gravel 600  
slightly clayey sand 750  
very silty sand 900  
sandy silt 1200 moderate 
silt 1600  
very sandy clay, clayey silt 2000 high 
very clayey silt 2200  
very silty clay, sandy clay  2700  
silty clay 3200  
slightly sandy clay 3500  
loamy clay, slightly silty clay 4000 very high 
clay 5000  
 
 
Solid rock Points Protective effectiveness 
limestone, strongly karstic 15 very low 
sandstone, porous, strongly jointed  30  
sandstone, strongly jointed 45  
claystone, strongly jointed 60  
sandstone, porous,  
moderately jointed 

100  

sandstone, moderately jointed 750  
claystpne, moderately jointed 200  
limestone, slightly jointed 200  
sandstone, slightly jointed 600 low 
claystone, slightly jointed 800  
      
 
c) As in b) but thickness of each rock type is assumed to be 25 m 
 
Unconsolidated rock Points Protective effectiveness 
gravel 125 very low 
sand with gravel 250  
sand 625 low 
slightly silty sand with gravel 1250 moderate 
silty sandy gravel 1500  
slightly clayey sand 1875  
very silty sand 2250 high 
silt 4000 very high 
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Unconsolidated rock Points Protective effectiveness 
very sandy clay, clayey silt 5000  
very clayey silt 5500  
clay >10000  
 
 
Solid rock Points Protective effectiveness 
limestone, strongly karstic 38 very low 
sandstone, porous, strongly jointed  75  
sandstone, strongly jointed 113  
claystone, strongly jointed 150  
sandstone, moderately jointed 375  
claystone, moderately jointed 500  
limestone, slightly jointed 500  
sandstone, porous, slightly jointed 1000 low 
sandstone, slightly jointed 1500  
claystone, slightly jointed 2000 moderate 
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Annex 2: Groundwater Vulnerability Mapping in Karst Areas – The 
EPIK Method  

 
(from SAEFL 2000) 
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Annex 3: Inventory Sheet of Potentially Contaminating Sites – Mapping 
of Hazards to Groundwater  

 
The sheet is to be filled for each hazard to groundwater in the groundwater protection 
zone 
 
Groundwater Protection Zone:  
TYPE & NO.  

 
NAME  
LOCATION  
COORDINATES Palestine Grid-EAST :                                       

Palestine Grid-NORTH : 
YEAR OF CONSTRUCTION  
USED UNTIL  
CAPACITY  
CHEMICAL SUBSTANCES 
USED IN PROCESS 

 
 
 
 
 

EFFLUENTS (yes/no)  
CONTAMINATION (yes/no)  

 
WASTE DISPOSED AT  

 
INTERNAL SEWERAGE 
SYSTEM (yes/no) 

 
 

CONNECTED TO MAIN 
SEWERAGE TRUNK LINE 
(yes/no) 

 

VISITED BY  
DATE  
MONITORING OF 
POLLUTION (yes/no) 

 
 

POLLUTION RISK, range of 
1 - 4, 
4 - pollution detected 
3 - pollution highly 
      probable 
2 - mediocre pollution 
      risk 
1 - no risk of pollution 

 

REMARKS  
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Annex 4: Input Form of ACCESS Database Hazards to Groundwater 
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Annex 5: Index of Potential Sources of Drinking Water Contamination 
(Potential Source and Possibly Associated Contaminant) 
 
POTENTIAL SOURCE CONTAMINANT 
Commercial / Industrial 
Above-ground storage tanks Arsenic, Barium, Benzene, Cadmium, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroethylene, trans 1,2-

Dichloroethylene, Dichloromethane or Methylene Chloride, Lead,  Trichloroethylene (TCE), Tetrachloroethylene or Perchlorethylene 
(Perc) 

Automobile, Body Shops/Repair 
Shops 

Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, 1,4-
Dichlorobenzene or P-Dichlorobenzene, Lead, Fluoride, 1,1,1-Trichloroethane or Methyl Chloroform, Dichloromethane or Methylene 
Chloride, Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene (TCE), Xylene (Mixed Isomers) 

Boat Repair/Refinishing/Marinas Benzene, Cadmium, cis 1,2-Dichloroethylene, Coliform, Cryptosporidium, Dichloromethane or Methylene Chloride, Giardia Lambia, 
Lead, Mercury, Nitrate, Nitrite, trans 1,2-Dichloroethylene,  Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene  (TCE), 
Vinyl Chloride, Viruses  

Cement/Concrete Plants  Barium, Benzene, Dichloromethane or Methylene Chloride, Ethylbenzene, Lead, Styrene, Tetrachloroethylene or Perchlorethylene 
(Perc), Toluene, Xylene (Mixed Isomers)  

Chemical/Petroleum Processing Acrylamide, Arsenic, Atrazine, Alachlor, Aluminum (Fume or Dust), Barium, Benzene, Cadmium, Carbofuran, Carbon Tetrachloride, 
Chlorobenzene, Copper, Cyanide, 2,4-D, 1,2-Dibromoethane or Ethylene Dibromide (EDB), 1,2-Dichlorobenzene or O-
Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,1-Dichloroethylene or Vinylidene Chloride, cis 1,2 Dichloroethylene, 
Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) adipate, Di(2-ethylhexyl) phthlate, 1,2-Dichloroethane or Ethylene Dichloride, 
Dioxin, Endrin, Epichlorohydrin, Ethylbenzene, Hexachlorobenzene, Hexachlorocyclopentadiene, Lead, Mercury, 
Methoxychlor,Polychlorinated Biphenyls, Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,2,4-
Trichlorobenzene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Vinyl Chloride, Xylene (Mixed Isomers), Zinc 
(Fume or Dust) 

Construction/Demolition Arsenic, Asbestos, Benzene, Cadmium, Chloride, Copper,Cyanide, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, 
Dichloromethane or Methylene Chloride, Fluorides, Lead, Selenium, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-
Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Turbidity, Xylene (Mixed Isomers), Zinc (Fume or Dust) 

Dry Cleaners/Dry Cleaning  Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, 1,1,2-Trichloroethane  
Dry Goods Manufacturing Barium, Benzene, Cadmium, Copper, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phthlate, Lead, 1,1,1-Trichloroethane 

or Methyl Chloroform, Polychlorinated Biphenyls, Tetrachloroethylene or Perchlorethylene (Perc), Toluene, Trichloroethylene (TCE), 
Xylene (Mixed Isomers) 

Electrical/Electronic Manufacturing Aluminum (Fume or Dust), Antimony, Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, Cyanide, Carbon Tetrachloride, 
1,2-Dichlorobenzene or O-Dichlorobenzene, 1,2-Dichloroethane or Ethylene Dichloride, cis 1,2-Dichloroethylene, trans 1,2-
Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phthlate, Ethylbenzene, Lead, Mercury, Polychlorinated 
Biphenyls, Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, 
1,1,2-Trichloroethane, Trichloroethylene (TCE), Thallium, Toluene, Vinyl Chloride, Xylene (Mixed Isomers), Zinc (Fume or Dust) 

Fleet/Trucking/ Bus Terminals Arsenic, Acrylamide, Barium, Benzene, Benzo(a)pyrene, Cadmium, Chlorobenzene, Cyanide, Carbon Tetrachloride, 2,4-D, 1,2-
Dichlorobenzene or O-Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-Dichloroethane or Ethylene Dichloride, cis 
1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phthlate, Epichlorohydrin, 
Heptachlor (and Epoxide), Lead, Mercury, Methoxychlor, Pentachlorophenol, Propylene Dichloride or 1,2-Dichloropropane, Selenium, 
Styrene, Toxaphene, Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, 
Trichloroethylene (TCE), Vinyl Chloride, Xylene (Mixed Isomers) 
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POTENTIAL SOURCE CONTAMINANT 
Food Processing Arsenic, Benzene, Cadmium, Copper, Carbon Tetrachloride, Dichloromethane or Methylene Chloride, Lead, Mercury, Picloram, 

Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Xylene 
(Mixed Isomers) 

Funeral Services/Taxidermy Glyphosate, Dichloromethane or Methylene Chloride, Nitrate, Nitrite, Total Coliforms, Viruses 
Furniture Repair/Manufacturing Barium, 1,2-Dichloroethane or Ethylene Dichloride, Dichloromethane or Methylene Chloride, Ethylbenzene, Lead, Mercury, Selenium, 

Trichloroethylene (TCE) 
Gas Stations (see also above 
ground/underground storage tanks, 
motor-vehicle drainage wells) 

cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Tetrachloroethylene or Perchlorethylene 
(Perc), Trichloroethylene (TCE) 

Graveyards/Cemetaries Dalapon, Lindane, Nitrate, Nitrite, Total Coliforms, Viruses. 
Hardware/Lumber/Parts Stores Aluminum (Fume or Dust), Barium, Benzene, Cadmium, Chlorobenzene, Copper, Dichloromethane or Methylene Chloride, Di(2-

ethylhexyl)adipate, Di(2-ethylhexyl) phthlate, 1,4-Dichlorobenzene or P-Dichlorobenzene, Ethylbenzene, Lead, Mercury, 
Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Toluene, Xylene 
(Mixed Isomers) 

Historic Waste Dumps/Landfills Atrazine, Alachlor, Carbofuran, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Diquat, Dalapon, Glyphosate, Dichloromethane or 
Methylene Chloride, Nitrate, Nitrite, Oxamyl (Vydate), Sulfate, Simazine, Tetrachloroethylene or Perchlorethylene (Perc), 
Trichloroethylene(TCE) 

Home Manufacturing  Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, Carbon Tetrachloride, 1,2-Dichlorobenzene or O-Dichlorobenzene, cis 
1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phthlate, Ethylbenzene, 
Lead, Mercury, Selenium, Styrene, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, 
Trichloroethylene (TCE), Toluene, Turbidity, Xylene (Mixed Isomers)  

Industrial Waste Disposal Wells (see 
UIC for more information on 
concerns, and locations) 

Acrylamide, Arsenic, Atrazine, Alachlor, Aluminum (Fume or Dust), Ammonia, Barium, Benzene, Cadmium, Carbofuran, Carbon 
Tetrachloride, Chlorobenzene, Copper, Cyanide, 2,4-D, 1,2-Dibromoethane or Ethylene Dibromide (EDB), 1,2-Dichlorobenzene or O-
Dichlorobenzene, 1,4-Dichlorobenzene or p-Dichlorobenzene, 1,1-Dichloroethylene or Vinylidene Chloride, cis 1,2 Dichloroethylene, 
Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) adipate, Di(2-ethylhexyl) phthlate, 1,2-Dichloroethane or Ethylene Dichloride, 
Dioxin, Endrin, Epichlorohydrin, Hexachlorobenzene, Hexachlorocyclopentadiene, Lead, Mercury, Methoxychlor, Oxamyl (Vydate), 
Polychlorinated Biphenyls, Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,2,4-
Trichlorobenzene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Vinyl Chloride, Xylene (Mixed Isomers), Zinc 
(Fume or Dust) 

Junk/Scrap/Salvage Yards Barium, Benzene, Copper, Dalapon, cis 1,2-Dichloroethylene, Diquat, Glyphosate, Lead, Polychlorinated Biphenyls, Sulfate, Simazine, 
Trichloroethylene (TCE), Tetrachloroethylene or Perchlorethylene (Perc) 

Machine Shops Arsenic, Aluminum (Fume or Dust), Barium, Benzene, Boric Acid, Cadmium, Chlorobenzene, Copper, Cyanide, Carbon Tetrachloride 
2,4-D, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-Dichloroethane or Ethylene Dichloride, 1,1-Dichloroethylene or Vinylidene 
Chloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) phthlate, 
Ethylbenzene, Fluoride, Hexachlorobenzene, Lead, Mercury, Polychlorinated Biphenyls, Pentachlorophenol, Selenium, Styrene, 
Tetrachloroethylene or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, 1,1,2-Trichloroethane, 
Trichloroethylene (TCE), Xylene (Mixed Isomers), Zinc (Fume or Dust)  

Medical/Vet Offices Arsenic, Acrylamide, Barium, Benzene, Cadmium, Copper, Cyanide, Carbon Tetrachloride, Dichloromethane or Methylene Chloride, 
1,2-Dichloroethane or Ethylene Dichloride, Lead, Mercury, Methoxychlor, 1,1,1-Trichloroethane or Methyl Chloroform, Radionuclides, 
Selenium, Silver, Tetrachloroethylene or Perchlorethylene (Perc), 2,4,5-TP (Silvex), Thallium, Xylene (Mixed Isomers) 

Metal Plating/Finishing/Fabricating Antimony, Aluminum (Fume or Dust), Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Chlorobenzene, Chromium, 
Copper, Cyanide, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane 
or Methylene Chloride, Di(2-ethylhexyl) adipate, Ethylbenzene,Lead, Mercury, Polychlorinated Biphenyls, Pentachlorophenol, 
Selenium, Styrene, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), , Thallium, Toluene, 1,1,1-Trichloroethane or Methyl 
Chloroform, 1,1,2-Trichloroethane, Trichloroethylene(TCE), Vinyl Chloride, Xylene (Mixed Isomers), Zinc (Fume or Dust)  
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POTENTIAL SOURCE CONTAMINANT 
Military Installations Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, 1,2-Dichlorobenzene or O-Dichlorobenzene, 1,2-Dichloroethane or Ethylene 

Dichloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Hexachlorobenzene, Lead, 
Mercury, Methoxychlor, 1,1,1-Trichloroethane or Methyl Chloroform, Radionuclides, Selenium, Tetrachloroethylene or 
Perchlorethylene (Perc), , Toluene, Trichloroethylene (TCE) 

Mines/Gravel Pits Lead, Selenium, Sulfate, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, Turbidity 
Motor Pools cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride,  
Motor Vehicle Waste Disposal Wells 
(gas stations, repair shops) See UIC 
for more on concerns for these 
sources 
http://www.epa.gov/safewater/uic/cv-
fs.html  

Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Copper, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, 1,4-
Dichlorobenzene or P-Dichlorobenzene, Lead, Fluoride, 1,1,1-Trichloroethane or Methyl Chloroform, Dichloromethane or Methylene 
Chloride, Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene (TCE), Xylene (Mixed Isomers) 

Office Building/Complex Barium, Benzene, Cadmium, Copper, 2,4-D, Diazinon, 1,2-Dichlorobenzene or O-Dichlorobenzene, Dichloromethane or Methylene 
Chloride, Diquat, 1,2-Dichloroethane or Ethylene Dichloride, Ethylbenzene, Glyphosate, Lead, Mercury, Selenium, Simazine, 
Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Vinyl Chloride, 
Xylene (Mixed Isomers)  

Photo Processing/Printing Acrylamide, Aluminum (Fume or Dust), Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Chlorobenzene, Copper, Cyanide, 
1,1-Dichloroethylene or Vinylidene Chloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene 
Chloride, Di(2-ethylhexyl) phthlate, 1,2-Dichlorobenzene or O-Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-
Dichloroethane or Ethylene Dichloride, 1,2-Dibromoethane or Ethylene Dibromide (EDB), Heptachlor epoxide, Hexachlorobenzene, 
Lead, Lindane, Mercury, Methoxychlor, Propylene Dichloride or 1,2-Dichloropropane, Selenium, Styrene, Tetrachloroethylene or 
Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, Toluene, 1,1,2-Trichloroethane, Trichloroethylene(TCE), Vinyl 
Chloride, Xylene (Mixed Isomers), Zinc (Fume or Dust) 

Synthetic / Plastics Production Antimony, Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Chlorobenzene, Copper, Cyanide, 1,2-Dichlorobenzene or O-
Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-Dichloroethane or Ethylene Dichloride, cis 1,2-Dichloroethylene, 
trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Di(2-ethylhexyl) adipate, Di(2-ethylhexyl) phthlate, Ethylbenzene, 
Hexachlorobenzene, Lead, Mercury, Methyl Chloroform or 1,1,1-Trichloroethane, Pentachlorophenol, Selenium, Styrene, 
Tetrachloroethylene or Perchlorethylene (Perk), Toluene,, Trichloroethylene (TCE), Vinyl Chloride, Xylene (Mixed Isomers), Zinc 
(Fume or Dust)  

RV/Mini Storage Arsenic, Barium, Cyanide, 2,4-D, Endrin, Lead, Methoxychlor 
Railroad Yards/Maintenance/Fueling 
Areas 

Atrazine, Barium, Benzene, Cadmium, Dalapon, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroethylene, trans 1,2-
Dichloroethylene, Dichloromethane or Methylene Chloride, Lead, Mercury, Tetrachloroethylene or Perchlorethylene (Perc), 
Trichloroethylene (TCE). 

Research Laboratories Arsenic, Barium, Benzene, Beryllium Powder, Cadmium, Carbon Tetrachloride, Chlorobenzene, Cyanide, 1,2-Dichloroethane or 
Ethylene Dichloride, 1,1-Dichloroethylene or Vinylidene Chloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, 
Dichloromethane or Methylene Chloride, Endrin, Lead, Mercury, Polychlorinated Biphenyls, Selenium, Tetrachloroethylene or 
Perchlorethylene (Perc), Thallium, Thiosulfates, Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Vinyl 
Chloride, Xylene (Mixed Isomers) 

Retail Operations Arsenic, Barium, Benzene, Cadmium, 2,4-D, 1,2-Dichloroethane or Ethylene Dichloride, Lead, Mercury, Styrene, Tetrachloroethylene 
or Perchlorethylene (Perc), Toluene, 1,1,1-Trichloroethane, Vinyl Chloride 

Underground Storage Tanks Arsenic, Barium, Benzene, Cadmium, 1,4-Dichlorobenzene or P-Dichlorobenzene, cis 1,2-Dichloroethylene, trans 1,2-
Dichloroethylene, Dichloromethane or Methylene Chloride, Lead, Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene 
(TCE). 

Wood Preserving/Treating cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Lead, Sulfate 
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POTENTIAL SOURCE CONTAMINANT 
Wood/Pulp/Paper Processing Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, Copper, Dichloromethane or Methylene Chloride, Dioxin, 1,2-

Dichloroethane or Ethylene Dichloride, Ethylbenzene, Lead, Mercury, Polychlorinated Biphenyls, Selenium, Styrene, 
Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene (TCE), Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, Xylene 
(Mixed Isomers) 

Residential / Municipal 
Airports (Maintenance/Fueling 
Areas)  

Arsenic, Barium, Benzene, Cadmium, Carbon Tetrachloride, cis 1,2- Dichloroethylene, Dichloromethane or Methylene Chloride, 
Ethylbenzene, Lead, Mercury, Selenium, Tetrachloroethylene or Perchlorethylene (Perc), 1,1,1-Trichloroethane or Methyl Chloroform, 
Trichloroethylene (TCE), Xylene (Mixed Isomers)  

Apartments and Condominiums Atrazine, Alachlor, Coliform, Cryptosporidium, Dalapon, Diquat, Giardia Lambia, Glyphosate, Nitrate, Nitrite, 
Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses 

Camp Grounds/RV Parks Benomyl, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Isopropanol, Nitrate, Nitrite, 
Picloram,Sulfate,Simazine, Turbidity, Vinyl Chloride, Viruses 

Cesspools - Large Capacity (see 
UIC for more information)  

Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrate, Nitrite, Oxamyl 
(Vydate), Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses 

Drinking Water Treatment Facilities Atrazine, Benzene, Cadmium, Cyanide, Fluoride, Lead, Polychlorinated Biphenyls, Toluene, Total Trihalomethanes, 1,1,1-
Trichloroethane or Methyl Chloroform 

Gas Pipelines cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, Tetrachloroethylene or Perchlorethylene 
(Perc), Trichloroethylene or TCE 

Golf Courses and Urban Parks Arsenic, Atrazine, Benzene, Chlorobenzene, Carbofuran, 2,4-D, Diquat, Dalapon, Glyphosate, Lead, Methoxychlor, Nitrate, Nitrite, 
Picloram, Simazine, Turbidity 

Housing developments Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Diquat, Dalapon, Giardia Lambia, Glyphosate, Dichloromethane or 
Methylene Chloride, Nitrate, Nitrite, Picloram, Simazine, Trichloroethylene (TCE), Turbidity, Vinyl Chloride, Viruses 

Landfills/Dumps Arsenic, Atrazine, Alachlor, Barium, Benzene, Cadmium, Carbofuran, cis 1,2 Dichloroethylene, Diquat, Glyphosate, Lead, Lindane, 
Mercury, 1,1,1-Trichloroethane or Methyl Chloroform, Dichloromethane or Methylene Chloride, Nitrate, Nitrite, Picloram, Selenium, 
Simazine, Trichloroethylene (TCE) 

Public Buildings (e.g., schools, town 
halls, fire stations, police stations) 
and Civic Organizations 

Arsenic, Acrylamide, Barium, Benzene, Beryllium Powder, Cadmium, Carbon Tetrachloride, Chlorobenzene, Cyanide, 2,4-D, 1,2-
Dichlorobenzene or O-Dichlorobenzene, 1,4-Dichlorobenzene or P-Dichlorobenzene, Dichloromethane or Methylene Chloride, Di(2-
ethylhexyl) phthlate, 1,2-Dichloroethane or Ethylene Dichloride, Endothall, Endrin, 1,2-Dibromoethane or Ethylene Dibromide (EDB), 
Lead, Lindane, Mercury, Methoxychlor, Selenium, Toluene, 1,1,1-Trichloroethane or Methyl Chloroform, Trichloroethylene (TCE), Vinyl 
Chloride, Xylene (Mixed Isomers) 

Septic Systems Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrate, Nitrite, Oxamyl 
(Vydate), Picloram, Sulfate, Simazine, Vinyl Chloride, Viruses 

Sewer Lines Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrate, Nitrite, Oxamyl (Vydate), Picloram,Sulfate,Simazine, 
Vinyl Chloride, Viruses 

Stormwater infiltration 
basins/injection into wells (UIC 
Class V), runoff zones  

Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Chlorine, Diquat, Dalapon, Giardia Lambia, Glyphosate, Dichloromethane 
or Methylene Chloride, Nitrate, Nitrite, Nitrosamine, Oxamyl (Vydate), Phosphates, Picloram, Simazine, Trichloroethylene(TCE), 
Turbidity, Vinyl Chloride, Viruses 

Transportation Corridors (e.g., 
Roads, railroads) 

Dalapon, Picloram, Simazine, Sodium, Sodium Chloride, Turbidity 

Utility Stations Arsenic, Barium, Benzene, Cadmium, Chlorobenzene, Cyanide, 2,4-D, 1,4-Dichlorobenzene or P-Dichlorobenzene, 1,2-
Dichloroethane or Ethylene Dichloride, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, 
Lead, Mercury, Picloram, Toluene, 1,1,2,2- Tetrachloroethane, Tetrachloroethylene or Perchlorethylene (Perc), Trichloroethylene 
(TCE), Xylene (Mixed Isomers) 

Waste Transfer /Recycling Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite, Vinyl Chloride, Viruses 
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POTENTIAL SOURCE CONTAMINANT 
Wastewater Treatment 
Facilities/Discharge locations (incl. 
land disposal and underground 
injection of sludge)  

Cadmium, Coliform, Cryptosporidium, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Dichloromethane or Methylene Chloride, 
Fluoride, Giardia Lambia, Lead, Mercury, Nitrate, Nitrite, Tetrachloroethylene or Perchlorethylene (Perc) Selenium, 
sulfate,Trichloroethylene (TCE), Vinyl Chloride, Viruses 

Agricultural / Rural 
Auction Lots/Boarding Stables Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite,Sulfate,Viruses 
Animal Feeding Operations/ 
Confined Animal Feeding 
Operations  

Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite, Sulfate, Turbidity, Viruses 

Bird Rookeries/Wildlife feeding 
/migration zones 

Coliform, Cryptosporidium, Giardia Lambia, Nitrate , Nitrite , Sulfate, Turbidity, Viruses 

Crops - Irrigated + Non-irrigated  Benzene, 2,4-D, Dalapon, Dinoseb, Diquat, Glyphosate, Lindane, Lead, Nitrate, Nitrite , Picloram, Simazine, Turbidity 
Dairy operations Coliform, Cryptosporidium, Giardia Lambia, Nitrate , Nitrite,Sulfate,Turbidity, Viruses 
Drainage Wells, Lagoons and Liquid 
Waste Disposal - Agricultural  

Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrate, Nitrite, Oxamyl 
(Vydate), Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses   

Managed Forests/Grass Lands Atrazine, Diquat, Glyphosate, Picloram, Simazine, Turbidity 
Pesticide/Fertilizer Storage Facilities Atrazine, Alachlor, Carbofuran, Chlordane, 2,4-D, Diquat, Dalapon, 1,2-Dibromo-3-Chloropropane or DBCP, Glyphosate, Nitrate, 

Nitrite, Oxamyl (Vydate), Picloram, Simazine, 2,4,5-TP (Silvex) 
Rangeland/Grazing lands  Coliform, Cryptosporidium, Giardia Lambia, Nitrate, Nitrite, Sulfate, Turbidity, Viruses 
Residential Wastewater lagoons Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, Diquat, Dalapon, Giardia Lambia, Glyphosate, Nitrate, Nitrite, Oxamyl 

(Vydate), Picloram,Sulfate,Simazine, Vinyl Chloride, Viruses 
Rural Homesteads  Atrazine, Alachlor, Carbofuran, Coliform, Cryptosporidium, cis 1,2-Dichloroethylene, trans 1,2-Dichloroethylene, Diquat, Dalapon, 

Giardia Lambia, Glyphosate, Nitrate, Nitrite,Oxamyl (Vydate), Picloram, Sulfate, Simazine, Vinyl Chloride, Viruses 
MISCELLANEOUS SOURCES 
Abandoned drinking water wells 
(conduits for contamination) 

Atrazine, Alachlor, Coliform, Cryptosporidium, Carbofuran, Diquat, Dalapon, Giardia Lambia, Glyphosate, Dichloromethane or 
Methylene Chloride, Nitrate, Nitrite, Oxamyl (Vydate), Picloram, Simazine, Trichloroethylene (TCE), Turbidity, Vinyl Chloride, Viruses 

Naturally Occurring Arsenic, Asbestos, Barium, Cadmium,  Chromium, Coliform, Copper, Cryptosporidium, Fluoride, Giardia Lambia, Iron, Lead, 
Manganese, Mercury, Nitrate, Nitrite, Radionuclides, Selenium, Silver, Sulfate, Viruses, Zinc (Fume or Dust) 

Underground Injection Control (UIC) 
Wells  CLASS I - deep injection of 
hazardous and non-hazardous 
wastes into aquifers separated from 
underground sources of drinking 
water  

see UIC (link: http://www.epa.gov/safewater/types) 

UIC Wells CLASS II deep injection 
wells of fluids associated with oil/gas 
production (for more detailed list of 
sites click here) 

see UIC 

UIC Wells CLASS III re-injection of 
water/steam into mineral formations 
for mineral extraction 

see UIC 

UIC Wells CLASS IV - officially 
banned. Inject hazardous or 
radioactive waste into or above 

see UIC 
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POTENTIAL SOURCE CONTAMINANT 
underground sources of drinking 
water  
UIC Wells Class V (SHALLOW 
INJECTION WELLS). Click here for 
more information on sources of UIC 
Class V wells 

see UIC 

 
Source: US Environmental Protection Agency (http://www.epa.gov/safewater/swp/sources1.html) 
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Annex 6: Potential Drinking Water Contaminant Index 

 
(Contaminants, Maximum Allowable Contents and Potential Sources) 
 
Contaminant Name MCL 1 

(mg/L) 
MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

PRIMARY DRINKING WATER CONTAMINANTS*  

Inorganic Contaminants 
Antimony  0.006 0.006 Commercial / Industrial Electrical / Electronic Manufacturing, Fire Retardents, Metal Plating / Finishing / Fabricating, 

Petroleum Processing, Synthetics / Plastics Production 

Arsenic  0.05 None Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleum Processing, Construction / 
Demolition, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Food 
Processing, Home Manufacturing, Machine Shops, Medical / Vet Offices, Metal Plating / 
Finishing / Fabricating, Military Installations, Photo Processing / Printing, Research Laboratories, 
Retail Operations, Wood / Pulp / Paper Processing  

      Residential / Municipal Airports (Maintenance / Fueling Areas), Golf Courses and Parks, Landfills / Dumps, Public 
Buildings and Civic Organizations, Schools, Utility Stations  

      Agricultural/Rural Orchards, Hebicides, Erosion of Natural Deposits 
Asbestos  7 million 

fibers per 
Liter 

7 million fibers 
per Liter 

Commercial / Industrial Construction / Demolition, Erosion of natural deposits  

Barium 2 2 Commercial / Industrial Automobile Body Shops / Repair Shops, Cement / Concrete Plants, Chemical / Petroleum 
Processing, Dry Goods Manufacturing, Electrical / Electronic Manufacturing, Fleet / Trucking / 
Bus Terminals, Furniture Repair / Manufacturing, Hardware / Lumber / Parts Stores, Home 
Manufacturing, Junk / Scrap / Salvage Yards, Machine Shops, Office Building / Complex, 
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, Military Installations, Photo 
Processing / Printing, Railroad Yards / Maintenance / Fueling Areas, Research Laboratories, 
Retail Operations, Synthetics / Plastics Production, Underground Storage Tanks, Wood / Pulp / 
Paper Processing 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, Public Buildings and Civic 
Organizations, RV / Mini Storage, Utility Stations, Erosion of natural deposits 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

Beryllium Powder 0.004 0.004 Commercial / Industrial Research Laboratories, Metal Plating/Finishing/Fabricating, Coal-Burning Factories, 
Electrical/Electronic Manufacturing, Aerospace and Defense Industries 

      Residential / Municipal Public Buildings and Civic Organizations, Schools  
Cadmium 0.005 0.005 Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refinishing, Chemical / Petroleum 

Processing, Construction / Demolition, Drinking Water Treatment, Dry Goods Manufacturing, 
Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Food Processing, 
Hardware / Lumber / Parts Stores, Home Manufacturing, Machine Shops, Metal Plating / 
Finishing / Fabricating, Military Installations, Office Building / Complex, Photo Processing / 
Printing, Medical / Vet Offices, Railroad Yards / Maintenance / Fueling Areas, Research 
Laboratories, Retail Operations, Synthetics / Plastics Producers, Underground Storage Tanks 
Wood / Pulp / Paper Processing 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, Public Buildings and Civic 
Organizations, Schools, Utility Stations, Wastewater  

Chromium  0.1 0.1 Commercial / Industrial Metal Plating / Finishing / Fabricating, Erosion of natural deposits 
Copper TT3 1.3 Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleum Processing, Construction / 

Demolition, Dry Goods Manufacturing, Electrical / Electronic Manufacturing, Food Processing, 
Hardware / Lumber / Parts Stores, Home Manufacturing, Junk / Scrap / Salvage Yards, Machine 
Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabricating, Office Building / Complex, 
Photo Processing / Printing, Synthetics / Plastics Producers, Transportation Corridors, Wood / 
Pulp / Paper Processing , Erosion of natural deposits 

Cyanide 0.2 0.2 Commercial / Industrial Chemical / Petroleum Processing, Construction / Demolition, Electrical / Electronic 
Manufacturing, Fertilizer Factories, Fleet / Trucking / Bus Terminals, Machine Shops, Medical / 
Vet Offices, Metal Plating / Finishing / Fabricating, Photo Processing / Printing, Research 
Laboratories, Synthetics / Plastics Producers 

      Residential / Municipal Waste Water Treatment, Public Buildings and Civic Organizations, Schools, RV / Mini Storage, 
Utility Stations 

Fluoride 4 4 Commercial / Industrial  Construction / Demolition, Fertilizer Factories, Aluminum Factories  
      Residential/Municipal Drinking Water Treatment additive, Erosion natural deposits 
Lead TT 0.015 Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refinishing, Cement / Concrete Plants, 

Chemical / Petroleum Processing, Construction / Demolition, Dry Goods Manufacturing, 
Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Food Processing, 
Furniture Repair / Manufacturing, Hardware / Lumber / Parts Stores, Home Manufacturing, Junk / 
Scrap / Salvage Yards, Machine Shops, Medical / Vet Offices, Metal Plating / Finishing / 
Fabricating, Military Installations, Mines / Gravel Pits, Office Building / Complex, Photo 
Processing / Printing, Railroad Yards / Maintenance / Fueling Areas, Research Laboratories, 
Retail Operations, Synthetics / Plastics Producers, Underground Storage Tanks, Wholesale 
Distribution Activities, Wood Preserving / Treating, Wood / Pulp / Paper Processing 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Drinking Water Pipe Corrosion, Golf Courses and Parks, 
Landfills / Dumps, Public Buildings and Civic Organizations, Schools, Utility Stations, 
Wastewater, Erosion of natural deposits  

Inorganic Mercury 0.002 0.002 Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refinishing, Chemical / Petroleum 
Processing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Food 
Processing, Furniture Repair / Manufacturing, Hardware / Lumber / Parts Stores, Home 
Manufacturing, Machine Shops, Office Building / Complex, Photo Processing / Printing, Medical / 
Vet Offices, Metal Plating / Finishing / Fabricating, Military Installations, Railroad Yards / 
Maintenance / Fueling Areas, Research Laboratories, Retail Operations, Synthetics / Plastics 
Producers, Wood / Pulp / Paper Processing 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, Public Buildings and Civic 
Organizations, RV / Mini Storage, Schools, Utility Stations, Wastewater  

      Agricultural / Rural Crops - Irrigated + Non irrigated, Erosion of Natural Deposits 
Nitrate 10 10 Commercial / Industrial Boat Repair / Refinishing, Historic Waste Dumps / Landfills 
      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Golf Courses and Parks, Housing, 

Landfills / Dumps, Septic Systems Waste Transfer / Recycling, Wastewater  

      Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding Operations, Crops - Irrigated + Non 
irrigated, Lagoons and Liquid Waste, Pesticide / Fertilizer / Petroleum Storage Sites, Rural 
Homesteads , Erosion of Natural Deposits 

Nitrite  1 1 Commercial / Industrial Boat Repair / Refinishing, Historic Waste Dumps / Landfills 
      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Golf Courses and Parks, Housing, 

Landfills / Dumps, Septic Systems, Waste Transfer / Recycling, Wastewater  

      Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding Operations, Lagoons and Liquid 
Waste, Pesticide / Fertilizer / Petroleum Storage Sites, Rural Homesteads, Crops - Irrigated + 
Non irrigated, Erosion of Natural Deposits 

Selenium     Commercial / Industrial Chemical / Petroleum Processing, Construction / Demolition, Electrical / Electronic 
Manufacturing, Fleet / Trucking / Bus Terminals, Furniture Repair / Manufacturing, Home 
Manufacturing, Machine Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabricating, 
Military Installations, Mines / Gravel Pits, Office Building / Complex, Photo Processing / Printing, 
Research Laboratories, Synthetics / Plastics Producers, Wood / Pulp / Paper Processing, 
Erosion of Natural Deposits 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Landfills / Dumps, Public Buildings and Civic 
Organizations, Schools, Wastewater 

Thallium 0.002 0.0005 Commercial / Industrial Electrical / Electronic Manufacturing, Medical / Vet Offices, Metal Plating / Finishing / Fabricating, 
Research Laboratories  
 
 

Organic Contaminants 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

Acrylamide TT zero Residential/Municipal Drinking Water and Waste Water Treatment 
Alachlor  0.002 zero Commercial / Industrial Chemical / Petroleum Processing, Historic Waste Dumps / Landfills, Injection Wells 
      Residential / Municipal Apartments and Condominiums, Housing, Injection Wells, Landfills / Dumps, Septic Systems 

Wells 
      Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Pesticide / Fertilizer / Petroleum Storage Sites, Rural 

Homesteads  

Atrazine 0.003 0.003 Commercial / Industrial Chemical / Petroleum Processing, Funeral Services / Graveyards, Historic Waste Dumps / 
Landfills, Injection Wells, Office Building / Complex, Railroad Yards 

      Residential / Municipal Apartments and Condominiums, Some Surface Water Drinking Water Treatment, Golf Courses 
and Parks, Housing, Injection Wells, Landfills / Dumps, Schools, Septic Systems, Utility Stations, 
Wells 

      Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Managed Forests, Pesticide / Fertilizer / Petroleum 
Storage Sites, Rural Homesteads 

Benzene 0.005 zero Commercial / Industrial Automobile Body Shops / Repair Shops, Boat Repair / Refinishing, Cement / Concrete Plants, 
Chemical / Petroleum Processing, Construction / Demolition, Dry Goods Manufacturing, 
Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Food Processing, 
Hardware / Lumber / Parts Stores, Home Manufacturing, Junk / Scrap / Salvage Yards, Machine 
Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabricating, Military Installations, Office 
Building / Complex, Photo Processing / Printing, Railroad Yards / Maintenance / Fueling Areas, 
Research Laboratories, Retail Operations, Synthetic / Plastics Production, Synethetics / Plastics 
Producers, Underground Storage Tanks, Wholesale Distribution Activities, Wood / Pulp / Paper 
Processing  

      Residential / Municipal Airports (Maintenance / Fueling Areas), Drinking Water Treatment, Golf Courses and Parks, 
Landfills / Dumps, Public Buildings and Civic Organizations, Utility Stations, Schools  

      Agricultural / Rural Crops - Irrigated + Non irrigated 
Benzo(a)pyrene 0.0002 zero Commercial / Industrial Fleet / Trucking / Bus Terminals 

Carbofuran 0.04 0.04 Commercial / Industrial Chemical / Petroleum Processing, Historic Waste Dumps / Landfills, Injection Wells 
      Residential / Municipal Golf Courses and Parks, Housing, Injection Wells, Landfills / Dumps, Septic Systems, Wells 
      Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Pesticide / Fertilizer / Petroleum Storage Sites, Rural 

Homesteads, Rice and Alfalfa Fields  

Carbon Tetrachloride 0.005 zero Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus 
Terminals, Food Processing, Home Manufacturing, Machine Shops, Medical / Vet Offices, Metal 
Plating / Finishing / Fabricating, Photo Processing / Printing, Research Laboratories, Synthetics / 
Plastics Producers, Wood / Pulp / Paper Processing 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Public Buildings and Civic Organizations, Schools  
Chlordane  0.002 zero Agricultural / Rural Pesticide / Fertilizer / Petroleum Storage Sites 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

Chlorobenzene 0.1 0.1 Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleum Processing, Electrical / Electronic 
Manufacturing, Fleet / Trucking / Bus Terminals, Hardware / Lumber / Parts Stores, Home 
Manufacturing, Machine Shops, Metal Plating / Finishing / Fabricating, Military Installations, 
Photo Processing / Printing, Research Laboratories, Synthetics / Plastics Producers 

      Residential / Municipal Golf Courses and Parks, Public Buildings and Civic Organizations, Schools, Utility Stations 
2,4-D 0.07 0.07 Commercial / Industrial Chemical / Petroleum Processing, Fleet / Trucking / Bus Terminals, Machine Shops, Retail 

Operations, Office Building / Complex 

      Agricultural / Rural Crops - Irrigated + Non irrigated, Pesticide / Fertilizer / Petroleum Storage Sites 
      Residential / Municipal Golf Courses and Parks, Public Buildings and Civic Organizations, RV / Mini Storage, Schools, 

Utility Stations 

Dalapon 0.2 0.2 Commercial / Industrial Historic Waste Dumps / Landfills, Injection Wells, Junk / Scrap / Salvage Yards, Railroad Yards 
      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Housing, Injection Wells, Septic 

Systems, Transportation Corridors, Utility Stations, Wells, Golf Courses and Parks 

      Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons and Liquid Waste, Pesticide / Fertilizer 
/ Petroleum Storage Sites, Rural Homesteads 

Di(2-ethylhexyl) adipate 0.4 0.4 Commercial / Industrial Chemical / Petroleum Processing, Hardware / Lumber / Parts Stores, Metal Plating / Finishing / 
Fabricating, Synthetics / Plastics Producers 

Di(2-ethylhexyl) phthalate 0.006 zero Commercial / Industrial Chemical / Petroleum Processing, Dry Goods Manufacturing, Electrical / Electronic 
Manufacturing, Fleet / Trucking / Bus Terminals, Hardware / Lumber / Parts Stores, Home 
Manufacturing, Machine Shops, Photo Processing / Printing, Synthetics / Plastics Producers 

      Residential / Municipal Public Buildings and Civic Organizations 
Dibromochloropropane 0.0002 zero Agricultural / Rural Pesticide / Fertilizer / Petroleum Storage Sites; Soybeans, Cotton, Pineapples and Orchards  

1,2-Dibromoethane or 
Ethylene Dibromide (EDB) 

0.00005 zero Commercial / Industrial Chemical / Petroleum Processing, Photo Processing / Printing 

      Residential / Municipal Public Buildings and Civic Organizations 
1,4-Dichlorobenzene or 
P-Dichlorobenzene 

0.075 0.075 Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleum Processing, Fleet / Trucking / Bus 
Terminals, Hardware / Lumber / Parts Stores, Machine Shops, Metal Plating / Finishing / 
Fabricating, Photo Processing / Printing, Railroad Yards / Maintenance / Fueling Areas, 
Synthetics / Plastics Producers, Underground Storage Tanks 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

      Residential / Municipal Public Buildings and Civic Organizations, Schools Utility Stations 
1,2-Dichlorobenzene or O-
Dichlorobenzene 

0.6 0.6 Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus 
Terminals, Home Manufacturing, Military Installations, Photo Processing / Printing, Synthetic / 
Plastics Production, Office Building / Complex 

1,2-Dichloroethane or 
Ethylene Dichloride 

0.005 zero Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus 
Terminals, Furniture Repair / Manufacturing, Machine Shops, Medical / Vet Offices, Military 
Installations, Office Building / Complex, Photo Processing / Printing, Synthetic / Plastics 
Production, Research Laboratories, Retail Operations 

      Residential / Municipal Public Buildings and Civic Organizations, Schools, Wood / Pulp / Paper Processing, Utility 
Stations 

      Residential / Municipal Public Buildings and Civic Organizations, Schools 
Chemical / Petroleum Processing, Machine Shops,   
  

1,1-Dichloroethylene or 
Vinylidene Chloride 

0.007 0.007 Commercial / Industrial 

Photo Processing / Printing, Research Laboratories 
cis 1,2 - Dichloroethylene 0.07 0.07 Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleum Processing, Construction / 

Demolition, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Gas Stations, 
Historic Waste Dumps / Landfills, Home Manufacturing, Injection Wells, Junk / Scrap / Salvage 
Yards, Machine Shops, Metal Plating / Finishing / Fabricating, Military Installations, Motor Pools, 
Photo Processing / Printing, Synthetic / Plastics Production, Railroad Yards, Research 
Laboratories, Wood Preserving / Treating  

      Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Landfills / Dumps, Utility Stations, 
Wastewater  

      Agricultural / Rural Injection Wells, Rural Homesteads 
trans 1,2 - 
Dichloroethylene 

    Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleum Processing, Construction / 
Demolition, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Gas Stations, 
Historic Waste Dumps / Landfills, Home Manufacturing, Injection Wells, Junk / Scrap / Salvage 
Yards, Machine Shops, Metal Plating / Finishing / Fabricating, Military Installations, Motor Pools, 
Photo Processing / Printing, Synthetic / Plastics Production, Railroad Yards, Research 
Laboratories, Wood Preserving / Treating  

      Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Landfills / Dumps, Utility Stations, 
Wastewater  

      Agricultural / Rural Injection Wells 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

Dichloromethane or 
Methylene Chloride 

0.005 zero Commercial / Industrial Automobile Body Shops / Repair Shops, Cement / Concrete Plants, Chemical / Petroleum 
Processing, Construction / Demolition, Dry Goods Manufacturing, Electrical / Electronic 
Manufacturing, Funeral Services / Graveyards, Fleet / Trucking / Bus Terminals, Food 
Processing, Gas Stations, Hardware / Lumber / Parts Stores, Home Manufacturing, Machine 
Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabricating, Military Installations, Motor 
Pools, Office Building / Complex, Photo Processing / Printing, Railroad Yard / Maintenance / 
Fueling Areas, Research Laboratories, Synthetics / Plastics Producers, Wood / Pulp / Paper 
Processing  

      Residential / Municipal Airports (Maintenance / Fueling Areas), Public Buildings and Civic Organizations, Schools 
Dinoseb  0.007 0.007 Agricultural / Rural Crops - Irrigated + Non irrigated, Soybeans and vegetables 
Dioxin 3E-08 zero Commercial / Industrial Chemical / Petroleum Processing, Wood / Pulp / Paper Processing 
Diquat 0.02 0.02 Commercial / Industrial Funeral Services / Graveyards, Historic Waste Dumps / Landfills, Junk / Scrap / Salvage Yards, 

Injection Wells, Office Building / Complex  

      Residential / Municipal Apartments and Condominiums, Housing, Injection Wells, Landfills / Dumps, Schools, Septic 
Systems, Wells, Camp Grounds / RV Parks, Golf Courses and Parks 

      Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons and Liquid Waste, Managed Forests, 
Pesticide / Fertilizer / Petroleum Storage Sites, Rural Homesteads  

Endothall 0.1 0.1 Residential / Municipal Injection Wells, Public Buildings and Civic Organizations, Schools 
Endrin 0.002 0.002 Commercial / Industrial Chemical / Petroleum Processing, Research Laboratories 
      Residential / Municipal Public Buildings and Civic Organizations, RV / Mini Storage, Schools  
Ethylbenzene  0.7 0.7 Commercial / Industrial Cement / Concrete Plants, Chemical / Petroleum Processing, Electrical / Electronic 

Manufacturing, Furniture Repair / Manufacturing, Hardware / Lumber / Parts Stores, Home 
Manufacturing, Machine Shops, Metal Plating / Finishing / Fabricating, Office Building / Complex, 
Synthetics / Plastics Producers, Wood / Pulp / Paper Processing 

      Residential / Municipal Airports (Maintenance / Fueling Areas) 
Glyphosate 0.7 0.7 Commercial / Industrial Funeral Services / Graveyards, Historic Waste Dumps / Landfills, Injection Wells, Junk / Scrap / 

Salvage Yards, Office Building / Complex 

      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Golf Courses and Parks, Housing, 
Injection Wells, Landfills / Dumps, Schools, Septic Systems, Wells  

      Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons and Liquid Waste, Managed Forests, 
Pesticide / Fertilizer / Petroleum Storage Sites, Rural Homesteads  

0.0004   Heptachlor (and Epoxide)  

  

zero Commercial / Industrial Fleet / Trucking / Bus Terminals, Photo Processing / Printing  
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

 -0.0002    
      Residential / Municipal Wells 
Hexachlorobenzene 0.001 zero Commercial / Industrial Chemical / Petroleum Processing, Machine Shops, Military Installations, Photo Processing / 

Printing, Synthetics / Plastics Producers 

Hexachlorocyclopentadiene 0.05 0.05 Commercial / Industrial Chemical / Petroleum Processing 

Lindane  0.0002 0.0002 Commercial / Industrial Construction / Demolition, Fleet / Trucking / Bus Terminals, Photo Processing / Printing 
      Residential / Municipal Landfills / Dumps, Public Buildings and Civic Organizations 
      Agricultural / Rural Crops - Irrigated + Non irrigated 
Methoxychlor  0.04 0.04 Commercial / Industrial Chemical / Petroleum Processing, Fleet / Trucking / Bus Terminals, Medical / Vet Offices, Military 

Installations, Photo Processing / Printing 

      Residential / Municipal Golf Courses and Parks, Public Buildings and Civic Organizations, RV / Mini Storage 
Oxamyl (Vydate)  0.2 0.2 Commercial / Industrial Chemical / Petroleum Processing, Historic Waste Dumps / Landfills, Injection Wells 

      Residential / Municipal Apartments and Condominiums, Housing, Injection Wells, Landfills / Dumps, Septic Systems, 
Wells 

      Agricultural / Rural Injection Wells, Lagoons and Liquid Waste, Pesticide / Fertilizer / Petroleum Storage Sites, Rural 
Homesteads , apple, potato, and tomato farming 

Pentachlorophenol  0.001 zero Commercial / Industrial Fleet / Trucking / Bus Terminals, Food Processing, Machine Shops, Metal Plating / Finishing / 
Fabricating, Synthetics / Plastics Producers 

Picloram 0.5 0.5 Commercial / Industrial Historic Waste Dumps / Landfills, Injection Wells 
      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Golf Courses and Parks, Housing, 

Injection Wells, Landfills / Dumps, Septic Systems, Transportation Corridors, Utility Stations, 
Wells 

      Agricultural / Rural Crops - Irrigated + Non irrigated, Injection Wells, Lagoons and Liquid Waste, Managed Forests, 
Pesticide / Fertilizer / Petroleum Storage Sites, Rural Homesteads 

Polychlorinated Biphenyls 0.0005 zero Commercial / Industrial Chemical / Petroleum Processing, Dry Goods Manufacturing, Electrical / Electronic 
Manufacturing, Junk / Scrap / Salvage Yards, Machine Shops, Metal Plating / Finishing / 
Fabricating, Research Laboratories, Wood / Pulp / Paper Processing  

      Residential / Municipal Drinking Water Treatment 
Propylene Dichloride or 
1,2-Dichloropropane 

0.005 zero Commercial / Industrial Fleet / Trucking / Bus Terminals, Photo Processing / Printing 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

Simazine  0.004 0.004 Commercial / Industrial Historic Waste Dumps / Landfills, Injection Wells, Junk / Scrap / Salvage Yards, Office Building / 
Complex 

      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Golf Courses and Parks, Housing, 
Injection Wells, Landfills / Dumps, Septic Systems, Transportation Corridors, Utility Stations 
Wells 

      Agricultural / Rural Crops - Irrigated + Non irrigated, Lagoons and Liquid Waste, Managed Forests, Pesticide / 
Fertilizer / Petroleum Storage Sites, Rural Homesteads  

Styrene  0.1 0.1 Commercial / Industrial Cement / Concrete Plants, Chemical / Petroleum Processing, Electrical / Electronic 
Manufacturing, Fleet / Trucking / Bus Terminals, Home Manufacturing, Machine Shops, Metal 
Plating / Finishing / Fabricating, Photo Processing / Printing, Retail Operations, Synthetics / 
Plastics Producers, Wholesale Distribution Activities, Wood / Pulp / Paper Processing  

Tetrachloroethylene or 
Perchlorethylene (Perc) 

0.005 zero Commercial / Industrial Automobile Body Shops / Repair Shops, Cement / Concrete Plants, Chemical / Petroleum 
Processing, Construction / Demolition, Drinking Water Treatment, Dry Cleaners / Dry Cleaning, 
Dry Goods Manufacturing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals 
Food Processing, Gas Stations, Hardware / Lumber / Parts Stores, Historic Waste Dumps / 
Landfills, Home Manufacturing, Injection Wells, Junk / Scrap / Salvage Yards, Machine Shops, 
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, Military Installations, Mines / Gravel 
Pits, Motor Pools, Office Building / Complex, Photo Processing / Printing, Railroad Yards / 
Maintenance / Fueling Areas, Research Laboratories, Retail Operations, Synthetics / Plastics 
Producers, Wood / Pulp / Paper Processing  

      Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Public Buildings and Civic Organizations, 
Schools, Utility Stations, Wastewater 

Toluene 1 1 Commercial / Industrial Cement / Concrete Plants, Chemical / Petroleum Processing, Drinking Water Treatment, Dry 
Goods Manufacturing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, 
Food Processing, Hardware / Lumber / Parts Stores, Home Manufacturing, Machine Shops, 
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, Military Installations, Research 
Laboratories, Synthetics / Plastics Producers, Retail Operations, Office Building / Complex, 
Photo Processing / Printing, Wood / Pulp / Paper Processing 

      Residential / Municipal Public Buildings and Civic Organizations, Schools, Utility Stations 
Total Trihalomethanes 0.1 None Residential / Municipal Drinking Water Treatment 

Toxaphene 0.003 zero Commercial / Industrial Fleet / Trucking / Bus Terminals 
2,4,5-TP (Silvex) 0.05 0.05 Commercial / Industrial Medical / Vet Offices  

      Agricultural / Rural Pesticide / Fertilizer / Petroleum Storage Sites 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

1,2,4-Trichlorobenzene 0.07 0.07 Commercial / Industrial Chemical / Petroleum Processing 

1,1,2-Trichloroethane 0.005 0.003 Commercial / Industrial Dry Cleaners / Dry Cleaning, Electrical / Electronic Manufacturing, Machine Shops, Metal Plating 
/ Finishing / Fabricating, Photo Processing / Printing  

1,1,1-Trichloroethane or 
Methyl Chloroform 

0.2 0.2 Commercial / 
Industrial  

Body Shops/Repair Shops, Chemical / Petroleum Processing, Dry Cleaners / Dry Cleaning, Dry 
Goods Manufacturing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, 
Food Processing, Hardware / Lumber / Parts Stores, Home Manufacturing, Machine Shops, 
Medical / Vet Offices, Metal Plating / Finishing / Fabricating, Military Installations, Mines / Gravel 
Pits, Office Building / Complex, Photo Processing / Printing, Research Laboratories, Retail 
Operations, Wholesale Distribution Activities, Wood / Pulp / Paper Processing 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Construction / Demolition Areas, Drinking Water 
Treatment, Landfills / Dumps, Naturally Occurring, Public Buildings and Civic Organizations, 
Schools 

Trichloroethylene or TCE 0.005 zero Commercial / Industrial Automobile Body Shops / Repair Shops, Chemical / Petroleum Processing, Dry Goods 
Manufacturing, Electrical / Electronic Manufacturing, Fleet / Trucking / Bus Terminals, Food 
Processing, Furniture Repair / Manufacturing, Hardware / Lumber / Parts Stores, Historic Waste 
Dumps / Landfills, Home Manufacturing, Injection Wells, Junk / Scrap / Salvage Yards, Machine 
Shops, Metal Plating / Finishing / Fabricating, Military Installations, Motor Pools, Office Building / 
Complex, Photo Processing / Printing, Railroad Yards / Maintenance / Fueling Areas, Research 
Laboratories, Synthetics / Plastics Producers, Underground Storage Tanks, Wood / Pulp / Paper 
Processing  

      Residential / Municipal Airports (Maintenance / Fueling Areas), Injection Wells, Public Buildings and Civic Organizations, 
Schools, Utility Stations 

Vinyl Chloride 0.002 zero Commercial / Industrial Boat Repair / Refinishing, Chemical / Petroleum Processing, Electrical / Electronic 
Manufacturing, Metal Plating / Finishing / Fabricating, Office Building / Complex, Photo 
Processing / Printing, Fleet / Trucking / Bus Terminals, Research Laboratories, Retail 
Operations, Synthetic / Plastics Production 

      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks Housing, Public Buildings and Civic 
Organizations, Septic Systems, Waste Transfer / Recycling Wastewater 

      Agricultural / Rural Confined Animal Feeding Operations Lagoons and Liquid Waste, Rural Homesteads 
Automobile Body Shops / Repair Shops, Cement / Concrete Plants, Chemical / Petroleum 
Processing,   

Xylene (Mixed Isomers) 10 10 Commercial / Industrial 
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

    Construction / Demolition, Dry Goods Manufacturing, Electrical / Electronic Manufacturing, Fleet / 
Trucking / Bus Terminals, Food Processing, Hardware / Lumber / Parts Stores, Home 
Manufacturing, Machine Shops, Medical / Vet Offices, Metal Plating / Finishing / Fabricating, 
Office Building / Complex, Photo Processing / Printing, Research Laboratories, Synthetics / 
Plastics Production, Wood / Pulp / Paper Processing 

      Residential / Municipal Airports (Maintenance / Fueling Areas), Public Buildings and Civic Organizations, Schools, Utility 
Stations,  

Micro-Organisms 
Coliform 5.0%4 Zero Commercial / Industrial Boat Repair / Refinishing 
      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Housing, Septic Systems, Waste 

Transfer / Recycling, Wastewater  

      Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding Operations, Lagoons and Liquid 
Waste, Rural Homesteads 

Cryptosporidium      Commercial / Industrial Boat Repair / Refinishing  

      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Housing, Septic Systems, Waste 
Transfer / Recycling, Wastewater  

      Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding Operations, Dairies, Lagoons and 
Liquid Waste Dsiposal Sites, Rural Homesteads, Wildlife feeding/migration zones 

Giardia Lambia     Commercial / Industrial Boat Repair / Refinishing 
      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Housing, Septic Systems, Waste 

Transfer / Recycling, Wastewater  

      Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding Operations, Lagoons and Liquid 
Waste, Rural Homesteads,  

Legionella zero TT All Surface Water 
Viruses TT N/A Commercial / Industrial Waste Water  
      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Housing, Septic Systems, Waste 

Transfer / Recycling, Wastewater 

      Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding Operations, Dairies, Grazing lands, 
Lagoons and Liquid Waste,  Rural Homesteads, Wildlife migration/feeding zones 

Turbidity TT N/A Commercial / Industrial Construction / Demolition, Home Manufacturing, Mines / Gravel Pits  
      Residential / Municipal Camp Grounds / RV Parks, Golf Courses and Parks, Housing Developments, Industrial Parks, 

Stormwater discharge sites, Transportation Corridors  

      Agricultural / Rural Crops - Irrigated + Non irrigated, Managed Forests, Animal grazing lands, Animal 
feedlots,  Dairies  
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

Radionuclides 
Beta particles and photon 
emitters*  

Beta: 4 
millirems 
per year; 

none Commercial / Industrial Medical / Vet Offices, Military Installations, Naturally Occurring 

Gross Alpha particle 
activity 

15 pCi/L 
per year;  

none same as above same as above 

Radium 226 & Radium 228 
(combined) 

5 pCi/L 
per year 

none same as above same as above 

SECONDARY DRINKING WATER CONTAMINANTS  

Contaminant Name MCL 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L) 

Potential Source(s) 

Aluminum (Fume or Dust)    0.05 to 0.2 Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Manufacturing, Hardware / Lumber / 
Parts Stores, Machine Shops, Metal Plating / Finishing / Fabricating, Photo Processing / Printing  

Chloride    250 Commercial / Industrial Construction / Demolition  
Iron    0.3 Commercial / Industrial Historic Waste Dumps / Landfills, Junk / Scrap / Salvage Yards, Naturally Occurring 
      Residential / Municipal Naturally Occurring 
      Agricultural / Rural Naturally Occurring 
Manganese    0.05 Commercial / Industrial Historic Waste Dumps / Landfills, Junk / Scrap / Salvage Yards, Naturally Occurring 
      Residential / Municipal Naturally Occurring 
Silver    0.1 Commercial / Industrial Medical / Vet Offices, Naturally Occurring 
      Residential / Municipal Naturally Occurring 
      Agricultural / Rural Naturally Occurring 
Sulfate   250 Commercial / Industrial Chemical / Petroleum Processing, Electrical / Electronic Manufacturing, Historic Waste Dumps / 

Landfills, Metal Plating / Finishing / Fabricating, Mines / Gravel Pits, Wood Preserving / Treating, 
Injection Wells, Junk / Scrap / Salvage Yards 

      Residential / Municipal Apartments and Condominiums, Camp Grounds / RV Parks, Injection Wells, Septic Systems, 
Wastewater, Wells, Naturally Occuring 

      Agricultural / Rural Auction Lots / Boarding Stables, Confined Animal Feeding Operations, Injection Wells, Lagoons 
and Liquid Waste, Rural Homesteads, Naturally Occuring  
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Contaminant Name MCL 1 
(mg/L) 

MCLG2 (if 
applicable) 
(mg/L)  

Potential Source(s) 

Total Dissolved Solids   500     

Zinc (Fume or Dust)     5 Commercial / Industrial Chemical / Petroleum Processing, Construction / Demolition, Electrical / Electronic 
Manufacturing, Machine Shops, Metal Plating / Finishing / Fabricating, Photo Processing / 
Printing, Synthetic / Plastics Production  

 
Notes: 
 
1MCL - Maximum Contaminant Level; the maximum permissable level of a contaminant in water which is delivered to any user of a public water system.  MCLs are enforceable 
standards.  Listed in Milligrams per Liter (Mg/L) unless otherwise noted. 
 
2MCLG – Maximum Contaminant Level Goal; the maximum level of a contaminant in drinking water at which no known or anticipated adverse effect on the health of persons would occur, 
and which allows for an adequate margin of safety.  MCLGs are non-enforceable public health goals.  Listed in Milligrams per Liter (Mg/L) unless otherwise noted. 
 
3TT- Treatment Technique 
 
4 No more than 5.0% of samples should detect total coliforms in one month. Every system that detects total coliform must be analyzed for fecal coliforms. 
 

 
Source: US Environmental Protection Agency (http://www.epa.gov/safewater/swp/sources1.html) 
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