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* = Emission threshold concentration defined for dry conditions at 273 K, 101.3 kPa and an oxygen content of 15%v/v. 

** = All volumetric values refer to normal conditions, i.e. 101.325 kPa, 273.15 K and dry. 
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5.2 Air Quality 

Bahrain’s Public Commission for the Protection of Marine Resources, Environment & Wildlife commissioned five (5) 
mobile ambient air quality monitoring stations in July of 2006 to monitor twelve air pollutants namely; SO2, Hydrogen 
Sulphide (H2S), NO2, Carbon Monoxide (CO), Ozone (O3), Inhalable Particulates (PM10 & PM2.5), Ammonia (NH3), Non-
Methane Hydrocarbons (n-ch4), Benzene (C6H6), Toluene (C7H8), and p-xylene (C8H10) as well as five meteorological 
parameters inclusive of wind speed, wind direction, solar radiation, ambient temperature, and relative humidity.  

The data obtained from the ambient air quality monitoring stations is annually communicated with the public via an annual 
air quality report prepared by the Environmental Monitoring Section of the Environmental Assessment and Planning 
Directorate. For the purpose of assessing the quality of ambient air within the project area and consequently evaluating 
the impact of the proposed operations on air quality, the annual air quality report for the year 2012 was attained and 
accordingly evaluated. The locations of the five monitoring stations relative to Alba’s location are indicated in red in 
Figure 10 below. 

Figure 10: Location of Five Ambient Air Quality Monitoring Station, Kingdom of Bahrain 

As indicated in Figure 10 above, the locations of the five (5) Ambient Air Quality monitoring stations are as follows; 
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As emissions from vehicles and construction equipment will be minimized through controls such as regular 
maintenance, the impacts from the same are not considered to be significant. 





Crept Existing Operations + New L6 and Power Station 5 operating at nameplate production capacity. Maximum 
SO2 Emission Limit (Bahraini Standard) for reduction area (32 kg SO2 / t Al). 

Crept Existing Operations + New L6 and Power Station 5 operating at nameplate production capacity. SO2

emissions from all reduction lines are set at 24.7 kg/tAl (maximum emissions recorded between 2007-2012) and 
total fluoride emissions from the high amperage potlines L4 and L5 are set at 0.6 kg/tAl, as per L6. Moreover, 
lower NOx emitting scenario is considered compared to Scenario-2.
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Dutch Soil Circular 2013 - 10% Organic Carbon and 25% Lutum

Translated from Circulaire bodemsanering per 1 juli 2013 

Soil Ground water

Shallow
(<10 m-mv)

(μg/l)

Deep 
(>10 m-mv)

(μg/l)
(mg/kg d.s.) (μg/l)

Antimony - 0.15 22 20

Arsenic 10 7.2 76 60

Barium 50 200 - 625

Cadmium 0.4 0.06 13 6

Chrome 1 2.5 - 30

Chromium III - - 180 -

Chromium IV - - 78 -

Cobalt 20 0.7 190 100

Copper 15 1.3 190 75

Mercury 0.05 0.01 - 0.3

Mercury (inorganic) - - 39 -

Mercury (organic) - - 4 -

Lead 15 1.7 530 75

Molybdenum 5 3.6 190 300

Nickel 15 2.1 100 75

Zinc 65 24 720 800

Chloride (mg Cl/l) - -

Cyanide (free) 20 1500

Cyanide (complex) 50 1500

Thiocyanate 20 1500

Benzene 1.1 30

Ethyl benzene 110 150

Toluene 32 1000

Xylenes (sum) 17 70

Styrene (vinyl benzene) 86 300

Phenol 14 2000

Cresols (sum) 13 200

0.2

6

0.2

0.2

100 mg/l

5

10

-

Aromatic compounds

0.2

4

7

Polycyclic Aromatic Hydrocarbons (PAHs) 

Name of Substance

Intervention ValueTarget value

Ground water

Metals

Other inorganic substances



Soil Ground water

Shallow
(<10 m-mv)

(μg/l)

Deep 
(>10 m-mv)

(μg/l)
(mg/kg d.s.) (μg/l)

Name of Substance

Intervention ValueTarget value

Ground water

Naphthalene - 70

Phenanthrene - 5

Anthracene - 5

Fluoranthene - 1

Chrysene - 0.2

Benzo(a)anthracene - 0.5

Benzo(a)pyrene - 0.05

Benzo(a)fluoranthene - 0.05

Indeno(1,2,3cd)pyrene - 0.05

Benzo(ghi)perylene - 0.05

PAHs (total) (sum 10) 40 -

Chloroethylene (Vinyl 
chloride)

0,1 5

Dichloromethane 3,9 1

1,1-dichloroethane 15 900

1,2-dichloroethane 6,4 400

1,1-dichloroethane 0,3 10

1,2-dichloroethane (sum) 1 20

dichloropropanes (sum) 2 80

trichloromethane 
(chloroform)

5,6 400

1,1,1- trichloromethane 15 300

1,1,2- trichloromethane 10 130

Trichloroethene (Tri) 2,5 500

Tetrachloromethane 
(Tetra)

0,7 10

Tetrachlorethene (Per) 8,8 40

Mono Chlorobenzene 15 180

Dichlorobenzenes (sum) 19 50

Trichlorobenzenes (sum) 11 10
Tetrachlorobenzenes 
(sum)

2,2 2,5

Penta chlorobenzenes 6,7 1

hexachlorobenzene 2,0 0,5

0,01

0,003

0,00009

24

0,01

0,01

7

3

0,01

0,01

0,01

0,8

6

0,01

0,01

0.01

0.003

0,01

0,01

7

7

0.0001

0.0005

0.0004

0.0004

0.0003

-

Chlorinated Hydrocarbons

a. (fugitive) hydrocarbons

b. chlorobenzenes

0.0007

0.003

0.003



Soil Ground water

Shallow
(<10 m-mv)

(μg/l)

Deep 
(>10 m-mv)

(μg/l)
(mg/kg d.s.) (μg/l)

Name of Substance

Intervention ValueTarget value

Ground water

Mono Chlorophenols 
(sum)

5,4 100

Dichloro Phenol (sum) 22 30

Trichlorophenols (sum) 22 10
Tetra Chlorophenols 
(sum)

21 10

Pentachlorophenol 12 3

PCB’s (sum 7) 1 0,01

Monochlooranilinen 
(sum)

50 30

Dioxin (sum TEQ) 0,00018 nvt

Chloronaphthalen (sum) 23 6

Chlordane (sum) 4 0,2

DDT (sum) 1,7 –

DDE (sum) 2,3 –

DDD (sum) 34 –

DDT/DDE/DDD (sum) – 0,01

Aldrin 0,32 –

Dieldrin – –

Endrin – –

Drins (sum) 4 0,1

-endosulfan 4 5

-HCH 17 –

-HCH 1,6 –

-HCH (lindane) 1,2 –

HCH-compounds (sum) – 1

Heptachlor 4 0,3

Heptachlor epoxide (sum) 4 3

–

33 ng/l

8 ng/l

9 ng/

0,05

0,005 ng/l

0,005 ng/l

0,004 ng/l

0,009 ng/l

0,1 ng/l

0,04 ng/l

–

0,2 ng/l

0,01

0,04

0,01*

–

–

–

0,3

0,2

0,03

Pesticides

a. organochlorine pesticides

b.  Organophosphorus pesticides

c. Organotin pesticides

0,02 ng/l

–

–

–

c. Chlorophenols

e. Other chlorinated hydrocarbons

d. Polychlorinated biphenyls (PCB’s)



Soil Ground water

Shallow
(<10 m-mv)

(μg/l)

Deep 
(>10 m-mv)

(μg/l)
(mg/kg d.s.) (μg/l)

Name of Substance

Intervention ValueTarget value

Ground water

Organotin compounds 
(sum)

2,5 0,7

MCPA 4 50

Atrazine 0,71 150

Carbaryl 0,45 60

Carbofuran 0,017 100

Asbestos 100 –

Cyclohexanone 150 15

Dimethyl phthalate 82 –

Diethyl phthalate 53 –

Di-isobutyl phthalate 17 –

Dibutyl phthalate 36 –

Butyl benzyl phthalate 48 –

Dihexyl phthalate 220 –

Di(2-ethylhexyl)phthalate 60 –

Phthalate (sum) – 5

Mineral oil 5 600

Pyridine 11 30

Tetrahydrofuran 7 300

Tetrahydrothiophene 8,8 5

Tribromomethane 
(bromoform)

75 630

5
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1. INTRODUCTION 

1.1 Alberta’s Framework for the Management of Contaminated Sites 
Alberta’s framework for the management of contaminated sites is designed to achieve 
three policy outcomes: 

Pollution prevention:  Avoid “impairment of, or damage to, the environment, 
human health or safety, or property”.  

Health protection: Take action on contaminated sites that is commensurate with 
risk to human health and the environment. 

Productive use:  Encourage remediation and return of contaminated sites to 
productive use. 

Under this framework, three management options are provided: Tier 1, Tier 2, and 
Exposure Control.  Within a given land use, sites will fall into a range of sensitivities 
because of differences in receptors and site conditions.  Tier 1 remediation guidelines are 
generic; that is, they are developed to protect sites at the more sensitive end of the range 
and can therefore be used at most sites without modification.  The Tier 2 approach allows 
the consideration of site-specific conditions through the modification of Tier 1 guidelines 
and/or removing exposure pathways that may not be applicable to the site.  Exposure 
Control involves risk management through exposure barriers or administrative controls 
based on site-specific risk assessment.  These management options are described in more 
detail in Section 3.

The Tier 1 approach is based on the assumption that all exposure pathways and receptors 
relevant to a particular land use are actually present.  At Tier 1, exposure pathways that 
are part of the generic scenario for the applicable land use may not be screened out.  
Under Tier 2 it may be possible to screen out certain exposure pathways and/or modify 
the Tier 1 guidelines on the basis of site conditions.  These options are discussed further 
in Sections 3 and 5, and in Alberta Tier 2 Soil and Groundwater Remediation Guidelines
(AENV, 2009a). 

1.2 Tier 1 and Tier 2 Levels of Protection 
The objective of the Tier 1 and Tier 2 soil and groundwater remediation guidelines is to 
deliver the same degree of human health and ecological protection, regardless of which 
option is used.  The same protocols are used to develop both Tier 1 and Tier 2 guidelines.
The two options differ in the amount of site-specific information used to develop the 
guidelines.

The Tier 1 remediation guidelines are simple tabular values that require minimal site 
information for their use.  Conservative assumptions about soil and groundwater 
characteristics have been used to develop the Tier 1 guidelines to protect sites likely to be 
sensitive to contamination.  In this way, less sensitive sites under the applicable land use 
are also protected.  Some site information is needed to ensure that site conditions are 
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adequately represented by the assumptions used to develop the Tier 1 guidelines.  Those 
sites that may be more sensitive than conditions assumed in the Tier 1 guidelines are 
more appropriately dealt with under the Tier 2 approach. 

Applying Tier 2 guidelines typically requires more information from the site than Tier 1 
guidelines.  This additional information allows the assessor to develop guidelines that are 
tailored to the particular characteristics of the site.  When a site has characteristics that 
make it more sensitive than the Tier 1 assumptions, the resulting Tier 2 guidelines may 
be more restrictive than Tier 1 values.  Sites which are less sensitive may have Tier 2 
guidelines that are less restrictive than Tier 1 values, but which deliver the same level of 
human and ecological health protection because they are tailored to that specific site. 

When adverse effects are evident, contaminants must be managed to alleviate adverse 
effects, regardless of whether a site meets Tier 1 or 2 remediation guidelines. 

1.3 Relationship to Other Guideline Documents 
This document focuses on Tier 1 soil and groundwater remediation guidelines, the 
process used to develop them, and the manner in which they should be applied.  The  
Alberta Tier 2 Soil and Groundwater Remediation Guidelines (AENV, 2009a) expands 
on the Alberta Environment three-tiered system of contaminated site management 
(summarized in Section 3 of this document) and, in particular, provides the detail needed 
to make Tier 2 adjustments to the Tier 1 guidelines. 

The soil and groundwater guidelines in this document supersede the following guideline 
documents:   

Alberta Tier I Criteria for Contaminated Soil Assessment and Remediation (AEP,
1994)

Alberta Soil and Water Quality Guidelines for Hydrocarbons at Upstream Oil 
and Gas Sites (AENV, 2001a); and

Risk Management Guidelines for Petroleum Storage Tank Sites (AENV, 2001b). 

The following documents contain additional information needed for the application of 
Tier 1 guidelines and should be used in conjunction with this document: 

Guidelines for the Remediation and Disposal of Sulphur Contaminated Solid 
Wastes (AEP, 1996); 

Surface Water Quality Guidelines for Use in Alberta. (AENV, 1999);

Salt Contamination Assessment and Remediation Guidelines (AENV, 2001c); 

Soil Remediation Guidelines for Barite:  Environmental Health and Human 
Health (AENV, 2009b);

Assessing Drilling Waste Disposal Areas:  Compliance Options for Reclamation 
Certification (AENV, 2009c) 
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Canadian Environmental Quality Guidelines (CCME, 1999 and updates); 

Reference Method for the Canada-Wide Standard for Petroleum Hydrocarbons in 
Soil - Tier 1 Method (CCME, 2001); and 

Canadian Guidelines for the Management of Naturally Occurring Radioactive 
Materials (NORM) (Health Canada, 2000). 

Two documents provide the protocols and the primary technical basis for the risk-based 
guidelines calculated in this volume: 

For all compounds except petroleum hydrocarbons: A Protocol for the Derivation 
of Environmental and Human Health Soil Quality Guidelines (CCME, 2006); 
and,

For petroleum hydrocarbons: Canada-Wide Standards for Petroleum 
Hydrocarbons (PHCs) in Soil (CCME, 2008). 

1.4 Ongoing Commitment 
The Alberta Tier 1 Soil and Groundwater Remediation Guidelines is a living document.  
Alberta Environment is committed to updating the guidelines as new information and 
guidelines for new substances become available. 
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2. ALBERTA ENVIRONMENT POLICY ON CONTAMINATED SITE 
MANAGEMENT

This section provides an introduction to the guiding principles that underlie Alberta 
Environment policy on the management of contaminated soil and groundwater.  These 
principles and the associated policy provide a framework for implementing the three 
contaminated site management options:  Tier 1, Tier 2, and Exposure Control.   

2.1 Pollution Prevention 
Pollution prevention is a critical factor in maintaining a healthy environment.  Alberta 
Environment policy strongly emphasizes the importance of proactive efforts that keep 
soil and groundwater clean and free of contaminants rather than relying on remediation 
after contamination has occurred.  Remediation programs are often costly and, in the case 
of large and complex contaminant releases, may not be capable of fully restoring the 
quality of contaminated land or water, leading to a loss of land or water use options.  Soil 
and groundwater contamination may be prevented or minimized by exercising care and 
control through:

proper siting of facilities and chemical storage areas; 

secondary containment of potential contaminants; 

regular inspections and maintenance of tanks and pipelines; 

soil and groundwater monitoring programs;  

early source identification and removal or management; and, 

proper waste disposal and management. 

2.2 Legislation 
Two key acts, the Environmental Protection and Enhancement Act (Government of 
Alberta, 2006), and the Water Act (Government of Alberta, 2000) form the legislative 
basis of Alberta Environment’s policies on the management of contaminated soil and 
groundwater.

2.2.1 Environmental Protection and Enhancement Act

Regulatory requirements related to substance release, remediation and reclamation are 
found in the Environmental Protection and Enhancement Act (EPEA).  The purpose of 
the EPEA (Government of Alberta, 2006) is “to support and promote the protection, 
enhancement and wise use of the environment”.  The EPEA allows the Minister to 
establish guidelines and objectives. 

Substance Release Provisions

The EPEA prohibits the release of substances in an amount that causes or may cause a 
significant adverse effect.  “Release”, “substance”, and “adverse effect” are defined in 
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the EPEA.  The release of a substance to the environment can occur rapidly (as in the 
rupture of a vessel containing the substance) or over a longer period of time (as with a 
gradual leak from an underground pipe that goes undetected).  When a substance is 
released that causes an adverse effect or, for releases after Sept. 1, 1993, has the potential 
to cause an adverse effect, the release must be reported.  Remedial measures must be 
implemented whenever a release causes, or has the potential to cause, an adverse effect.  
Additional guidance on release reporting can be found in A Guide to Release Reporting
(AENV, 2005) and Informational Letter 98-1 (ERCB, 1998).

Remediation Certificates

The EPEA authorizes the Director or inspector to issue remediation certificates where 
contaminated land has been remediated.  While encouraging remediation of contaminated 
land, the remediation certificate also protects the responsible party from future 
environmental protection orders related to the remediated release. 

Conservation and Reclamation

The EPEA includes requirements for the conservation and reclamation of specified land.  
Specified land is defined in the EPEA and the Conservation and Reclamation Regulation
(Government of Alberta, 1993; C&R Reg.).  The EPEA and the C&R Reg. require 
reclamation of specified land to equivalent land capability.  Equivalent land capability is 
defined in the C&R Reg.  With respect to soil contamination on specified land, the 
Alberta Tier 1 Soil and Groundwater Remediation Guidelines establish generic 
remediation guidelines for achieving equivalent land capability.  Site-specific guidelines 
for achieving equivalent land capability can be developed using a Tier 2 approach.  

2.2.2 Water Act

Water is a public resource, and is owned and regulated by the Government of Alberta.  
Regulatory requirements related to the management of water supplies and water quality 
(including groundwater quality) are found in the Water Act (Government of Alberta, 
2000).  The purpose of the Water Act is “to support and promote the conservation and 
management of water, including the wise allocation and use of water”.  The Water Act
allows the Minister to establish guidelines for water management. 

2.3 Principles of Contaminant Management 
A contaminant is a substance that is present in an environmental medium in excess of 
natural background concentration (CCME, 2006).  Three key elements of Alberta’s 
framework for the management of contaminated sites are:  source control,  contamination 
delineation, and contaminant management, including remediation.   

2.3.1 Source Control
A source of contamination is anything that adds contaminant mass to the environment.  
Source control is a necessary action in support of pollution prevention, a key outcome of 
Alberta’s policy on contaminated site management.  If there is evidence of soil or 
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groundwater contamination, the source, if it is still present, must be identified.  Sources 
must be removed or controlled as soon as practicable. 

Contaminants can be introduced into the environment in a number of ways.  Leaking 
pipelines and storage tanks are common sources of contamination.  Contaminated soil 
and groundwater may be a source of contamination to other areas of a site if the 
contaminants are mobile.  Removal or management of these sources is a necessary part of 
contaminated site management.  Soil or groundwater with naturally elevated substance 
concentrations may become a source of contamination if it is redistributed and causes the 
receiving soil or water to exceed Tier 1 or 2 remediation guidelines. This can be avoided 
by proper characterization and handling of soil and groundwater prior to redistribution.  
Failure to control sources allows contaminants to spread, increasing risk and remediation 
costs, and potentially limiting future land use if remediation to Tier 1 or 2 guidelines is 
not possible.

Where complete source removal is not feasible, the source must be removed to the extent 
possible and treatment, control, and/or management measures must be implemented to 
address the residual source. Treatment measures will assist in the ongoing reduction of 
source contaminant concentrations.  Source control measures must prevent the 
contaminant from spreading to adjacent areas, causing the soil or groundwater there to 
exceed Tier 1 or 2 guidelines.

If source control measures are required, they must operate until the source meets Tier 1 
or Tier 2 remediation guidelines.  Source control must be supported by a monitoring 
program that demonstrates its efficacy.   

Where source control rather than source remediation is implemented, a site is considered 
to be managed through an Exposure Control approach rather than a Tier 1 or Tier 2 
approach.

2.3.2 Delineation
When soil or groundwater is found to contain contaminants in excess of Tier 1 or 2 soil 
or groundwater remediation guidelines, a delineation program must be implemented (Fig. 
3).  The delineation program must identify both the horizontal and vertical extent of 
contaminant concentrations exceeding the Tier 1 guidelines or the Tier 2 guidelines 
derived by the pathway exclusion approach (Section 5.2 and Table 5 in AENV, 2009a).  
Adequate delineation provides information needed to support appropriate decisions about 
contaminant remediation and management.  Delineation programs must be extensive 
enough in both horizontal and vertical directions to allow all applicable exposure 
pathways and receptors to be properly assessed.  Delineation is complete when measured 
concentrations are less than Tier 1 or 2 remediation guidelines.  Complete delineation 
must be accomplished prior to undertaking remediation.  The only exception is for 
relatively simple sites where contaminants are removed by excavation and compliance 
with Tier 1 guidelines is shown by post-excavation sampling.  When confirmatory 
samples fail to comply with Tier 1 guidelines after excavation is complete, full 
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delineation of the remaining contamination must be undertaken and used to develop 
further remediation actions or risk management programs.  

2.3.3 Contaminant Management
When the volume of soil or groundwater containing contaminant concentrations that 
exceed Tier 1 or 2 guidelines is completely delineated, a plan must be developed to 
remediate or otherwise manage the contaminants in a manner that is consistent with the 
framework outlined in Section 3.  Using dilution to reduce contaminant concentrations is 
not an acceptable form of management, unless authorized by the appropriate regulatory 
authority under an operating approval, code of practice, or directive. 

2.3.4 Management of Contaminants in Subsoil
In general, Alberta Tier 1 surface soil remediation guidelines apply to all soil and 
groundwater, regardless of depth.  However, subsoil guidelines for salinity and petroleum 
hydrocarbons may be used at Tier 1 under the following circumstances:  

Salinity

Topsoil guidelines for electrical conductivity and sodium adsorption ratio must be 
applied to the L, F, H, O, and A horizons (Soil Classification Working Group, 1998) or 
equivalent surficial material where these horizons are not present.  Subsoil guidelines 
may be applied below the A horizon or equivalent in lieu of topsoil guidelines.  Further 
information is available in the Salt Contamination Assessment and Remediation 
Guidelines (AENV, 2001c). 

Petroleum Hydrocarbons

Surface soil guidelines for petroleum hydrocarbon fractions F1 to F4, benzene, toluene, 
ethylbenzene, and xylenes must be applied to a depth of 1.5 metres.  Subsurface 
guidelines may be used as follows: 

Below 1.5 metres in depth within a 5 metre setback from an oilfield wellhead (see 
Municipal Affairs and Housing Advisory Land Use Planning Notes on 
Abandoned Wellsites), or 

below 3 metres in depth at any site. 

The Tier 1 approach allows the exclusion of the ecological direct contact pathway for soil 
and groundwater for petroleum hydrocarbon fractions F1 to F4 for any land use below a 
depth of 3 metres.  All other exposure pathways apply.  Consistent with the Canada-Wide
Standard for Petroleum Hydrocarbons in Soil (CCME, 2008), exclusion of the ecological 
direct soil contact pathway is permitted below 3 metres with the application of 
“management limits” for petroleum hydrocarbon fractions that represent maximum 
concentrations that apply at any depth.  Management limits for petroleum hydrocarbon 
fractions F1 to F4 are noted in Appendix A. 
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2.4 Soil Protection in Alberta 
Soil is a resource that supports important ecosystem functions.  As a society, we rely on 
our soil resources to supply food and fibre, purify water, degrade waste materials, 
maintain healthy forests and grasslands, and provide a structural foundation for urban and 
rural buildings and infrastructure.  As stewards of our soil resource, we have a 
responsibility to manage our activities in a way that sustains the ecological functions of 
soil.  At sufficient concentrations, soil contamination can impair the ability of soil to 
support important ecosystem functions as well as pose risks to human health.  Care must 
be taken to prevent soil contamination and, when a substance release occurs, prompt 
actions must be taken to remediate or otherwise manage the release.  Maintenance of 
good soil quality will ensure that soil fulfills its ecological role and will maintain our land 
use options as Alberta continues to grow and diversify. 

2.4.1 Using Tier 1 Soil Remediation Guidelines
The goal of the Tier 1 soil remediation guidelines is to provide numerical targets for 
remediation of contaminated soil.  To ensure consistency with “pollution prevention”, a 
key outcome of Alberta’s contaminated sites management framework, the Tier 1 soil 
remediation guidelines are not “pollute-up-to” levels.  Sources must not be left 
uncontrolled until cumulative releases result in an exceedance of Tier 1 or Tier 2 soil 
remediation guidelines.  This results only in further contamination, increased remediation 
costs, and potential loss of land use options.  Source control is a crucial component of 
pollution prevention. 

2.4.2 Background Soil Quality
The background concentration of a substance in soil is the natural concentration of that 
substance in the absence of any input from anthropogenic activities or sources.  In some 
situations, the background concentration of some substances can be a significant 
proportion of, or even exceed, the Tier 1 guidelines.  In cases were the natural 
background is demonstrated to be greater than Tier 1 guidelines, the remediation level 
shall be to natural background or to guidelines developed using Tier 2 procedures.

Background concentrations will vary with soil parent material, soil depth, and hydrologic 
regime.  These factors lead to spatial variations in background concentrations that may or 
may not be predictable.  To gain a good understanding of background conditions at a site, 
it is necessary to take sufficient representative samples from soils with similar 
characteristics to the affected site, but which are taken from outside the area affected by 
contamination.  Sample depth and landscape position, soil profile characteristics and 
parent material should be recorded for all samples. 

Care should be taken to distinguish between apparent background concentrations that are 
the result of diffuse anthropogenic sources, and true, natural background conditions.  In 
comparing against background, emphasis should always be placed on ensuring that 
anthropogenic sources are not identified as natural background. 
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2.4.3 Land Use
Potential receptors and their exposure to soil contaminants are affected by land use.  For 
example, workers on an industrial site experience a different exposure than a toddler 
living on a residential property.  Different ecological receptors are found in a forest 
setting than on an urban commercial property.  Tier 1 soil remediation guidelines are 
calculated for five types of land use: natural areas, agricultural, residential/parkland, 
commercial, and industrial.   These land use types may not correspond exactly to the 
range of municipal zoning options, but by evaluating the types of receptors and exposure 
conditions used in calculating the guidelines for each land use scenario, it is possible to 
identify which land use scenario is protective for a particular municipal zoning 
requirement.  Assessors must determine the full range of uses allowed under the 
applicable zoning bylaw when determining the appropriate land use for Tier 1 
application.  Where a municipal zoning decision incorporates more than one land use 
scenario, the most conservative land use must be applied.  More detailed guidance on 
land use may be found in Section 3.2. 

In some cases, a contaminated site may be adjacent to a property with a more sensitive 
land use.  Even though contaminant concentrations may meet appropriate guidelines for 
the less sensitive land use, mobile substances may migrate to the adjacent property at 
concentrations that exceed guidelines for the more sensitive land use.  This is a particular 
risk for the vapour inhalation pathway and the groundwater direct ecological contact 
pathway.  When a contaminated site is bordered by a more sensitive land use, the vapour 
inhalation guidelines (soil and groundwater) and the groundwater direct ecological 
contact guideline for the more sensitive land use apply to the contaminated site anywhere 
within 30 m of the more sensitive property boundary (see Figure 1).   

2.4.4 Relationship to Air and Water Quality 
Soil contamination interacts with air through volatilization and with water through 
dissolution and leaching to groundwater or runoff to surface water.  Mobile soil 
contamination that is adding contaminant mass to air or water, is automatically 
considered a source.  Therefore it must be remediated, or the contaminant release from 
the soil must be controlled as noted in Section 2.3.1.   

For all land uses except natural areas, the Alberta Tier 1 soil remediation guidelines 
include soil concentrations that have been developed to protect indoor air quality.  When 
soil contaminant concentrations exceed the soil remediation guideline protective of 
indoor air, then management of this exposure pathway is required. 

The Alberta Tier 1 soil remediation guidelines also include soil concentrations that have 
been developed to protect groundwater quality.  When soil contaminant concentrations 
exceed the soil remediation guideline protective of any groundwater-governed pathway 
(e.g., protection of potable groundwater for drinking water, protection of groundwater for 
freshwater aquatic life, or other groundwater pathways), then an investigation of 
groundwater quality is required unless the groundwater pathway can be managed under a 
Tier 2 approach. Tier 2 approaches could include pathway exclusion, site-specific risk 
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assessments, or guideline adjustments based on separation distances between the zone of 
contamination and the seasonally high saturated zone or the distance to the water body of 
concern (see AENV, 2009a; Part B, Section 3).  A groundwater quality investigation is 
also strongly recommended when contaminant concentrations in soil are close to the 
groundwater protection guidelines because the presence of preferential flow paths can 
result in contaminants reaching groundwater even when general soil conditions appear 
not to pose a risk.  It is also possible that mobile substances have leached out of the 
vadose zone into groundwater if sufficient time has elapsed since the release event.  The 
purpose of the groundwater quality investigation is to determine if there is groundwater 
contamination resulting from associated contaminated soil rather than to monitor  
groundwater quality over time.   

2.4.5 Relationship to Land Application of  Organic Materials, Industrial By-
Products and Pesticides

The Industrial Release Limits Policy (AENV, 2000) specifies that substances regulated 
by Alberta Environment should be managed to prevent soil contamination.  Under this 
policy, Alberta’s approach to the management of wastes, industrial byproducts, 
composts, and other materials is based on the potential to improve soil quality.  Wastes 
that provide no benefits to soil quality must not be applied to land in a manner that causes 
soil contamination.  Industrial byproducts, composts, and other materials that provide a 
potential benefit to soil quality may be applied to land according to good agronomic or 
forestry practices and in accordance with any other regulatory requirements.  Even when 
benefits can be shown, any potential contaminants in the byproduct must be managed to 
prevent their buildup in soil to concentrations that exceed Tier 1 or Tier 2 guidelines.  
Soil is a biologically active medium and is sometimes used as a treatment medium for 
soil contaminated by biodegradable substances.  Land treatment of soil contaminated by 
gasoline, diesel fuel, jet fuel and kerosene is allowed if registered in accordance with the 
Code of Practice for Land Treatment of Soil Containing Hydrocarbons (AENV, 2008). 

Tier 1 guidelines are used to evaluate chemical concentrations in soil.  They can also be 
used to evaluate chemical concentrations resulting from the mixing of industrial by-
products or organic materials into soil.  They should not be used to evaluate 
concentrations in the by-product or organic material itself, unless the material will be 
placed directly on land without being mixed with soil.  

Tier 1 pesticide guidelines have been developed for a limited number of exposure 
pathways for which sufficient information is available.  These values are intended for use 
in the remediation of pesticide contaminated sites and not for restricting pesticide use in 
accordance with registered application rates.

Disposal and treatment of wastes generated by the upstream oil and gas industry are 
regulated by the Alberta Energy Resources Conservation Board in accordance with 
Directive 50, Drilling Waste Management (ERCB, 1996a) and Directive 58, Oilfield
Waste Management Requirements for the Upstream Petroleum Industry (ERCB, 1996b).  
Directive 50 Equivalent Salinity Guidelines (AENV, 2009c) can be used to assess and 
remediate drilling waste disposal areas for reclamation certification.  
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2.5 Groundwater Protection in Alberta 

2.5.1 Alberta’s Initiatives to Protect Water Resources
Water is a public resource, and is owned and regulated by the Government of Alberta.  
Alberta is facing pressures on its water resources as a result of population growth, 
drought, and agricultural and industrial development.  In response to these stresses, the 
Alberta Government in collaboration with Albertans developed Water for Life: Alberta’s 
Strategy for Sustainability (Government of Alberta, 2003).  Water for Life is a 
comprehensive strategy for addressing water management concerns for the future that 
emphasizes knowledge and research, partnerships, and water conservation.  The 
protection of groundwater and surface water quality is a key element in the Water for Life
approach.

The three primary goals of Water for Life are ensuring:

a safe, secure drinking water supply,

healthy aquatic ecosystems, and   

reliable, quality water supplies for a sustainable economy.  

Groundwater has many beneficial uses and an important role in drinking water, the 
economy and supporting healthy aquatic ecosystems.  Approximately 25 percent of 
Alberta’s population depends on groundwater, and groundwater is used in a wide variety 
of industrial and commercial activities.  Groundwater discharges into surface water 
bodies, such as rivers and wetlands, supporting aquatic ecosystems.  Because 
groundwater and surface water are integrally connected, groundwater cannot be managed 
in isolation from surface water and aquatic ecosystems.   

A key element of Water for Life is the protection of water resources.  In the protection of 
groundwater quality, the strongest emphasis is placed on preventing groundwater 
resources from becoming contaminated.  However, where contamination of this valuable 
public resource has resulted in an exceedance of Tier 1 or Tier 2 guidelines, it must be 
remediated or managed to ensure on-going protection of human health and the 
environment, and the restoration of beneficial uses.   

This document provides guidance for managing contaminated groundwater in Alberta, 
and provides risk-based remediation guidelines to indicate when groundwater quality has 
been restored to an acceptable level. 

2.5.2 Protection of Domestic Use Aquifers
Groundwater for domestic use is a significant current and future resource distributed over 
large geographic ranges in Alberta.  Consequently, there is a need to protect the quality 
of Domestic Use Aquifers (DUAs).     

The definition of a DUA is dependant on the amount of water an aquifer can produce, 
rather than the quality of the water in the aquifer, recognizing that technological 
treatment methods exist that can reduce or remove natural background substances.  
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Furthermore, an aquifer does not have to be currently used for domestic purposes in order 
to be classified as a DUA, as the intent is to define and protect these aquifers for current 
and future use.  Alberta Environment may consider any body of groundwater above the 
Base of Groundwater Protection1 that is capable of a sufficient yield of water to be a 
DUA.

For the purpose of selecting and applying a groundwater guideline for human health 
protection by ingestion, a DUA is defined as a geologic unit (either of a single lithology 
or inter-bedded units) that is above the Base of Groundwater Protection having one or 
more of the following properties:  

A bulk hydraulic conductivity of 1 x 10-6 m/s or greater and sufficient thickness to 
support a sustained yield of 0.76 L/min or greater; or  

Is currently being used for domestic purposes; or 

Any aquifer determined by Alberta Environment to be a DUA.  

While it is possible that peat deposits and muskeg may meet the definition of a DUA, 
based on hydraulic conductivity and unit thickness, Alberta Environment does not 
consider peat deposits or muskeg to be a DUA because groundwater in them is unlikely 
to be used as a domestic source.  

The DUA drinking water pathway cannot be excluded under the Tier 1 Guideline 
approach.  However, using the Tier 2 Guidelines, it is possible to screen out the DUA 
drinking water pathway under certain circumstances, such as if an isolating geologic unit 
meeting specific properties is present, or if the only reason a geologic unit meets the 
definition of a DUA is the presence of a shallow large diameter well. For more 
information on the criteria for screening out the DUA drinking water pathway, refer to 
the Alberta Tier 2 Soil and Groundwater Remediation Guidelines (AENV, 2009a). 

2.5.3 Using Tier 1 Groundwater Remediation Guidelines
The goal of the Alberta groundwater remediation guidelines is to provide numerical 
targets for the remediation of contaminated groundwater.  To ensure consistency with 
“pollution prevention”, a key outcome of Alberta’s framework for contaminated sites 
management, the Tier 1 groundwater remediation guidelines are not “pollute-up-to” 
levels.  Sources must not be left uncontrolled until cumulative releases result in an 
exceedance of Tier 1 or  Tier 2 groundwater remediation guidelines.  This results only in 
further contamination, increased remediation costs, and potential loss of water use 
options.  Source control is a crucial component of pollution prevention. 

1 The Base of Groundwater Protection is the depth above which groundwater is naturally non-saline, having a 
natural concentration of total dissolved solids that is less than or equal to 4000 milligrams per litre.  Information on 
the Base of Groundwater Protection is available from the Alberta Geological Survey.   
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2.5.4 Background Groundwater Quality
The background concentration of a substance in groundwater is the natural concentration 
of that substance in a particular groundwater zone in the absence of any input from 
anthropogenic activities or sources.  In some situations, the background concentration of 
some substances can be a significant proportion of, or even exceed the Tier 1 remediation 
guideline.  Remediation of groundwater to below background conditions is not feasible 
and is not required.  Accordingly, it is important to have a good understanding of 
background groundwater conditions at a site. 

Background concentrations will be specific to the groundwater zone being considered, 
and will vary both spatially and temporally.  To gain a good understanding of 
background conditions at a site it is necessary to consider groundwater quality data from 
several monitoring wells installed in the zone of interest, located up- or cross- gradient 
from any contaminant sources.  The more time-series data that are available, the better 
the understanding of background conditions will be. 

Care should be taken to distinguish between apparent background concentrations that are 
the result of diffuse anthropogenic sources, and true, natural background conditions.  In 
comparing against background, emphasis should always be placed on ensuring that 
anthropogenic sources are not identified as natural background. 

2.5.5 Relationship to Soil, Air and Surface Water 
Environmental media are interconnected.  Contaminants in soil may leach into pore water 
or groundwater.  Volatile compounds in groundwater may volatilize at the water table 
and can migrate through the soil into the interior space of buildings above.  Soluble 
contaminants in groundwater can be transported laterally with the groundwater flow, and 
potentially enter a surface water body (creek, slough, lake, etc.) at the point of 
groundwater discharge. 

Alberta Tier 1 groundwater remediation guidelines are developed to protect indoor air 
quality, plants and soil invertebrates, and water quality for a range of uses.  Guidelines to 
protect a particular water use are calculated based on the corresponding water quality 
guideline (drinking water, aquatic life, irrigation, or livestock or wildlife watering).

2.5.6 Points of Compliance
For the purpose of this document, a point of compliance is the spatial location in an 
aquifer at which a groundwater quality guideline must be achieved to protect human and 
ecological receptors, to protect a groundwater resource, or to meet other conditions such 
as industrial use or groundwater management guidelines.    

At one extreme, the compliance point could be established at the point of exposure such 
as a drinking water well (human-ingestion) or a river (ecological-aquatic life).  However, 
this would imply that there could be deterioration in the quality of the groundwater 
between the contaminant source and the receptor, which could be judged unacceptable in 
terms of legislative requirements and/or restriction of potential future use of a 
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groundwater resource. At the other extreme, a precautionary approach could set the 
groundwater compliance point directly beneath the contaminant source.  This is likely to 
result in a more stringent remedial target concentration and may be unnecessary, as 
certain exposure pathways may be irrelevant at that particular location, the contaminated 
groundwater may never reach a receptor, or contaminants may be significantly attenuated 
in groundwater prior to reaching the exposure point. 

To address both conditions, some fundamental principles are used to guide decisions for 
setting groundwater remediation guidelines and compliance points on individual sites in 
Alberta.

A DUA, as defined in Section 2.5.2, is an important current and future groundwater 
resource and must be protected to the maximum extent possible.  The compliance point 
for the human health water ingestion pathway is everywhere within a DUA.  

Groundwater aquifers can be an important current or potential future agricultural 
groundwater resource used for livestock watering and irrigation.  For livestock watering, 
the compliance point is everywhere within the relevant livestock watering aquifer 
existing below agricultural or other grazing land.  For irrigation, the compliance point is 
everywhere within the irrigation-use aquifer, where applicable.

Ecological receptors must be protected at key exposure points.  For aquatic life or 
wildlife receptors, the minimum point of compliance is at the point of groundwater 
discharge into a surface water body that is capable of supporting an aquatic ecosystem.  
Groundwater guidelines are calculated to achieve this.  Therefore, the groundwater at all 
points of groundwater discharge immediately adjacent to the aquatic water body must 
meet the aquatic surface water quality guideline.  For terrestrial receptors (plants and soil 
invertebrates), the point of compliance is everywhere within the shallow groundwater 
zone (i.e. the extent of groundwater less than 3 m below ground surface) and at the point 
of ground surface discharge. 
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3. ALBERTA FRAMEWORK FOR THE MANAGEMENT OF CONTAMINATED 
SITES

3.1 Implementation Framework and Management Levels 
The general framework for the management of contaminated sites in Alberta has three 
options and is illustrated by the flowchart presented in Figure 2.  A more detailed 
framework specific to site management under the Tier 1 approach is presented in Figure 
3.  A brief description of the framework is provided below; a detailed discussion of the 
management and technical aspects of the Tier 1 guidelines is presented in subsequent 
sections of the document. 

Under the Alberta framework, three options are provided for the management of 
contaminated sites as the proponent proceeds from initial site assessment to regulatory 
closure.  The three options are: 

Tier 1 - generic remediation guidelines. 

Tier 2 - site-specific remediation guidelines based on the modification of Tier 1 
guidelines.

Exposure Control - risk management through exposure barriers or administrative 
controls based on site-specific risk assessment. 

Regardless of the option chosen, the target level of human health and ecological 
protection afforded by Tier 1, Tier 2, or Exposure Control is the same. 

As discussed below, regulatory closure is available for sites managed to achieve Tier 1 
and Tier 2 remediation guidelines.  This means that no conditions are imposed on future 
use of the site, within a given land use.  The three management options are briefly 
described in the following paragraphs: 

Tier 1 – Generic Remediation Guidelines

Generic guidelines are based on identification of the receptors to be protected under 
various land uses, the applicable exposure pathways, and a corresponding set of 
parameters that allow reasonably conservative predictions of risk at sites throughout 
Alberta.  Whenever possible, models that incorporate toxicity information, receptor 
characteristics, and fate and transport mechanisms are used to derive Tier 1 guidelines.  
Risk-based assessments have not been completed for fluoride, sulphur, antimony, 
beryllium, boron, cobalt, molybdenum, silver, and tin.  The Tier 1 guidelines for these 
compounds are based on professional judgment.  Other compounds have been evaluated 
for only a limited number of exposure pathways.  Where site assessments identify the 
presence of other influential exposure pathways related to these substances, Tier 2 
guidelines may need to be developed. 

Tier 1 guidelines are expected to be applicable to the majority of contaminated sites in 
Alberta, although site managers may choose a Tier 2 approach to incorporate more site 
information in the development of remediation guidelines.  There may be some situations 
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where site conditions result in a more sensitive scenario than is captured by the 
conservative generic scenarios (e.g., a site underlain by very coarse sand and gravel with 
a high hydraulic conductivity).  Information on situations where Tier 1 is not applicable 
is provided in Section 5.1.6.  In such cases, a Tier 2 or Exposure Control approach will 
be required.  Where the Tier 2 approach is required under section 5.1.6, it can be 
restricted to the specific pathway/receptor relationships that are in question. Even at sites 
that eventually use a Tier 2 or Exposure Control approach, Tier 1 guidelines are normally 
used for an initial screening as the first step in a phased site assessment.  

The Tier 1 process comprises an initial site assessment and characterization followed by 
the selection of the applicable Tier 1 guidelines.  If feasible and appropriate, remediation 
management to Tier 1 guidelines will be undertaken.  When a proponent believes Tier 1 
remediation management is not feasible and/or appropriate, the proponent may proceed 
to the Tier 2 process or, in some cases, to Exposure Control.  The use of Tier 1 guidelines 
is described further in Section 5. 

Tier 2 - Modified Generic Remediation Guidelines

There may be circumstances where site-specific conditions modify potential human and 
ecological exposure, relative to the generic conditions used to derive Tier 1 guidelines, 
such that the generic guidelines are unnecessarily conservative.  Alternatively, site-
specific conditions may increase risks to a level that renders a Tier 1 approach 
unacceptable.  Accordingly, guidance is provided in the companion Tier 2 document 
(AENV, 2009a) on ways in which Tier 2 guidelines can be developed.  The Tier 2 
guidelines will normally be determined by screening out exposure pathways that are not 
present or by adjusting the Tier 1 models using site-specific values for certain 
parameters.  In either case a more detailed site assessment will be required.  Other 
approaches to calculating Tier 2 guidelines may be allowable, as long as they do not 
require any form of engineered, administrative, or other exposure control. 

Sites where major adjustments to parameters or models are needed may require site-
specific ecological risk assessment and/or human health risk assessment to develop 
appropriate remediation objectives. Quantitative risk assessment is a complex process 
with intensive data requirements.  Complex risk assessments that do not require 
restrictions to the typical activities considered under a given land use and do not require 
ongoing risk management may be acceptable for regulatory closure under the Tier 2 
process. However, these sites may have additional assessment, monitoring, and/or 
regulatory requirements that are beyond the scope of this guidance document. 

Exposure Control - Risk Management

Exposure Control relies on ongoing risk management to control risks to human health 
and the environment.  This management option is used for sites that require restrictions to 
the typical activities considered under a given land use or require ongoing risk 
management.   
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3.2 Land Use Definitions 
For the purpose of developing and implementing soil and groundwater remediation 
guidelines in Alberta, five generic land uses have been defined – natural areas, 
agricultural, residential/ parkland, commercial and industrial.  A generic land use 
scenario is envisioned for each category based on typical activities on these lands.  The 
five land uses are defined for the purpose of this document only. Where allowable land 
uses, as defined by a given jurisdictional authority, differ from those noted here, an 
assessment of allowable receptors and potential exposure pathways must be made to 
ensure consistency with assumptions based on definitions here. Where a more sensitive 
receptor or exposure pathway is allowed, the more sensitive land use description must be 
used in selecting the appropriate Tier 1 guidelines.  Assessors must determine the full 
range of uses allowed under the applicable zoning bylaw when determining the 
appropriate land use for Tier 1 application.  For most sites in Alberta, one of the five 
generic land use scenarios should be applicable.  If none of the generic land uses are 
applicable, a site-specific Tier 2 approach will be required.  The five land uses are 
defined as follows: 

Natural Areas

Natural areas are defined as being away from human habitation and activities, where the 
primary concern is the protection of ecological receptors.  Accordingly, human exposure 
pathways are not considered, with the exception of the protection of groundwater for 
drinking water pathway that, based on the definition of a DUA (Section 2.5.2), applies in 
all land uses.  Much of Alberta’s forested land will fall into natural areas land use.   
Forested lands that are specified as grazing leases represent a special case that requires an 
amendment to the normal exposure scenario for natural areas. On such grazing leases, the 
livestock soil ingestion and protection of groundwater for livestock pathways must be 
addressed in addition to the regular pathways considered under natural areas land use.  
Natural areas land use must not be applied to areas that may reasonably be expected to be 
developed, such as those near municipalities and permanent dwellings. 

Agricultural Lands

On agricultural land the primary land use is growing crops or tending livestock as well as 
human residence.  This also includes agricultural lands that provide habitat for resident 
and transitory wildlife and native flora. To allow unrestricted future use of the land, a 
farm residence is assumed to be present anywhere on agricultural land.   

Residential/Parkland

The primary activity on residential/parkland is residential or recreational activity.  This 
land use includes campground areas and urban parks, but not wildlands in provincial 
parks, which are considered natural areas. Where urban parks are frequented by wildlife, 
wildlife exposure pathways should be addressed. 
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Commercial Land Use

On commercial land, the primary activity is commercial (e.g., shopping mall) and all 
members of the public, including children, have unrestricted access.  Commercial land 
use includes day-care centres, buildings for religious services, hospitals, and medical 
centres.  Commercial land does not include operations where food is grown directly in 
impacted soil on the site.  Such operations would fall under agricultural land use. 

Industrial Land Use

Industrial land is land where the primary activity is the production, manufacture or 
construction of goods.  Public access is restricted and children are not permitted 
continuous access or occupancy. 

3.3 Groundwater and Surface Water Use Definitions 
Soils are hydrologically linked to groundwater and surface water systems.  One of the 
objectives of Alberta’s soil remediation guidelines is to manage soil-to-groundwater 
pathways to prevent unacceptable transfer of contaminants from the soil, which may 
ultimately affect groundwater and surface water use.  Alberta’s groundwater and surface 
water quality guidelines are representative of allowable chemical concentrations in 
groundwater or surface water at the point of compliance (see Section 2.5.6). 

Alberta guidelines have been developed for four generic uses of groundwater or surface 
water affected by groundwater discharge: 

human consumption (potable water); 

aquatic life; 

livestock and wildlife watering; and, 

irrigation

These water uses are linked to land uses through the definitions of the generic land use 
categories.  Other water use categories, for example recreation, as well as variations in 
water use within a defined land use category, may be addressed using the Tier 2 process. 

3.4 Conditions and Restrictions Associated with Tier 2 and Exposure Control 
The Alberta soil and groundwater remediation guidelines and implementation framework 
are intended to provide the same high level of protection of human health and the 
environment at all levels or tiers of site management.  For Tier 1, this is ensured by the 
use of relatively conservative assumptions in the derivation of the risk-based numerical 
guidelines, such that the values can be applied to the large majority of sites within a land 
use category without condition or restriction.  In other words, the normal activities 
associated with a particular land use are protected without the need for ongoing 
management of the site or of contaminants which may be present.  Alberta Environment 
will provide regulatory closure for a site complying with the Tier 1 guidelines, unless site 
conditions are unsuitable for their application (see section 5.1.6).
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Management under Tier 2 guidelines delivers the same level of health and environmental 
protection by incorporating site-specific data into the development of appropriate 
remediation guidelines.  Sites remediated to Tier 2 guidelines are eligible for regulatory 
closure.

Certain types of site-specific data or assumptions dictate the need for ongoing site 
management to ensure that the assumptions used to assess human and ecological risks or 
to develop site-specific objectives remain valid.  Ongoing management of a site, or of the 
contaminants present, will generally invoke a land use restriction or condition that will 
preclude regulatory closure.  Therefore site-specific adjustments or assumptions that 
would trigger ongoing management requirements can only be implemented under the 
Exposure Control option.

To avoid the need for ongoing management and, hence, possible conditions and land use 
restrictions, Tier 2 adjustments are usually limited to parameters that are measurable and 
stable, such as soil properties, geological conditions, hydrogeology and distances to 
natural surface water bodies.  Tier 2 assessments that involve full site-specific risk 
assessment using models and assumptions that may differ from those used in the 
calculation of the Tier 1 guidelines may be accepted provided they do not require any 
form of ongoing risk management.  Parameters that are unique to current site use, an 
existing development or the location of a receptor, such as the characteristics of a site 
building or the distance to a water well, may change in the future thereby invalidating the 
site-specific assumptions.  Adjustments of such parameters are not allowed at Tier 2.  In 
some cases exposure pathways may be inoperative under a particular site use (e.g. direct 
human or ecological contact with contaminated soil at a commercial site that is paved or 
capped) or the frequency of exposure may differ from the generic assumptions.  
Preservation of these conditions would require ongoing management; therefore these 
adjustments cannot be made at Tier 2.  Further guidance on parameters and assumptions 
eligible for adjustment at Tier 2 is provided in the companion Tier 2 document (AENV, 
2009a).
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4. SCIENTIFIC BASIS FOR DEVELOPING TIER 1 REMEDIATION GUIDELINES 

4.1 Risk-Based Guidelines 
Risk-based guidelines are developed with the understanding that for risk from chemical 
contamination to exist, all of the following elements must be present: 

the substance must possess toxic properties; 

the substance must be present in the environmental medium of concern (soil or 
groundwater);

a receptor must be present (human, livestock, crop, or ecological receptor); and, 

there must be an exposure pathway through which the substance can reach the 
receptor and be taken in to the receptor’s body. 

Risk-based guidelines are then calculated by first determining the amount (dose or 
concentration) of substance to which a receptor can be safely exposed.  Next, for each 
exposure pathway, a conservative estimate is made of a concentration of the substance in 
soil or groundwater that will protect the receptor from exposure exceeding the safe 
amount.  These substance concentrations are referred to as risk-based guidelines and 
represent remediation objectives for the protection of human and ecological health on 
contaminated sites. 

4.1.1 Steps in the Development of Tier 1 Risk-Based Guidelines
The steps in the development of the risk-based guidelines in Tables 1, 2 and 3 are as 
follows. 

1. Identification of the potential receptors and the potential exposure pathways through 
which contaminants can come into contact with receptors (e.g., humans or ecological 
receptors such as livestock, crops, and wildlife). 

2. Identification of appropriate protection endpoints for each exposure pathway/receptor 
combination. 

3. Calculation of a substance concentration in soil and/or groundwater (guideline) for 
each exposure pathway that offers a safe level of protection. 

4. Determination of an overall Tier 1 risk-based guideline for soil and/or groundwater 
by selecting the lowest of the guidelines calculated for all relevant exposure 
pathways.

The remainder of Section 4 describes how these four steps were implemented in the 
development of the Tier 1 soil and groundwater remediation guidelines.  The details of 
the calculations used in Step 3 are provided in Appendix C.
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4.2 Protection of Human Health 

4.2.1 Human Receptors and Exposure Pathways
In establishing appropriate risk-based guidelines, the most sensitive user of a 
contaminated site must be considered and protected.  The most sensitive receptor is 
normally a function of the degree of potential exposure, the exposure pathway(s) and the 
substance(s) of concern.  For the application of Tier 1 and Tier 2 guidelines, the land use 
and contaminant characteristics will dictate the critical receptor.  When developing Tier 1 
and Tier 2 guidelines, people of all ages are assumed to be present on agricultural, 
residential/parkland and commercial land.  At industrial sites, only employees are 
assumed to be routinely present, which precludes the exposure of children. Human 
receptors are assumed to be absent in natural areas, although underlying groundwater is 
considered to be a potential source of drinking water. 

The following human exposure pathways are considered when developing and 
implementing Tier 1 and Tier 2 remediation guidelines (based on CCME, 2006).  The 
exposure pathways are applicable to all land uses, except where noted below. 

Direct Contact

Humans coming into direct contact with contaminated soil via incidental ingestion, 
dermal contact, or inhalation of air-born soil particles.  Applicable to all land uses except 
natural areas. 

Drinking Water

Humans drinking from and showering or bathing in water that is sourced from 
groundwater.  Applicable to all land uses. 

Inhalation

Volatile contaminants being released from soil and/or groundwater and migrating 
upwards into living or working spaces where humans are exposed via inhalation. 
Applicable to all land uses except natural areas. 

Off-Site Surface Migration by Wind or Water Erosion

The soil quality guideline for commercial and industrial land use may be greater than the 
corresponding guideline for more sensitive land uses.  Wind or water transport of 
contaminated soil from a commercial or industrial site onto an adjacent site with a more 
sensitive land use could potentially result in contaminant concentrations that exceed the 
human direct contact soil quality guideline applicable to the more sensitive land use.  The 
off-site migration check is calculated to ensure that the commercial or industrial 
guidelines set are protective of this exposure pathway. 

4.2.2 Human Health Protection Endpoints
The human health protection endpoint is the same at all tiers of management, and is 
expressed in terms of an allowable exposure level at which the likelihood of a receptor 
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experiencing adverse health effects is essentially negligible.  Specifically, the level of 
human exposure to a threshold chemical (i.e., non-carcinogen) must not exceed the 
tolerable daily intake specified by Health Canada or other appropriate regulatory agency, 
including background exposure to the chemical.  For a non-threshold chemical (i.e., 
carcinogen), the incremental lifetime cancer risk must not exceed 1 in 100,000 (1 x 10-5),
the value considered by Health Canada to be essentially negligible (Health Canada, 
2004).

4.3 Ecological Protection 

4.3.1 Ecological Receptors and Exposure Pathways
Risk-based guidelines fulfill two main goals from the ecological standpoint: protection of 
ecological receptors expected to be present at a site based on land use, and preservation 
of an appropriate level of ecological function of the site and its ecosystem components. 

Ecological receptors at a typical contaminated site, within the range of generic land uses 
considered in the development of the Alberta guidelines, span a range of trophic levels 
including soil-dependent organisms (plants, including crops, and soil invertebrates) and 
higher order consumers (terrestrial and avian wildlife and livestock).  In addition, based 
on the potential for groundwater underlying a site to discharge to a surface water body 
that is capable of supporting an aquatic ecosystem, aquatic receptors including 
invertebrates, fish, and aquatic plants are considered.  Receptors assigned to each land 
use for the purpose of guideline derivation must be both ecologically relevant to a site 
and sufficiently sensitive to be representative of the range of receptors normally present.  
In addition to the protection of ecological receptors per se, ecologically based guidelines 
must be protective of other processes such as nutrient cycling and related microbial 
activities.

The following ecological exposure pathways are considered in the determination and 
implementation of Tier 1 remediation guidelines where appropriate to the defined land 
uses (based on CCME, 2006). 

Direct Contact

Plants and soil invertebrates coming into direct contact with contaminants in soil or 
shallow groundwater.  Direct contact is applicable to all land uses.  This pathway may be 
eliminated below 3 m for petroleum hydrocarbon fractions 1 to 4 only.   

Nutrient and Energy Cycling

This exposure pathway examines the microbial functioning of the soil, including carbon 
and nitrogen cycling.  Applicable to all land uses.

Livestock/Wildlife Soil and Food Ingestion

Livestock or wildlife ingesting contaminants via the incidental ingestion of soil and 
ingesting contaminants that have bioaccumulated from soil into fodder.  Applicable to 
agricultural and natural area land use only. 
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Aquatic Life

Aquatic life, including fish, aquatic invertebrates and aquatic plants, being exposed to 
contaminants when groundwater discharges to a surface water body that is capable of 
supporting an aquatic ecosystem.  Applicable to all land uses. 

Irrigation

Crops being exposed to contaminants when groundwater is used for irrigation.  
Applicable to agricultural land use only. 

Livestock/Wildlife Watering

Livestock or wildlife being exposed to contaminants when groundwater is used for 
livestock watering, or groundwater discharges to a surface water body where wildlife 
may drink.  Applicable to agricultural and natural area land use only. 

4.4 Calculation of Guidelines  
Soil remediation guidelines were calculated for each land use and soil texture using 
models consistent with the latest CCME (2006) protocols.  In some cases, more recent 
deliberations of the Sub-Groups supporting the 2007 revision of the Petroleum 
Hydrocarbon Canada-Wide Standard (PHC CWS; CCME, 2008) have resulted in 
revisions to parameter values, and these revisions have been adopted in the current 
document.  Parameter values were adapted for Alberta conditions and policies where 
appropriate.  Groundwater remediation guidelines  were calculated for each water use by 
adapting the models from the soil remediation guideline calculations, as appropriate.  
Details of all models and parameters used are provided in Appendix C. 

4.5 Determination of Overall Guideline  
Tier 1 guidelines are intended to be a conservative screening tool.  The lowest of the 
guidelines (tabulated in Appendix A and B) calculated for applicable exposure pathways 
and the appropriate land use and soil texture is the overall Tier 1 remediation guideline 
(Tables 1, 2, and 3).  At some sites, it may be possible to demonstrate that certain 
exposure pathway(s) are not relevant, and exclude the corresponding objective for those 
pathway(s) using a Tier 2 approach.  Conditions for excluding particular exposure 
pathways are provided in the companion document describing Tier 2 procedures (AENV, 
2009a).
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4.6 Integration of New and Existing Guidelines 
New risk-based guidelines were calculated for a wide range of organic compounds in this 
document using the latest CCME (2006) protocols (in some cases modified based on the 
2007 revisions to the PHC CWS) and adapted for Alberta conditions and policies (Tables 
1, 2, and 3).  Guidelines were not recalculated for inorganic compounds, except arsenic; 
existing risk-based guidelines were retained from Canadian Environmental Quality 
Guidelines (CCME, 1999 and updates).  Existing guidelines for the soil ecological 
contact pathway and the soil and food ingestion pathway were also retained where they 
existed, or were recalculated in the case of soil ingestion guidelines for certain 
hydrocarbons.  Soil remediation guidelines based on professional judgment were retained 
from previous guideline documents for antimony, beryllium, boron, cobalt, fluoride, 
molybdenum, silver, elemental sulphur, and tin because risk-based Alberta Tier 1 
guidelines have not yet been developed for these substances.  Guidelines for these 
substances were adopted from the Alberta Tier 1 Criteria for Contaminated Soil 
Assessment and Remediation (AEP, 1994) for natural areas, agricultural, and 
residential/parkland land uses.  For commercial and industrial land uses, and for all uses 
if the substance was not included in AEP (1994), guidelines were adopted from the 
Interim Canadian Environmental Quality Criteria for Contaminated Sites (CCME, 
1991).  Soil remediation guidelines for electrical conductivity and sodium adsorption 
ratio (Table 4) were adopted from the Salt Contamination Assessment and Remediation 
Guidelines (AENV 2001c). 
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5. USER GUIDANCE FOR TIER 1 MANAGEMENT 

The process for implementing the Alberta Tier 1 soil and groundwater remediation 
guidelines is illustrated schematically by the flow diagrams presented in Figures 2 and 3.  
Detailed guidance for Tier 2 is provided in a companion document (AENV, 2009a) and is 
summarized herein. 

As illustrated in Figures 2 and 3, Tier 1 management is divided into three stages: 
assessment, evaluation, and decision/management.  These three stages are discussed in 
the following sections. 

5.1 Information Requirements for Tier 1 (Tier 1 Assessment) 

5.1.1 Overview of Requirements
A preliminary site characterization is required for all Tier 1 assessments. Site 
characterization must be comprehensive enough to adequately describe site conditions 
and address all assessment and management options within the scope of Tier 1. 

The Tier 1 assessment may be more comprehensive and detailed, at the discretion of the 
proponent, providing additional information for potential use in developing Tier 2 
guidelines.  While there are advantages associated with a phased approach to site 
assessment, there may also be economies in combining data collection activities into a 
single investigation, particularly at locations where mobilization and demobilization 
costs are significant. 

The minimum data requirements for a Tier 1 site assessment include: 

Land Use and Sensitivity Factors

site description; 

land use, including the full range of uses allowed under the applicable zoning 
bylaw;

proximity of the site to surface water and drinking water supplies; 

actual and potential uses of groundwater; 

human receptors; and, 

ecological receptors. 

Physical Conditions

soil particle size; 

stratigraphy and properties of surficial materials; 

depth to groundwater; and, 

presence and types of buildings and other structures. 
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Contaminant Characteristics and Distribution

contamination characterization; and, 

horizontal and vertical extent of contamination. 

The above information is generally required at all tiers, to a level of detail appropriate for 
the requirements of the evaluation and decision stages of each tier.   

5.1.2 Land Use and Sensitivity Factors
One of the objectives of the Tier 1 site assessment is to determine whether the site 
broadly fits any of the five generic land use categories. In this regard, the minimum data 
requirements for a Tier 1 assessment are as follows: 

Site Description

The site description must include basic identifying data such as location and legal 
description, site dimensions, registered owner(s) etc., as well as a description of the 
physical surface expression of the site (surface topography), vegetative cover, nature of 
site development and, where applicable, site history. 

Land Use

In determining land use, consideration must be given not only to present land use but also 
to historic and potential future land uses. Land use on private land is normally prescribed 
by the current and/or future zoning of the land and local development trends.  Land use 
for public land is determined by the land manager who will use resource based input and 
tools such as land reservations and integrated plans as guidance.  Attention must be given 
to all uses allowed under the applicable zoning bylaws and land use decisions. 

Sufficient descriptive and legal or administrative information must be obtained to 
determine the generic land use category (natural areas, agricultural, residential/parkland, 
commercial, industrial) and whether the land use may be considered typical for the 
assigned category.  The five generic land uses are defined and described in Section 3.2. 

Land uses of adjacent or nearby properties must also be documented, as the presence of 
more sensitive off-site land uses may drive the site management requirements.   Where a 
contaminated site on a less sensitive land use borders, or lies within 30m, of a more 
sensitive land use, the vapour inhalation guidelines (soil and groundwater) and the 
groundwater direct ecological contact guidelines for the more sensitive land use must be 
applied to the contaminated site within 30 m of the more sensitive land use boundary (see 
Figure 1). 

Proximity of Site to Surface Water and Drinking Water Supplies

The assessment must document all existing and potential uses of groundwater and surface 
water, including their locations.  The distance beyond which water uses are not 
significant or relevant depends on site-specific conditions but, as a minimum for Tier 1, 
water uses within 300 m should be identified.  If the direction of groundwater flow has 
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been reliably determined by site-specific groundwater monitoring, documentation of 
water uses can be limited to 100 m upgradient and 300 m down gradient of the site. Flood 
risk areas should be taken into account when considering distance to surface water 
receptors. For more information see the companion Tier 2 document (AENV, 2009a). 

The distance of 300 m was selected as being greater than the length of the majority of 
groundwater plumes of dissolved petroleum hydrocarbon.  This value is based on studies 
of hydrocarbon plumes in the upstream oil and gas industry in western Canada 
undertaken by the Consortium of Research on Natural Attenuation (CAPP, 2002).  The 
value of 300 m is also consistent with a compilation of 647 petroleum hydrocarbon 
plumes presented in Wiedemeier et al. (1999), in which it was determined that 98.1% of 
the plumes were less than 900 feet (274 m) long. 

Water uses at greater distances must be considered on a case-by-case basis when 
subsurface conditions are such that adverse impact may be possible.  For example, 
plumes of conservative soluble compounds that do not interact with the soil matrix, such 
as chloride, may travel farther than dissolved hydrocarbons (CAPP, 2002).  Municipal 
water supply wells located more than 300 m from a site might be expected to be at risk 
from a contaminant source located anywhere within the zone of capture of the wells. 

The assessment must recognize that, while the locations of most natural surface water 
bodies are essentially fixed, seasonal water bodies may exist at other locations, and 
anthropogenic groundwater uses could be initiated at any location relative to the site, in 
areas of usable groundwater. 

Human and Ecological Receptors

In general, the presence of human receptors will be directly related to the land uses. 
However, sufficient information must be obtained to determine whether the land use is 
typical of the respective category, or whether receptors are present that would warrant a 
variation from the defined generic land use categories. 

5.1.3 Physical Conditions
Certain physical conditions and parameters must be determined to permit the 
implementation of Tier 1 management.  The minimum physical data requirements are 
discussed below. 

Soil Particle Size

As a minimum, since Tier 1 guidelines are prescribed for coarse-grained and fine-grained 
soils, sufficient particle size information should be obtained to permit classification of the 
soils as either coarse or fine.  Fine-grained soils are defined as having a median grain size 
of less than or equal to 75 m; coarse-grained soils have a median grain size of greater 
than 75 m.  The absence of sufficient particle size information will result in the default 
application of the more conservative Tier 1 guideline for each substance.  Where both 
fine and coarse grained strata are present, the dominant soil particle size is determined by 
the stratum governing horizontal and vertical migration to a receptor.   
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Soil Stratigraphy and Physical Properties 

Information on soil stratigraphy and physical properties is normally obtained by means of 
an intrusive subsurface investigation, although preliminary, qualitative information can 
often be obtained from other sources including published surficial geological information 
or the results of other subsurface investigations conducted in the area.  In certain 
circumstances, it may be possible to apply the Tier 1 guidelines without a prior 
subsurface investigation.  For example, the decision could be made to manage a spill of 
limited extent by removing all materials containing contaminant concentrations in excess 
of Tier 1 guidelines.  Confirmation of the degree and extent of impact, as well as the 
subsurface conditions, could be obtained at the time of soil excavation.  However, 
subsurface investigations are commonly conducted to support the application of Tier 1 
guidelines, in part for the purpose of contaminant characterization and site management 
planning.

The Tier 1 assessment must provide an overall description of the subsurface soil 
conditions and their vertical and lateral variability.  Of particular importance is the 
uniformity of the soil particle size and the presence of any depositional or structural 
features, such as lenses or fissures, that could influence the fate and transport of certain 
chemicals in the subsurface.  Where there are multiple geological deposits falling into 
both the coarse and fine definition such that the particle size dominating transport cannot 
be determined, the Tier 1 guidelines  must default to the most stringent option. 

Hydrogeological Conditions

A hydrogeological investigation will normally form part of any subsurface investigation.  
Although soil guidelines have been developed to protect groundwater for various uses, 
care must be taken in using them to assess risk to groundwater at contaminated sites.  
Soils are heterogeneous.  Variations in contaminant concentration and soil lithology and 
the presence of preferential flow paths can result in contaminants reaching groundwater 
even when general soil conditions appear not to pose a risk.  It is also possible that 
mobile substances have leached out of the vadose zone into groundwater if sufficient 
time has elapsed since the release event.  Alberta Environment strongly recommends that 
groundwater quality be investigated when contaminant concentrations in soil are close to 
the groundwater protection guidelines.  The cost of installing groundwater monitoring 
wells can be minimized if they are installed when soil boreholes are drilled. 

Information must be collected on depth to groundwater table, groundwater flow direction, 
hydraulic gradient and, with the appropriate field tests, hydraulic conductivity.  While all 
of these parameters are influential, their quantitative determination is not required for the 
basic implementation of Tier 1, and qualitative information may be available from other 
sources.  However, as with soil parameters, they can facilitate the decision between 
managing to Tier 1 guidelines or developing Tier 2 remediation guidelines or Exposure 
Control options. 

For some substances, groundwater chemical characteristics are required for the 
development of a groundwater guideline.  Where this applies, Table 2 references the 



Alberta Environment Alberta Tier 1 Soil and Groundwater Remediation Guidelines 

February 2009 Page 29 

Surface Water Quality Guidelines for Use in Alberta (AENV, 1999) for further 
information on the chemical data required. 

Buildings and Other Structures

When volatile substances are present, the site assessment must identify presence of 
buildings.  When a building is not present, but the municipal zoning allows one to be 
built, its presence must be assumed.  Site assessments must also consider the presence of 
structures, such as utility corridors and dirt basements, that may require a Tier 2 
approach.

5.1.4 Contaminant Characteristics and Distribution
Requirements for site characterization to address all aspects for regulatory requirements 
or to characterize contaminants that are not included in the Tier 1 guideline process are 
beyond the scope of this document.  It is the responsibility of the proponent to ensure that 
sufficient site characterization is carried out to address relevant regulatory requirements 
and to address any potential contaminants of concern not included in the Tier 1 soil and 
groundwater remediation guidelines.  However, for the purposes of applying the Tier 1 
guideline tables, the following general guidance can be given. 

Sufficient characterization of the contamination must be conducted for the purpose of 
comparing contaminant concentrations with Tier 1 guidelines. This will normally 
comprise the collection and laboratory analysis of sufficient soil or groundwater samples 
to determine representative concentrations.  As part of the Tier 1 assessment, the 
proponent must conduct sufficient sampling to delineate the lateral and vertical extent of 
impacted soil and groundwater (Fig. 3).  An exception is allowed where the contaminated 
soil is completely removed and confirmatory samples show compliance with Tier 1 
guidelines.  When confirmatory samples fail to comply with Tier 1 guidelines after 
excavation is deemed complete, full delineation of the remaining contamination must be 
undertaken and used to develop further remediation actions or risk management 
programs.  Whether delineating contamination or confirming remediation success, the 
data collected must be sufficient to support regulatory closure.  

5.1.5 Conditions Where Additional Exposure Pathways May Be Applicable
There may be conditions where certain exposure pathways are applicable that would not 
normally be considered under a given land use.  An example of this is a grazing lease 
within a natural area.  In the case of such grazing leases, the livestock soil and food 
ingestion and protection of groundwater for livestock watering pathways apply in 
addition to the regular exposure pathways considered for that land use.  Adding 
additional pathways to those typically considered for a land use may be done under the 
Tier 1 approach, provided no additional site information is needed for the additional 
pathway.  Note that removing pathways that may not be applicable for a given land use 
from the pathways specified for the Tier 1 guidelines is not permitted, and may only be 
done under the Tier 2 approach. 
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5.1.6 Conditions Where Tier 1 Guidelines Are Not Applicable
Tier 1 guidelines are derived using relatively conservative default parameters and 
assumptions corresponding to the defined generic exposure scenarios and land use 
categories.  As such, they are intended and expected to be protective of human health and 
the environment in the large majority of cases.  However, there may be situations in 
which Tier 1 guidelines are not applicable, either where conditions violate one or more 
assumptions essential to the validity of the modelling used in the Tier 1 derivation, or 
where actual exposure conditions or receptors at a site are more sensitive than in the 
generic exposure scenario. 

Some examples of situations where Tier 1 guidelines are not applicable are highlighted 
below.  These situations must be addressed through the Tier 2 process.  The companion 
Tier 2 document (AENV, 2009a) should be consulted for further details. 

Source of Volatile Contaminants Present Within 30 cm of a Building Foundation

Within this distance, the model used to assess vapour intrusion to buildings is not 
reliable, and Tier 1 guidelines are not applicable. 

Unusual Structural Features 

Building features such as earthen floors or unusually low air exchange rates are not 
considered in the Tier 1 model, and a Tier 2 approach is required.  Where very coarse 
textured materials (see below) are found within utility corridors that are controlling 
contaminant migration, a Tier 2 approach is required. 

Groundwater Flow to Stagnant Water Bodies

Additional consideration is required if groundwater at a site has the potential to discharge 
to a stagnant water body.  A stagnant water body is defined as a water body without 
significant outflow, and where the main pathway of water loss is via evaporation.  
Stagnant water bodies will tend to concentrate discharging persistent groundwater 
contaminants through evaporation.  Water bodies with no obvious or known outflow 
should be considered stagnant.  If outflow is suspected via groundwater and no obvious 
surface outflow is present, a groundwater investigation will be needed to provide 
confirmation.  

In the assessment of whether soil or groundwater contaminants are likely to have an 
adverse effect on a stagnant surface water body, the current concentrations of 
contaminants in groundwater are less important than the long-term effect on contaminant 
concentrations in the stagnant water body.  Accordingly, when there is the potential for a 
contaminant in groundwater to discharge to a stagnant surface water body, a Tier 2 mass 
balance assessment of the likely concentrations of that contaminant in the stagnant water 
body over the anticipated lifetime of the groundwater discharge is required.  The 
assessment should take into consideration, in a qualitative sense, the likelihood of other 
potential future contaminant releases to the stagnant surface water body.  Unless the 
effect on contaminant concentrations in the stagnant surface water body can be shown to 
be insignificant, remedial action will be required. 
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Groundwater Within 10 m of a Surface Water Body

Tier 1 soil and groundwater remediation guidelines for the protection of aquatic life 
assume a minimum separation of 10 m between the point that the soil or groundwater 
concentration is measured, and the discharge point.  Accordingly, Tier 1 guidelines only 
apply to soil or groundwater located at least 10 m from the nearest surface water body 
that is capable of supporting an aquatic ecosystem.  Within this distance, a Tier 2 
approach is required, or in the case of groundwater guidelines, the corresponding surface 
water freshwater aquatic life guideline may be applied directly to groundwater quality. 
The 10 m offset distance must take into account potential for seasonal fluctuations in the 
water level. This may require information on the flood risk area. For more information, 
see the companion Tier 2 document (AENV, 2009a). 

Very Coarse Textured Materials Enhancing Groundwater or Vapour Transport 

Groundwater velocity is a function of both hydraulic conductivity and hydraulic gradient 
and assumed to be 1x10-5 m/s and 0.028 m/m, respectively, for Tier 1 guideline 
derivation. The resulting Darcy groundwater velocity is 3 x 10-7 m/s. 

The rate of vapour transport through coarse soil is largely governed by vapour 
permeability which is assumed to be 6x10-8 cm2 for Tier 1 guideline derivation. 

If the Darcy groundwater velocity exceeds 3x10-7 m/s, or vapour permeability is greater 
than 6x10-8 cm2 at a site, a Tier 2 approach is required.  In these cases, the Tier 2 
guideline must incorporate groundwater or vapour inhalation as potentially dominant 
exposure pathway(s). 

Fractured Bedrock

The Tier 1 remediation guidelines were developed for unconsolidated soil material, 
therefore the presence of bedrock may require a Tier 2 re-evaluation.  However, the 
guidelines may be applied to contaminants in contact with bedrock if the bedrock is 
likely to behave conservatively as one of the two soil textures.  The actual texture of the 
bedrock material will often be less influential on contaminant movement than the degree 
of bedrock weathering and fracturing.  Professional judgment must be applied in 
determining whether coarse or fine soil guidelines are the most appropriate, given the 
expected contaminant mobility within the bedrock.  For instance, a weathered shale 
material may not automatically require a Tier 2 re-evaluation but it may require use of a 
coarse soil guideline due to the presence of minor fractures within the matrix.  

Tier 2 re-evaluation is required where flow paths in the fractured bedrock cannot 
reasonably be expected to behave similarly to those in an aggregated soil medium. When 
the fracture length exceeds approximately 2 cm, flow paths in the fractured bedrock may 
be different than those in an aggregated soil medium.  Under such conditions, 
groundwater transport in fractured bedrock is outside the scope of the calculations for 
Tier 1 guidelines and a Tier 2 or Exposure Control approach must be taken. 
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Source Length Greater than 10 m

The model used to develop Tier 1 guidelines for groundwater remediation and protection 
assumes a source of groundwater contamination that is 3m deep and 10m wide with a 
length of 10 m parallel to the direction of groundwater flow.  Sources are discussed in 
Section 2.3.1 and include anything that adds contaminant mass to the environment.    For 
the purposes of the groundwater transport model used to develop Tier 1 guidelines, the 
source length is relevant to sources that are releasing contaminants to groundwater.   
Source length is determined by soil concentrations that exceed soil guidelines for the 
protection of groundwater pathways (see Appendix A). When the length of such a source 
is greater than 10 m parallel to the direction of groundwater flow, Tier 1 guidelines may 
be applied to the site if contaminant delineation shows that the source volume is less than 
300 m3.   Alternatively, if source and site characteristics indicate no potential for 
groundwater contamination and remediation of the site to Tier 1 guidelines will result in 
a source length less than 10 m or volume less than 300 m3, then remediation to Tier 1 
objectives may proceed.   In all other cases a Tier 2 approach is required.  When the 
contaminated soil is not in contact with the seasonally high saturated zone, a Tier 2 
guideline adjustment (AENV 2009a, Part B, Section 3) provides the assessor with an 
approach for estimating contaminant attenuation between the contaminated zone and the 
saturated zone.

Organic Soils

When inorganic contaminants occur in organic soils, a Tier 2 approach is required.  
Organic soils are defined in The Canadian System of Soil Classification (Soil 
Classification Working Group, 1998).  Coarse textured soil and groundwater remediation 
guidelines may be used for organic contaminants in organic soil.  

5.2 Identification of Appropriate Tier 1 Guidelines (Tier 1 Evaluation) 

5.2.1 Land Use and Water Use Conditions and Primary Soil Type
Land use and water use conditions are established on the basis of the information 
compiled for the Tier 1 assessment.  Land use conditions are compared with the 
descriptions of the generic land use categories (natural area, agricultural, 
residential/parkland, commercial, industrial) to assign the site to the most sensitive 
applicable category.  In some instances municipalities or public land managers may allow 
a range of uses in accordance with zoning bylaws and other land use decisions.  These 
uses must be evaluated with respect to the five land uses described for Tier 1 guidelines.  
The most sensitive land use will determine Tier 1 guidelines. 

Groundwater and surface water use conditions are assigned, if applicable, to one or more 
of the generic categories of potable water, surface water that is sustaining an aquatic 
ecosystem, water used for livestock or wildlife watering, and irrigation. 

Exceptions to the above categories are discussed in the following section. 
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5.2.2 Conformity with Generic Land and Water Use Categories
The principal criterion for the application of the Tier 1 guidelines is conformity with the 
generic land and water use scenarios and exposure conditions assumed in the 
development of the Tier 1 guidelines, and discussed in Section 3 of this document.  It is 
the responsibility of the proponent to identify and respond to any site or receptor factors 
that could unduly accentuate exposure or risk beyond that envisioned in the Tier 1 
exposure scenarios and, where necessary, move to the Tier 2 approach. 

First, the land and water use must normally be encompassed by one or more of the 
defined generic categories.  Examples of land uses not addressed in the development of 
the Tier 1 guidelines include wetlands and riparian zones.  Examples of water uses not 
directly addressed by Tier 1 include: water used in the food processing industry (although 
this may be represented by the potable water scenario); and surface water used for 
swimming or similar recreational activity.  In the absence of an applicable Tier 1 
standard for the actual land or water use, a Tier 2 approach must be followed. 

Second, the exposure conditions associated with the identified land and water use must 
not be more sensitive or critical than those assumed in the determination of the Tier 1 
guidelines.  Examples of factors giving rise to greater sensitivity are: a greater frequency 
or intensity of human or ecological exposure beyond that associated with typical use of 
the land or water; or, variations in physical site conditions resulting in greater exposure 
than that assumed (discussed in Section 5.1.6).  The human and ecological exposure 
factors and physical parameters used for the Tier 1 guidelines are presented in Appendix 
C.  These values should be used as the basis for assessing whether site-specific factors 
are indicative of more frequent or intense exposure.  

Ingestion of produce, milk, and meat produced on the site is not included in Tier 1 human 
exposure estimates because of its site-specific nature.  Where a significant portion of an 
individual’s diet is obtained from areas contaminated by substances that bioconcentrate, 
this exposure pathway must be evaluated with the Tier 2 approach.   

5.2.3 Identification of Applicable Tier 1 Guidelines
Tier 1 guidelines for soil and groundwater are presented in Tables 1 through 4. 
Guidelines in Tables 1 through 3 are presented for coarse-grained and fine-grained soils; 
selection of the appropriate set of values is based on the texture of the dominant soil type 
as determined in the Tier 1 assessment.  The dominant soil type is that which governs fate 
and transport via the various transport and exposure pathways.  For example, a 
continuous layer of coarse-grained soil beneath the water table will often govern 
groundwater flow in the saturated zone, even though its thickness may be small in 
relation to the total thickness of saturated fine-grained soils.  Similarly, a thin layer of 
fine-grained soil in the unsaturated zone may be a more significant control on the 
migration of vapours than a thicker layer of coarse-grained soil.  Professional judgment 
should be exercised in establishing the dominant soil type. 
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The use of subsoil guidelines for petroleum hydrocarbons (Table 3) and salinity (Table 4)
may be used at Tier 1 under the following circumstances:  

Petroleum Hydrocarbons

Surface soil guidelines for petroleum hydrocarbon fractions F1 to F4, benzene, toluene, 
ethylbenzene, and xylenes must be applied to a depth of 1.5 m.  Subsurface guidelines 
may be used as follows: 

below 1.5 m in depth within a 5 m setback from an oilfield wellhead (see 
Municipal Affairs and Housing Advisory Land Use Planning Notes on 
Abandoned Wellsites) , or 

below 3 m in depth at any site. 

Exclusion of the soil and groundwater direct ecological contact pathway is permissible 
under the Tier 1 approach at any site below a depth of 3 m for petroleum hydrocarbon 
fractions F1 to F4 only.

Salinity

Topsoil guidelines for electrical conductivity and sodium adsorption ratio must be 
applied to the L, F, H, O, and A horizons (Soil Classification Working Group, 1998) or 
equivalent surficial material where these horizons are not present.  Subsoil guidelines 
may be applied below the A horizon or equivalent in lieu of topsoil guidelines.  Further 
information is available in the Salt Contamination Assessment and Remediation 
Guidelines (AENV, 2001c). 

For each contaminant, the lowest guideline tabulated in Appendix A and B for the 
established soil type and identified land use defines the governing exposure 
pathway/receptor and, hence, becomes the governing Tier 1 guideline.  At Tier 1, all 
exposure pathways for which generic guidelines have been calculated must be 
considered.  If the governing guideline is based on a soil to groundwater or surface water 
pathway that is not applicable to the site, based on the prior identification of water uses, a 
Tier 2 approach may be possible, and the companion Tier 2 document (AENV, 2009a) 
should be consulted. 

5.2.4 Additional Guidance for Specific Substances

Salinity

Electrical conductivity (EC) and sodium adsorption ratio (SAR) guidelines are found in 
Table 4 for topsoil and subsoil.  At Tier 1, the objective for salt contaminated site 
remediation is to return the site to the same rating category as non-contaminated soils of 
the same type.  To apply the guidelines, background samples are needed from 
uncontaminated soils that are representative of the same type, depth, and landscape 
position as the contaminated soil on the site.  The background samples are used to 
establish the appropriate rating categories for the site.  The range of EC and SAR values 
for the appropriate rating categories become the remediation objectives for the site.  
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Further guidance is provided in the Salt Contamination Assessment and Remediation 
Guidelines (AENV, 2001c). 

Barite-Barium

Guidelines are provided for both barium (non-barite) and barite-barium.  The barium 
guidelines are intended to apply to all barium sources, and therefore assume that the 
source is relatively soluble.  Barite, a commonly used weighting agent in drilling fluids, 
is relatively insoluble and therefore guidelines have been developed specifically for this 
form of barium.  To confirm that barium measured in soil samples meets the conditions 
of low solubility assumed for the barite-barium guidelines, the sample must pass a CaCl2
extraction test.  True total barium concentrations from samples that pass the CaCl2
extraction test may be compared to the barite-barium guidelines.  True total barium must 
be measured by fusion-XRF or fusion-ICP methods. Further information on applying the 
barite-barium guidelines, including the CaCl2 test, is provided in Soil Remediation 
Guidelines for Barite:  Environmental and Human Health (AENV, 2009b). 

Elemental Sulphur

Tier 1 soil remediation guidelines are provided for elemental sulphur.  If these values are 
exceeded, management options include the application of calcium carbonate to control 
the acidity generated by the oxidation of elemental sulphur.  Elemental sulphur can be 
managed in this way up to a total sulphur concentration of 4%.  Further guidance is 
provided in Guidelines for the Remediation and Disposal of Sulphur Contaminated Solid 
Wastes (AEP, 1996). 

Drilling Waste Disposal Areas

Drilling waste disposal falls under the jurisdiction of the Energy Resources Conservation 
Board.  Management and disposal options are provided by Directive 50 (ERCB, 1996).  
Alberta Environment has developed D50 Equivalent Salinity Guidelines for assessing 
and remediating drilling waste disposal areas for reclamation certification.  Further 
information is provided in Assessing Drilling Waste Disposal Areas:  Compliance 
Options for Reclamation Certification (AENV, 2009c). 

Polycyclic Aromatic Hydrocarbons (PAH)

Non-carcinogenic PAHs (naphthalene, acenapthene, fluorene, fluoranthene, anthracene, 
pyrene) have been included as components of petroleum hydrocarbon Fractions 1 to 4.  
When the sources of hydrocarbon contamination are crude petroleum or refined fuels, 
separate analysis of non-carcinogenic PAHs is not necessary.  Analysis of these PAHs is 
necessary when dealing with non-petroleum hydrocarbons such as creosote or products 
such as solvents where individual compounds may be present at a much greater 
concentration than in crude products or fuels. 
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5.3 Tier 1 Decision and Management 
The Tier 1 decision process is illustrated schematically by the lower part of the flow 
diagram presented in Figure 3.  The process consists of a number of decision nodes.  The 
decision process and criteria at each node are discussed in the following paragraphs. 

5.3.1 Comparison of Conditions with Identified Tier 1 Guidelines
If no exceedances are found in the Tier 1 assessment, relative to the identified Tier 1 
guidelines, any sources have been removed, and site conditions are consistent with 
application of Tier 1 process (see Section 5.1), the site can be considered to be in 
compliance with Tier 1 and no further action is necessary.   

If exceedances are found, the proponent enters a decision process whereby the option of 
managing to Tier 1 guidelines is weighed against the option of proceeding to the Tier 2 
approaches.  If site conditions preclude application of Tier 1 guidelines (see Section 
5.1.6) then the proponent must use the Tier 2 process.  

Verification of remediation to Tier 1 or Tier 2 guidelines can achieve regulatory closure. 

5.3.2 Assessment of Opportunity for Tier 2 
If the default assumptions used in the derivation of the governing Tier 1 guidelines are 
conservative relative to actual site-specific conditions, the replacement of default 
assumptions with site-specific data for certain influential parameters may permit the 
development and implementation of less stringent remediation guidelines without 
compromising health and environmental protection goals.  Furthermore, point-of-
exposure measurements, if less than those predicted using the relatively conservative 
modeling procedures employed to derive the Tier 1 guidelines, may also permit the 
implementation of less stringent guidelines.  In such cases, proceeding to Tier 2 would 
generally be advantageous, and the companion Tier 2 document (AENV, 2009a) should 
be consulted. 
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Table 4.  Alberta Tier 1 Salt Remediation Guidelines

Rating Categories Good Fair Poor Unsuitable Commercial/Industrial 

Topsoile

ECa (dS/m) <2c 2 to 4 4 to 8 >8 4

SARb <4 4 to 8 8 to 12 >12d 12

Subsoile

ECa (dS/m) <3 3 to 5 5 to 10 >10 4

SARb <4 4 to 8 8 to 12 >12 12

Notes:      
a. Electrical conductivity     
b. Sodium Adsorption Ratio     
c. Some plants are sensitive to salts at EC < 2 dS/m  
     (e.g., flax, clover, beans, some wheat varieties, peas, some garden crops).
d. Material characterized by SAR of 12 to 20 may be rated as poor if texture is 
      sandy loam or coarser and saturation % is less than 100. 

e. Topsoil: surface A, L, F, H, and O  horizons on the control area, or the equivalent surface soil   
       where these horizons are not present. 
      Subsoil: B and C horizons and the upper portion of the parent material.   
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FIGURES
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Figure 1: Example of the 30 m buffer zone for the more sensitive land use.  The 
diagram is for illustration purposes and can be applied for any land use scenario 
where a more sensitive land use is adjacent to a less sensitive land use. 
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Figure 3:  Expanded Flow Diagram – Tier 1
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APPENDIX A 
SOIL REMEDIATION GUIDELINES 

ALL EXPOSURE PATHWAYS 

Appendix A consists of ten tables, comprised of surface soil and subsoil tables for each of the 
land uses.  Each table provides the soil remediation guideline for each exposure pathway, where 
available. Tier 1 guidelines must be chosen from Tables 1 to 4, not from Appendix A or B.  
The only exception occurs when a more sensitive land use borders on, or is less than 30m from, 
the site of interest.  Under this condition guidelines for specific exposure pathways on the more 
sensitive land use must be evaluated and if they are lower than the Tier 1 guideline, they must be 
applied to the site of interest (See Section 5.1.2 and Figure 1). 

The ten tables are as follows: 

Table A-1.  Surface Soil Remediation Guidelines for Natural Area Land Use 
Table A-2.  Surface Soil Remediation Guidelines for Agricultural Land Use 
Table A-3.  Surface Soil Remediation Guidelines for Residential/Parkland Use 
Table A-4.  Surface Soil Remediation Guidelines for Commercial Land Use 
Table A-5.  Surface Soil Remediation Guidelines for Industrial Land Use
Table A-6.  Subsoil Remediation Guidelines for Natural Area Land Use 
Table A-7.  Subsoil Remediation Guidelines for Agricultural Land Use 
Table A-8.  Subsoil Remediation Guidelines for Residential/Parkland Use 
Table A-9.  Subsoil Remediation Guidelines for Commercial Land Use 
Table A-10.  Subsoil Remediation Guidelines for Industrial Land Use

In some cases, there is a value for the overall guideline, but no values for individual exposure 
pathways.  This situation corresponds to non-risk-based guidelines that have been adopted from 
previous guideline documents, as explained in the main text. 

All exposure pathways are applicable at Tier 1.  However, it may be possible to exclude or 
modify certain pathways at Tier 2.  The companion Tier 2 document (AENV, 2009a) should be 
consulted for further information.  The information in the tables in this appendix will assist in 
determining whether a Tier 2 approach for soil is likely to be useful at a given site. 
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APPENDIX B 
GROUNDWATER REMEDIATION GUIDELINES 

ALL WATER USES 

Appendix B consists of four tables, one for each of the land uses, except that commercial and 
industrial groundwater guidelines are identical, and separate tables are not required.  Each table 
provides the groundwater remediation guideline for each applicable water use, where available.  
Tier 1 guidelines must be chosen from Tables 1 to 4, not from Appendix A or B. The only 
exception occurs when a more sensitive land use borders on, or is less than 30m from, the site of 
interest.  Under this condition guidelines for specific exposure pathways on the more sensitive 
land use must be evaluated and if they are lower than the Tier 1 guideline, they must be applied 
to the site of interest (See Section 5.1.2 and Figure 1). 

The four tables are as follows: 

Table B-1.  Groundwater Remediation Guideline Values for Natural Area Land Use 
Table B-2.  Groundwater Remediation Guideline Values for Agricultural Land Use 
Table B-3.  Groundwater Remediation Guideline Values for Residential/Parkland Use 
Table B-4. Groundwater Remediation Guideline Values for Commercial/Industrial Land 
Use

Note that the groundwater guidelines protective of inhalation under agricultural or 
residential/parkland use are based on a building with slab-on-grade construction.  These values 
are protective in all cases of both slab-on-grade and basement construction. 

All water uses are applicable at Tier 1.  However, it may be possible to exclude or modify 
certain water uses at Tier 2.  The companion Tier 2 document (AENV, 2009a) should be 
consulted for further information.  The information in the tables in this appendix will assist in 
determining whether a Tier 2 approach for groundwater is likely to be useful at a given site. 
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1. INTRODUCTION 

This Appendix provides the protocols, parameter values, and equations used to determine 
the numerical values for Alberta Tier 1 Soil and Groundwater Remediation Guidelines 
for each of the exposure pathways described in the main text. 

1.1 Approach 
A Protocol for the Derivation of Environmental and Human Health Soil Quality 
Guidelines (CCME, 2006a) was used as a starting point for developing the soil 
remediation guidelines.  The protocol was adapted as appropriate. 

Since the Canadian Council of Ministers of the Environment (CCME) issued their 
protocol for deriving soil quality guidelines (CCME, 2006a), the deliberations associated 
with the 2006 review of the Petroleum Hydrocarbon Canada-Wide Standard (PHC CWS; 
CCME, 2008a) have resulted in changes to a few additional parameters.  Most of these 
parameter changes have been adopted here.  Additionally, where appropriate, parameters 
have been adjusted to reflect the differences between conditions in Alberta and the 
assumptions in the CCME guidance that reflect conditions in the whole of Canada.   

No CCME protocols are currently available for calculating groundwater guidelines.  
Accordingly, for each exposure pathway, the corresponding CCME protocol for the soil 
guideline was adapted to calculate a groundwater guideline.  Where calculated 
groundwater values are greater than the solubility of the chemical in question, the 
guideline value is replaced in the appropriate table with “NGR” for “no guideline 
required”.
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2. PARAMETER VALUES 

Parameter values used in the models that calculate the Alberta Tier 1 Soil and 
Groundwater Remediation Guidelines fall into two main groups: i) parameters relating to 
receptor exposure and properties of the site, referred to as “non-chemical-specific 
parameters”; and, ii) parameters that relate to the chemical properties, toxicity, or 
background exposure to chemicals, referred to as “chemical-specific parameters”.  These 
two groups of parameters are discussed below. 

2.1 Non-Chemical-Specific Parameters 
Parameter values used in the models in this section relating to human receptor 
characteristics, soil and hydrogeological parameters, site characteristics, building 
parameters, and livestock and wildlife receptor characteristics are summarized in Tables 
C-1 to C-5, respectively.  All parameters are adopted directly from CCME (2006a) except 
where noted below. 

In Table C-2, the saturated hydraulic conductivity for fine soils is 32 m/year for all 
exposure pathways, the lateral hydraulic gradient is 0.028, and the soil permeability to 
vapour flow is 10-9 cm2 for fine soil and 6x10-8 cm2 for coarse soil.  These changes from 
parameter values in CCME (2006a) are based on the latest decisions made by the Soil 
Quality Guidelines Task Group of the CCME, and reflect the deliberations that took 
place during the process of revising the PHC CWS (CCME, 2008a).  The groundwater 
recharge rate is 0.012 m/year in fine soil and 0.06 m/year in coarse soil.  Groundwater 
recharge rates are based on extensive research by Atomic Energy of Canada Limited 
(AECL, 1990, 1991, 1992, and 1995) and hydrogeological literature for the prairies (e.g.,
Trudell, 1994; Keller et al., 1986; Woo and Rowsell, 1993).  This work is consistent with 
groundwater recharge being less than 10% of precipitation in Coarse soils and less than 
2% of precipitation in Fine soils.  Taking these values together with precipitation data for 
the wettest of the Alberta locations for which climate normals are available (Edson: 
precipitation = 568 mm/year, based on 1961 to 1990 Canadian Climate Normals, 
Environment Canada, 2001) and rounding up, gives recharge values of 60 mm/year, and 
12 mm/year for Coarse and Fine soils, respectively. 

In Table C-4, the height for a residential building is 360 cm, and the air exchange rates 
for residential and commercial buildings are 0.5 and 0.9 exchanges/hour, respectively.  
Again, these changes from parameter values in CCME (2006a) are based on the latest 
decisions made by the Soil Quality Guidelines Task Group of the CCME, and reflect the 
deliberations that took place during the process of revising the PHC CWS (CCME, 
2008a).  In addition, for petroleum hydrocarbons only, there is an adjustment factor of 10 
applied in the calculation of the indoor infiltration and inhalation guideline, reflecting 
empirical evidence that concentrations of petroleum hydrocarbon vapours in buildings 
are typically less than predicted values by this factor or more due to biodegradation in the 
subsurface and conservatism in the partitioning relationship as it applies to these 
substances.  No adjustment factor is used for non-petroleum hydrocarbons, since no 
empirical evidence is available to support such a factor. 
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In Table C-5, the cattle body weight and water ingestion rate are the same as were used in 
CCME (2006a), and the soil ingestion rate is taken from NRC (1996).  The meadow vole 
was selected as the surrogate ecological receptor that would be protective of the majority 
of wildlife species, based on its small home range and high soil and water ingestion rates 
relative to its bodyweight.  Meadow vole body weight and water ingestion rate were 
taken from USEPA (1993).  Meadow vole soil ingestion rate was calculated from data 
and equations provided in USEPA (1993) as follows: 

PSIDFIRSIR

and

000,10687.0 822.0BWFIR

Where: SIR = soil ingestion rate for meadow voles (g/day); 
 PSID = proportion of soil in diet for meadow voles (0.024 – USEPA, 

1993);
 FIR = food ingestion rate for meadow voles (2.41 g dry weight/day; 

calculated below); 
 BW = meadow vole body weight (0.017 kg – minimum value from the 

range given in USEPA, 1993); and, 
 1,000 = conversion factor from kg to g. 

Substituting these values in the above equation yields value for FIR of 2.41 g dry 
weight/day and for SIR of 0.058 g day (Table C-5). 

2.2 Chemical-Specific Parameters 

2.2.1 Physical Parameters
Physical parameters for the Alberta Tier 1 substances are summarized in Table C-6, 
together with an indication of the source for each.  The parameters Koc (organic carbon 
partition coefficient), H  (dimensionless Henry’s Law constant), and Dair (diffusion 
coefficient in air) are used in the soil and groundwater guideline models.  Solubility was 
also included, to enable groundwater guideline values greater than solubility to be 
identified.  References for each source are provided at the end of this appendix. 

2.2.2 Toxicological Parameters
Human toxicity reference values (TRVs) for the Alberta Tier 1 substances are 
summarized in Table C-7, together with an indication of the source for each.  For non-
carcinogenic substances, the applicable TRVs are the tolerable daily intake (TDI) for oral 
exposure and the tolerable concentration (TC) for inhalation exposure.  For carcinogens, 
the oral slope factor and the inhalation unit risk are provided in Table C-7.  Where 
needed in the guideline calculations, the risk-specific dose and the risk-specific 
concentration were calculated as follows: 



Alberta Environment Alberta Tier 1 Soil and Groundwater Remediation Guidelines 

February 2009 Appendix C Page C-4 

SF
ARLRsD

UR
ARLRsC

Where: 
RsD = risk-specific dose (mg/kg bw per day); 
ARL = acceptable risk level (10-5, see below); and, 
SF = slope factor (Table C-7); (mg/kg bw per day)-1;
RsC = risk-specific concentration (mg/m3);
UR = unit risk (Table C-7); (mg/m3)-1.

The acceptable risk level was set at 10-5 based on guidance in Health Canada (Health 
Canada, 2004a) and precedent from Alberta Environment. 

TRVs were taken from the following sources, in order of preference: 

Health Canada; 

CCME guideline documents; 

The United States Environmental Protection Agency (IRIS database); and, 

The United States Oak Ridge National Laboratory toxicological database. 

For volatile chemicals, if an inhalation tolerable concentration or unit risk was not 
available, one was estimated from the oral tolerable daily intake or the oral slope factor, 
using the adult body weight and inhalation rate provided in Table C-1.  References for 
each source are provided at the end of this appendix. 

2.2.3 Human Exposure Parameters
Human absorption factors are summarized in Table C-8. 

Human background exposure parameters for the Alberta Tier 1 substances are 
summarized in Table C-9, together with an indication of the source for each.  Note that 
background exposure rates are not required in the case of carcinogenic chemicals.  
Parameter values include toddler and adult estimated daily intake (EDI), which is the 
daily dose of chemical that an individual might receive from all non-site-related sources 
(assumed to be soil, water, air, food, and consumer products for Tier 1 guideline 
derivation), background air concentration (Ca), and soil allocation factor (SAF).  The 
following sources of background exposure information were used, in order of preference: 

CCME guideline documents; 

Assessments carried out as part of the priority substance list (PSL) program under 
the Canadian Environmental Protection Act (CEPA); and, 
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Information in the United States Agency for Toxic Substances and Disease 
Registry toxicological profiles. 

Recognizing that a receptor might be exposed to contaminants from other sources than 
site-related soil, a soil allocation factor is used to ensure that exposure to contaminated 
soil represents only a portion of the overall allowable exposure.  For the purposes of 
guideline calculation, exposure is assumed to be possible from five environmental 
compartments:  soil, water, air, food, and consumer products (CCME, 2006a).  Values for 
the soil allocation factor (SAF) were selected based on the following logic: 

1. If a value of SAF other than the default value of 0.2 had previously been used in a 
guideline document, then that value was retained (e.g., hydrocarbon compounds, 
sulfolane, diisopropanolamine). 

2. If the substance could exist in all five of the environmental compartments, then the 
default SAF of 0.2 was used. 

3. If background exposure information was available and it was unlikely that the 
substance would appear in one of the five environmental compartments because of its 
chemical or physical properties, then an SAF of 0.25 was used to reflect exposure 
divided between the remaining four compartments. 

References for each source are provided at the end of this appendix. 

2.2.4 Petroleum Hydrocarbon Fractions
Petroleum hydrocarbons are a complex mixture of substances.  To facilitate the 
calculation of risk-based soil and groundwater remediation guidelines, each fraction has 
been divided into several sub-fractions on the basis of chemical structure (aliphatic vs. 
aromatic) and carbon chain length. 

Soil or groundwater remediation guidelines for each PHC fraction were developed by 
combining guidelines for each individual sub-fraction according to the proportion (by 
mass) of each sub-fraction within the fraction, according to the equation below: 

i
i

i

SGRG
F

daybwkgmgSGRG 1)//(

Where: 
 SGRG = soil (mg/kg) or groundwater (mg/L) remediation guideline;  
 Fi = the assumed proportion of the fraction in soil or groundwater made up 

of sub-fraction i (dimensionless, see below; values in Table C-10); 
and,

 SGRGi = soil (mg/kg) or groundwater (mg/L) remediation guideline for sub-
fraction “i” (mg/kg).  For soil, maximum concentration set at 1x106

mg/kg.  
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The assumed proportion of each sub-fraction differs for soil and groundwater, since each 
sub-fraction partitions differently between soil and groundwater.  Assumed sub-fraction 
distributions for soil and groundwater are provided in Table C-10.  The assumed sub-
fraction distributions in soil are adopted directly from CCME (2008a).  The assumed sub-
fraction distributions in groundwater are calculated from the soil values by making 
standard equilibrium partitioning assumptions and using the following equations: 

abococw

b
soilii HfK

FG
')(

and

i
i

i
rgroundwatei G

GF )(

Where: Gi = proportion of sub-fraction i in groundwater (before normalization; 
dimensionless); 

 Fi(soil) = proportion of sub-fraction i in soil (Table C-10; dimensionless); 
 Fi(groundwater)= proportion of sub-fraction i in groundwater (normalized; Table C-

10; dimensionless); 
b = dry soil bulk density (g/cm3);
w = moisture-filled porosity (dimensionless); 

 Koc = organic carbon partition coefficient (L/kg); 
 foc = fraction of organic carbon (g/g); 
 H  = dimensionless Henry’s Law Constant (dimensionless); and, 

a = vapour-filled porosity (dimensionless). 

Guideline values for individual exposure pathways have been capped at a maximum 
value of 30,000 mg/kg to maintain consistency with the Canada-Wide Standard for 
Petroleum Hydrocarbons in Soil (CCME, 2008a).  

2.2.5 Carcinogenic Polycyclic Aromatic Hydrocarbons
Polycyclic aromatic hydrocarbons (PAHs) commonly occur as complex mixtures that 
may include compounds known or suspected to be carcinogenic.  Soil and groundwater 
remediation guidelines have been calculated for benzo[a]pyrene.  The benzo[a]pyrene 
guideline is applied to other carcinogenic PAHs through the use of Potency Equivalence 
Factors (PEFs).  PEFs establish the toxicity of individual carcinogenic PAHs relative to 
benzo[a]pyrene.  The notes in Appendix A and B explain the use of PEFs in more detail. 

PEFs are also used in the calculation of soil guidelines for the protection of drinking 
water.  The Risk Specific Dose (RSD) for benzo[a]pyrene is multiplied by the 
appropriate PEF to derive a RSD for each carcinogenic PAH.  This value is then used in 
the calculation of individual soil guidelines for the protection of drinking water as 
explained in Section 5.1.2.  These guidelines are then used with site-specific soil 
concentrations to calculate the Index of Additive Cancer Risk (IACR) as explained in the 
notes in Appendix A. 
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2.2.6 Water Quality Guidelines
Water quality guidelines for the Alberta Tier 1 chemicals are required as a starting point 
for calculating soil or groundwater remediation guidelines that are protective of 
groundwater uses.  Values are summarized in Table C-11. 

The values for human health were taken from the following sources, in order of 
preference:

Health Canada Canadian Drinking Water Quality Guidelines (Health Canada, 
2008);

Drinking water guidelines that were calculated from the oral TRVs summarized in 
Table C-7 using the Health Canada approach (Health Canada, 1995).  The adult 
exposure parameters used in the calculation are summarized in Table C-1.  The 
proportion of total intake normally ingested in water was assumed to be 
equivalent to the soil allocation factor (Table C-9) because both are derived in the 
same manner and are typically equivalent.  

The values for ecological receptors were taken from the following sources, in order of 
preference:

Alberta Surface Water Quality Guidelines (AENV, 1999); and, 

Livestock or wildlife watering guidelines calculated from published daily 
threshold exposure doses (DTEDs) and the ecological exposure parameters 
presented in Table C-5. 
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3. HUMAN EXPOSURE PATHWAYS 

3.1 Direct Contact 
The model used to calculate the soil remediation guidelines protective of the human 
direct soil contact (soil ingestion, dermal contact, and particulate inhalation) is taken 
without change from CCME (2006a).  Based on guidance in CCME (2006a), exposure 
via particulate inhalation was not considered for volatile compounds (IRs was set to 0 
kg/day for volatile chemicals in the equations below).  Parameter values were discussed 
in Section 2, and parameter values are summarized in Tables C-1 to C-9.  Separate 
calculations are made for carcinogens and non-carcinogenic chemicals. 

Non-Carcinogens

BSC
ETSRAFETIRAFSIRAF

BWSAFEDITDISRG
SSLG

HH
12

)(

Where: 
SRGHH = human health-based soil remediation guideline (mg/kg); 
TDI = tolerable daily intake (mg/kg bw per day); 
EDI = estimated daily intake (mg/kg bw per day); 
SAF = soil allocation factor (dimensionless); 
BW = adult or toddler body weight (kg); 
AFG = absorption factor for gut (dimensionless); 
AFL = absorption factor for lung (dimensionless); 
AFS = absorption factor for skin (dimensionless); 
SIR = adult or toddler soil ingestion rate (kg/day); 
IRS = inhalation of particulate matter re-suspended from soil (kg/day); 
SR = adult or toddler soil dermal contact rate (kg/day; calculated below); 
ET1 = exposure term 1 (dimensionless) (days/week ÷ 7 x weeks/year ÷ 52); 
ET2 = exposure term 2 (dimensionless) (hours/day ÷ 24); and, 
BSC = background soil concentration (mg/kg). 

Carcinogens

BSC
ETSRAFETIRAFSIRAF

BWRsDSRG
SSLG

HH
12

)(

Where: 
SRGHH = preliminary human health-based soil remediation guideline (mg/kg); 
RsD = risk-specific dose (mg/kg bw per day); 
BW = adult body weight (kg); 
AFG = absorption factor for gut (dimensionless); 
AFL = absorption factor for lung (dimensionless); 
AFS = absorption factor for skin (dimensionless); 
SIR = adult soil ingestion rate (kg/day); 
IRS = inhalation of particulate matter re-suspended from soil (kg/day); 
SR = adult soil dermal contact rate (kg/day); 
ET1 = exposure term 1 (dimensionless) (days/week ÷ 7 x weeks/year ÷ 52); 
ET2 = exposure term 2 (dimensionless) (hours/day ÷ 24); and, 
BSC = background soil concentration (mg/kg). 
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Note that in contrast to the CCME (2006a) protocol, an exposure term based on the 
exposure scenario is used for commercial and industrial land use for carcinogens. 

3.1.1 Soil Dermal Contact Rate
The soil dermal contact rate (SR) is the mass of contaminated soil which is assumed to 
contact the skin each day.  This parameter is calculated as follows (CCME, 2006a): 

EFDLSADLSASR OOHH

Where: 
SR = soil dermal contact rate (kg/day); 
SAH = exposed surface area of hands (m2);
DLH = dermal loading of soil to hands (kg/m2 per event); 
SAO = area of exposed body surfaces other than hands (m2);
DLO = dermal loading of soil to other surfaces (kg/m2 per event); and, 

 EF = exposure frequency (events/day). 

The soil dermal contact rate is calculated separately for toddlers and adults using the 
parameters in Table C-1. 

3.2 Inhalation 
Soil and groundwater guidelines protective of the indoor infiltration and inhalation 
pathway were calculated for volatile organic compounds using the equations from the 
CCME (2006a) protocol without change for soil and adapted as appropriate for 
groundwater.

3.2.1 Adjustment Factor
Consistent with the approach taken in CCME (2008a), an adjustment factor of 10 is 
applied in the equations below for petroleum hydrocarbons (see Section 2.1), to account 
for empirical evidence that measured indoor air concentrations are typically lower by at 
least this factor than concentrations predicted from the models below.  The adjustment 
factor takes the value of 1 for all non-petroleum hydrocarbon chemicals, reflecting the 
lack of any empirical data to support such a factor for these chemicals. 

3.2.2 Assumptions
Assumptions implicit in the model include the following: 

contaminant vapour immediately above the groundwater table is assumed to be in 
equilibrium with contaminant concentrations in the groundwater based on 
Henry’s Law; 

the soil is physically and chemically homogeneous; 

cracks in the building floor slab are filled with dry material of the underlying soil 
type;

the moisture content is uniform throughout the unsaturated zone; 
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decay of the contaminant source is not considered (i.e., infinite source mass); 

attenuation of the contaminant in the unsaturated zone is not considered, except in 
the case of hydrocarbons, where the adjustment factor accounts empirically for 
this and other processes; 

interactions of the contaminant with other chemicals or soil minerals are not 
considered.

3.2.3 Soil

Non-Carcinogens

BSC
ETH

AFDFSAFHfKCTCSRG
b

iabococwa
I 6

3

10'
10'

Where: SRGI = soil remediation guideline for indoor infiltration (mg/kg);
TC = tolerable concentration (mg/m3);
Ca = background air concentration (mg/m3);

w = moisture-filled porosity (dimensionless);
Koc = organic carbon partition coefficient (L/kg);
foc = fraction of organic carbon (g/g);

b = dry soil bulk density (g/cm3);
H  = Henry’s Law Constant (dimensionless);

a = vapour-filled porosity (dimensionless);
SAF = soil allocation factor (dimensionless);
DFi = dilution factor from soil gas to indoor air (calculated below);
103 = conversion factor from kg to g;
AF = adjustment factor (10, hydrocarbons; 1, non-petroleum hydrocarbons);
ET = exposure term (dimensionless);
106 = conversion factor from m3 to cm3; and,
BSC = background soil concentration (mg/kg).

Carcinogens

BSC
ETH

AFDFHfKRsCSRG
b

iabococw
I 6

3

10'
10'

Where: SRGI = soil remediation guideline for indoor infiltration (mg/kg); 
 RsC = risk-specific concentration (mg/m3);

w = moisture-filled porosity (dimensionless); 
 Koc = organic carbon partition coefficient (L/kg); 
 foc = fraction of organic carbon (g/g); 

b = dry soil bulk density (g/cm3);
 H  = Henry’s Law Constant (dimensionless); 

a = vapour-filled porosity (dimensionless); 
 DFi = dilution factor from soil gas to indoor air (calculated below); 
 103 = conversion factor from kg to g; 
 AF = adjustment factor (10, hydrocarbons; 1, non-petroleum hydrocarbons); 
 ET = exposure term (dimensionless); 
 106 = conversion factor from m3 to cm3; and, 
 BSC = background soil concentration (mg/kg). 
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Note that in contrast to the CCME (2006a) protocol, an exposure term of 0.2747 
(corresponding to exposure to site-related contaminants for 10 hours/day, 5 
days/week, and 48 weeks/year) is used for commercial and industrial land use for 
carcinogens.

3.2.4 Groundwater 
Groundwater remediation guidelines were calculated using equations analogous to those 
above, but with adaptations to account for a groundwater, rather than soil, source. 

Non-Carcinogens

310' ETH
AFDFSAFCTCGWRG ia

I

Where: GWRGI= groundwater remediation guideline for indoor infiltration (mg/L); 
TC = tolerable concentration (mg/m3);

 Ca = background air concentration (mg/m3);
 SAF = soil allocation factor (dimensionless); 
 DFi = dilution factor from soil gas to indoor air (calculated below); 
 AF = adjustment factor (10, hydrocarbons; 1, non-petroleum hydrocarbons); 
 H  = Henry’s Law Constant (dimensionless); 
 ET = exposure term (dimensionless); and, 
 103 = conversion factor from m3 to L. 

Carcinogens

310' ETH
AFDFRsCGWRG i

I

Where: GWRGI= groundwater remediation guideline for indoor infiltration (mg/L); 
RsC = risk-specific concentration (mg/m3);

 DFi = dilution factor from soil gas to indoor air (calculated below); 
 AF = adjustment factor (10, hydrocarbons; 1, non-petroleum hydrocarbons); 
 H  = Henry’s Law Constant (dimensionless); 
 ET = exposure term (dimensionless); 
 103 = conversion factor from m3 to L; and, 

Note that in contrast to the CCME (2006a) protocol, an exposure term of 0.2747 
(corresponding to exposure to site-related contaminants for 10 hours/day, 5 days/week, 
and 48 weeks/year) is used for commercial and industrial land use for carcinogens. 

3.2.5 Dilution Factor Calculation
This section presents the equations (CCME, 2006a) that were used to calculate the 
dilution factor in the above equations.  The dilution factor (DFi) was calculated as 
follows:  
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1DFi

Where: DFi = dilution factor from soil gas concentration to indoor air concentration 
(unitless); and, 

 = attenuation coefficient (unitless; see derivation below). 

Calculation of 

The attenuation coefficient, , was calculated using the following equation: 

1
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Where: 
 = attenuation coefficient (dimensionless); 

 DT
eff = effective porous media diffusion coefficient (cm2/s; calculated below); 

AB = building area (cm2);
QB = building ventilation rate (cm3/s; calculated below); 
LT = distance from contaminant source to foundation (cm); 
Qsoil = volumetric flow rate of soil gas into the building (cm3/s; calculated below); 
Lcrack = thickness of the foundation (cm); 
Dcrack = effective vapour diffusion coefficient through the crack (cm2/s; calculated 

below); and, 
Acrack = area of cracks through which contaminant vapours enter the building (cm2).

Calculation of DT
eff:

2
t

3
10

a
a

eff
T DD

Where: DT
eff = overall effective porous media diffusion coefficient based on vapour-

phase concentrations for the region between the source and foundation 
(cm2/s);

 Da = diffusion coefficient in air (cm2/s);
a = soil vapour-filled porosity (dimensionless); and, 
t = soil total porosity (dimensionless). 

Calculation of Dcrack:

Dcrack is calculated in exactly the same way as DT
eff, with the exception that the 

assumption is made that the soil material in the cracks is dry (CCME, 2006a), and 
accordingly, the air filled porosity is the same as the total porosity, and the equation 
becomes: 
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2

3
10

t

t
acrack DD

Where: Dcrack = effective porous media diffusion coefficient in floor cracks (cm2/s);
 Da = diffusion coefficient in air (cm2/s);

t = total porosity (dimensionless). 

Calculation of QB:

600,3
ACHHWLQ BBB

B

Where: QB = building ventilation rate (cm3/s);
 LB = building length (cm); 
 WB = building width (cm); 
 HB = building height (cm); 
 ACH  = air exchanges per hour (h-1); and, 
 3,600 = conversion factor from hours to seconds. 

Calculation of Qsoil:

crack

crack

crackv
soil

r
Z2ln

XPk2Q

Where Qsoil = volumetric flow rate of soil gas into the building (cm3/s);
P = pressure differential (g/cm s2);

 kv = soil vapour permeability to vapour flow (cm2);
 Xcrack = length of idealized cylinder (cm); 

 = vapour viscosity (0.000173 g/cm s; CCME, 2006a); 
 Zcrack = distance below grade to idealized cylinder (cm); and, 
 rcrack = radius of idealized cylinder (cm; calculated as Acrack/Xcrack).

3.3 Offsite Migration 
“Offsite Migration” guidelines are calculated to check that the guideline set for 
commercial and industrial land use will not result in adjacent more sensitive land being 
contaminated at levels above the applicable guideline for the sensitive land due to wind 
and/or water transport of contaminated soil from the commercial or industrial site.  The 
guideline is calculated using the equation provided in the CCME (2006a) protocol: 

BSCSRGSRG AOM 3.133.14

Where SRGOM= soil remediation guideline protective of offsite migration (mg/kg); 
 SRGA = soil remediation guideline for human direct soil contact for agricultural 

land use (mg/kg); and, 
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BSC = background soil concentration (mg/kg). 

A similar off-site migration check is calculated for ecological health using the ecological direct 
contact soil remediation guideline for agricultural land use. 
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4. ECOLOGICAL EXPOSURE PATHWAYS 

4.1 Direct Contact 

4.1.1 Soil
The exposure pathway considering direct contact of plants, soil invertebrates and 
microbes with contaminated soil is an important primary pathway in CCME (2006a), and 
is also important in the framework under which the Alberta Tier 1 guidelines were 
developed.  Existing CCME soil quality guideline values were adopted for this exposure 
pathway. The reader is referred to CCME (2006a) for information on the protocol used to 
develop the existing guidelines for this exposure pathway.

The CCME recently reviewed the direct contact exposure pathway for petroleum 
hydrocarbon guidelines.  As part of the review, a study was commissioned to review 
currently available data and identify suitable data for guideline derivation.  The guideline 
derivation process followed CCME (2006a) recommendations as closely as possible.  
Some data came from research programmes that were not related to CCME guideline 
development, but that were nevertheless deemed to provide important information for 
guideline development.  Alternative data treatments were developed for these data 
without compromising CCME or Alberta Environment  protection goals.   Details of the 
guideline derivation processes are documented in CCME (2008a).  To maintain 
consistency with the CCME approach for benzene, toluene, ethylbenzene, and xylenes, 
subsoil ecocontact guidelines for petroleum hydrocarbons were set at twice the surface 
soil guidelines. 

4.1.2 Groundwater
The direct contact of shallow groundwater with plants and soil invertebrates pathway is 
applicable  whenever groundwater is present within 3 m of the ground surface.  It applies 
to all land uses, and is based on the corresponding soil guideline.  The approach for this 
exposure pathway for three different chemical classes is provided below. 

Non-Polar Organic Compounds

Non-polar organic compounds can partition between soil organic carbon, pore water, and 
pore vapour, based on well-established partitioning equations.  The guideline for this 
exposure pathway for these chemicals is calculated from existing eco soil contact soil 
remediation guidelines using standard assumptions for the partitioning of the contaminant 
between soil and pore water.  Separate guidelines are calculated for coarse and fine soils, 
using the following equation: 

abococw

b
DCDC HfK
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'

Where: GWRGDC= groundwater remediation guideline protective of direct contact 
with plants and soil invertebrates in areas of shallow groundwater 
(mg/L); 
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 SRGDC = soil remediation guideline protective of direct contact with plants 
and soil invertebrates (mg/kg); 

b = dry soil bulk density (g/cm3);
w = moisture-filled porosity (dimensionless); 

 Koc = organic carbon partition coefficient (L/kg); 
 foc = fraction of organic carbon (g/g); 
 H  = dimensionless Henry’s Law Constant (dimensionless); and, 

a = vapour-filled porosity (dimensionless). 

Soil remediation guidelines protective of ecological soil contact are available for selected 
chemicals in Appendix A. 

Salt Compounds

Groundwater guidelines for salts are not calculated in this document. 

Metals and Polar Organic Compounds

The potential interactions between metals or polar organic compounds and soils are 
complex in that they can be highly dependant on various environmental conditions 
including pH, clay mineralogy, redox conditions, and metal species present.  Attempting 
to set groundwater guidelines for these chemicals for this pathway would involve 
significant uncertainty, and accordingly, it is recommended that concerns with potential 
adverse effects on surface soil biota from metals and polar organic compounds in shallow 
groundwater be addressed on a site-specific basis by analyzing soil samples. 

4.2 Nutrient and Energy Cycling 
Existing CCME soil quality guideline values were adopted for this exposure pathway. 
The reader is referred to CCME (2006a) for information on the protocol used to develop 
the existing guidelines for this exposure pathway.

4.3 Soil and Food Ingestion 
The ingestion of contaminants in soil and contaminants bioaccumulated from soil into 
fodder by livestock or wildlife (soil and food ingestion pathway) forms part of the 
exposure scenario for natural areas or agricultural land use.  Where available, existing 
CCME guideline values for metals for livestock soil and food ingestion were adopted 
without change.  In general, these guidelines specifically considered livestock species, 
and so were not extrapolated to wildlife.  Existing CCME guidelines for polycyclic 
aromatic hydrocarbons, polychlorinated biphenyls (PCBs), dioxins and furans, and DDT 
were also adopted without change for this exposure pathway.  However, soil and food 
ingestion guidelines for these four compounds/groups considered primary, secondary and 
tertiary consumers, and accordingly the guidelines were considered protective of both 
livestock and wildlife. 

Soil ingestion guidelines were calculated for benzene, toluene, ethylbenzene, and xylenes 
(BTEX) and petroleum hydrocarbon fractions F1 to F4.  Petroleum hydrocarbons and 
BTEX are not considered to bioaccumulate into potential food species, and accordingly, 
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this guideline considered only soil ingestion for petroleum hydrocarbons.  The following 
equation was used to calculate the soil ingestion guideline for PHCs.  Livestock 
guidelines were calculated using parameters for a cow, as an economically important 
livestock species.  Wildlife guidelines were calculated using parameters for a meadow 
vole.  The meadow vole was selected since small animals are typically maximally 
exposed to contaminants.  Wildlife soil ingestion guidelines calculated using the meadow 
vole are expected to be protective for the majority of wildlife species. 

BFSIR
BWDTEDSRG

WL

WL
WLSI

/

/
/

75.0

Where: SRGSI-L/W= soil remediation guideline for soil ingestion - livestock or wildlife  
(mg/kg); 

0.75 = allocation factor (dimensionless); 
DTED = daily threshold effect dose (mg/kg-bw/day); 

 BWL/W = body weight - livestock or wildlife  (kg); 
 SIRL/W = soil ingestion rate - livestock or wildlife  (kg/day); and, 

BF = bioavailability factor (1.0; assumed). 

4.4 Offsite Migration 
“Offsite Migration” guidelines are calculated to check that the guideline set for 
commercial and industrial land use will not result in adjacent more sensitive land being 
contaminated at levels above the applicable guideline for the sensitive land due to wind 
and/or water transport of contaminated soil from the commercial or industrial site.  The 
guideline is calculated using the equation provided in the CCME (2006a) protocol: 

BSCSRGSRG AOM 3.133.14

Where SRGOM= soil remediation guideline protective of offsite migration (mg/kg); 
 SRGA = soil remediation guideline for ecological direct contact for 

agricultural land use (mg/kg); and, 
BSC = background soil concentration (mg/kg). 

A similar off-site migration check is calculated for human health using the human direct 
contact soil remediation guideline for agricultural land use. 
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5. GROUNDWATER PATHWAYS 

This section provides the protocols used to calculate soil and groundwater remediation 
objectives protective of exposure pathways involving groundwater.  The following 
receptors are considered: 

humans (potable drinking water sourced from groundwater); 

livestock (drinking water from a watering well, dugout, or surface water body 
potentially connected to contaminated groundwater); 

agricultural crops (irrigated from potentially contaminated groundwater); 

aquatic life (via lateral groundwater transport and discharge into a surface water 
body); and, 

wildlife (drinking water from a surface water body potentially connected to 
contaminated groundwater). 

In the first three cases, it is assumed that the water well or dugout could potentially be 
installed at any location, and hence it is assumed that there is no lateral offset between 
the location where the contaminated soil or groundwater is measured and the receptor. 

In the last two cases, a minimum lateral separation of 10 m is assumed between the 
location where the contaminated soil or groundwater is measured and the receptor 
(location of surface water body).  In cases where contamination is present within 10 m of 
a surface water body, a Tier 2 or Exposure Control approach is required. 

Surface water quality guidelines protective of the above water uses are provided in Table 
C-11, where available. 

5.1 Soil Remediation Guidelines 
Soil remediation guidelines for groundwater pathways were calculated using the model 
and equations from the CCME (2006a) protocol. Soil remediation guidelines for the 
protection of groundwater are not calculated for inorganic substances due to the 
uncertainties associated with the partitioning of metals between the adsorbed and 
dissolved phase as noted above; these substances should be assessed through site-specific 
groundwater sampling where these pathways are applicable. 

5.1.1 Model Assumptions
Assumptions implicit in the model include the following: 

1. the soil is physically and chemically homogeneous; 
2. moisture content is uniform throughout the unsaturated zone; 
3. infiltration rate is uniform throughout the unsaturated zone; 
4. depletion of the contaminant source is not considered (i.e., infinite source mass); 
5. flow in the unsaturated zone is assumed to be one dimensional and downward only 

(vertical recharge) with dispersion, sorption-desorption, and biological degradation; 
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6. contaminant is not present as an immiscible phase product; 
7. maximum possible concentration in the leachate is equivalent to the solubility limit of 

the chemical in water under the defined site conditions; 
8. groundwater aquifer is unconfined; 
9. groundwater flow is uniform and steady; 
10. co-solubility and oxidation/reduction effects are not considered; 
11. attenuation of the contaminant in the saturated zone is assumed to be one-dimensional 

with respect to sorption-desorption, dispersion, and biological degradation; 
12. dispersion in groundwater is assumed to occur in the longitudinal and transverse 

directions only and diffusion is not considered; 
13. mixing of the leachate with the groundwater is assumed to occur through mixing of 

leachate and groundwater mass fluxes; and 
14. dilution of the plume by groundwater recharge down-gradient of the source is not 

included.

5.1.2 Guideline Calculation
The soil remediation guideline protective of groundwater uses is calculated in the same 
way for all five groundwater uses noted at the start of Section 5, using the corresponding 
surface water quality guideline as the starting point for each, with 2 exceptions.  The first 
exception is that the lateral offset between the point at which the contaminated soil is 
measured and the surface water body (parameter “x” in the dilutilon factor 4 equation 
below) is assumed to be 10 m for aquatic life and wildlife watering, and zero for the other 
water uses. Therefore, dilution factor 4 is only active for aquatic life and wildlife 
watering and cannot be applied for other pathways. The second exception is that in the 
calculation of dilution factor 3 for the potable groundwater pathway only, the average 
thickness of the mixing zone (Zd) takes the fixed value of 2 m, reflecting the likely 
minimum screen length for a viable drinking water well. It should be noted that this 
second point reflects Alberta Environment policy and is not consistent with CCME 
(2006a).

The model considers four processes: 

1. partitioning of the substance from soil to pore water (leachate); 
2. transport of the leachate from the base of contamination to the groundwater table; 
3. mixing of the leachate with groundwater; and, 
4. transport of the substance in groundwater down-gradient to a discharge point. 

For each of these four processes, a dilution factor was calculated (DF1 through DF4, 
respectively).  DF1 has units of (mg/kg)/(mg/L) or L/kg.  The other three dilution factors 
are dimensionless [units of (mg/L)/(mg/L)].  The overall dilution factor is used to 
calculate the soil concentration that is protective of groundwater using the following 
equations:

SRGGR  =   SWQGFL x DF 

DF  =   DF1 x DF2 x DF3 x DF4 
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Where: SRGGR = soil remediation guideline protective of groundwater pathways 
(mg/kg); 

 SWQGFL = corresponding surface water quality guideline (drinking water, 
aquatic life, livestock or wildlife watering, or irrigation) (mg/L); 

 DF = overall dilution factor (L/kg); 
 DF1 = dilution factor for process 1 (L/kg); 
 DF2 = dilution factor for process 2 (dimensionless); 
 DF3 = dilution factor for process 3 (dimensionless); and, 
 DF4 = dilution factor for process 4 (dimensionless). 

Dilution Factor 1

Dilution factor 1 (DF1) is the ratio of the concentration of a contaminant in soil to the 
concentration in leachate that is in contact with the soil. This “dilution factor” represents 
the three phase partitioning between contaminant sorbed to soil, contaminant dissolved in 
pore water (i.e., as leachate), and contaminant present as soil vapour. DF1 is calculated 
using the following equation: 

b

aw
ococ

)'H(fK1DF

Where: 
 DF1 = dilution factor 1 (L/kg); 

 Koc = organic carbon-water partition coefficient (L/kg); 
 foc = fraction organic carbon (g/g); 

w = water filled porosity (dimensionless); 
 H  = dimensionless Henry’s Law constant (dimensionless); 

a = air filled porosity (dimensionless); and, 
b = dry soil bulk density (g/cm3).

Dilution Factor 2

Dilution factor 2 (DF2) is the ratio of the concentration of a contaminant in leachate that 
is in contact with the soil, to the concentration in pore water just above the groundwater 
table.  DF2 takes the value 1.00 (i.e., no dilution) for generic guidelines because it is 
assumed at Tier 1 that the contaminated soil extends down to the water table.  

Dilution Factor 3

Dilution factor 3 (DF3) is the ratio of the concentration of a chemical in pore water just 
above the groundwater table, to the concentration in groundwater beneath the source. 
This dilution factor reflects a decrease in concentration as leachate mixes with 
uncontaminated groundwater. DF3 is a function of groundwater velocity, infiltration rate, 
source length, and mixing zone thickness. The mixing zone thickness is calculated as 
being due to two processes: i) mixing due to dispersion, and ii) mixing due to infiltration 
rate. The equations used are as follows: 
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Where: 
DF3 = dilution factor 3 (dimensionless); 

 Zd = average thickness of mixing zone (m); 
V = Darcy velocity in groundwater (m/year); 
I = infiltration rate (m/year); 
X = length of contaminated soil parallel to groundwater flow (m); 
r = mixing depth due to dispersion (m); 
s = mixing depth due to infiltration rate (m); 

 da = unconfined aquifer thickness (m); 
K = aquifer hydraulic conductivity (m/year); and, 
i = lateral hydraulic gradient in aquifer (dimensionless). 

Note that the parameter Zd takes the fixed value of 2 m for the drinking water pathway, 
but is calculated as above for all other pathways. 

Dilution Factor 4

Dilution factor 4 (DF4) accounts for the processes of dispersion and biodegradation as 
groundwater travels downgradient from beneath the source of contamination, and is the 
ratio of the concentration of a chemical in groundwater beneath the source, to the 
concentration in groundwater at a distance (10 m for Tier 1 for aquatic life and wildlife 
watering) downgradient of the source. For distances less than 10 m, a value of 1 should 
be used for DF4. Consistent with CCME (2006b), the time independent (steady state) 
version of the equation to calculate DF4 was used: 
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Where: 
 DF4 = dilution factor 4 (dimensionless); 
 erf = the error function; 

A = group A (dimensionless); 
 C = group C (dimensionless); 
 D = group D (dimensionless); 
 x = distance to source (10 m, aquatic life and wildlife watering, 0 m 

other water uses); 
 Dx = dispersivity in the direction of groundwater flow (m); 
 Ls = decay constant (1/year); 

v = velocity of the contaminant (m/year); 
y = distance to receptor perpendicular to groundwater flow (0 m); 
Y = source width perpendicular to groundwater flow (m); 

 Dy = dispersivity perpendicular to the direction of groundwater flow  
(m); 

 t1/2s = decay half-life of contaminant in saturated zone of aquifer  (years); 
 d = water table depth (m); 
 V = Darcy velocity in groundwater (m/year); 

t = total soil porosity (dimensionless); 
 Rs = retardation factor in saturated zone (dimensionless); 

b = dry soil bulk density (g/cm3);
 Koc = organic carbon partition coefficient (mL/g); and, 
 foc = fraction organic carbon (g/g). 
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5.2 Groundwater Remediation Guidelines 
It is assumed that a dugout could potentially be constructed at any location on 
agricultural land and, accordingly, the livestock watering and irrigation water quality 
guidelines are applicable as groundwater remediation guidelines across all agricultural 
land. (see Table C-10). Furthermore, it is assumed that a water well could be constructed 
anywhere within a Domestic Use Aquifer (DUA). Accordingly, drinking water quality 
guidelines must be applied as groundwater remediation guidelines within the entire DUA 
. Therefore any modification of these guidelines is considered Exposure Control.  

For aquatic life or wildlife watering, it is assumed that there is a minimum 10 m lateral 
separation between the point of measurement and the surface water body.  

5.2.1 Model Assumptions
Assumptions implicit in the model include the following: 

the soil/aquifer material in the saturated zone is physically and chemically 
homogeneous; 

decay of the contaminant source is not considered (i.e., infinite source mass); 

the contaminant is not present as a free phase product; 

groundwater flow is uniform and steady; 

co-solubility and oxidation/reduction effects are not considered; 

dispersion is assumed to occur in the longitudinal and transverse directions only 
and diffusion is not considered; and, 

dilution of the plume by groundwater recharge down-gradient of the source is not 
included.

5.2.2 Guideline Calculation – Aquatic Life and Wildlife Watering
The groundwater remediation guideline protective of aquatic life and wildlife watering is 
calculated using the following equations. 

GWRGGR  =   SWQGFL x DF4    

Where: GWRGGR= groundwater remediation guideline protective of groundwater pathways 
(mg/kg); 

 SWQGFL= corresponding surface water quality guideline (aquatic life, or wildlife 
watering) (mg/L); 

 DF4 = dilution factor for process 4 (L/kg). 

Dilution factor 4 is calculated in the same way as described in Section 5.1.2 

For inorganic substances, the aquatic life surface water quality guidelines have been 
adopted directly because the processes that affect their transport in groundwater do not 
meet the model assumptions. 
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6. OTHER CONSIDERATIONS 

In addition to the exposure pathways described above, there are a range of other 
considerations relating to soil and groundwater contamination management including: 

aesthetics/nuisance issues, including smell, taste, and colour. 

concerns with damage to buried infrastructure (concrete foundations, metal 
pilings or pipelines, fibre-optic communication cables, power cables, polymer 
piping and joints, etc.); and, 

safety concerns with the possible build-up of flammable vapours or the exposure 
of workers to dangerous atmospheres, particularly in confined spaces. 

In this document, soil ecocontact guideline values that were derived under the CCME 
(2006a) protocol and previous versions implicitly incorporated the above soil 
management considerations in the ecological subsoil guidelines.  However, separate soil 
management limits for petroleum hydrocarbons have been developed according to the 
Canada-Wide Standards for Petroleum Hydrocarbons (PHCs) in Soil (CCME 2008a).  
Specific considerations were given to free phase formation, exposure to workers in 
trenches, fire and explosive hazards, effects on buried infrastructure, aesthetic 
considerations, and other technological factors.  Not all factors could be explored 
quantitatively so some decisions were based on a qualitative assessment of information 
for the given exposure pathway-receptor combination.  Where ecocontact subsoil 
guidelines developed under the CCME protocol (CCME, 2006a or previous versions) 
remained reasonable for any other management considerations and where no other 
information could be obtained, values for the ecocontact subsoil guidelines were adopted 
as management limits. 

Regardless of whether specific numerical values have been specified for the above 
considerations, the proponent is responsible for ensuring that these concerns are 
addressed by the site remediation and risk management activities. 
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Table C-1. Human Receptor Characteristics

Parameter Symbol Unit Toddler Adult 

Body Weight BW kg 16.5 70.7 

Air Inhalation Rate IR m3/d 9.3 15.8 

Soil Inhalation Rate IRS kg/d 7.1 x 10-9 1.2 x 10-8

Water Ingestion Rate WIR L/d 0.6 1.5 

Soil Ingestion Rate SIR kg/d 0.00008 0.00002 

Skin Surface Area 

- Hands SAH m2 0.043 0.089 

- Other SAO m2 0.258 0.25 

Dermal Loading to Skin 

- Hands DLH kg/m2-event 0.001 0.001 

- Other DLO kg/m2-event 0.0001 0.0001 

Dermal Exposure Frequency EF events/d 1 1

Exposure Term, agricultural and 
residential/parkland ET - 1 1 

Exposure Term, commercial and industrial ET - 0.2747 0.2747 
Exposure Term, agricultural and 
residential/parkland ET1 - 1 1 

Exposure Term, commercial and industrial ET1 - 0.6593 0.6593 
Exposure Term, agricultural and 
residential/parkland ET2 - 1 1 

Exposure Term, commercial and industrial ET2 - 0.4167 0.4167 

Notes: 

All values from CCME (2006a)     
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Table C-2.  Soil and Hydrogeological Parameters 

Parameter Symbol Unit Fine Soil Coarse Soil Notes 
      

Soil Bulk Density B g/cm3 1.4 1.7   

Soil Total Porosity t cm3/cm3 0.47 0.36   

Soil Moisture-Filled Porosity w cm3/cm3 0.168 0.119   

Soil Vapour-Filled Porosity a cm3/cm3 0.302 0.241   

Fraction of Organic Carbon foc mass/mass 0.005 0.005   

      

Saturated Hydraulic Conductivity K m/y 32 320   

Hydraulic Gradient i m/m 0.028 0.028   

Recharge (Infiltration) Rate I m/y 0.012 0.06 1 

Soil Permeability to Vapour Flow kv cm2 10-9 6x10-8 2 

      

Notes:           
All parameters values from CCME (2006a) except as noted 
1.  See Section 2.1 
2.  Fine grained value from CCME (2008a)

Table C-3.  Site Characteristics 

Parameter Symbol Unit Value 
    

Contaminant Source Width Perpendicular to Groundwater Flow Y m 10

Contaminant Source Length Parallel to Groundwater Flow X m 10

Contaminant Source Depth Z m 3

Distance to Surface Water x m 10

Distance to Potable Water User x m 0

Distance to Agricultural Water User x m 0 

Distance from Contamination to Building Slab LT cm 30 

Depth to Groundwater (water table) d m 3

Depth of Unconfined Aquifer da m 5 

Notes: 
All values from CCME (2006a)    
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Table C-5. Livestock and Wildlife Receptor Characteristics 
   

Parameter Symbol Unit Livestock 
(Cow) a

Wildlife
(Meadow Vole) 

Body Weight BW kg 550 a 0.017 c

Soil Ingestion Rate SIR kg/d 0.747 b 0.000058 d

Water Ingestion Rate WIR L/d 100 a 0.00357 a

Notes:     
a.  CCME (2006a)     
b.  NRC (1996)     
c.  USEPA (1993)     
d.  calculated; see text     
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Table C-10. Petroleum Hydrocarbon Subfraction Distribution 

Soil
TPH Sub-fraction (Proportion of Total Fraction Mass)

Fraction Fraction 1 Fraction 2 Fraction 3 Fraction 4 
Aliphatics
C6-C8 0.55
C>8-C10 0.36
C>10-C12 0.36
C>12-C16 0.44
C>16-C21 0.56
C>21-C34 0.24
C>34 0.8
Aromatics
C>7-C8
C>8-C10 0.09
C>10-C12 0.09
C>12-C16 0.11
C>16-C21 0.14
C>21-C34 0.06
C>34 0.2
Sum of all subfractions 1 1 1 1

Notes:
Source: CCME (2008a) 
     

Groundwater 
TPH Sub-fraction (Proportion of Total Fraction Mass)

Fine Soil Coarse Soil 
Fraction Fraction 1 Fraction 2 Fraction 1 Fraction 2 
Aliphatics
C6-C8 0.5768   0.6047   
C>8-C10 0.0663   0.0632   
C>10-C12   0.0239   0.024
C>12-C16   0.0015   0.0015 
Aromatics
C>7-C8
C>8-C10 0.3569   0.3321   
C>10-C12   0.6029   0.6034 
C>12-C16   0.3718   0.3711 
Sum of all subfractions 1 1 1 1
Notes:         
Source: CCME (2008a)     
Subfraction distribution in groundwater not required for F3 and F4 due to low aqueous 
solubility
These values were calculated from the soil subfraction distributions above 
based on equilibrium partitioning assumptions, see text. 
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SUMMARY OF ECO-SSLs FOR ALUMINUM

Aluminum (Al) is the most commonly occurring metallic element, comprising eight percent of
the earth's crust (Press and Siever, 1974).  It is a major component of almost all common
inorganic soil particles, with the exceptions of quartz sand, chert fragments, and
ferromanganiferous concretions.  The typical range of aluminum in soils is from 1 percent to 30
percent (10,000 to 300,000 mg Al kg-1) (Lindsay, 1979 and Dragun, 1988), with naturally
occurring concentrations varying over several orders of magnitude. 

EPA recognizes that due to the ubiquitous nature of aluminum, the natural variability of
aluminum soil concentrations and the availability of conservative soil screening benchmarks
(Efroymson, 1997a; 1997b), aluminum is often identified as a COPC for ecological risk
assessments.   The commonly used soil screening benchmarks (Efroymson, 1997a; 1997b) are
based on laboratory toxicity testing using an aluminum solution that is added to test soils. 
Comparisons of total aluminum concentrations in soil samples to soluble aluminum-based
screening values are deemed by EPA to be inappropriate.

The standard analytical measurement of aluminum in soils under CERCLA contract laboratory
procedures (CLP) is total recoverable metal.   The available data on the environmental chemistry
and toxicity of aluminum in soil to plants, soil invertebrates, mammals and birds as summarized
in this document support the following conclusions:

• Total aluminum in soil is not correlated with toxicity to the tested plants and soil
invertebrates.

• Aluminum toxicity is associated with soluble aluminum.

• Soluble aluminum and not total aluminum is associated with the uptake and
bioaccumulation of aluminum from soils into plants. 

• The oral toxicity of aluminum compounds in soil is dependant upon the chemical
form (Storer and Nelson, 1968).  Insoluble aluminum compounds such as
aluminum oxides are considerably less toxic compared to the soluble forms
(aluminum chloride, nitrate, acetate, and sulfate). For example, Storer and Nelson
(1968) observed no toxicity to the chick at  up to 1.6% of the diet as aluminum
oxide compared to 80 to 100% mortality in chicks fed soluble forms at 0.5% of
the diet.

Because the measurement of total aluminum in soils is not considered suitable or reliable for the
prediction of potential toxicity and bioaccumulation, an alternative procedure is recommended
for screening aluminum in soils.  The procedure is intended as a practical approach for
determining if aluminum in site soils could pose a potential risk to ecological receptors.  This
alternative procedure replaces the derivation of numeric Eco-SSL values for aluminum. Potential
ecological risks associated with aluminum are identified based on the measured soil pH. 
Aluminum is identified as a COPC only at sites where the soil pH is less than 5.5. 
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1.0 INTRODUCTION

Aluminum (Al) is the most commonly occurring metallic element, comprising eight percent of
the earth's crust. Only oxygen and silicon are more abundant (Press and Siever, 1974).  It is a
major component of almost all common inorganic soil particles with the exceptions of quartz
sand, chert fragments, and ferromanganiferous concretions.  The typical range of aluminum in
soils is from 1% to 30% (10,000 to 300,000 mg Al kg-1) [compiled by Lindsay (1979) and
Dragun (1988)].  In his text book on Chemical Equilibria in Soils, Lindsay (1979) used an
arbitrary aluminum reference concentration for all soils as averaging 7.1% (71,000 mg Al kg-1).

Aluminosilicates, including the feldspars, micas, and clay minerals, are the most common
primary and secondary minerals in soils (McLean, 1965). Aluminum oxide, Al2O3, occurs as
corundum and emery. The hydroxide, Al(OH)3, occurs as gibbsite. Diaspore (AlOOH) and
cryolite are other sources of soil aluminum (Hesse, 1972).  Aluminum also occurs in interlayer
positions in clays, often forming complete layers to which the term chlorite is sometimes
applied.
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2.0 ALUMINUM CHEMISTRY

The aluminum ion bonds through oxygen to form a wide variety of functional groups. In igneous
rocks, aluminum is largely bonded to oxygen ions in tetrahedral coordination. As the rocks
weather, aluminum progressively acquires more octahedral bonding. The weathering release of
aluminum from 2:1 layer silicates in soils is enhanced by inputs of acids from the natural
decomposition of organic matter and minerals and from pollution (McBride, 1994).  Acids as
weak as dilute H2CO3 have been shown to decompose the silicate and montmorillonite layers
facilitating the release of aluminum (Jackson, 1963).

The hydrated aluminum ion (Al hexahydronium ion) is an acid in the general sense that it
contains protons (hydrogen ions) removable from the six water molecules (-OH2) surrounding
the aluminum in an octahedral coordination. For simplicity these hydrolysis species are generally
written without the hydrated water even though the water is present.  This trivalent cation
complex occurs in acid solutions of pH 5.0 or 5.2 and below (Jackson, 1963; McLean et al.,
1965; Tisdale and Nelson, 1975). As the pH of the soil solution increases, first one and then two
of the (-OH2) groups lose a hydrogen ion to form an (-OH) ion, resulting in di- or mono-valent
hydroxyaluminum cations. All three of these cation species are adsorbed by negatively charged
(cation) exchange sites in the soil. The di- and monovalent forms are adsorbed more strongly
than Al(-OH2)6

3+ (McLean et al., 1965; Jackson, 1963). This ion is octahedrally hydrated and
therefore less strongly held electrostatically and by hydrogen bonding than are the di- or mono-
valent hydroxy-aluminum cations (Jenny, 1961). It is readily displaced from the clay with a
neutral salt such as potassium chloride (Jenny, 1961; Jackson, 1963; McLean et al., 1965;
Tisdale and Nelson, 1975).

As the pH increases still further, the third (-OH2) group loses a hydrogen ion, and aluminum
hydroxide, Al(OH)3  3H2O, is formed. The steps in the dissociation of protons from the
hydrated aluminum ion in dilute solution may be represented by the following equations
(Jackson, 1963; Black, 1968; Lindsay, 1979; McBride, 1994; Tisdale and Nelson, 1975): 

Al(H2O)6
3+ + H2O = Al(H2O)5OH2+ + H+ log K1 = -4.97

Al(H2O)5OH2+ + H2O = Al(H2O)4(OH)2
+ + H+ log K2 = -4.93

Al(H2O)4(OH)2
+ + H2O = Al(H2O)3(OH)3

0 (aq) + H+ log K3 = -5.7

Al(H2O)3(OH)3
0 (aq) + H2O = Al(H2O)2(OH)4

- + H+ log K4 = -7.4

The concentrations of these species as a function of pH are shown in Figure 2.1.

Once soil pH is lowered much below 5.5, aluminosilicate clays and aluminum hydroxide
minerals begin to dissolve, releasing aluminum-hydroxy cations and Al(H2O)6

3+ that then
exchange with other cations from soil colloids.  The fraction of exchange sites occupied by
Al(H2O)6

3+ and its hydrolysis products can become large once the soil pH falls below 5.0. 
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Furthermore, as the pH is lowered, the concentration of soluble aluminum, which is toxic,
increases (McBride, 1994).

The chemistry of Al(H2O)6
3+ (normally written without the water molecules as Al3+) in soil

solution is complicated by the fact that soluble inorganic and organic ligands form complexes
with Al3+.  Whether a ligand increases or decrease aluminum solubility depends on the particular
aluminum-ligand complex and its tendency to remain in solution or precipitate.  Ligands that
increase the overall solubility of aluminum include F-, oxalate2-, citrate3-, fulvic acid, and
monomeric silicate.  Those that decrease the overall solubility of aluminum include phosphate,
sulfate, polymeric silicate, and hydroxyl.  It is usually the case that a large fraction of the soluble
aluminum is found in the form of organic and fluoride complexes.  Some of the aluminum may
also be complexed with soluble silicate.  There is evidence that these various complexed forms
of aluminum are much less phytotoxic than soluble Al3+ or Al-hydroxy cations.  In fact, the Al3+

activity in soil solution is better correlated to diminished root growth in acid soils that is total
soluble aluminum or exchangeable aluminum as a fraction of cation exchange sites (McBride,
1994).

There is some evidence to suggest that the Al13O4(OH)24(H2O)12
7+ polymeric cation is highly

phytotoxic.  This is a metastable species, however, that may not exist in soil solutions.  It may be
formed by localized and transitory high pH conditions created during the titration of aluminum
salt solutions with strong base (McBride, 1994).
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Figure 2.1.   Solubility diagram of the most significant species of aluminum in an
aqueous solution of AlCl3.  Gibbsite (AlOH3) is present as the solid phase at all pH
values.  The broken line depicts total soluble aluminum (sum of all species
concentrations).  Polymetric aluminum- hydroxy cations are not significant species
under the conditions of this system (from McBride, 1994).
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3.0 EFFECTS OF ALUMINUM ON PLANTS

The extensive research literature in the agricultural sciences on the effects of aluminum on plants
dates back nearly a century. There is an ongoing need to identify not only the essential plant
nutrients but also factors that limit optimal plant growth and productivity. Once aluminum was
found to limit plant growth, efforts were made to discover the modes of action for aluminum
toxicity, the ways to predict which soils were aluminum toxic, the methods to amend these
problem soils to ameliorate aluminum toxicity, and breeding programs to produce aluminum
tolerant plants.

3.1   General Effects

The toxic effects of aluminum on plants has been noted by many workers.  Toxic levels of
aluminum decrease the height and both the fresh and dry weight yields of plants (Rees and
Sidrak, 1961; Munns, 1965; Hortenstine and Fiskell, 1961). The effects on roots occur long
before any noticeable effects to the tops (McLean and Gilbert, 1927). The first evidence of injury
in the roots is a discolored appearance. Then lateral roots become stunted, or fail to develop, and
the whole root system fails to elongate (McLean and Gilbert, 1927; and Rhue and Grogan,
1977). This effect on root elongation has also been reported by Clarkson (1965), Matsumoto et
al. (1976), Keser et al. (1975), Lafever et al. (1977), Rees and Sidrak (1961), and Fleming and
Foy (1968). Injury to roots is characterized by a disorganization of the root cap, root apex, and
vascular elements (Fleming and Foy, 1968). According to a study by McLean and Gilbert
(1927), it appeared as if aluminum decreased the permeability of the roots to water and nutrients

The toxic effects of aluminum to plants are observed in association with soluble aluminum
(Al3+).  For example, Mulder et al. (1989) observed a dose response relationship between ‘Tyler’
wheat root length versus the concentration of Al 3+ (see Figure 3.1).

In addition, several studies of conifers grown in Al-enriched solutions at a pH lower than 5.5
resulted in reduced root growth rates (Hutchinson et al. 1986), shorter roots, less root mass, and
lower root:shoot ratios than controls (Nosko et al. 1988), and reduced root elongation (Eldhuset
et al. 1987).  When beech trees were exposed to Al-enriched solutions at a pH range of 4.2 to
5.4, their leaves, roots and stems were 21% to 44% lower than controls (Bengtsson et al. 1988)
(Sparling and Lowe, 1996).
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Figure 3.1.  ‘Tyler’ wheat root length versus concentration of Al3+

                       (from Parker et al., 1989).
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3.2   Essentiality

Although there is no convincing evidence of its essentiality in plants, aluminum has long been
known to be a constituent of a blue pigment in Hydrangea (Chenery, 1948).  There also have
been many examples reported over the past 50 years in which plant growth has been stimulated
by subtoxic concentrations of aluminum (Matsumoto et al., 1976; Bertrand and de Wolf, 1968). 
The beneficial effects of aluminum may relate to reduction by the aluminum of the uptake of a
second element present in the root environment at potentially toxic concentrations (Liebig et al.,
1942; Suthipradit, 1988)  In most cases in which positive effects of aluminum on plant growth
have been reported, there has been insufficient supporting information to establish whether or
not they were indirect effects mediated through alleviation of toxicity of another element.  Most
positive responses to aluminum have been observed at nominal aluminum concentrations of < 37
mmM.  However, because of the ease with which free aluminum ions are lost from solution by
complexation, polymerization, and precipitation reactions, the actual aluminum concentrations in
solution have probably been much lower (Asher, 1991)

3.3   Effect on Phosphorus and Calcium

In addition to root growth inhibition, a decrease in the uptake and utilization of phosphorus is the
primary symptom of aluminum toxicity in some susceptible plant species (MacLean and
Chiasson, 1966; Naidoo et al., 1978). Aluminum inactivates phosphorus, primarily within the
roots of plants, and thus interferes with the normal phosphate metabolism of plants (Wright,
1943; Wright, 1945; Wright and Donahue, 1953). Naidoo et al. (1978) found that aluminum and
phosphorus were mainly concentrated on or in the outer cells of the root caps. Utilizing a
scanning electron microscope focused at one point, Naidoo et al. (1978) found that "spot"
analysis of the outer cell of snapbean and cotton root caps at high magnification showed that
aluminum and phosphorus formed a precipitate at the cell surface when aluminum was present in
nutrient solution. Data from Clarkson (1966) indicated that 85 to 95% of the aluminum in the
roots was located in the cell wall fraction. This aluminum seemed to fix the phosphorus by an
absorption-precipitation reaction, an extension of the reaction found in soils. According to
McCormick and Borden (1972 and 1974), the Al-PO4 precipitate occurred as scattered globules
rather than as a continuous layer. The absorption-precipitation phenomenon occurred in the
extracellular and intercellular material of the root cap. McCormick and Borden (1972) also
concluded that aluminum may not only reduce phosphate availability by preventing the uptake of
external sources, but also may be able to "extract" the phosphate from the root tissue and disrupt
important metabolic activities.

In addition to the nonmetabolic interaction between aluminum and phosphate at the cell surface
or in the free space, a small proportion of the total aluminum found in the root appears to be
inside the cell. Internal precipitation of phosphorus cannot explain the rapid cessation of cell
division in terms of phosphorus starvation. Any interaction between aluminum and phosphorus
must be at a metabolic level rather than a phosphorus deficiency through precipitation in order
for cell division to stop suddenly. The results of Clarkson (1965) showing reduction and
cessation of root growth might be explained by an effect of aluminum on the turn-over of certain
key phosphorylated compounds such as adenosine triphosphate (ATP). Observations suggested
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aluminum may either inhibit hexokinase or combine with the substrate to make it unavailable
(Clarkson, 1966).

Aluminum within root cells probably accumulates by ion exchange onto enteric phosphorus in
the nucleic acids and membrane lipids. aluminum in the nuclei may act directly to reduce or
inhibit cell division by interference with nucleic acid replication (Clarkson, 1965; Matsumoto et
al., 1976; Naidoo et al., 1978). Ragland and Coleman (1962) and Rees and Sidrak (1961)
postulated that aluminum may cause a rearrangement of cell constituents and the protoplasm to
coagulate.

Researchers have observed that aluminum causes a calcium deficiency in plants (Long and Foy,
1970; Armiger et al., 1968; Vlamis, 1953; Evans and Kamprath, 1970; MacLean and Chiasson,
1966) which was due not to a deficiency of calcium in the growth medium, but to the detrimental
effect of aluminum on adsorption and translocation of calcium.

3.4   Differential Tolerance of Plants to Aluminum Toxicity

Species of plants show a considerable difference in the amount of aluminum they are able to
tolerate. Susceptible plants can tolerate no more than one or two parts per million (ppm) in
nutrient solutions while other plants can tolerate over 100 ppm with little damage (McLean and
Gilbert, 1927; Ligon and Pierre, 1932; Peiffer, 1976; Chapman, 1966).  Rhue and Grogan (1977)
and Reid et al. (1969) theorized that aluminum tolerance is genetically controlled. Vose and
Randall (1962) cite the cation exchange capacity of the roots as a possible factor in aluminum
resistance. Tolerance to both aluminum and manganese toxicities was associated with a low
cation exchange capacity of the plant root, which favors mono- to di-valent uptake in accordance
with the Donnan theory. Naidoo et al. (1978), Keser et al. (1975), and Foy et al. (1978)
postulated that tolerant plants have a mechanism for preventing aluminum uptake. Foy et al.
(1978) found that certain aluminum-tolerant cultivars of wheat, barley, rice, peas, and corn had
the ability to increase the pH of the small quantities of nutrient solutions in which they were
grown. The increase in pH decreased the solubility and toxicity of aluminum. The exact
physiological mechanism of aluminum- tolerance or toxicity, however, was unresolved (Foy et
al., 1978).



Eco-SSL for Aluminum November 20034-1

4.0     UPTAKE AND ACCUMULATION OF ALUMINUM BY PLANTS

4.1   Plant Uptake of Aluminum

According to Rasmussen (1968), the epidermal cells appear to effectively exclude the aluminum
from entering the root at the root cap. The mode of aluminum entry begins with the growth of a
lateral root from the pericycle. As the lateral root enlarges, the cells of the endodermis divide,
and, as the root forces its way through the cortex of the parent root, the lateral root is encased in
an endodermal layer. Once the root breaks through the surface, however, the endodermal layer
dies and sloughs-off, creating a path by which aluminum and other elements can penetrate into
the cortical and vascular tissue of both the lateral and parent roots.

Bioavailability of aluminum for plant uptake and toxicity is associated with pH, since aluminum
is soluble and biologically available in acidic (pH <5.5) soils and waters, but is biologically
inactive in circumneutral to alkaline (pH 5.5-8.0) conditions.  In alkaline soils and solutions (pH
>8.0), the solubility of aluminum increases, but its bioavailability is poorly known (Sparling and
Lowe, 1996).

Weathering or acidification to pH below 5.5 increases the dissolution kinetics of Al and places
some of the metal into solution, where it is readily bioavailable to living organisms (although
dissolved organic carbons, such as F, PO3

3- and SO4
2- can ameliorate toxicity by reducing

bioavailability) (Sparling and Lowe, 1996).  Once in solution, Al may combine with several
organic complexes, especially oxalic, humic, and fulvic acids.  Aluminum may also combine
with inorganic molecules, including sulfate (SO4

2-), fluoride (F-), phosphate (PO3
3-),

biocarbonates (HCO3
-), or hydroxides (OH-), depending on the relative concentrations of these

anions.  Biological activity and toxicity vary with composition.  For example, Al sulfates are
generally considered less toxic than hydroxide or organically bound Al (Driscoll and Schecher
1988).  Aqueous Al (Al3+), however, is more chemically and biologically active than that bound
to soil or sediments (Sparling and Lowe, 1996).

Monomeric and hydrolyzed forms of Al [Al3+, Al(OH)2+, Al(OH)2
+, Al(OH)3] are typically the

most toxic, whereas, polymeric and organically bound forms have slight to no phytotoxicity
(Fageria et al. 1988; Taylor, 1988).  Often, the sum of the concentrations of monomeric Al is
used to estimate the phytotoxicity to a growing medium.  Although Parker et al. (1989)
contended that polymeric Al can be as toxic as Al3+ in nutrient solutions, polymeric Al is
generally not soluble in soil and therefore, should not be as toxic.  In soil, the concentration of
Al3+ may suffice to predict toxicity (Sparling and Lowe, 1996).

4.2   Accumulation of Aluminum in Plant Tissue

Root staining techniques have shown that aluminum accumulates principally in the root tips of
the main root and lateral root tissue, with small quantities in the cortex and epidermal cells
(McLean and Gilbert, 1927; Fleming and Foy, 1968; Matsumoto et al., 1976). Aluminum has a
high affinity for pectin so that cell wall surfaces of the Donnan Free Space are the most obvious
areas for aluminum to concentrate upon entering the root (Rorison, 1965; Clarkson, 1967).
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Data on aluminum uptake by roots suggest that, in the initial stages, most of the aluminum
incorporated becomes bound to the adsorption sites in the cell wall, most likely to free carboxyl
groups. Aluminum may also be precipitated on the root or cell surfaces as Al(OH)3 by the
hydrolysis of Al(OH)2 and Al(OH) by free carboxyl groups (Clarkson, 1967). The positively
charged amorphous aluminum hydroxides are known to adsorb and precipitate phosphorus from
solution, forming Al(OH)2H2PO4. This same thing can happen on cell surfaces effectively
reducing the concentration of phosphorus available for metabolic uptake (Clarkson, 1967).
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5.0 EFFECTS OF ALUMINUM ON SOIL INVERTEBRATES 

A preliminary review of the literature revealed only one study on the toxicity of aluminum to
earthworms or other soil invertebrates.  Van Gestel and Hoogerwerf (unpublished), as reported
by Van Gestel (1992), determined the influence of soil pH on the sublethal toxicity of aluminum
for Eisenia andrei in artificial soil. Effects on growth and reproduction were studied in  worms
exposed for 6 weeks (Table 5.1).  Results were expressed in terms of a No-Observed-Effect-
Concentrations (NOEC).  They concluded that low soil pH significantly increased aluminum
toxicity.  At the highest pH tested (7.3), earthworm growth was significantly increased at high
aluminum concentrations in soil.  This increased growth was not related, however, to the
aluminum dose.  The effect of aluminum on cocoon production did not seem to be influenced by
soil pH.  At pH 3.4 (lowest pH reported), all worms died at 1000 mg Al kg1 dry soil.  At this pH
level cocoon production was almost completely inhibited at 320 mg Al kg-1, whereas at pH 4.3
and 7.3 it was only halved at this concentration.  Cocoon production in control groups was
significantly reduced at pH 3.4 compared to the two higher pH soils.  Aluminum extracted with
1N calcium chloride appeared to decrease with increasing soil pH.  The effects on growth and
cocoon production could, however, only partially be related to the amount of free aluminum in
the soil.  They concluded that other factors apparently also played a role.

Table 5.1. Influence of soil pH on the effect of aluminum on Eisenia andrei in artificial soil
(6 weeks exposure).

Parameter
NOEC (mg Al/kg dry soil) at pH

3.4 4.3 7.3
Survival 320 1000a 1000a

Growth 100 1000a    32b

Cocoon production 100  100    100
Cocoon fertility 100 1000a 1000a

Juveniles/fertile cocoons  100a 1000a 1000a

a Reliability of this value is low due to a low number of cocoons
b Growth was significantly increased at higher concentrations of aluminum
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6.0 UPTAKE AND ACCUMULATION OF ALUMINUM IN SOIL INVERTEBRATES

Data on the uptake and accumulation of aluminum from soil pore water into soil invertebrates
could not be located for review.
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7.0 MEASURING ALUMINUM IN SOILS 

When researchers, using nutrient solutions, displaced soil solutions, and soils at various pH
levels, discovered that conditions toxic to plants in acid soils were due, in many cases, to toxic
levels of aluminum, it was apparent that a way of determining the plant available aluminum
could be useful for the evaluation of the potential toxicity of a particular soil. Many different
methods of measuring aluminum in soils have been used.  Displacement of the soil solution, the
use of acid solutions, and buffered and unbuffered salt solutions are reported as methods for
extracting aluminum.

7.1   Total Aluminum

Total aluminum is often measured in soils because it provides useful information on the
characterization of soils with respect to the origin of parent materials and weathering.  It also
serves as a basis for calculating the mineralogical composition of the sample (Bertsch and
Bloom, 1996). Total soil aluminum as a direct measure of aluminum toxicity, however, appears
to have little or no value based on the previously presented information.  It is not possible to
correlate the soil solution concentration of aluminum to the total soil aluminum measurement. 
Mulder et al. (1989) measured total soil aluminum (%) and soil solution aluminum in samples
collected below plant rooting zones and found no relationship between the two concentrations
(Figure 7.1). 

7.2   Exchangeable and Extractable Aluminum

Exchangeable and extractable aluminum, displaced most commonly with an unbuffered salt
solution such as 1M KCl, 0.5M CaCl2, or 0.5M BaCl2,  traditionally have had two primary uses. 
The first is the formulation of lime requirements for acid soils (Kamprath, 1970; Reeve and
Sumner, 1970; Amedee and Peech, 1976; Farina et al., 1980; Juo and Kamprath, 1979; Oates and
Kamprath, 1983a,b). Second, because of its importance as a predominant cation in acid soils,
exchangeable aluminum is a critical variable in establishing effective cation exchange capacity
(ECEC) values, which are utilized for soil management and classification purposes, and in
evaluating changes in forested soils influenced by acidic deposition and land-use practices (Juo
et al., 1976; Pavan et al., 1984; Evans and Zelazny, 1987; Mulder et al., 1987; Lilieholm and
Feagley, 1988; Adams et al., 1990; Reuss et al., 1990; Rasmussen et al., 1991).  For these
applications, investigators are interested in arriving at a reproducible measure of exchangeable
Al3+ that reflects aluminum exchange equilibria as accurately as possible (Bertsch and Bloom,
1996).
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Figure 7.1.  Soil solution aluminum collected below plant rooting zones
                      (from Mulder et al., 1989).  
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7.3   Soluble Aluminum

Soluble aluminum in soil solutions can be an important parameter to study the impact of
acidification on forest soils and watershed, the formation (or dissolution) of secondary soil 
minerals, and to assess aluminum toxicity to plants in acid soils and aquatic organisms in
acidified watersheds.  Most techniques used to obtain soil solutions for chemical analysis of the
typical predominant soil cations (Ca2+ , Mg2+ , Na+, and K+) also can be used for aluminum. 
More care is needed, however, since aluminum is typically present in soil solution at much lower
concentrations and at much higher concentrations in the whole soil that the other soil cations. 
Also, the solubility of aluminum is pH dependent and factors that result in change of pH to a
value near neutrality can result in loss by precipitation. Many commonly utilized sampling
devices can result in either the removal of aluminum through sorption, or contamination of
aluminum through dissolution reactions.  Collection of samples with low aluminum
concentrations require great care to minimize contamination from background sources.  Methods
of collecting soil solutions in which to measure soluble aluminum include in situ sampling with
lysimeters, miscible displacement of soils in packed columns, centrifugation with or without a
heavy liquid immiscible with water, and filtrations of soil solution samples through a nonreactive
membrane filter with pore sizes of 0.45-mmm or less (Bertsch and Bloom, 1996).

Mulder et al. (1989) demonstrated that the relationship between soil solution pH and soluble
aluminum concentrations and demonstrated that above a pH of 5.0 soluble aluminum is not
measured (Figure 7.2). This data supports the conclusion that at a soil pH of 5.0 and higher,
soluble aluminum does not occur and toxicity associated with aluminum in soils is not expected. 
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Figure 7.2. Aluminum soil solution concentrations versus soil solution pH in
sub-soil solutions (below 50 cm depth) at six study sites (from Mulder
et al., 1989). 
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8.0 CONCLUSIONS ON SCREENING SOILS FOR ALUMINUM TOXICITY

Aluminum (Al) is the most commonly occurring metallic element comprising eight percent of
the earth's crust (Press and Siever, 1974).  It is a major component of almost all common
inorganic soil particles with the exceptions of quartz sand, chert fragments, and
ferromanganiferous concretions.  The typical range of aluminum in soils is from 1% to 30%
(10,000 to 300,000 mg Al kg-1) (Lindsay, 1979 and Dragun, 1988) with naturally occurring
concentrations variable over several orders of magnitude. 

EPA recognizes that due to the ubiquitous nature of aluminum, the natural variability of
aluminum soil concentrations and the availability of conservative soil screening benchmarks
(Efroymson, 1997b), aluminum is often identified as a contaminant of potential concern (COPC)
for ecological risk assessments.   The commonly used soil screening benchmarks (Efroymson,
1997b) are based on laboratory toxicity testing using aluminum solution amendments to test
soils.  Comparisons of total aluminum soil concentrations to solution based screening values are
deemed by EPA to be inappropriate.

The standard analytical measurement of aluminum in soils under CERCLA contract laboratory
procedures (CLP) is total recoverable metal.   The available data on the environmental chemistry
and toxicity of aluminum in soil to plants and soil invertebrates as discussed in the preceding
chapters supports the following conclusions:

• Total aluminum in soil is not correlated with toxicity to the tested plants and soil
invertebrates.

• Aluminum toxicity is associated with soluble aluminum.

• Soluble aluminum and not total aluminum is associated with the uptake and
bioaccumulation of aluminum from soils into plants.

Measurement of Soluble Aluminum in Soils

Chemical and toxicological information suggests that aluminum must be in a soluble form in
order to be toxic to biota.   It is, however, difficult to measure accurately or with precision the
concentration of soluble aluminum in pore water or in soil extracts.  The difficulties associated
with the measurement of soluble aluminum are discussed in detail in the previous chapters and
include the following:

• Contamination problems.  Aluminum is ubiquitous and the possibility of contamination
of pore water or soil extract samples with aluminum from other sources is high. Sampling
requires special handling to minimize background contamination.

• Forms of soluble aluminum which may be toxic are poorly understood
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• Techniques for measurement of soluble aluminum are not well developed and would
require refinement in order to consistently provide reproducible results that could be used
with confidence. 

Based on the available information, it is not possible at this time to recommend the direct
measurement of soluble aluminum as the method for prediction of toxicity of aluminum in soils.
It is possible to recommend as an alternative the measurement of soil pH.  The presence of
soluble aluminum forms is pH dependent. Thus, the measurement of soil pH provides an indirect
but reliable approach for assessing if soluble aluminum could be present. The use of a pH
screening level of 5.5 is considered environmentally protective .

Alternative Screening Procedure for Aluminum

Potential ecological risks associated with aluminum in soils is identified based on the measured
soil pH. Aluminum is identified as a COPC only for those soils with a soil pH less than 5.5.
The technical basis for this procedure is that the soluble and toxic forms of aluminum are only
present in soil under soil pH values of less than 5.5.  Site-specific considerations could, however
warrant inclusion of aluminum as a COPC.  
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1 Noise Monitoring 

1.1 Introduction 







 



1.2 Monitored Noise Levels 



1.3 Conclusions 

 

 





Aluminium Bahrain Date:14.06.11
Environment&IH Department

Wastewater Analysis - Half Year 1 of 2011
Sl.No: Parameter Unit Permissible Max.* Result (Smelter) Result (Calciner)

1 Temperature Delta T Dt ºC ± 3 +1 +1
2 pH pH 6 – 9 7.3 6
3 Total Suspended Solids mg/1 35 0.85 1.1
4 Oil and Grease mg/1 15 0.9 0.8
5 Sulphide mg/1 1 Nil Nil
6 Residual Chlorine mg/1 2 Nil 0.02
7 Total Phosphate (P) mg/1 2 0.33 0.6
8 B.O.D. mg/1 50 <10 12
9 Iron mg/1 10 0.4 0.45

10 Turbidity N.T.U. 75 2.1 1.5
11 Total Cyanide mg/1 0.1 <0.005 <0.005

12 Ammonia(As Nitrogen) mg/1 3 0.45 0.55
13 Floating Particles mg/m² Nil Nil Nil
14 Nitrate (NO3) as N mg/1 10 3.77 0.02
15 Nitrite (NO2) as N mg/1 1 0.92 0.01

16 Ch. Oxygen Demand mg/1 350 88 172
17 Total Kjeldahl Nitrogen mg/1 10 3.1 2.24
18 Total Organic Carbon mg/1 50 7.1 10
19 Phenols mg/1 1 0.07 0.01
20 Arsenic mg/1 0.5 <0.01 <0.01
21 Cadmium mg/1 0.05 0.04 < 0.02
22 Total Chromium mg/1 1 0.06 0.01
23 Copper mg/1 0.5 0.55 0.28
24 Lead mg/1 1 < 0.15 <0.15
25 Mercury mg/1 0.005 <0.001 <0.001
26 Nickel mg/1 0.5 0.04 0.075
27 Zinc mg/1 5 1.27 0.01
28 Total Coliforms MPN/100 10,000 14 13
29 Aluminium mg/1 25 0.029 <0.01
30 Fluorescent Petroleum Materials mg/1 0.1 0.07 <0.001

* Gazette Notification dated 12/12/2001
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The Demographic Profile of Bahrain

1

1. Population Trends:
a. Population Size of Bahrain
The population of Bahrain increased from 358 thousand in 1980 to approximately 1.3 million in 2010. It is
expected that the population will keep on increasing to reach 1.8 million in 2050.

Table 1: Population Size of Bahrain by Sex, 1980 to 2050
Population Size (thousands)

Year Males Females Total
1980 209 149 358
1985 238 179 417
1990 285 208 493
1995 323 236 559
2000 366 272 638
2005 415 310 725
2010 788 474 1,262
2015* 868 536 1,404
2020* 923 585 1,508
2025* 963 625 1,588
2030* 994 660 1,654
2035* 1,017 693 1,711
2040* 1,033 724 1,758
2045* 1,039 751 1,790
2050* 1,031 770 1,801

Source: United Nations, World Population Prospects: The 2010 Revision,
Available on: http://esa.un.org/unpd/wpp/unpp/panel_indicators.htm
* Projections (medium variant)

b. Population Growth in Bahrain
The growth rate of the population in Bahrain decreased from 3.35 percent to 2.55 percent during the period
1985 2005. This was followed by a sharp increase in the growth rate to 11.09 percent in 2005 20101.
Projections show that the growth rate of the Bahraini population will decrease to 2.13 percent in 2010 2015
and this downward trend will continue and will reach 0.13 percent in the period 2045 2050.

Table 2: Population Growth in Bahrain, 1980 to 2050
Period Population growth rate (%)

1980 1985 3.05
1985 1990 3.35
1990 1995 2.52
1995 2000 2.65
2000 2005 2.55
2005 2010 11.09
2010 2015* 2.13
2015 2020* 1.43
2020 2025* 1.04
2025 2030* 0.82
2030 2035* 0.67
2035 2040* 0.54
2040 2045* 0.36
2045 2050* 0.13

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)

1 The net migration rate for 2005 2010 is 90.2 per 1,000 population ref. Section 2.c.ii.
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2. Indicators of Demographic Transition:
a. Mortality Transition in Bahrain

i. Life Expectancy
Life Expectancy at Birth in Bahrain gained 4.1 years from the period 1980 1985 to the period 2005
2010, increasing from 70.5 years to 74.6 years. It is projected to reach 79.6 years for the period 2045
2050.

Table 3: Life Expectancy at Birth in Bahrain, 1980 to 2050

Year
Life Expectancy at Birth

(years)
Male Female Total

1980 1985 69.3 72.3 70.5
1995 2000 70.8 73.3 71.9
1990 1995 71.7 73.9 72.7
1995 2000 72.6 74.5 73.4
2000 2005 73.3 74.9 74.0
2005 2010 74.0 75.4 74.6
2010 2015* 74.7 76.1 75.3
2015 2020* 75.3 76.7 75.8
2020 2025* 75.9 77.4 76.5
2025 2030* 76.5 78.3 77.2
2030 2035* 77.2 79.0 77.8
2035 2040* 77.7 79.8 78.5
2040 2045* 78.3 80.5 79.1
2045 2050* 78.9 81.1 79.6

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)

ii. Infant mortality
The Infant Mortality Rate of the Bahraini Population was estimated at 21.9 infant deaths per 1,000
live births in 1980 1985 and decreased to 7.2 infant deaths per 1,000 live births in 2005 2010. It is
projected to continue this downward trend to reach 4.3 infant deaths per 1,000 live births in 2045
2050.

Table 4: Infant Mortality Rate in Bahrain, 1980 to 2050

Year
Infant mortality Rate (per 1,000 live births)

Male Female Total
1980 1985 22.7 21.1 21.9
1985 1990 16.6 16.2 16.4
1990 1995 14.0 14.3 14.1
1995 2000 11.1 11.9 11.5
2000 2005 8.6 9.7 9.1
2005 2010 6.6 7.9 7.2
2010 2015* 6.0 7.4 6.7
2015 2020* 5.6 6.9 6.2
2020 2025* 5.3 6.4 5.8
2025 2030* 4.9 6.0 5.4
2030 2035* 4.5 5.6 5.1
2035 2040* 4.3 5.3 4.8
2040 2045* 4.1 5.0 4.5
2045 2050* 3.9 4.8 4.3

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)
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iii. Under five mortality
The under five mortality rate was estimated at 14 deaths under age five per 1,000 live births in 1995
2000, and has decreased to 9 by 2010. It is projected to continue deceasing to reach 6 deaths per
1,000 live births by 2050.

Table 5: Under Five Mortality Rate in Bahrain, 1980 to 2050
Year Under Five Mortality Rate (per 1,000 live births)

Male Female Total
1995 2000 14 14 14
2000 2005 11 11 11
2005 2010 9 9 9
2010 2015* 8 9 9
2015 2020* 8 9 8
2020 2025* 7 8 8
2025 2030* 7 8 7
2030 2035* 6 7 7
2035 2040* 6 7 6
2040 2045* 6 7 6
2045 2050* 5 6 6

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)

iv. Maternal mortality
The maternal mortality ratio in Bahrain was estimated at 19 maternal deaths per 100,000 live births in
2008. The presence of a skilled attendant at birth was observed in 97 percent of the deliveries in the
period 2000 2010.
Source: World Health Statistics 2011, available on http://www.who.int/whosis/whostat/2011/en/index.html

v. Monitoring Progress in Achieving the ICPD+15 targets
Bahrain is performing very well with regard to meeting the global goals set by ICPD for life
expectancy, infant mortality, under five mortality and maternal mortality.

With a life expectancy of 74.0 years registered for the period 2000 2005, Bahrain has already
achieved the ICPD target of greater than 65/70 years set for 2005. Projections show that the country
will also meet the global goals of greater than 70/75 years set for 2015 by having a life expectancy of
75.3 years.

The Kindgdom’s infant mortality rate for the periods 1995 2000 and 2000 2005 was estimated at 11.5
and 9.1 infant deaths per 1,000 live births indicating that Bahrain has already met the target of 50/70
and of below 50 infant deaths for 2000 and 2005 respectively. The infant mortality rate is projected
to continue on decreasing to reach 6.7 infants deaths per 1,000 live births in 2015, which is lower
than the target of below 35 deaths per 1,000 live births set for the year 2015.

The same applies for under five mortality rate, which was estimated at 14 and 11 deaths per 1,000
live births in the periods 1995 2000 and 2000 2005 respectively (ICPD targets are 50/70 per 1,000 live
births for 2000 and below 60 per 1,000 live births for 2005), and is projected to continue decreasing
to reach 9 deaths per 1,000 live births in 2015 (ICPD target is below 45 per 1,000 live births for 2015).

As to maternal mortality, it stood at 19 maternal deaths per 100,000 live births in 2008, which is
already below the goal of 60 to 75 per 100,000 live births set for 2015. The same goes to birth
assisted by skilled attendants (quoted as 97 percent of the deliveries for the period 2000 2010),
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insinuating that Bahrain has exceeded the global target set for 2010 (at least 50 to 85 percent of all
births should be assisted by a skilled attendant).

b. Fertility Transition in Bahrain
i. Fertility Rate
The total Fertility Rate in Bahrain declined from 4.63 children per woman in 1980 1985 to 2.63 children
per woman in 2005 2010. Projections show that total fertility will decline further to reach 2.13
(Replacement level fertility is 2.1) children per woman in 2020 2025 and will keep on declining to reach
1.76 children per woman in 2045 2050.

Table 6: Total Fertility Rate in Bahrain, 1980 to 2050 (children per woman)
Year Total Fertility Rate (children per woman)

1980 1985 4.63
1985 1990 4.08
1990 1995 3.35
1995 2000 2.89
2000 2005 2.62
2005 2010 2.63
2010 2015* 2.43
2015 2020* 2.27
2020 2025* 2.13
2025 2030* 2.02
2030 2035* 1.92
2035 2040* 1.85
2040 2045* 1.80
2045 2050* 1.76

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)

ii. Contraceptive prevalence
In 1995, the prevalence of contraceptive use among married Bahraini women was estimated at 61.8
percent. The prevalence of use of modern methods reached 30.6 percent and that of traditional methods
31.2 percent.
Source: United Nations, World Contraceptive Use 2010, POP/DB/CP/Rev2010

c. Migration Transition in Bahrain
i. Internal Migration

The percentage of urban dwellers was estimated at 86.1 percent in 1980. It increased to reach 88.4
percent in 1995 and remained at this level up to 2005. Population projections show that this
percentage will continue to increase and will reach 92.3 percent in 2050.

Table 7: Urban and Rural Population in Bahrain, 1980 to 2050
Year Population (thousands) Year Annual rate

of change of
percentage
urban (%)

Annual rate
of change of
percentage
rural (%)

Urban Rural Total Percentage
urban

Percentage
rural

1980 299 48 347 86.1 13.9 1980 1985 0.24 1.58
1985 360 53 413 87.2 12.8 1985 1990 0.22 1.60
1990 434 58 493 88.1 11.9 1990 1995 0.06 0.42
1995 511 67 578 88.4 11.6 1995 2000 0.00 0.03
2000 574 76 650 88.4 11.6 2000 2005 0.01 0.08
2005 643 84 728 88.4 11.6 2005 2010* 0.04 0.34
2010* 701 91 791 88.6 11.4 2010 2015* 0.08 0.61
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Year Population (thousands) Year Annual rate
of change of
percentage
urban (%)

Annual rate
of change of
percentage
rural (%)

Urban Rural Total Percentage
urban

Percentage
rural

2015* 715 92 807 88.6 11.4 2015 2020* 0.11 0.88
2020* 784 97 882 89.0 11.0 2020 2025* 0.13 1.15
2025* 852 101 953 89.4 10.6 2025 2030* 0.14 1.27
2030* 919 102 1,021 90.0 10.0 2030 2035* 0.13 1.28
2035* 984 102 1,085 90.6 9.4 2035 2040* 0.12 1.28
2040* 1,045 101 1,145 91.2 8.8 2040 2045* 0.11 1.29
2045* 1,099 99 1,198 91.8 8.2 2045 2050* 0.10 1.30
2050* 1,146 96 1,242 92.3 7.7
Source: United Nations, World Urbanization Prospects: The 2009 Revision Population Database
* Projections (medium variant)

ii. International Migration
Around 315,403 foreign born persons are expected to live in Bahrain in 2010, representing 39.1
percent of the total Bahraini population. Female migrants would represent 32.9 percent of all
migrants for that year.

Table 8a: International Migrant (IM) Stock for Bahrain, 1990 to 2010
Indicator 1990 1995 2000 2005 2010*

Estimated number of IMs at mid year (total) 173,200 205,977 239,366 278,166 315,403
Estimated number of migrants at mid year (male) 123,851 144,505 165,553 189,533 211,561
Estimated number of migrants at mid year (female) 49,349 61,472 73,813 88,633 103,842
Estimated number of refugees at mid year 965 0 1 0 1
IMs as a percentage of the population 35.1 35.7 36.8 38.2 39.1
Female migrants as percentage of all IMs 28.5 29.8 30.8 31.9 32.9
Refugees as a percentage of international migrants 0.6 0.0 0.0 0.0 0.0

Source: United Nations, World Migration Stock: The 2008 Revision
Available on: http://esa.un.org/migration/
* Projections

Table 8b: Annual rate of change of the migrant stock in Bahrain, 1990 to 2010
Year Annual rate of change of the migrant stock

(percent)
1990 1995 3.5
1995 2000 3.0
2000 2005 3.0
2005 2010* 2.5
Source: United Nations, World Migration Stock: The 2008 Revision
* Projections

The annual net migration rate sharply increased from 7.4 migrants per 1,000 population for the
period 2000 2005 to 90.2 migrants per 1,000 population for the period 2005 2010.

Table 9: Net Migration in Bahrain, 1980 to 2050

Year
Net Migration (average annual)
Rate

(per 1,000 population)
Number

(thousands)
1980 1985 1.6 1
1985 1990 5.7 3
1990 1995 2.1 1
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Year
Net Migration (average annual)
Rate

(per 1,000 population)
Number

(thousands)
1995 2000 6.5 4
2000 2005 7.4 5
2005 2010 90.2 90
2010 2015* 6.2 8
2015 2020* 2.8 4
2020 2025* 1.9 3
2025 2030* 1.9 3
2030 2035* 1.8 3
2035 2040* 1.7 3
2040 2045* 1.7 3
2045 2050* 1.7 3

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)

3. Population Structure:
a. Bahrain’s Population Age Composition
The proportion of the population under 15 years of age has been decreasing since 1980 and is projected to
continue this downward trend till the year 2050. At the same time, the proportion of the working age group
(15 64) has been increasing since 1980, where it rose from 63.4 percent to reach a peak of 77.9 percent in
2010. It is projected to start declining after this period and will get to 59.1 in 2050. The proportion of the
elderly (65+) population fluctuated between 2.1 percent and 2.7 percent during the period 1980 2010. It is
projected to start increasing afterwards and will reach 25.4 percent in 2050.

Table 10: Population Distribution by Broad Age Groups in Bahrain, 1980 to 2050 (percent)
Year Age (years)

0 4 5 14 15 64 65+
1980 13.8 20.6 63.4 2.1
1985 13.9 19.5 63.9 2.7
1990 13.3 19.3 65.2 2.2
1995 10.7 19.4 67.5 2.4
2000 9.4 18.7 69.4 2.5
2005 8.6 18.8 70.1 2.6
2010 7.4 12.7 77.9 2.1
2015* 8.3 12.5 76.8 2.4
2020* 6.9 14.1 75.2 3.8
2025* 5.9 13.9 74.0 6.2
2030* 5.3 11.9 73.8 9.0
2035* 5.3 10.5 71.8 12.4
2040* 5.4 10.1 68.4 16.1
2045* 5.4 10.3 63.7 20.6
2050* 5.0 10.5 59.1 25.4

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)
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b. Changing Age Structure
The population pyramid in Bahrain shows an unbalanced structure for the working age groups due to high
immigration rates and reliance on foreign labour.
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c. Bahrain’s Youth
In Bahrain, the percentage of youth (15 24) was estimated at 23.0 percent in 1975 (or 39.6 percent of the
working age group). In 2010, the percentage decreased to reach 14.9 percent (or 19.1 percent of the
working age group). It is projected to continue declining to reach 10.0 percent in 2050 (or 17.0 percent of the
working age group).

Table 11: Youth (15 24) in relation to total population and to working age population
(15 64), Bahrain, 1950 2050.

Year Youth
(thousands)

Youth (% of
total

population)

Working age
population
(thousands)

Youth (% of
working age
group)**

1950 22 19.1 63 34.9%
1955 24 18 74 32.4%
1960 29 17.7 91 31.9%
1965 34 18.3 96 35.4%
1970 37 17.7 112 33.0%
1975 61 23.0 154 39.6%
1980 79 22.0 227 34.8%
1985 67 16.0 266 25.2%
1990 81 16.4 321 25.2%
1995 92 16.5 377 24.4%
2000 107 16.8 443 24.2%
2005 123 17.0 508 24.2%
2010 188 14.9 983 19.1%
2015* 156 11.1 1,078 14.5%
2020* 164 10.9 1,134 14.5%
2025* 180 11.3 1,174 15.3%
2030* 216 13.1 1,221 17.7%
2035* 224 13.1 1,228 18.2%
2040* 200 11.4 1,202 16.6%
2045* 184 10.3 1,141 16.1%
2050* 181 10.0 1,064 17.0%

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)
** ESCWA calculation

d. Bahrain’s Elderly
In Bahrain, the percentage of the population aged 65+ increased from 2.9 percent in 1950 to 3.1 percent in
1960, then decreased to reach 1.8 percent in 1965 only to increase again afterwards to 2.8 percent in 1970,
fluctuating between 2.7 and 2.1 during the period 1980 2010. It is projected that the percentage of the
population aged 65+ will begin to increase starting 2015 and will more than triple (compared to the 2010 rate)
by 2025. This upward trend will continue and the percentage of the population aged 65+ to reach 25.4
percent in the year 2050. This rapid demographic change necessitates that policies be put in place to meet
the challenges raised by an ageing population.
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Source: United Nations, World Population Prospects: The 2010 Revision

e. Bahrain’s Dependency Ratios
The total dependency ratio in Bahrain reached its peak in 1965 owing to the high child dependency ratio. It
then started decreasing and reached 28 percent in 2010 mainly due to the decrease in the child dependency
ratio. It is expected to start increasing again to reach 35 percent in 2025 and 69 percent in 2050 (almost
doubling) due to a projected increase in the old age dependency ratio.

Table 12: Dependency Ratios in Bahrain, 1950 2050 (percent)
Year Child dependency

ratio
Old age

dependency ratio
Total dependency

ratio
1950 77 5 82
1955 76 5 81
1960 73 6 79
1965 90 4 94
1970 84 5 90
1975 68 4 72
1980 54 3 58
1985 52 4 57
1990 50 3 53
1995 45 4 48
2000 40 4 44
2005 39 4 43
2010 26 3 28
2015* 27 3 30
2020* 28 5 33
2025* 27 8 35
2030* 23 12 35
2035* 22 17 39
2040* 23 24 46
2045* 25 32 57
2050* 26 43 69

Source: United Nations, World Population Prospects: The 2010 Revision
* Projections (medium variant)
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Chart 1: Trend of Bahrain's Elderly Population, 1950 2050
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4. Population Policy Profile of Bahrain:

Population policy variable 1976 1986 1996 2009

Population size and growth
View on growth Satisfactory Satisfactory Satisfactory Too high
Policy on growth No intervention No intervention No intervention Lower

Population age structure
Level of concern about
Size of the working age population .. .. .. Minor concern
Ageing of the population .. .. .. Minor concern

Fertility and family planning
View on fertility level Too high Satisfactory Satisfactory Too high
Policy No intervention No intervention Lower Lower
Access to contraceptive methods Indirect support Direct support Direct support Direct support
Adolescent fertility
Level of concern .. .. Not a concern Not a concern
Policies and programmes .. .. No No

Health and mortality
View
Life expectancy at birth Unacceptable Acceptable Acceptable Acceptable
Under five mortality .. .. Unacceptable Unacceptable
Maternal mortality .. .. .. Acceptable

Level of concern about HIV/AIDS .. .. .. Major concern
Measures to respond to HIV/AIDS* .. .. .. 1,2,3
Grounds on which abortion is permitted** .. .. 1,2,3,5 1,2,3,4,5,6,7

Spatial distribution and internal migration
View on spatial distribution Satisfactory Satisfactory Satisfactory Satisfactory

Policies on internal migration
From rural to urban areas .. .. .. ..
From rural to rural areas .. .. .. ..
From urban to rural areas .. .. .. ..
From urban to urban areas .. .. .. ..
Into urban agglomerations .. Raise No intervention ..

International migration ..

Immigration
View Satisfactory Too high Satisfactory Satisfactory
Policy Maintain Lower No intervention Maintain
Permanent settlement .. .. No intervention ..
Temporary workers .. .. No intervention Lower
Highly skilled workers .. .. .. ..
Family reunification .. .. No intervention Maintain
Integration of non citizens .. .. .. ..

Emigration
View Satisfactory Satisfactory Satisfactory Satisfactory
Policy Maintain Maintain No intervention No intervention
Encouraging the return of citizens .. .. No ..

* Measures implemented to respond to HIV/AIDS: (1) blood screening; (2) information/education campaigns; (3)
antiretroviral treatment; (4) non discriminatory policies; (5) distribution of condoms.
** Grounds on which abortion is permitted: (1) to save the woman's life; (2) to preserve physical health; (3) to preserve
mental health; (4) rape or incest; (5) foetal impairment; (6) economic or social reasons; (7) on request.

Source: United Nations, World Population Policies, 2009













                                                                        
                



                                
              



1 CALMET INTRODUCTION 

1.1 CALMET Domain 





1.2 Meteorological Measurements 

1.2.1 Ambient Temperature 
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1.2.2 Wind 
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1.3 Meteorological Predictions 

1.3.1 Meteorological Models 

 

 

1.3.2 CALMET Application 
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2 CALPUFF INTRODUCTION 

2.1 Model Types 

2.2 Model Input/output Files 

 



2.3 MODEL SELECTION 

2.3.1 Model Requirements 

2.3.2 Candidate Models 

2.4 CALPUFF Model 



2.5 MODEL APPLICATION 

2.5.1 Model Domain 

2.5.2 Receptor Locations 

2.5.3 Cartesian Grid Receptors 

 



2.5.4 Discrete Receptors 

No. Receptor Name Abbreviation Used UTM E (km) UTM N (km) 
1 Ras Hayyan MS_RH 461.356 2879.271 
2 Hidd MS_HD 465.063 2906.347 
3 Maameer MS_MA 461.532 2891.34 
4 Napeeh Saleh MS_NS 457.044 2894.759 
5 Hamad Town MS_HT 451.074 2884.502 
6 Sanabis SB 454.8766 2900.187 
7  Villas Askar VA 461.504 2882.467 
8  Villas 2 V2 455.7868 2885.161 
9  Residential Area & Golf Course R_G 457.119 2886.07 

10  Labour Accommodation LA 459.967 2887.245 
11  East-Riffa ER 457.83 2888.485 
13  Nuwaidrat NU 460.1753 2890.493 
14  Al Eker AE 460.6759 2891.332 
15  Sanad SD 458.3597 2892.361 
16  Sitra SI 461.224 2893.765 





2.5.5 Meteorology 

2.5.6 Dispersion 

2.5.7 Building Downwash 

2.5.8 Terrain Coefficients 



2.6 Interpretation of Predictions 

2.6.1 Comparison to BAAQS 

2.6.2 Contour Maps 

2.7 CALPUFF Performance 

2.7.1 Model Prediction Confidence 



2.7.2 Performance Approach 



2.7.3 Nitrogen Dioxide Comparison 



2.7.4 Sulphur Dioxide Comparisons 



2.8 Summary and Conclusions 

2.8.1 Model Application 

2.8.2 Model Prediction and Ambient Measurement Comparison 



 



3 SUPPLEMENTARY - CALPUFF Model Input Options 















































































                                  



1 Options for the treatment of SPL 

1.1 Introduction 



1.2 Overview 









1.3 Cement Industry 

1.3.1 First Cut - Carbon Fraction 

1.3.2 Second Cut - Refractory Fraction 

1.3.3 Application to Alba 



1.4 Alcoa Portland SPL process 

1.4.1 Application to Alba 



1.5 Comalco Comtor process 

1.5.1 Application to Alba 

1.6 Other Options 



1.6.1 Alcoa Quebec SPL process 

1.6.2 Tetronics’ technology 

1.6.3 Befesa Integral Waste Recovery Method 



1.7 Mitigation of Spent Pot Lines 
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EIA- 12  
Construction Environmental Management Plan (CEMP) Guidelines 

 
 

Objective: To provide a transparent framework with clear accountabilities for managing the 
preparation of the Construction Environmental Management Plan (CEMP) in order to 
manage the environmental effects associated with the project in order to achieve acceptable 
environmental outcomes. 
 
Required CEMP Content and Recommended Format: 
 

The content of a CEMP may vary by project as the size and scope of a construction project. 
To promote familiarity and ease of use, a recommended format for the CEMP is provided in 
the following table, and an overview of the individual CEMP sections is described below. 
Where other formats are used, the content of each CEMP must include, at a minimum, all of 
the sections listed in the table. The CEMP also should include a list of acronyms and 
abbreviations, a glossary of terms, and full references to sources of information. 

 
 

Recommended Format for the CEMP 
 

Section 1 Project Title Cover Page 
Table of content 
List of Tables 
List of Figures 
List of Abbreviations 
Definition of Terms 

Section 2 Project Team 
Identification 
(Stackolder) 

 

Section 3 Introduction  
 

Section 4 Project Description 4.1  Location 
4.2  Planned Construction  Activities 
 

Section 5 Environmental 
Management 

5.1  Policy Statement 
5.2  Environmental Management Systems 
5.3  Roles and Responsibilities 
5.4  Regulations and Requirements 
5.5  Environmental Awareness and Training 



Page 2 of 23 

5.6  Document Review and Updates 
5.7  Environmental Commitments 
5.8  Coordination with External Entities and Addressing 

Complaints 
 

Section 6 Environmental Impacts 6.1  Air Emissions Impacts 
6.1.1  Dust 
6.1.2  Gaseous Pollutants and Particulate Matter Impacts 
6.1.3  Odour 

6.2  Surface Water Impacts 
6.3  Soil and Groundwater Impacts 
6.4  Terrestrial Ecology Impacts 

6.4.1  Discharges to Land 
6.4.2  Ecosystem (Fauna) 
6.4.3  Ecosystem (Flora) 

6.5  Marine Ecology Impacts 
6.5.1  Discharges to Marine Waters 
6.5.2  Ecosystem (Fauna) 
6.5.3  Ecosystem (Flora) 

6.6  Noise and Vibration Impacts 
6.7  Traffic Impacts 
6.8  Waste Management Impacts 

6.8.1  Solid Waste 
6.8.2  Liquid Waste (Effluent) 
6.8.3  Hazardous Waste 

6.9  Other Environmental Impacts 
 

Section 7 Environmental 
Mitigation Measures 
 

7.1  Air Quality Control Plan 
7.1.1  Dust Management 
7.1.2  Gaseous Pollutants Management 
7.1.3  Odour Management 

7.2  Erosion and Sediment Control Plan 
7.3  Soil and Groundwater Contamination Control Plan 
7.4  Terrestrial Ecology Control Plan 

7.4.1  Terrestrial Ecological Management 
7.5  Water Quality and Marine Ecology Control Plan 

7.5.1  Wastewater Management 
7.5.2  Marine Ecological Management 
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7.6  Noise and Vibration Control Plan 
7.7  Traffic Control Plan 
7.8  Waste Management Control Plan 

7.8.1  Minimization, Reuse, and Recycling 
7.8.2  Solid Waste Management 
7.8.3  Liquid Waste (Effluent) Management 
7.8.4  Hazardous Waste Management 
7.8.5  PCBs, Asbestos, and Ozon-Depleting Substance  

Management 
7.8.6  Use of Environmental Service Providers for Waste 

Management 
7.9  Chemical and Hazardous Materials Management 
7.10  Contingency Plan 
7.11  Emergency Management Plan 

7.11.1  List of Emergency Coordinators 
7.11.2  Emergency Procedures 

7.12  Security Plan 
7.13  Infrastructure Plan 
 

Section 8 Monitoring and 
Auditing 

8.1  Environmental Performance Monitoring 
8.2  Reporting Requirements 

8.2.1  Incident Reports 
8.2.2  Periodic or Quarterly Performance Reports 
8.2.3  Monitoring Compliance Reports 
8.2.4  Environmental Checklists 
 

Section 9 Documentation  
Section 10 Annexes  
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1. Section One: Project Title 
At a minimum, the cover page of the CEMP should include the following: 

Project title; 
The proponent’s name, address, and contact information; 
The consultant’s name, contact information; 
The contractor’s name and contact information 

 

After cover page following to be included: 
Table of content 
List of Tables 
List of Figures 
List of Abbreviations 
Definition of Terms 

 
2.  Section Two: Project Team Identification (Stakeholder) 

The purpose of the stakeholder list is to establish communication channels that will 
enable more effective control of environmental-related issues. The stakeholder list should 
identify relevant government agencies, potentially affected parties and the community. A 
public information and stakeholder consultation program is to be prepared and 
implemented by the proponent to ensure that the public is familiar with the issues related 
to the project and that stakeholders are consulted on pertinent issues. Stakeholder list 
could include the proponent, the environmental consultant, lead contractors, 
subcontractors and any appointed environmental managers (or other identifiable titles for 
the persons in charge of implementing the contents of the CEMP). 
 

This section should outline a program for community consultation and communications 
during the construction. 

 
3. Section Three: Introduction 

The introduction should provide a discussion on the reasons or necessity of the project, 
nature of the project, steps led to the selected project, and if the project is part of a larger 
proposal. 
The project developer must be clearly identified, the consulting team who carried out the 
assessment;  

 

This section should: 
Describe consultation activities undertaken during the preparation of the CEMP; 
Outline the outcomes of consultation undertaken during the CEMP preparation 
process, the issues and suggestions raised by stakeholders or members of the public; 

 



Page 5 of 23 

This section should include the environmental permit given for the project. This section 
should include information about the status of approval for any additional licenses or 
permits required to perform construction activities. 

 
4. Section Four: Project Description 

The Project Description section should include information on the location, overall 
project planned construction activities, project schedule and milestones, as discussed 
below. 

 

4.1 Location 
The Location section should include a general description of the location. 

 

This section should include details regarding the current condition of the environment 
at areas potentially impacted by construction activities at the site and surrounding 
area, and should accomplish the following: 
Briefly describe the existing environment for each environmental component at the 
site and surrounding areas. Relevant information may include previous or current land 
use, monitored noise levels, the presence of soil or groundwater contamination, air 
quality or water quality measurements, the presence of wildlife, marine resources, or 
vegetation; 
Reference baseline data taken from the EIA performed for the project or other studies 
where baseline data adequately represent the condition of the environment on the 
proposed project site and adjacent surroundings; 
Identify sensitive receptors located in the vicinity of the proposed project site, 
including justification for how the sensitive receptors were determined. 

 

Provide maps that show the geographic location of the project area and surroundings, 
the maps should show the relative location of sensitive receptors to the project site, 
including the distance, It should provide maps that. Maps should include all necessary 
information, such as key, scale, north arrow, legend, location of sensitive receptors, 
and distance to sensitive receptors 

 

4.2 Planned Construction Activities 
This section should cover project construction phases “if any”. For example, if activities 
will be conducted in separate phases, and the CEMP is being submitted only for one 
particular phase of the development, then this section should describe those activities. 
 

This section should include: 
Method statement describing the planned construction activities, the discussion may 
include but are not limited to excavation, demolition, works related to earthworks, 
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infrastructure, dewatering, piling, enabling works, rerouting of pipes, and site 
remediation, along with typical construction activities; 
Commencement and completion dates (if the project to be completed in phases, then 
separate dates for each phase to be provided); 
Working hours, including the activities required to be undertaken outside these hours; 
Employees number; 
Plant and equipment to be used; 
Location of the site facilities 

The CEMP should provide sufficient technical detail to allow for DEAP reviewers to 
determine the potential impacts. 
 

5. Section Five: Environmental Management 
This section should include information regarding the policy statement, Environmental 
Management Systems, project personnel roles and responsibilities, Environmental Health 
and Safety EHS regulations and requirements, environmental awareness training, CEMP 
review and updates, and environmental commitments. The following subsections provide 
instructions as to the required information that proponents should include for this 
section of the CEMP. 

 

5.1 Policy Statement 
The Policy Statement section should describe the proponent’s commitment to 
environmental protection, health, and safety management and compliance with 
applicable regulations. 

 

5.2 Environmental Management Systems 
The Environmental Management Systems section should discuss the way in which the 
plan corresponds to the proponent’s and/or the main contractor’s Environmental 
Management Systems or the Construction Environment, Health and Safety Plan 
(EHSMS) Regulatory Framework. 

 

5.3 Roles and Responsibilities 
Roles and Responsibilities section should include the roles and responsibilities of 
personnel in relation to implementation, management, and review. It is the 
responsibility of all contractors and subcontractors to adhere to requirements 
contained in the approved EIA, CEMP and all applicable environmental regulations. 
CEMP adherence to regulations should be contained in any contractual documents 
between the entities. CEMP should accomplish the following: 

 

Provide the names, positions, and contact information of personnel involved with 
ensuring the proper implementation of the CEMP. For those positions for which 
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personnel have not yet been assigned, the proponent should note this information 
within the CEMP; 
Clearly discuss the roles and responsibilities of the proponent, contractors, and 
subcontractors identified and the interrelationships between these entities “Clearly 
defined roles and responsibilities will help to ensure that the CEMP is an effective 
document that will be properly implemented by all personnel involved during the 
construction process”; 
Provide organizational flowcharts or other diagrams of key personnel “For the better 
understanding of the relationships between the key individuals among each of the 
entities” 

 

5.4 Regulations and Requirements 
The Regulations and Requirements section should detail the legal framework and 
requirements to be adhered to during construction and should include the following 
information: 
A listing of the applicable environment regulations with which the proponent will 
comply; this list should include local, national, and international rules and standards or 
agreements; 
A listing of any applicable environmental standards, such as air quality or water quality 
concentrations…etc. The CEMP should also provide sufficient information to clearly 
define these standards; 
Information about the conditions contained in any additional licenses required to 
perform construction activities; 
A listing of any voluntary agreements, stakeholder agreements, or procedural 
requirements that must be adhered to during construction 

 

5.5 Environmental Awareness and Training 
The Environmental Awareness and Training section should include and overview of the 
proponent’s systematic program to ensure that employees are aware of the CEMP and 
other environmental requirements. The CEMP should define the competency of the 
training provider, the frequency of training, and the levels of training for personnel. 
This information should include, but not be limited to, the following: 

 
A description of the environmental awareness and training program for personnel, 
contractors, and subcontractors needed to comply with measures contained within 
the CEMP; 
Identification of training needs, including general knowledge of the CEMP and activity 
specific guidance for different activities (e.g., the handling of hazardous waste, 
operation of certain equipment); 
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Established procedures for maintaining records of all training to be performed, 
including the name of the person trained, the date of training, the name of the trainer, 
and a description of the training content 

 

5.6 Document Review and Updates 
The Document Review and Updates section should establish procedures for the 
periodic review of the CEMP to ensure that the plan’s contents are correct and that it is 
being properly implemented. These reviews will ensure that—“should conditions arise 
that alter the plan’s contents or requirements—the CEMP remains updated to reflect 
these changes”. 
 

In this section, the project proponent should accomplish the following: 
Demonstrate how the proponent intends to keep the CEMP as a “live” document, 
capable of modification during the project’s life cycle and as circumstances dictate; 
Indicate who will regularly review, update the CEMP as construction progresses; 
Outline procedures for the periodic review of the CEMP to ensure that its contents are 
correct and that it is being properly implemented 

 

5.7 Environmental Commitments 
The Environmental Commitments section should include a summary of the 
environmental commitments that will be made to manage potential environmental 
effects. The CEMP environmental commitments statement should describe the 
following: 

 

Adherence to all outcomes and obligations of this CEMP; 
Proposed mitigation measures and monitoring activities against all residual impacts, 
unexpected releases, and anything that compromises worker safety; 
The nature of the work to be undertaken; 
The objectives to be met; 
Responsible body for the CEMP environmental commitments; 
Who is responsible for monitoring and recording that the CEMP environmental 
commitments are properly fulfilled; 

 

Each CEMP environmental commitment containing the information in the above list 
should be numbered and indexed in the body of the CEMP to allow for quick reference. 
The CEMP should also be designed to allow interested parties to determine whether 
relevant issues have been addressed. 

 

5.8 Coordination with External Entities and Addressing Complaints 
The Coordination with External Entities and Addressing Complaints section should 
provide a management system to receive and address complaints, manage 
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correspondence with any parties that may be affected by the construction activities 
(e.g., local communities that may be affected by noise or vibration …etc.), document 
the complaints, and address the corrective actions to be implemented to rectify any 
deviation from performance standards. 

 
6. Section Six: Environmental Impacts 

The Environmental Impacts section of the CEMP should outline the specific construction 
activities at the project site and on the surrounding environment and note any significant 
impacts. The plan should also explain the methodology used for determining significant 
impacts and reference any previously performed environmental studies that provide 
more extensive assessment of these impacts (e.g., EIA, EHIA). If an environmental study 
was performed, the proponent should ensure that the impacts discussed in the study are 
included in the CEMP. If no prior environmental study was performed, the CEMP should 
include in-depth analysis of the identification of potential impacts and how significant 
impacts were chosen. The environmental impacts that must be assessed in this section 
are, at a minimum, air emissions, surface water, soil and groundwater, terrestrial 
ecology, marine ecology, noise and vibration, traffic, and waste management, as 
discussed below. 
 

6.1 Air Emissions Impacts 
The Air Emissions Impacts section should include, but not be limited to, information 
regarding dust, gaseous pollutants and particulate matter (PM), and odor. The following 
subsections provide further information on these components. 

6.1.1 Dust 
Dust or PM may be emitted from various construction activities, including 
demolition, traffic along unpaved roads, wind from soil stockpiles, and graded or 
desert soil. Therefore, this section should accomplish the following: 
Identify all types of dust emissions and sources present during different phases of 
construction, as well as other pertinent information related to these components; 
List Kingdom of Bahrain emission standard limits and other known international 
standards if needed 

6.1.2 Gaseous Pollutants 
Gaseous pollutants, such as Nitrogen oxides (NOx), sulphur oxides (SOx), and 
volatile organic compounds (VOCs) …etc may be emitted from various 
construction activities, including the burning of fossil fuel from vehicles and 
equipment. Therefore, this section should include, but not be limited to, the 
following information: 
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Identification of all types of gaseous emissions, sources, and flow rates present 
during different phases of construction, as well as other pertinent information 
related to these components; 
A detailed table that shows the fuel consumed for all construction equipment, 
including fuel type (e.g., diesel, gas), consumption rates, source(s), the units that 
are operated, and the estimated quantity to be stored on site; 
A listing of applicable emission standard as per the Ministerial Order No. 10 of 
1999 and relevant amendment and other known international standards if 
required. 

6.1.3 Odor 
Construction activities have the potential to cause odor problems, which can be a 
nuisance and cause negative health impacts. Therefore, the CEMP should take 
into account the presence of compounds that cause odors and must, at a 
minimum, accomplish the following: 
Identify and describe the likely source(s) of odor; 
Specify the qualities or characteristics of any odors (e.g., fishy, almond …etc.); 
Determine the concentration by measuring the amount of odor-causing 
chemicals in an air sample; 
Discuss the anticipated odor intensity; 
Identify the relevant maximum allowable limits from international standards 

  

6.2 Surface Water Impacts 
The Surface Water Impacts section should provide detailed surface water impacts related 
to storm water. This information should include, but not be limited to, the following: 

A base map that contains boundary lines of the projected industry site and the nearest 
storm drain; 
An analysis of site limitations and development constraints that includes factors such 
as slope, soil erodibility, depth to bedrock, depth to seasonal high water, and soil 
percolation to facilitate the evaluation of site suitability for proposed storm water and 
erosion-control facilities in relation to the overall development proposal 

 

6.3 Soil and Groundwater Impacts 
The Soil and Groundwater Impacts section should include, but not be limited to, the 
following information: 

A summary of the site’s geology; 
Soil and groundwater characteristics (e.g., chemical and physical analyses, ground 
stability); 
A description of the site hydrogeology, including a description of aquifers, 
groundwater availability and use, and groundwater flow; 
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Potential impacts from construction activities to the soil and ground water 
 

6.4 Terrestrial Ecology Impacts 
The Terrestrial Ecology Impacts section should include information on discharges to land 
and impacts on wildlife and vegetation, as discussed below: 

6.4.1 Discharges to Land 
This section should describe potential impacts to land on site and in surrounding 
areas from construction activities including, but not limited to the following: 
A description of discharge point(s) and disposal method(s); 
Information on volumes of discharge; 
The proximity of the event; 
Chemical and physical properties of any discharges; 
A description of any flora or fauna in the terrestrial environment—specifically 
endangered or sensitive species—that are likely to be impacted; 
The relevant allowable limits from DEAP, or other international standards 

6.4.2 Ecosystem (Fauna) 
This section should describe potential impacts to habitats of terrestrial ecosystem 
(Fauna) from construction activities, including habitats located on site and off site 

6.4.3 Ecosystem (Flora) 
This section should detail potential impacts to ecosystem (Flora)from 
construction activities, including ecological areas located on site and off site 
 

6.5 Marine Ecology Impacts 
The Marine Ecology section should include information on discharges to marine waters; 
ecosystem, as discussed below: 

6.5.1 Discharges to Marine Waters 
This section should describe potential impacts to marine waters from 
construction, excavation, and dewatering activities including, but not limited to, 
the following information: 
A description of discharge point(s) and disposal method(s); 
Information on volumes of discharge; 
The proximity of the event, process, or activity to the marine environment; 
A list of chemical and physical properties of any marine discharges, including 
thermal and toxic characteristics; 
A description of any flora or fauna in the marine environment—specifically 
endangered or sensitive species—that are likely to be impacted; 
The relevant maximum allowable Marine discharge limits as stated by Kingdom of 
Bahrain Environmental Standards, or international standards should be 
referenced 
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6.5.2 Ecosystem (Fauna) 
This section should describe potential impacts to habitats of marine life from 
construction activities, including marine life located on site and off site 

6.5.3 Ecosystem (Flora) 
This section should describe potential impacts to marine vegetation from 
construction activities, including ecological areas located on site and off site 
 

6.6 Noise and Vibration Impacts 
The Noise and Vibration Impacts section should provide an overview of the noise and 
vibration produced from the construction activities that includes the following 
information: 

Noise and vibration sources from construction equipment and activities; 
Expected noise and vibration levels under different scenarios, including both individual 
and cumulative sources; 
Applicable allowable limits; 
Noise level at the site boundary; 
Noise level at identified sensitive areas near the project site; 
List of the acoustic performances of machines and equipment, including occupational 
noise classifications provided with an accompanying noise contour map; 
Modelling or monitoring, if deemed necessary, to demonstrate the noise impact in the 
surrounding environment, including sensitive areas. 

6.7 Traffic Impacts 
The Traffic Impacts section should provide a description of the traffic impacts produced 
from the construction activities. This information should include, but not be limited to, 
the following: 

A description of the potential impacts to traffic from construction related activities, 
including those from the closing of streets and those from increased vehicle usage for 
construction equipment, supplies, and disposal activities 
 

6.8 Waste Management Impacts 
The Waste Management Impacts section should provide information on activities to be 
conducted during construction, including, but not limited to, activities to manage solid 
waste, liquid waste, and hazardous waste, as described below: 

6.8.1 Solid Waste 
This section should provide a detailed description of the anticipated solid and 
semi-solid wastes that will be generated during the construction processes. This 
information should include, but not be limited to, the following: 
The sources of solid waste and maximum generation rates; 
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The type of solid waste (e.g., industrial) and its nature (i.e., hazardous, non-
hazardous); 
Physical, chemical, and biological properties of the solid wastes before and after 
treatment and a comparison with the concerned party’s solid and semi-solid 
waste disposal limits 
Identification of materials to be recycled and methods to do so; 

6.8.2 Liquid Waste (Effluent) 
This section should provide detailed information about anticipated wastewater 
generated during the construction process. This information should include, but 
not be limited to, the following: 
Identification of all liquid effluents source(s) (e.g.,  cooling, cleaning), type 
(hazardous, non-hazardous), and the discharges rate; 
Method of treatment (if present), treatment capacity, treatment efficiency, , 
chemical(s) used, , and type and quantities of liquid and solid wastes generated; 
Methods of liquid waste storage before and after treatment; 
Specification regarding the point of discharge, the final discharge (e.g., sea, sewer 
network, storm water network), and transportation (if present); 
A no-objection letter from the concerned parties if the effluent is to be 
discharged to the sewer or storm water network; 
DEAP, concerned parties (e.g. Ministry of Works) discharge limits 

6.8.3 Hazardous Waste 
This section should provide detailed information about anticipated hazardous 
waste generation during the construction process. This information should 
include, but not be limited to, the following: 
Identification of all hazardous waste streams and include the type(s), quantities, 
and source(s); 
Information on the storage locations of hazardous wastes and associated 
potential impacts to the environment from spills 
 

6.9 Other Environmental Impacts 
The Other Environmental Impacts section should include information regarding health 
and safety impacts, as well as other impacts deemed as important to the project. 
 

7. Section Seven: Environmental Mitigation Measures 
As part of the CEMP procedures for managing and mitigating impacts of the project, the 
proponent should prepare and implement control plans, which should include, but not 
be limited to, the elements described in the following subsections. The proponent should 
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thoroughly address site-specific mitigation measures for the applicable environmental 
components discussed in Sections 7.1 through 7.14 of this guidance. 
 

Mitigation strategies should be based on the best available management practices and 
technologies that will eliminate or minimize adverse impacts to health, safety, and 
environment in the project site and the surrounding area. 
 

Considerations for providing environmental mitigation measures include the following: 
Thoroughly address site-specific mitigation measures for the applicable environmental 
components that are discussed below; 
Incorporate mitigation measures identified in any previously performed EIA studies for 
the identified impacts; 
 

The proponent should provide the following control plans in the CEMP: 
Air Quality Control Plan; 
Erosion and Sediment Control Plan 
Soil and Groundwater Contamination Control Plan; 
Terrestrial Ecology Control Plan; 
Water Quality and Marine Ecology Control Plan; 
Noise and Vibration Control Plan; 
Traffic Control Plan; 
Waste Management Control Plan; 
Chemical and Hazardous Materials Control Plan; 
Contingency Plan; 
Emergency Management Plan; 
Infrastructure Plan 
 

An overview of the mitigation measures included in these control plans is provided 
below. Where generalized mitigation measures are provided in the sections below “note 
that these are provided only for clarification and are not to be taken as the only 
measures to be considered”. 
 

A sample list of mitigation measures for typical construction activities is provided in 
Annex 1 of this document. This list does not represent all mitigation options, and 
proponents should choose best available practices and technologies specific to their 
construction activities and the project site. A table listing all mitigation measures to be 
implemented for the project (listed by environmental aspect and including those 
intended to address cumulative impacts) should be included in the main CEMP 
document. 

 
 
 



Page 15 of 23 

7.1 Air Quality Control Plan 
The Air Quality Control Plan should provide the control measures to be used to minimize 
air emissions from all construction activities. In each specific control identified below 
(i.e., dust management, gaseous pollutants management, and odor management), the 
plan should discuss procedures for the periodic inspection and routine maintenance of 
equipment in accordance with the manufacturer’s instructions. These procedures should 
also include documentation requirements for all inspections and maintenance activities. 

7.1.1 Dust Management 
The section on dust management should provide mitigation measures used to 
address dust issues arising from sources such as demolition, eroded soil, cleared 
lands, stockpiles, transportation of materials, machinery, and dirt roads. 
Mitigation measures for dust management also may include those measures 
taken to prevent erosion and sediment runoff. 

7.1.2 Gaseous Pollutants Management 
The section on gaseous pollutants management should provide mitigation 
measures used to minimize gaseous pollutant air emissions from all construction 
activities. Control measures may include, but are not limited to, the use of low-
sulphur or alternative fuels, the application of emissions-control equipment, or 
the selection of materials that minimize the emission of gaseous pollutants. 

7.1.3 Odor Management 
The control plan section on odor management should provide mitigation 
measures used to minimize odor from all construction activities. 
 

7.2 Erosion and Sediment Control Plan 
Large projects usually involve extensive land disturbance, such as removing vegetation 
and reshaping topography, which make the soil vulnerable to erosion. Soil removed by 
erosion may become airborne, thereby creating a dust problem, or the soil may be 
carried by rain water into marine environments, thereby causing physical, chemical, 
biological, and economic impacts to the waters. To address these issues, the Erosion and 
Sediment Control Plan should include, but is not limited to, the following information: 

When considering land disturbance and its potential impacts, the CEMP should give 
priority to preventative rather than treatment measures. When developing erosion 
control options, proponents should obtain information about the erosion potential of 
the site where soil disturbance is planned (erosion potential is determined by the soil 
type and structure, vegetative cover, topography, and climate) and the nature of the 
land-clearing to be performed. Erosion will also be affected by the type, nature, and 
intensity of the earthworks 
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7.3 Soil and Ground Water Contamination Control Plan 
The Soil and Groundwater Contamination Control Plan should outline measures to 
manage and minimize the impact of the project on soil and groundwater. This plan 
should include, but not be limited to, the following information: 

Documentation of the measures used to ensure that oil and hazardous materials are 
properly contained to prevent contamination of soil and groundwater; 
As necessary, a listing of the measures needed to remove or remediate previously 
identified contaminated soil onsite from prior industrial activities 
 

7.4 Terrestrial Ecology Control Plan 
The Terrestrial Ecology Control Plan should provide information that accomplishes those 
aspects outlined below. 

7.4.1 Terrestrial Ecological Management 
The section on terrestrial ecological management should provide information 
that accomplishes the following: 
Describes the procedures used to control and prevent releases to on-site and 
surrounding terrestrial ecological systems; 
Discusses procedures to help protect terrestrial ecology, including endangered 
species; 
References any prior studies performed that address terrestrial ecology in the 
vicinity of the project area; 
Discusses the procedures for clearing activities at the construction site and 
surrounding area; 
Identifies buffer zones to be created to protect undisturbed areas; 
Describes the measures to be taken to re-plant or compensate for any removed 
vegetation 
 

7.5 Water Quality and Marine Ecology Control Plan 
The Water Quality and Marine Ecology Control Plan should include, but is not limited to, 
information regarding wastewater management and marine ecological management, as 
discussed below: 

7.5.1 Wastewater Management 
The section on wastewater management should include, but not be limited to, 
the following information: 
A description of the measures to be taken for the control, collection, treatment, 
or removal of wastewater produced during the construction phase; 
Where applicable, a description of the systems and procedures established for 
wastewater produced at housing camps for construction labour 
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7.5.2 Marine Ecological Management 
The control plan section on marine ecological management should include, but 
not be limited to, information regarding the following: 
The procedures and mitigation measures to be used to prevent contamination or 
damage to storm water drains and waterways; 
A discussion of the measures taken to protect marine ecology, which could be 
impacted by construction activities 
 

7.6 Noise and Vibration Control Plan 
The Noise and Vibration Control Plan should outline measures to minimize the impacts 
on local noise levels and vibrations from the construction activities and should 
accomplish the following: 

Identify the suitable noise suppression or abatement measures required to 
ensure that ambient noise level concentrations do not exceed limits for both 
workers on site and for nearby receptors; 
Discuss the measures that will be employed to minimize vibration and the 
procedures that will be used to notify potentially impacted receptors about these 
operations 
 

7.7 Traffic Control Plan 
The Traffic Control Plan should outline measures to minimize the impacts on local traffic 
from the construction activities and should accomplish the following: 

Discuss the measures to minimize traffic disturbances and associated impacts 
from noise; 
Describe the procedures for public notification of any anticipated traffic-related 
concerns, such as street closings; 
Identify access roads for construction vehicles and safety measures used for 
pedestrian access and crossings 
 

7.8 Waste Management Control Plan 
The Waste Management Control Plan should outline the management of wastes during 
the construction phase, including the classification of liquid and non-liquid wastes and a 
description of how these wastes will be managed. As described below, the Waste 
Management Control Plan should include information on methods for minimizing or 
recycling wastes, with specific procedures for solid waste management, liquid waste 
management, hazardous waste management, and the handling or removal of 
polychlorinated biphenyls (PCBs), asbestos, and ozone-depleting substances. This plan 
also should include information about the selected waste management service provider. 
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7.8.1 Minimization, Reuse, and Recycling 
The section on minimization, reuse, and recycling should discuss the measures 
that will be used to avoid/minimize, reuse, and recycle wastes generated at the 
construction site. Measures may include technological applications, segregation 
of waste streams, purchasing decisions, the selection of construction materials. 

7.8.2 Solid Waste Management 
The section on solid waste management should include, but not be limited to, the 
following information: 
The procedures for solid waste management, including on-site activities related 
to collection, storage, transportation, processing, and disposal; 
If necessary, a description that differentiates between the procedures used for 
different waste streams 

7.8.3 Liquid Wastes (Effluent) Management 
The section on liquid waste management should provide on-site mitigation 
measures for the reduction, collection, and disposal or treatment of liquid wastes 
from construction activities. 

7.8.4 Hazardous Waste Management 
The section on hazardous waste management should include, but not be limited 
to, the following information: 
The procedures to be used for the reduction, collection, handling, and storage of 
hazardous wastes from construction activities; 
Information on hazardous waste identification processes, along with labeling and 
documentation requirements for waste-transfer notes. 

7.8.5 PCBs, Asbestos, and ozone-depleting substances Management 
The section on PCBs, asbestos, and ODS management should establish 
procedures for the proper identification, handling, and removal of these 
materials, as encountered during the removal, renovation, or demolition of any 
buildings on site. 

7.8.6 Use of Environmental Service Providers for Waste Management 
For the identified wastes, the control plan should provide information about the 
registered environmental service provider that will be used to handle the 
collection, transportation, and disposal of wastes. It is important to note that only 
these providers are authorized entities to receive waste. A list of environmental 
service providers can be obtained from the Waste Control Section of GDEWP. 
 

7.9 Chemical and Hazardous Materials Control Plan 
The Chemical and Hazardous Materials Control Plan should provide information that, at a 
minimum, accomplishes the following: 
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Discusses the measures that will be taken to minimize the risks associated with 
chemical, fuel, and oil spills and accidents; these measures can include, but are 
not limited to, monitoring purchasing requirements, product substitutions, design 
features for containment, operational controls, work practices, labeling, and 
storage requirements; 
Specifies the document-control procedures for maintaining material inventories 
and Material Safety Data Sheets 
 

7.10 Contingency Plan 
The Contingency Plan should outline the procedures established and equipment available 
to respond to spills during construction activities and should, at a minimum, achieve the 
following: 

Identify potential sources of spills and the measures in place to control them, 
Include maps showing the presence of chemical, oil, and hazardous waste storage 
locations, structures and equipment for diversion and containment of spills, and 
the location of spill response equipment; 
Establish procedures for responding to spills of oil and hazardous materials; 
Provide information about the presence of spill-response equipment throughout 
the construction site; 
Define the roles & responsibilities of all personnel involved in responding to spills;  
Clearly define immediate actions to be taken to address spills; 
Discuss the measures for containment, cleanup, and disposal of contaminated 
materials and soil; 
Describe notification requirements for both internal and outside spill-response 
teams, and provide contact information for these individuals along with local 
emergency agencies (in close coordination with GDEWP); 
Establish documentation procedures for identifying the root causes, corrective 
and preventative actions, and setting time lines for their implementation 
 

7.11 Emergency Management Plan 
The Emergency Management Plan should outline the procedures established to respond 
to emergencies during construction activities. This plan should include, but not be limited 
to, a list of emergency coordinators and emergency procedures, as discussed below. 

7.11.1 List of Emergency Coordinators 
The Emergency Management Plan should include an up-to-date list of names, 
addresses, and telephone numbers for emergency coordinators. 

7.11.2 Emergency Procedures 
The Emergency Management Plan should provide the following information 
regarding emergency procedures: 
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Describe the actions to be taken in response to emergency situations, such as 
fires, explosions, or the unplanned releases of hazardous materials where hazards 
exist; 
Provide evacuation plans for the site, including procedures and routes; 
Describe any arrangements agreed to with Ministry of Interior, hospitals, 
contractors, …etc., and emergency response teams to coordinate emergency 
response services 
 

7.12 Security Plan 
The Security Plan should discuss the control measures to contain and secure the site. 

 

7.13 Infrastructure Plan 
The Infrastructure Plan should describe the measures taken to ensure protection of 
infrastructure (e.g. water systems, transmission lines) during the construction phase. 
 

8. Section Eight: Monitoring and Auditing 
The Monitoring and Auditing section of the CEMP should include, but not be limited to, 
information regarding the monitoring and auditing of environmental performance, as 
well as information on reporting requirements, environmental checklists, and monitoring 
review, as discussed below: 
 

8.1 Environmental Performance Monitoring 
The CEMP should include information about monitoring requirements for environmental 
performance. At a minimum, this section should accomplish the following: 

Discuss how identified impacts will be monitored, including the indicators to be 
measured, the methods and sampling locations, frequency of measurements, 
detection limits, corrective actions, and the party who will conduct monitoring; 
Provide corrective actions procedures for non-compliance with monitoring; 
Specify notification requirements to responsible personnel and the time frames 
for notification for corrective actions to be performed; 
Identify the frequency and content of monitoring reports for internal use and 
those required to be submitted to DEAP for review; 
 

8.2 Reporting Requirements 
The CEMP should outline procedures for reporting requirements, including the frequency 
and content of required reports (it should be noted that some of the below mentioned 
report could be included in one report), such as the following: 

Pre-operation compliance reports; 
Incident reports; 
Periodic or annual environmental progress reports; 
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Non-compliance reports; 
Corrective action reports; 
Complaints reports; 
Any special reports required by government agencies. 

The following subsections provide further detail on the types of reporting-requirements 
information that should be included in the CEMP. 

8.2.1 Incident Reports 
A proponent must notify DEAP and other relevant authorities as soon as 
practicable about any environmental incident with actual or potential significance 
for impacts on the environment. The CEMP should state that, should an incident 
occur, the proponent must inform DEAP and other relevant authorities 
immediately and provide an incident report to DEAP outlining the details of the 
incident within 3 days of the incident. Incidents reports could include the 
following: 
Fuel or chemical spills; 
System failures or malfunctions; 
Other emergencies (e.g., natural disasters); 
Other events that led to non-compliance with environmental 
standards/requirements 
 

8.2.2 Periodic or Quarterly Performance Reporting 
The CEMP should submit within 3 months of the date of approval of the CEMP 
and monthly thereafter environmental progress reports for the construction 
project. This report should accomplish the following: 
Identify the standards, performance measures, and legal requirements that apply 
to the project construction; 
Assess the environmental performance of the project construction to determine 
whether it is complying with these standards, performance measures, and legal 
requirements; 
Identify any non-compliance with the conditions of this CEMP or any standards, 
performance measures, or legal requirements that apply to the project and 
occurred during the reporting period; 
If any non-compliance is identified, describe the actions and measures that will 
be performed to ensure compliance, clearly indicate who is or will be performing 
these actions and measures, when they will be conducted, and how the 
effectiveness of these measures will be monitored over time; 
Include a copy of complaints for the quarter and a description of actions taken or 
being taken to address registered complaints; 
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Provide the results of all environmental monitoring required by the 
environmental permits, including interpretations and trends or exceptions in 
these results 
 

8.2.3 Monitoring Compliance Reports 
The Monitoring Compliance Reports section of the CEMP should include 
information regarding the following: 
Establish a program to monitor environmental compliance of construction 
activities in accordance with the established procedures defined in the CEMP. 
These activities may include daily, weekly, or periodic inspections; 
Provide procedures that establish corrective actions for non-compliance with 
established CEMP procedures and identify the root causes for the issue. These 
corrective actions should not only provide an immediate but also help ensure 
that similar non-compliance will not be repeated; 
 

8.2.4 Environmental Checklists 
The CEMP should include checklists to be used during site inspections. These 
checklists must be specific to the mitigation measures that will be used e and 
allow for clear distinction about whether the measures are being implemented 
effectively. 
 

9. Section Nine: Documentation 
The CEMP should include requirements to maintain copies of the CEMP, the plans 
contained within the CEMP, changes to any of these plans, and training records or 
rosters, audits, monitoring data, and reports submitted to DEAP, other agencies, or local 
authorities. These documents should be easily accessible for inspection. 
 

10. Section Ten: Annexes 
The CEMP should include annexes detailing the information described in the previous 
sections. 
 

Required annexes of the CEMP should include, but not be limited to, the following 
information: 

References and sources of information that were used to prepare the CEMP (e.g., 
previous environmental studies for the project, best international practices used); 
Material Safety Data Sheets; 
Environment policy; 
Environment manuals; 



Page 23 of 23 

Large-scale drawings and diagrams (e.g., site layout, machinery and equipment layout, 
process flow diagrams, piping and instrumentation diagrams, emissions points, sewer 
and storm water systems); 
Records, checklists, and log templates for inspections, monitoring, maintenance; 
Complaint procedures; 
training activities 
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