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PREFACE
-
This document contains background information pertinent to the
development of the Canadian Council of Ministers of the
Environment’s (CCME) Interim Canadian Environmental Quality
Criteria for Contaminated Sites. This work was conducted under
the direction of the CCME Subcommittee on Environmental
Quality Criteria for Contaminated Sites in Support of the National
- Contaminated Sites Remediation Program (NCSRP).
. This report has been reviewed by Conservation and Protection of
Environment Canada, and approved for publication. Approval does
not necessarily signify that the contents reflect the views and
policies of Environment Canada. -Mention of trade names or
commercial products does .not constitute recommendation or -
endorsement for use. :

This unedited version is undergoing distribution as a means to’
transfer the information to people worklng in related studies.

Readers who wish to comment on the content of this report should*
address their correspondence to: '

Head
- Soil and Sediment Guldehnes Section
Environmental Quality Guidelines Division
Water Quality Branch
Inland Waters Directorate
- Environment Canada
‘Ottawa, Ontario
K1A 0H3
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1.0 INTRODUCTION

1.1 BACKGROUND

‘The Canadian Councrl of Ministers of the Environment (CCME) has initiated a program to
~ remediate contaminated sites which threaten health or environmental quality. The National
Contaniinated Sites Remediation Program (NCSRP) is intended to address the problems

-associated with contaminated sites on several fronts. Specifically, it is intended to review and .

establish legislative instruments to ensure that the "polluter pays” principle is respected -establish

a consistent approach to deriving critefia for sites needing remediation; to provide for the

remediation of "orphan sites" where the polluter pays principle cannot be enforced; to provide
funding for technological advancements in remediation methods; and to communicate with
stakeholders who are interested in, or affected by, the remediation of contarninated sites (Energy
Pathways 1990). v , .

At an NCSRP multi-stakeholder consultatlon workshop in Apnl 1990, the need for a consistent,
defensible approach to setting national remediation criteria was identified as a priority issue.
Several actions related to classifying contaminated sites and setting national remediation criteria
subsequently were recommended (CCME, 1990). The recommendations specrﬁcally directed
~ toward setting criteria 1nc1uded

® a two—tier approach be used (see Section 1.4 for more details)n

® - criteria in the first tier be based 1arge1y on exrstmg standards, cntena and gurdelmes
issued by regulatory agenmes

®  criteria in the first tier be recomrhended following a critical evaluation of exiStin‘g criteria
from jurisdictions in Canada, the Umted States, and Europe for their applicability to the
Canadian situation

- ® a federal/provmcral working group be estabhshed to direct the development of criteria
for the first tier

.In response to the last recommendation, the CCME estabhshed the Subcommittee on .
Environmental Quality Criteria for Contaminated Sites. Subcommittee members include
representatives from Alberta Environment, British Columbia Ministry of Environment (Chair),
Environment New Brunswick, and the Ontario Ministry of the Environment, with Environment
Canada and Health and Welfare Canada as Secretariat. '
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In July 1990, the Secretariat retained Angus Env1ronmenta1 Limited to undertake the followmg
tasks: .

6 conduct a comprehensive review of clean-up (remediation) criteria and respective
- approaches regulatory agencies from various parts of the world have developed

. ® _ provide an up-to-date information base of these criteria
‘®  recommend a set of interim criteria

® recommend a method for establishing consistent and scientiﬁcally—based environmental
quality criteria suitable for assessing and remediating contaminated sites in Canada

7

1.2 PURPOSE OF THIS REPORT

This. report presents a review of remediation criteria developed by several regulatory agencies
~ in Canada and other countries. Based on the results of that review, and consideration of various

courses of action available to. the Subcommittee for Environmental Quality Criteria for

Contaminated Sites, an approach is recommended for establishing interim environmental criteria -

- for contaminated sites in Canada. Because water quality criteria are relatively well developed,
g empha51s of the current review is on soil quality criteria. :

'The recommended assessment and remediation criteria from this report ‘which were approved
by the CCME Subcommittee on Environmental Quality Criteria for Contaminated Sites are

- reported in a separate CCME document entitled Interim Canadtan Environmental Qualtty
Criteria for Contammated Sites (appended)

13 15EFINITIONS ANb'ABBREVIATIONS

Several terms, deﬁmtlons and abbreviations used in this report are intended to convey partlcular
meanings. Key terms are defined in the list below. Some of the definmons have been adopted

from other CCME pubhcatlons

aesthetics - the qualities of a site that if adversely affected can result in notlceable and
.. disagreeable perceptions by the senses. These include sight (for example, visibly stained
' soil or a film on water), taste (in water, fish flesh, or agncultural products), and odour
(in air, water or soil). : - !

' approach - the philosophy a_nd procedures used by a regulatory agency to establish criteria. The
~ components of an approach can include the types of information considered, the goal of
setting criteria (for example, protecting human health and the environnient), the relative
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priorities ass1gned to various types of information, and the way(s) that mformatmn are

combmed to set the cr1ter1a

assessment criteria - concentrations of substances in soil and ground water wh1ch can be used

to assess site conditions in terms of the potential need for remediation. Where conditions

do not exceed assessment criteria, there is no need for further investigation or

~ remediation. As such, the assessment criteria are analogous to the de minimus, "tngger
and “"threshold" criteria that some agencies have estabhshed

background concentration - the concentration of a chemrcal substance ‘occurring in a media

removed from the influence of industrial activity at a specific site and in an area

considered to be relatively unaffected by mdustnal activity (Monenco, 1989).

contammant any chemical substance whose concentratlon exceeds background concentrations

or which is not naturally occurring in the environment (Monenco, 1989).

criteria - generic numerical hmlts or narrative statements intended as general guidance for the
protectlon maintenance and 1mprovement of specxﬁed uses of soil and water
/
Envzronmental Quality Criteria Jor Contammated Sites - the assessment: criteria and remediation
- criteria recommended in this report for the NCSRP and approved by the CCME
- Subcommittee on Environmental Quality Criteria for Contaminated Sites, plus the
 applicable guidelines for other environmental compartments (such as the Guidelines for
Canadian Drinking Water Quality). This terminology is used in this report in place of the
‘term "Tier 1 criteria" formerly described in pubhcatrons prepared for CCME (i.e.
Energy Pathways, 1990; Monenco 1989) .
Jactors - the types of mformatron that are consrdered or used in an approach Examples include
- background concentrations, human health, phytotoxicity, aesthetics, and analytical
- capabilities. Factors not considered in establishing Environmental Quality Criteria for
Contaminated Sites in this report include costs and the capab111t1es of remedial
technologies. :

mtenm criteria - the cntena recommended in th1s report have been adopted directly from

‘existing criteria currently in use in jurisdictions in Canada, and are referred to as interim’

criteria. They will be reviewed and modified as new information becomes available.

multi functw‘hality the principle that all possible future uses of soil and water should be

-protected whenever possrble Therefore, remediation should be directed toward-achieving

the cleanest possible situation that is achievable at a site, regardless of the intended land
use or associated criteria. Economic, technolog1ca1 and practlcal considerations may
influence how the " cleanest possrble situation” is determined.

13




| _objectivesv - numerical limits or narrative statements established to protect and maintain specified
. uses of soil and water at a particular site by taking into account. site-specific conditions.

orphan site - a contaminated site for which a responsible party can not be identified or where
the responsrble party appears to be incapable or unwilling to initiate clean-up efforts

' polluter pays - the pnnmple that the polluter is respons1ble for correcting or remedlatlng
whatever environmental degradatlon their actions have caused. / '

primary agency - a regulatory agency that offers a substantial contribution to this study in terms
of the approach it has used or the criteria it has developed.

’ damage to human health or the envrronment 7 Remedlatlon isa b_roader term than clean-up
in that remediation options can include physical actions such as removal, destruction, and
containment, as well as the use of mstltunonal controls such as zon1ng des1gnat10ns or

~ orders. N

remediation criteria - concentrations of substances in sorl or ground water which are intended
as general guidance to protect and maintain specified uses of soil and water at
~ contaminated sites. At concentrations greater than these criteria, the need for remediation
is indicated. Remediation criteria can vary according to-land use and have been
recommended for agncultural res1dent1al/park land, and commercial/industrial land uses.

secondary agency - a regulatory agency that ‘“has ‘established an approach of cntena that
addresses relatively few situations or contaminants or that has established an approach ,
or criteria similar to that of one of the pnmary-agencres

standard - numerical limits or narrative statements adopted from criteria or objectives in a
legally enforceable form, such as in a regulatron statute, contract or other legally
_binding- document. : :

two-tier approach - an approach to establishing criteria for contaminated sites as described in
other documents prepared for the CCME (i.e. Energy Pathways, 1990; Monenco, 1989). -
Tier .1 refers to numerical criteria (typically maximum acceptable concentrations of
substances in soil and ground water) to be used to assess conditions at contaminated sites
in Canada. Tier 2 criteria refers to site-specific criteria developed in cases where Tier
-1-criteria are not available or the party responsible for remediation feels that Tier 1
~Criteria are inappropriate because they do not adequately take into account local site
conditions. It is anticipated that some form of risk management study typically would be
used to set these criteria. Other factors such as technology and costs might need to be
consrdered ' :

14



Various abbreviations are used throughout the report. These include:

ABC levels:

AG
AG/R/P
'ANZEC

CCME

" CCREM'

cn

CWQG

DEP
DHS

IAC
ICRCL

ISAL
MEG
MENVIQ
MOE

'N CSRP

NHMRC

NJ

/

the three-value format to guidelines recommended by British Columbia, -
MENVIQ, and The Netherlands '

 agricultural land use

agricultural, residential, and/or park land

- Australian and New Zealand Environmental Council

" Canadian Council of Ministers of the Environment -

Canadian Council of Resource and Environment Ministers

(predecessor of the CCME)

commercial and/or industrial land use

Canadlan Water Quahty Guldelmes CCREM/ CCME document pubhshed

~ in 1987 and updated in 1989 and 1990

~ New Jersey Department of Environmental Protection

(Ca‘lifOrn’ia) Department of Health Services

e

interim action (recommended by the Victoria Env1ronmenta1 Protection

- Agency)

Inter-Departmental Commlttee on the Redevelopment of Contammated'

Land (United ngdom)

interim so11. action level (recommended by the New Jersey DEP)

multimedia environmental goal

Ministere de I’Environnement du Québec

Ontario Ministry of the Environment or B.C. Ministry of Environment

National Contaminated Sites Bemediaﬁon Program.

'National Health and Medical Research Council (Australia)

New Jersey



PAHs - _polycyclic aromatic hydrocarbons

PCBs - *polychlorinated biphe'nyls
RP . - residential land use and/or park land

\TE_F - toxicity equivalency factor

TEQ - toxic equivalent of 2,3,7,-8-_TCDD"
TSCP . ~.California DHS Toxié SubstanCes Control Program
ULN : - upper limit of normal (as deﬁned by the Ontano MOE) |
U.'S. EPA = - K _Umted States 'Environmental Protectlon Agency |

U.K.

Umted Kingdom



2.0 REVIEW OF APPROACHES

2.1 AN HISTORICAL OVERVIEW

~ Establishing soil quality criteria is a relatively recent undertaking' for regulatory agencies in
Canada (and other countries). Prior to the mid-1970s, the few criteria that had been established
usually addressed long-recognized effects on plants or grazing animals. For example, maximum
concentrations were set by some jurisdictions to prevent adverse effects such as acute selen031s
(blind staggers) in grazmg animals or copper toxicity in plants. :

One of the first pubhshed accounts of a systematlc approach to identifying numencal guldehnes
for substances in soil was developed by an office of the United States Environmental Protection
Agency in the mid-1970s (Cleland and Kingsbury, 1977). "Multimedia Environmental Goals"
(MEGSs) were derived using equations that converted existing federal guidelines and/or toxicity
information into MEGs for soil, water, and air. The MEGs were offered as trigger levels for
assessing environmental conditions and were not presented as absolute thresholds. Many of the
MEGs were based on very limited information. The MEGs meéthodology subsequently was
expanded to identify maximum acceptable concentrations in various compartments of the
environment including soil;: however, the methodology was relatively simplistic and highly
conservative and is not currently used by any jurisdictions'as a source of soil guidelines.
- Efforts to establish soil cntena in the United Kingdom began in the late. 1970s (ICRCL 1980).
During the 1980s, "trigger concentrations” for contaminants in soil evolved from the efforts of
- a federal, inter-departmental committee (ICRCL, 1980; 1983; 1987). Two types of trigger
concentrations are identified: threshold and action levels. If soil concentrations are below the
threshold trigger values,. the proposed development can proceed as planned. If concentrations
are greater than the threshold value, but below the action level, further investigation and
assessment is needed to determine if remedial action is necessary. If concentrations are greater
than action levels, remed1a1 action is required, or the proposed form of development should be -
altered. :

The trigger values are largely based upon professional judgement and criteria established for
redeveloping sites such as scrap yards, sewage works, and landfills. The factors considered in
setting the triggers include adverse health effects associated with direct ingestion of soil,
consumption of contaminated plants, skin exposure, phytotoxicity, chemical attack on building
materials (relevant for acidic compounds such as sulphates), and hazards such as explosions
(relevant for compounds such as methane). Specific land uses (such as domestic gardens, parks,
and playing fields) are assigned to the trigger concentrations. The authors also urged that'
decisions about spemﬁc sites must consider site-specific conditions.

By the early 1980s many regulatory agencies 1ncreasmgly were bemg confronted with the need

to establish decommissioning and/or clean-up criteria. In 1983 the federal government of The
Netherlands passed the Soil Clean Up (Interim) Act. At the same time, the Netherlands Ministry
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7

of Housmg, Planmng and the Envrronment issued one -of the most frequently cited efforts
concerning soil quality and ground watér quality guidelines - the *ABC" approach for assessing
the severity of contamination and the urgency for further mvestlgatmn or remedratron (Moen,
1988) _ . ;

\

Under that approach ‘three levels (concentrations) of substances were identified. Level A marked
the boundary between contaminated and non-contaminated soil. Level B indicated the relative
extent of contamination, the potential for harmful effects on human-health or the environment
and the need for further investigation. Level C represented concentrations above which remedial
 investigations and/or clean-up were needed. It was recognized that the values lacked a thorough
~ scientific basis and did not take into account site-specific factors. The developers recommended
that these values be used with caution and that other sﬂe—specrﬁc information be used to assess
specrﬁc situations. ’ : _ _ ~

~ Since that time, efforts have been. under way in The Netherlands to reevaluate the basis for
“establishing clean-up guidelines. In 1987, a methodology was developed that took into account

information about soil charactenstrcs (clay fraction and organic matter content) to generate soil
values (Moen, 1988). Many of the original A Levels were subsequently replaced with * reference
~ values" based on background concentratlons '

In Canada, one of the earliest p'ublished accounts of clean-up criteria appeared in 1984 with the
first draft of the soil guidelines recommended by the Air Resources Branch of the Ontario
Ministry of the Environment (MOE). The numerical values as well as the approach to setting
the criteria were decidedly different than those of The Netherlands or the United Kingdom'. Up
to four values were recommended for each substance according to two broad categories of land
use and two categories of soil texture. Background concentrations, the well-being of grazing
animals, and phytotoxicological considerations formed the bases for most of the cntena Some
(cadmium, lead, and mercury) reflécted concerns for human health.

In 1986, the Ministere de I’ Env1ronnement ‘du Québec (MENVIQ) issued a draft document that
described soil and ground water guidelines modelled after the ABC format of The Netherlands
(MENVIQ, 1986). In the MENVIQ approach, the A Value represents background concentrations
for naturally-occurring substances and the analytical detection limit for man-made, orgamc
“substances. The B Value marks the threshold above which a thorough site investigation is:
necessary. The C Value marks the threshold above which it may be necessary to take prompt
~ remedial action. The MENVIQ clearly stated that these values should be used strictly as
. indicators of env1ronmental conditions and not be regarded as standards. -

" In 1987 the Canadlan Council of Resource and Envrronment Ministers (CCREM the
predecessor of the CCME) issued interim soil guidelines for PCBs based on an analysis of the -
potential for exposure to occur via direct ingestion of soil and via the transfer of PCBs from soil
to meat.and da1ry products (Clarke et al., 1987). The following year, the CCREM issued interim
guidelines for nine specific organic compounds at abandoned coal tar sites (CCREM, 1988). This
latter effort was patterned after those of The Netherlands and MENVIQ. The soil values are the_
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sae as those recommended by MENVIQ while the ground water values are slightly different
‘and reflect water quality guidelines recommended by the World Health Organization. That same
year, MENVIQ released the final version of the ABC values in its “"contarhinated sites -
rehabilitation policy” (MENVIQ, 1988)

In 1989, the Ontario MOE 1ssued the final version of its site decommrssmmng guldelmes (MOE,
1989a) and the B.C. Ministry of Environment issued drafts of clean-up criteria for soils and
ground water (B.C. MOE, 1989a). In several aspects, the B. C. effort resembles the. MENVIQ
~ ABC approach although the'definitions ass1gned to the three values are d1fferent '

By 1989, several U.S. states (including Arizona, Cahfomla Florida, New Hampshire, New
Jersey, Tennessee, and Wyoming) had established soil clean-up guidelines for petroleum
‘contaminated soils only (Bell et al., 1989). The various approaches that have been used to
develop guidelines include concepts such as the "leachability” of the material from soil, ambient
or background levels, and ground water quality concerns. As of 1989, only New Jersey had
published decommissioning or clean-up guidelines for ground water. Although not developed for
application to contaminated sites, the State of Wisconsin adopted a comprehensrve set of
"enforcement standards" and "preventative action limits" for ground water in 1985 (Siegrist,
1989).

The last few years of the 1980s also witnessed efforts in several European countries to establish
approaches to developing guidelines. In 1988, West Germany issued preliminary estimates of
threshold concentrations (upper limits of background ranges) for numerous elements as a
preliminary step to setting criteria. In 1989, France issued a set of four thresholds (anomalies,
investigation, treatment, and urgent). A comprehensive review was undertaken in 1989 for the
government of Norway as an initial step in establishing guidelines (Siegrist, 1989).

This escalation of efforts in the late 1980s has carried over into the 1990s. Earlier this year,

Alberta issued the first draft-of soil criteria based largely on concentrations thought to be -
representative of productive soil or protective of human health, which ever factor requires the

lower concentration (Alberta Environment, 1990). Several agencies in Australia have initiated

. efforts to develop guidelines. for assessing-and managing contaminated sites (ANZEC, 1990;

NSWPCC, 1990). Options currently are being considered in the U.K. to expand and/or revise

the current sets of criteria in use (ICRCL; 1990) and in The Netherlands to revise its approach

to settmg C Levels (van den Berg, 1990) :

2.2 NATIONAL/REGIONAL CRITERIA versus SITE-SPECIFIC CRITERIA

One of the first issues faced by agencies responsible for assessing the suitability of soils or other
conditions at sites; is whether or not numerical criteria should be established for national or
regional application (as opposed to developing site-specific objectives only) ‘Numerical criteria
'developed for national or regional application offer several advantages in that they are relatively
easy to use and administer, facilitate communication between interested parties, and reduce -
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confusion. Many of the agencies discussed in this report have elected to estabhsh national or
reglonal criteria. : , :

- Conversely, numerical criteria that are .intended for broad apphcatlon are insensitive to site-
specific conditions and often imply a level of understanding or confidence in the underlying
science that may or may not exist. These limitations have contributed to decisions made by some
~ regulatory agencies to refrain from setting numerical criteria.” As an alternative, these agencies
have chosen to establish procedures that intend to determine site-specific objectrves only. The
_procedures typically involve some formi of risk assessment in which the exposures/ doses/health
~ risks that hypothetical site users, visitors or neighbours can eéxperience are estimated. Examples
‘of agericies that have selected this approach include the United States Environmental Protection
Agency (for the "Superfund" program), the Cahfomra Department of Health Serv1ces and the

 New York Department of Env1ronmental Conservatlon

The approach of the Umted States Envrronmental Protection Agency is described in. its

"Superfund Risk Assessment Guide” (U.S. EPA, 1989). Site-specific information is used to-

estimate doses that site users could receive via various pathways. Standard exposure scenarios
are described that should be used to estimate the doses. Preliminary remediation goals are

identified as the concentrations of a contaminant in the environment that w111 not result in

exceedmg an assumed maximum des1red health nsk

California has been at the forefront in developmg approaches to setting env1ronmental quahty

criteria for many years: The "California Site Mitigation Tree" was designed in the mid-1980s

to calculate action levels for substances in specific media including soil (Siegrist, 1989);
however, in 1990 that approach was replaced with a series of "technical standar “ documents.
The document that addresses soil remediation levels describes the equations to be used to

estimate doses by various pathways. For many of the parameters used in the equations, default

values are suggested (Califomia D‘epartment‘ of Health, 1990).

In New York, site background conditions often have been used to set clean- =up ObJeCtIVCS A
process' was recently developed for developing site-specific goals Like the Superfund and
California approaches, risk assessment is used to set goals which ensure that dose/risk estlmates
do not exceed desired levels (Harrinton, 1990). .

~ While there are d1fferences in the approaches of the three agenmes noted above, there also are

some common elements of interest to thxs review;

@ The regulatory agencies have decrded agamst establishing numerical cntena for broad ‘

application.

® Itis ass’umed that in most instances, human health concerns require concentrations of
contaminants sufficiently low to avoid other types of adverse effects. :




!

o _Procedures typlcally consisting of a series of mathematical equations are descnbed for :
estimating exposures/doses to critical receptors. Where needed, simple procedures for
estimating environmental behaviour of contaminants are also provided.

® The results of the exposure/dose estimates are combined with toxicological information
to calculate site-specific clean-up objectives. : :

- While these approaches are capable of considering site-specific factors, they also impose burdens
upon all parties to apply the procedures correctly and defend the results. The methodology and
equations are the subject of considerable debate and their use requires that issues such. as
inherent uncertainties in interpreting toxicological information and assigning a definition to
“"acceptable" risk levels be addressed. Establishing objectives by followmg such procedures can

" take protracted penods of time. . :

Given that many agencies have established national or regional numerical criteria (including
federal and provincial agencies in Canada), that regional and national criteria (for soil and other
“compartments of the environment) have been accepted in Canada, that the need for criteria was
identified as a critical component of the NCSRP, and that the two-tiered approach endorsed by
the NCSRP allows for site-specific considerations to be taken into account via the second tier,
the actions of the three agencies from the United States described above are insufficient reason
to deflect the NCSRP away from the goal of setting national criteria for contaminated sites.

2.3 REGIfLATORY AGENCIES SELECTED FOR STUDY

Based on discussions with 1nd1v1duals knowledgable about approaches currently in use or being
developed, and an examination of several recently published reviews of criteria from agencies.
of many countries (Beaulieu, 1989; Bell et al., 1989; Siegrist, 1989; Frtchko 1989), a list was
prepared of agencies/methodologies that could meaningfully contribute to this project. These
agencies are identified in Table 1 as being the "primary agencies" for this project. ,

The primary agencies include virtually all of the major efforts undertaken to establish soil
criteria/objectives/guidelines in Canada. These efforts include the interim guidelines of the
CCME for polycyclic aromatic hydrocarbons (PAHs) at abandoned coal tar sites and those for
polychlorinated biphenyls (PCBs). Provincial initiatives include those by the environmental
ministries of British Columbia, Alberta, Ontario, and Québec. Also on the list are agencies from
~ several other countries generally regarded as being at the forefront of criteria development.
These include The Netherlands, the United Kingdom, and the State of New Jersey Also
included is the State of California which has not established numerical criteria but is included
to illustrate the site-specific approach to assessing contaminated sites.




~ Primary Agencies

United States:

Secondary Agencies

, Table 1
~ REGULATORY AGENCIES STUDIED

C ’ : . B ~

Canada:
Alberta Env1ronment
British Columbia Ministry of Env1ronment :
Canadian Council of Ministers of the Environment
Ontario Ministry of the Environment
Quebec Ministry of the Environment

Callforma Department of Public Health
New Jersey Department of Environmental Protection

Other Jurisdictions:
Netherlands Ministry of Housmg, Physical Planning and Envrronment
United Kingdom Interdepartmental Committee on the Redevelopment of -
Contaminated Land ‘ , .

Australia and New Zealand Environment Council
Environmeént Canada, Atlantic Region |
France (as reported in ‘Beauliéu, 1989) :
Massachusetts Department of Environmental Protection T ‘
Minnesota (as reported in Siegrist, 1989) . '
National Health and Medical Research Council of Australia
New South Wales, Australia '
New York Department of Enwronmental Conservatlon
U.S. Environmental Protection Agency (for Superfund program)
U.S. Environmental Protectron Agency (for RCRA ‘program)
~ Victoria, Australia .
West Germany (as reported in Slegnst 1989)
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During the course of gathering information for the approaches of primary agencies, information
also was gathered from other regulatory agencies trying to grapple with the challenge of setting
remediation criteria. These are designated as "secondary agencies" because their contributions
do not add substantlally to those of the primary agencies. For example, the Atlantic region of
Environment Canada, in conjunction with Nova Scotia, has set a sediment clean-up guideline for
PAHS to be used at one location in Nova Scotia (Travers, 1990). '

Efforts to date in several U.S. states fall into the secondary agency category. Massachusetts has
‘established an "allowable residual soil concentration" for PCBs (Keith, 1990), and Minnesota
has set a soil quality guideline for lead (McNevin, 1990). Several states have set or suggested
soil guidelines for a few indicator parameters such as total petroleum hydrocarbons for assessing
- conditions around underground storage tanks (Bell et al., 1989).

Several agenmes in Australia have begun to develop criteria for contamlnated sites (ANZEC
1990; NSWPCC, 1990; NHMRC, 1989; Victoria, 1989). Efforts to date have focused on
determining the ranges of concentrations typically found in Australian environments and

1nvest1gat1ng the possible su1tab111ty of criteria from other Jlll‘lSdlCthl‘lS (most of those belng the -
' pnmary agencies" listed in Table D). '

The recently pubhshed reviews noted above also 1dent1fy several jurisdictions which are actively
- pursuing soil criteria but have not yet published any original work relevant to this report. These
include Norway, Sweden, Finland, and Denmark (Siegrist, 1989).

Appendix A presents profiles of the approaches and criteria for each of the primary agencies.
Each profile identifies the document(s) reviewed, the individuals contacted, a description of the
approach, a description of the underlying rationale, an opinion as to the applicability of the
approach to this prOJect and tables of numerical values (if any have been recommended).

2.4 WAYS THAT CRITERIA ARE USED

As alluded to in Section 2.1, the ways that criteria are intended to be used and the meanings
aSSIgned to criteria are almost as varied as the number of agencies that have established the
_criteria. The profiles presented in Appendlx A describe these facets of criteria use for each of
the primary agericies; however, it is also possible to reduce all of these approaches (and the
approaches of many of the secondary agencies) into a relatively few variations. One method for
generalizing the ways that criteria are used is as a function of the number of criteria set for each
contaminant. The agencies that have been reviewed for this project have established between one
and four numerical criteria for each conta.tmnant (These numbers reflect criteria for soil only.)

Agencies that have estabhshed just one numerical criteria per contammant include Alberta New

Jersey (with exceptions for-three. contaminants) and the draft guidelines from two Australian
agencies (NHMRC and the State of Victoria). In all these cases, the single values represent
investigation thresholds. Concentrations above the threshold indicate that contamination at a site

N . T
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should be thoroughly characterized. Remedial action may be needed depending on the outcome
" of the characteérization, Concentrations. below the threshold indicate that there is no need for
further investigation or remedial action. This method can not accommodate any site-specific
conditions (except for the Alberta numbers which can be adjusted depending on the clay content
of the soil). : SR S S

‘The approach of the Ontario MOE has the appearance of issuing several numbers for each
contaminant but is actually a one-number method 'when the method of application is considered.
~ The numbers are guidelines used as thresholds to evaluate the ‘suitability of site soils.
Corcentrations above a threshold are generally interpreted to mean that remedial action is
needed. ' ' : ‘
Agencies that have established two numerical criteria per contaminant include the United
Kingdom. The lower numbers are investigation thresholds analogous to those described above -
for agencies using just one nurmber. The upper numbers represent conditions that, if exceeded,
are cause for either remediating the site or altering the way it is to be used. Where site
concentrations fall between the two numbers, a site-specific investigation is needed to ascertain
- whether remedial action is necessary. Different pairs of criteria can be established for different
land uses. '

Agencies that ha\}e est'éblished three r'luvmervical criteria are those that use the ABC format (British
Columbia, MENVIQ, The Netherlands, CCREM). While these three agencies have some
commonality of origin, there are distinct differences in the ways that the criteria are used.

Of the four agencies, the criteria of The Netherlands have the weakest ties to land use. The A
Levels or "reference values” represent soil of ‘good quality. Further investigation or remedial
action is fiot warranted where A levels are not exceeded. Level B indicates the relative extent
of contamination, the potential for harmful effects on human health or the environment and the
need for further investigation. Level C represents concentrations above which remedial
investigations and/or clean-up are needed. When contaminant concentrations are between Level
A and Level B, a preliminary investigation of the site is needed. When contaminant
concentrations are between Level B and Level C, a detailed investigation of the site and an

assessment of the potential risks of site users are needed. L

The ABC values of the MENVIQ, British Columbia, and CCREM have relatively stronger tiés

to land use. The definitions assigned to the values by MENVIQ and CCREM are similar to those .

of The Netherlands but also mention certain land uses to illustrate the intended interpretation.
This has led to a common perception that the B values are for agricultural/residential land use
and the C values are for commercial/industrial land use. The definitions assigned by the B.C.
MOE explicitly mention land use. For residential, recreational, and agricultural land uses, Level

A is the threshold for investigation and Level B-is the threshold for remedial action. For -

commercial and industrial land uses, Level B is the threshold for investigation and Level C is
the threshold for remedial action. ' o
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Agencies that have established four numerical criteria per contaminant include France. Each of
the four numbers represent a threshold. The lowest number is termed the "threshold of anomaly"
‘and is considered to represent the extreme upper end of naturally-occurring concentrations. The
other three numbers (in ascending order) are the "threshold of investigation", the "threshold of
treatment" and the "threshold of urgency" (Beaulieu, 1989).

Based on- discussions with the CCME Subcommittee. on Environmental Quality Criteria for
Contaminated Sites, it was determined that this project should pursue a variation of the two-
number method in which the lower number is a threshold, which if not exceeded, indicates that
further investigations or’ site remediation are not needed. These values are referred to, as the
"assessment criteria”. (A separate set of assessment criteria are needed for ground water.) The
second type of criteria correspond to values that are considered to be protective for specified
uses of soil and water at contaminated sites. Where these values are exceeded there is usually
a need for remedial efforts. Accordingly, these are referred to as "remediation critefia". Separate
values are needed for three categones of land use: agncultural resrdentral/park land and
commercml/mdustrlal

2.5 FACTORS CONSIDERED WHEN SETTING CRITERIA
2.5.1 _‘Overview'

Over the past ten to fifteen years, the factors considered in setting soil remediation criteria have
changed both in terms of the number considered and in the relative importance assigned to
individual factors. While some of the earlier efforts considered only one or two factors (such
as background concentrations or analytical detection limits), some of the current initiatives
consider several factors and utilize techniques such as envuonmental fate modellmg, exposure
pathways analysis, and risk assessment.

A review of the approaches of the regulatory agencies listed in Table 1 reveals eight factors that |
frequently underlie the criteria that have been established or recommended

- background or ambient concentrations of substances
environmental mobility of substances
the relationship between soil and water quality
the health of terrestrial plants and animals
human health considerations :
aesthetics
the limits of analytical capabilities
land use

The factors considered in the approaches of the primary agencies are summarized in Table 2.
A factor is shown as being consrdered if documentatlon shows this being done explicitly. The
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ways that the factors are consider‘ed in the approaches-of the primary-agencies are described in
Appendix A. : . . . .

"The above list does not include all of the factors considered by all agencies. Factors such as
attack on building materials or services by corrosive contaminants such as sulphates and tarry -
substances, the fire and explosion potential of contarninants such as methane, sulphur, and coal
dust, and the health of aquatic plants and animals. The first three factors are considered in the
approach of the United Kingdom (ICRCL, 1987); however, the building and construction codes

of many jurisdictions outline ways to address conditions such as soil corrosivity and explosive =~ -

soil vapours.

The only approach that explicitly allows for aquatic plants and animals to be a factor is that
- advocated by the B.C. Ministry of Environment which indicates that an important reason for
~ setting surface water criteria is the logistical issue related to provincial/federal jurisdictions over
" marine waters ‘and discharges into those water bodies (B.C. MOE, 1989a). Reviews of
information pertaining to the health of aquatic plants and animals have been prepared by the
CCME (CCREM, 1987 and updates). Reports from other regulatory agencies also could provide
~ useful information if this factor was to be incorporated into an approach for establishing criteria -
for contaminated sites. o - - o

2.5.2 Background Conditions .

~ The typical concentrations of substances naturally found in the 'enVironment is one of the most
frequently used factors in setting criteria. Background concentrations generally are assumed to

represent environmentally sound and acceptable conditions. Background conditions also establish.

the ultimate conditions that remedial actions can achieve.

An extensive data base is required to define background concentrations. For some naturally-
- occurring substances, that data base exists for soils and surface waters (and in some cases
ground water). For example, the "Canadian Water Quality Guidelines" (CCREM, 1987 and
updates) contains background information from various parts of Canada. Data bases have been
compiled for several provinces, the United States, individual states, and several other countries.
For those substances which are not highly variable (for example, cobalt and mercury), these data
bases are relatively easy to interpret. For others, background is highly variable and interpretation
* is more difficult (for example, copper and selenium). S

~ For this project, information about background concentrations of substances in soil has been
assembled for Ontario, New Jersey, Michi-ggn, Canada, the United States, West Germany,
Australia, and The Netherlands. Typical global values have also been collected. The specific
- parameters addressed vary from jurisdiction to jurisdiction. '

Information about background concentrations provides little guidance for compounds that are

solely anthrqp()gcnic since the background concentration is zero. Another limitation of this factor
is defining what "background" means and whether it is necessary to differentiate between
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Table 2

SUMMARY OF FACTORS USED BY PRIMARY AGENCIES

AGENCY

aesth~
. etics

human
‘health

water terr.
quality | p&a

back- [ mobility/
ground fate

DLs

land
use

Alberté Draft Tier 1 Guidelines (1990)

British Columbia I and R Criteria (B.C. MOE, 1989a) - |
California Techniéal Siandard (DHS, 1990) |

|CCME Interim PAH Guidelines (CCREM, 1988)

. iCCME Interim PCB‘GUide'Iines (Clarke et al., 1987)
|Netherlands Soil Guidelines (Moen, 1988)

f?New Je_rééy Interim Soil Action Levéls*(NJbEP,' 1990)
5‘.On'fario Soil Clean-up Gui’de.lines (Ontario MOE, 1989a)

|Quebec ABC Levels (MENVIQ, 1988)

-|United Kimgd'om Trigger Concentrations (ICRCL, 1987)

Y - - Y

% - Y -

.<
I
<
< < X < <X < =< < =< <
|

< < < < < =
]
<
|

i< < < <

< < < <

- Notes:

Y =Yes

terr = terrestrial
p & a = plants and animals

DL = analytical detection limits




-

' backgi'ound concentrations in various types of areas such as urban and rural areas. A previous

CCME project assigned a definition to background concentratmn (see Sectlon 1.4) but does not
d1fferent1ate between types of areas. . _ o

253 Environmental Mobility

Environmental mobiiity refers to the ability and/or way(s) with which a substance can move in
the environment. Relatively mobile substances include those that are relatively soluble in water
or volatile. Mobility also is influenced by environmental conditions at a site such as soil
- properties and the characteristics of the ground water regime. Mobile substances are more likely
_to move off-site and/or come into contact w1th various types of receptors.

Modbility is not exphc1tly conmdered in most criteria-setting efforts. One of the few Canadian
regulatory agencies to recognize that mobility is variable according to environmental conditions
is the Ontario MOE, which has developed different guidelines for medium and fine textured soils
as opposed to coarse textured soils. The draft Tier 1 guidelines from Alberta take clay content
into account and are intended for a specified pH range. The “reference values" from The
Netherlands take into account clay content and organic matter content of soils.

* As environmental fate modelling techniques come into wider use, it is probable that this factor

will increase in importance. Environmental fate modelling techniques also can be expected to
become an integral part of efforts to develop site-specific remediation criteria.

2.5.4° Relationship Between Soil and Water Quality

The relationship between soil conditions and those of local ground water is an obvious one and
several agencies that have issued remediation criteria for soil also.have issued complimentary

. criteria for ground water. In many cases, the ground water criteria are derived from drinking

water guidelines and are based on the assumption that the ground water is used directly as a
water supply (British Columbia, Quebec, and the CCME). In some cases, ground water criteria
have been based on analytical detectlon lumts '

Recently, env1ronmental partmonmg of substances between soils and ground water has been used
to set the reference values in The Netherlands. This and other environmental fate modelhng,
techniques are expected to come into w1der use as noted in Section 2.5.2.

One possible reason for ground water not bemg addressed by all agenc1es may be the view that
contamination often originates with materials in the soil and that addressing soil conditions will
usually improve ground water conditions as well. Another reason may be that, where ground
water is used as a supply, there likely are water quality guidelines that can be used to assess the
suitability of the water. This philosophy may offer little guidance in situations where local
ground water is not a supply but nevertheless prov1des a way for contaminants to move in the -
env1ronment
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The relationship between soil conditions and surface water quality is less direct than that between
soil and ground water; however, most ground water eventually becomes surface water, although

* this may only occur far down gradient from a location of concern. Few of the agenmes that have
issued criteria for soil use or even mention surface water concerns. One exception is the B.C.

MOE which has established criteria that apply to both ground and surface water. One reason
why other agencies have avoided surface water criteria is likely that water quality guidelines are
available for assessing various uses of surface water. Federal examples include the "Canadian
Water Quality Guidelines" (CCREM, 1987 and updates) which address several water- uses and
the Guidelines for Canadlan Drinking Water Quality (Health and Welfare Canada, 1989)

2.5 5 Health of Terrestnal Plants anid Animals

Information concerning the health of terrestrial plants has been used by several agencies in
setting remediation criteria; most often to avoid phytotoxic effects or adverse effects on grazing
anlmals _ ,

Information about the concentrations of substances in soil capable of adversely affectmg
~ vegetation is available in the scientific literature for selected inorganic substances and organic

o compounds. Most often, the data are available for,substances known to have substantial potential

to cause phytotoxicological concerns. Most of the available data pertains to agncultural CIops
and the contaminants of concern typically include boron, copper, nickel, and zinc. A relatively
smaller amount of information is available about substances that have been observed to cause
difficulties in greenhouses and domestic gardens. Ontario soil guidelines incorporate
phytotoxicity as a major considera‘tion (MOE, 1989a)

. Information about the concentratlons of substances in soil capable of adversely affecting grazmg
animals is available for relatively few substances, and then the information may only be related
to desirable or tolerable concentrations in forage crops. Most often, the data are available as a
result of conditions observed in agricultural animals. For example, disorders associated with
excessive amounts of molybdenum, selenium, and copper in diets or soils have been observed
in cattle and/or sheep. There is very little information of this type for organic compounds.

2 5.6 Human Health

Human health considerations, usually in the form of assessments of health risks, have been used
increasingly over the past few years to develop remediation criteria. In some of the recently
developed methodologies, human health considerations are the.primary factor in setting criteria.

This philosophy is often predicated on the assumption that criteria that are sufficiently protective
of human health will be sufficiently protective of the environment. For some contaminants this
is known or suspected not to be the case. Examples include zinc and some phthalate estérs
(which are capable of causing phytotoxic effects before being of concern to human health). An
approach based only on human health also may be capable of establishing soil criteria for areas
capable of producing odours or tainting- locally grown produce. -
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Risk assessments require numerous assumptions to be made régarding the people being exposed,

the pathways of exposure, the relationship between dose and response, and the environment in
which-exposure is or can occur. For carcinogens, it is assumed that any dose poses some level
of risk and therefore there aré the additional prerequ1s1tes of defining "acceptable" risk. Each
of these aspects is accompanied by uncertalntles and, in some instances, there is conmderable .

, debate as' to proper procedures

2.5.7 Aesthetlcs

Contammants in the env1ronment can be sources of odours, staining of smI dlSCOlOIHatIOH films
or foams.on: water ‘and impart disagreeable tastes to water, plants, and the animals that live in

‘'such environments. Many odours or tastes can be detected at concentrations lower than ‘those:

needed to cause other types: of adverse effects. Cntena based on aesthetic conmderatxons are

“intended: to av01d such effects.” ' _ S

Whﬂe those contaminants most hkely to’ cause aesthetic concerns are well known, the
concentrations in' soil at which these effects occur are not well documented and therefore this
factor has not been considered often in. setting criteria. Much of the information that has been

. published regarding - aesthetic effects concerns concentrations. in air and water (usually in the

form of taste and odour: thresholds). In many jurisdictions, aesthetic effects are taken into

‘ account in air and water quahty criteria or guidelines where appropnate.

The -limited mformatlon that is avallable restncts the ability to develop numerical cntena for.
aesthetics. Asa result, some agencies have used qualitative guidelines. For example, the Ontario
‘MOE has used appearance and odours: to assess soil quality during the decomrmssmnmg of
industrial sites. These gu1de11nes have mcluded (Reades 1989) :

e absolutely no remmr‘ung refinery-related odours in the soil
@ no discolouration or staining of soil - _
. ® no hydrocarbon layer or sheen present if a soil sample is placed in water

25.8 Analytlcal Capab111t1es

Analytlcal detection limits have been used by several agenc1es in setting remedlatlon criteria;
most often when other types of information are lacking for substances. For some anthropogenic
substances, it has been assumed that any measurable concentration is unacceptable for relatively
sensitive land uses (such‘as residential or agncultural) and that a maximum acceptable
concentranon for less sensitive land use could be defined as a multlple of the detectlon Limit.

The Tole of using analytlcal capablhtles in settmg criteria likely will dlmlmsh as other factors -
rise in importance. One weakness of this factor is that merely being able to measure a substance -
does not automatically mean that an adverse effect will occur. A second weakness is that
analytlcal detection limits have steadily improved over the past several decades, thus provxdmg
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a constantly changing target. A thlrd limitation is that the detection hm1t achieved on soil

samples is a function of interfering compounds or conditions that may be present in samples.

~ Finally, analytical detection limits are sensitive -to- the procedures followed dunng ‘sample
collection, transportation to the lab handhng, and preparatlon .

Amnalytical capablhties can not be used as a factor for many naturally-occurring substances (both
organic and inorganic) which typically are present at concentrations well above detection limits.

2.5.9 Land Use

Land use is a frequently used factor in setting remediation criteria. The types of land use most
often addressed are residential, agricultural, and industrial but many other uses and/or specific
activities have been identified. These include: non-use, recreation, parkland, commercial use,
public open space, amenity areas, areas covered by pavement or concrete, and domestic gardens. .
All of these can be broadly grouped under three categories: commercial/industrial lands,
agricultural, and all others. In. this report, these groups are abbreviated as C/I. (for
commercial/industrial), AG (for agricultural), and R/P (for residential/park land), respectively.

Among the agencies that differentiate according to land use, virtually all advocate lower criteria
for AG and R/P than C/I. It is generally considered that C/I lands pose less opportunity for site
users. to-be exposed to soil contaminants, that users of C/I sites typically do not include children,
that site users typically spend less time at C/I sites than at AG or R/P sites, and that conditions
at C/I sites (sach as large portions being covered by asphalt or concrete) tend to reduce or
inhibit eavironmental moblhty

"Among the agencies that differentiate between AG and R/P land uses, there is a tendency to sgt
AG levels either equal to or slightly below R/P levels. It is generally considered that AG lands
pose frequent opportunities for site users or neighbours to be exposed to soil contaminants, and
that the prolonged or frequent contact of plants (and animals) with soil (or forage) can lead to
the transfer of contaminants to non-site users in agncultural products. Some agencies combme '

the AG and R/P land uses. '

While many agencies ﬁnd.it desirable to differentiate according to land use, there is considerable
inconsistency in the way(s) that this should affect criteria. For example, the C/I guidelines of
the Ontario MOE range from 1.0 to 8 times higher than the AG and R/P guidelines. (The actual
ratios are parameter-specific.) The ratios between the MENVIQ C and B levels for the same
parameters range from 1.6 to 6. The MENVIQ C:B ratios for most monocyclic and polycyclic
aromatic hydrocarbons are all 10. For various PAHs associated with former coal tar s1tes the
ratios for U.K. trigger concentrauons range from 1 to 20.

The principle of "multl-functlonahty" advocated by The Netherlands is another way of

considering various land uses in setting criteria. This pnn01ple is defined as preserving the
~ properties of a soil which are of importance for its various possible functions (uses) such as
~ growing crops, being a source of drinking water, and providing a suitable habitat for plants and
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- animals (Moen, 1988). Conversely, the United Kingdom Department of the Environment has
‘rejected the concept of -multi-functionality on the basis that "the cost of bringing every
contaminated site back to a state suitable for every conceivable use would be disproportionate
to the benefits” (U.K. Department of the Environment, 1990). - -
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3.0 "EVALUATION OF EXISTING APPROACHES

3.1 DESIRED CHARACTERISTICS FOR THE NCSRP APPROACH

As many regulatory agencies around the world have discovered, developing soil criteria poses
several challenges. The approach/criteria must’ be perceived as appropnate and adequately
protective of both the environment and human health, yet there is a lack of procedures for
deriving criteria and a lack of consensus relating to the interpretation and application of various
" key types of environmental and health data. _ ‘ ‘ K

Ideally, the approach should be scientifically defensible and consider a broad spectrum. of
information types but avoid being hamstfung by information requirements. An additional
challenge in this regard is the 1nadequacy of the information available for many contaminants.
.For the NCSRP, the approach and criteria also should be applicable to sites across the country -

and be able to accommodate or integrate the criteria that have already been recommended by
various regulatory agencres in Canada )

N

Based on drscussrons at the NCSRP workshop held in April (Energy Pathways, 1990), and other

desired characteristics identified in the literature, it was determined that the approach upon which
NCSRP criteria are based should possess the followmg attributes:

- @ .be applicable to a wide range of s1tes, site conditions, and contaminants

®  consider all environmental media or compartments

®  consider various exposure pathways, resultmg doses that receptors may receive, and the
risks that those doses pose

- @  be able to adapt to inadequate. or missing oata
o 'consider pres,erlt and future land use(s) and consider the uses of 'nei‘ghbouring properties
° place eqoal emphasis on protecting the environment and human health
o consrder concerns such as aesthetrcs and. phytotoxrcrty
®  consider background or ambrent concentratrons of contammants
®  consider the current c_apablh'tles of analytical detection teChniqUes

There aiso are certain practical constraints or conditions that do not irtﬂuence'hovt"tlte approach

is structured but which will influence its viability. When establishing criteria that may be applied

broadly (and not take site-specific conditions into account), there is a tendency to be somewhat
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overly conservative or protective of the environment and human health. (Some might even argue
‘that this is a necessary. feature of regional or national criteria.) While it obviously would be
undesirable to recommend criteria that are too liberal, it also would be undesirable to
“recommend criteria that are unduly conservative. In the event of the latter, ‘there would be a
- tendency to ignore the criteria and pursue: the 51te-spec1ﬁc objective option.

As noted in Section 2.4, an objectlve of th1s pro;ect is to 1dent1fy two "assessment criteria® for
each contaminant (one for soil and one for ground water) that typify uncontaminated or
background conditions. The intent. of these two values would be that neither further
~ investigations nor site remediation would be needed if they were exceeded. The other objective

is to identify three "remediation criteria” for each contaminant (one for agricultural land, one
for residential/park land, and one for commercial/industrial lands). These would correspond to .
values considered protective for specified uses of soil and water at contaminated sites.

3.2 EVALUATION NIETHOD AND FINDINGS

~ The approach of each primary agency was Judged accordmg to the desired charactenstlcs noted
~ in Table 3. Each of the desired characteristics were deemed of equal importance for the purposes
of this exerciSe Four outComes were pc')ssible when éach characteristic was considered:

® . yes - if the approach clearly possesses the characteristic ‘
©  no - if the approach clearly does not possess the characteristic or dlsregards the mtent
- of the characteristic .
@  limited - if the characteristic is present but only in an implicit manner or at a cursory
level of detail or appears to be given minor importance
~®  uncertain - if it is uncertain whether the characteristic is present

- The results of the evaluatlon are dlsplayed in Table 3. Based on this evaluatmn several findmgs |
are evident: _ . =

® iMany of the approaches only address between four and eight of the twelve desired
characteristics. The approaches with the highest number of desired characteristics are
those of the B.C. MOE, United Kingdom, and MENVIQ. The approaches with the
lowest are those from the CCME (for PAHs at abandoned coal tar sites) and New Jersey.

® The desired characteristics most often present in the approaches  include wide
- applicability, consideration of several land uses, and background concentrations. The
characteristics most often absent include considering all environmental media, the ability

to adapt to inadequate or missing data, and the ability to consider 81te nelghbours ‘

® The ability to. determine if some approaches have des1red characteristics is limited
because the approach either is not well—documented or not pubhcly available. .
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L Table 3 : :
EVALUATION OF CHARACTERISTICS OF APPROACHES USED BY PRIMARY AGENCIES
AGENCY . | widely all all routes various missing v various - |neigh- |env.= laesth- |phyto- gback- 5 DILsV
applied | media | of exposure | receptors “data land ‘uses bgrs healt?l etics  |tox :ground

Alberta Draft Tier I éuidelines (1990) L ‘N N N L L N L I Yy | v
British Columbia I and R Critefia (B.C. MOE, 1989a) N } Y . L L L L Y N L »? ' ? ‘Y Y

| Caifomia Techrical Sandard oHS, 1990) Yy | L Y Y L Y N vy | N8| NN
:(:_CME Interim PAH Guidelines (CCREM, 1988) N L N N - N L | N N N N L N
CCME Interim PCB VGuidelineg (Clarke et al., 1987) N Y Y Y N Y N N N | N L N
{Netherlands Soil Guidelines (Moen, 1988) Y L N N N Y N ? ? N Y , Y
:New Jersey lnterimv‘Soi] Action Levels (NJDéP, 1990) L N N L N L N ? N N. Y N
i(.)ntario Soil Clcan-.up Guidelines (OntariciMbE, 1989a) "L | N N N N Y N .Y ) L Y N 4 N
“ngb‘ec ABC Levels. (MENVIQ, 1988) Y L N L L Y N ‘7 9 ‘ N Y Y
‘United Kingdom Trigger Concentrations (lCRéL, 1987) L N L L N Y N L L Y Y N

" Notes:
Y = Yes
N =.No
L = Limited

? = uncertain

env. = health indicates equal importance assigned to protection of environment and human health -




®  Because of their narrow focus, some of the approachesy do not 'cohs1der factors that would
be needed in an approach to be applied broadly 'such as that intended for NCSRP. An
example is the: CCME guidelines for PCBs '

While all of the approaches offer some gu1dance w1th regard to settlng national env1ronmenta1
quality critéria for contaminated sites, it is apparent from this evaluation that none are ideally
suited (in their current forms) to developing NCSRP criteria. Accordingly, none of the
approaches (or the associated cntena) can -be recommended for 1mmed1ate adoption by the
‘NCSRP.

(o
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40 OPTIONS FOR SETTING NCSRP CRITERIA

4.1 OVERVIEW

Because none of the approaches of the agencies reviewed in Chapter 3 possess all of the
characteristics desired to be present in the NCSRP- approach, it will be necessary to develop an
approach that incorporates as many of the desired characteristics as possible and to establish
criteria for contaminated sites appropriate within the mandate of the NCSRP. Whereas these are -
the goals of the CCME Subcommrttee on Environmental Quality Criteria for Contaminated Sites,

these goals can only be achieved by deliberate actions. As indicated in Section 2.1, some
regulatory agencies have been pursuing similar goals for many years (for example, The
Netherlands). Such time frames however; clash with the pressmg need for criteria faced by the
NCSRP. To respond to two such disparate goals, it is recommended that the CCME
Subcommittee promptly adopt an interim set of criteria for soil and water, and at the same time
initiate a longer-term effort capable of eventually finalizing an NCSRP approach and criteria.

4.2 DEVELOPING INTERIM CRITERIA ‘

To respond to the pressmg need for criteria for contaminated sites, it is recommended that
"interim" criteria be selected from among the criteria that have been identified to date by other

' regulatory agencies. Two ways that the interim criteria can be selected include:

® assemble' on a contaminant-by-contaminant basis, the most appropriate values ‘from
* among those recommended by other agencies; this 1s also referred to as the "mosaic”
option ‘

e identify the most appropriate approach from among those evaluated and adopt those
criteria as the interim criteria' this is referred to as the "be‘st-ﬁt" roption

Both opt10ns avoid the extensive tlme and data requ1rements that developmg a new approach
will require (see Section 4.6) and attempt to take advantage of the efforts that already have been
undertaken by the other agencies. ,

While the emphasm of this project is to develop interim assessment and remediation criteria for

soil, interim criteria for water have also been proposed The optlons for denvmg these values
are 51m11ar in context to those for soil. :
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43 MOSAIC OPTION .
4.3.1 Approach |

This option involves selecting criteria from among those that have been established Each
substance is considered individually and itis poss1b1e that the selected criteria can include values -
from ‘many agenc1es (hence the name mosalc option).

- The key elements of this opt10n are the types of information considered and the rules used to

evaluate the information and select the criteria. Appendix B presents in detail the information
considered, describes the rules used to evaluate the information, identifies the resulting criteria,
~and describes the reasons underlying each criterion for each of 20 substances selected to
- illustrate the optlon : .

All of the numencal criteria that have been issued by Canadian regulatory agenc1es are
‘considered to be equally valid and appropnate as candidates except as noted below or in the
details presented in Append1x B. Preference is given to Canadian values on the assumption that
some foreign criteria may reflect conditions 1nappropr1ate in the Canadian context.

- 4.3.2 Methodology for Selectmg Interim Assess_ment.Cntena :

As noted in Section 2.4, the inteérim assessment criteria are intended to identify concentrations
in soil and ground water that - typify uncontaminated or background conditions. The -
concentrations in soil also can be interpreted as representing a healthy soil system. Further
investigations or site remediation would not be needed if the assessment criteria are not
exceeded. - : N :

The assessment criteria should lie toward the upper end of background ranges o reduce the
possibility of incorrectly interpreting natural conditions as requlrmg further investigation or
remediation but should not pose any adverse effects. Land use is not considered for assessment
criteria. :

The information considered in setting assessment criteria is divided into two broad categories.
The “"candidates" for assessment criteria are the values recommended by agencies as
- investigation thresholds or triggers or identified as representing background conditions. These
include British Columbia A criteria (B. C. MOE, 1989a), MENVIQ A values (MENVIQ, 1988),
France thresholds for anomalies and investigations (Beaulieu, 1989), Netherlands A values
(Moen, 1988), NHMRC investigation thresholds (NHMRC 1990), and Victoria IACs (Victoria -
Env1ronmenta1 Protection Agency, 1989) :

_ The second broad category 1s the "supporting information” that concerns background or amblent

concentrations of substances in soil and/or ground water. This category includes the Ontario
ULN values (Ontario MOE, 1989b), information in the Canadian Water Quality Guidelines
(CCME, 1987) and background data from Michigan (de Montgomery, 1988), New Jersey

; o : | ’ -'4_2_




(NJDEP, 1990), the United States (Dragun, 1988), the ANZEC A range (ANZEC, 1990), and
West Germany (Siegrist, 1989). It is assumed that all of the data have the potent1a1 to represent
upper background concentrations in various Canadian environments. _

The rules outlined in Appendlx B are de81gned to identify assessment crltena that pose minimal
possibility of adverse effects occurring unless effects occur at concentrations less than reported
global or national average concentrations, in which case the average concentration is given
priority. In an iterative process, the assessment criteria candidates are -checked against the
candidates for remediation criteria and lowered to prevent the former from being higher than the
latter. If there is insufficient information for setting a soil assessment criterion, the assessment
criterion is set equal to the AG remedlatwn cntenon for that substance (see Sectlon 4.3. 3)

4. 3 3 Methodology for Selecting Intenm Remedlatlon Criteria

The interim remediation cntena correspond to concentratlons of substances in soil .and water
considered to be protective for specific land uses. Remediation criteria are intended to prevent
or avoid various types of adverse éffects to the environment or human health. The possible types
of adverse effects are strongly influenced by the way(s) that a site is used. As noted in Section
2.4, three categories of land use are of interest in this project: agncultural (AG), res1dent1a1/park
land (R/P), and commerc1al/1ndustnal (C/I) : -

Intenm remedlanon criteria for AG are intended to prevent or avoid adverse effects on plant
growth or grazing livestock at agricultural facilities (as opposed to backyard gardens). The
"candidates" for AG remediation criteria include Alberta Tier 1 guidelines (Alberta
Environment, 1990), Ontario AG/R/P guidelines if explicitly identified as based on the health
of grazing animals (MOE, 1989a), CCME interim value for PCBs for commercial gardens, U.K.
. thresholds if identified as applicable to "anywhere plants dre to be grown" (ICRCL, 1987), and

the interim values recommended by the Ontario MOE -for dioxins and furans (Ontario MOE,
1990a and 1990b)

“Supporting mformatlon"’ sources include the CWQG document (CCREM, 1987 and updates)
which describes concentrations in soil associated with adverse effects on crops and livestock and

U.K. triggers for minéspoil soil which include maximum cencentrations for growmg plants and
grazmg livestock (ICRCL, 1990). S A

- The rules outlined in Appendix B are. de51gned to identify remediation cntena for AG that lie
toward the lower end of the range or any other candidate that has been recommended by two
or more agencies. The supporting information is checked and the initial working value is reduced
if hecessary to ensure that the final AG criterion does not exceed concentrations associated with -

adverse agricultural effects and is not less ' than ‘reported national or global average

concentrations. If there is insufficient information for setting an AG remediation criterion, the
remediation cfiterion can be set equal to the soil assessment criterion for that substance (see
Section 4.3. 2). ~ '
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Interim remedlatlon criteria for R/P are 1ntended to prévent or avo1d adverse effects to people
who live on.or frequently visit such sites. In addition -to habitation, site uses can include

backyard gardens, play areas, parks etc.

"Candidates” for 1nter1m R/P remedlanon criteria include British Colambia B cntena Ontario’
 AG/R/P guidelines (¢xcept those based on grazing animals) and interim guidelines for dioxins
and furans, MENVIQ B values, CCME B values for PAHs, CCME interim value for PCB:s fot
R/P sites, New Jersey ISALs, Netherlands B values, and U.K. thresholds for residential or -
public lands (mcludmg domestrc gardens allotments parks, open spaces, and playing- fields).

. Interim remedlatxon criteria for R/P were selected accordmg to rules that are preferential towards
- candidates identified often and/or that lie nearest the middle of the range of candrdates

Intenm remedlatlon criteria for C/I are mtended to prevent or avoid adverse effects to people
who work at or use such sites. Opportunities for exposure to contaminants in soil are generally
regarded as much less than at R/P sites because the soil at C/I sites often is largely covered by
bulldmgs or other hard surfaces. : :

“"Candidates" for interim C/I remedlatlon criteria mclude Bntlsh Columbla C criteria, Ontario
- C/1 guidelines and interim guidelines for dioxins and furans, MENVIQ C values, CCME C
values for PAHs, CCME interim value for PCBs for C/I sites, New Jersey ISALs for
commercial Js1tes, Netherlands C values, and U.K. thresholds for C/I lands.

Intenm remedlatlon cntena for C/1 were selected accordmg to rules that are preferent1a1 towards
candidates identified often and/or that lie nearest the middle of the range of candidates. Reduced
-importance is assigned to situations where agencies have set the same criteria for R/P and C/I
land use combinations since this seems inconsistent given the scenanos and opportunities for
exposure. typrcally env1s1oned for these two land use categones

4.3.4 Results Produced by the Mosaic Option -

.Append1x B presents the results of using the mosaic optlon The criteria are summarized in
Table 4 for a collection of 20 parameters that includes morgamc substances and organic
compounds. Table 5 identifies the agenc1es of ongm for each value in Table 4.
\

While this option can respond to the urgency for cntena it is not w1thout disadvantages. The
mosaic option can not be used to develop criteria for substances that have not been addressed .
by other agencies. For some parameters, the recommended criteria are ‘strongly influenced by
the values from British Columbia, Quebec, and The Netherlands, which are very similar and
reflect a common origin. This is particularly true for organic compounds The appropriateness
of the assessment criteria recommended for organic compounds is further weakened by the
condition that the A values from B.C., Quebec, and The Netherlands are largely derived from
typ1cal detectlon hmlts and some 1mp11c1t understanding of the relative degree of toxrcolog1cal
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Table 4

SUMMARY OF INTERIM CRITERIA DEVELOPED USING THE MOSAIC OPTION

Soil

- Inorganic Parameters

arsenic . 10
barium o 200
beryllium 5
cadmium 1
chromium, 6+ .5
chromium, total - 100
cobalt 20
copper ) 50
lead _ .50
mercury o 0.2
molybdenum 4

~ nickel - - 40
selenium 1 !
zinc , 120
cyanide, total - 5
fluoride, free 200.
Organic Parameters

- benzene , - 0.05
PCBs -~ 01
benzo(a)pytene 0.1
PCDDs and PCDFs 0.0001

ote

Assessment Criteria
Water

0.5

0.1

0.01

Remediation Criteria

AG -

10
200
5

1.
p
100
20
80
50
0.2

4

40

1
120

5
200

0.05

0.1
0.1
0.0001

All soil criteria are in pg/g; all ground water criteria are in ug/L

R/P

30
500
4 v
5.
10
600
50
100.
500
2

10
100

3

500

50 -
400

0.5

1
1

0.001

cn

50

- 2000

10
20

25

800
300
500
1000
10

40 |
500

10

1500

500

2000

25

T
0.001



Table 5

' ORIGINATING AGENCIES OF INTERIM CRITERIA FOR THE MOSAIC OPTION

Assessment Criteria Remediation Criteria

Soil Water AG R/P 107 |
Inorganic Parameters Co I IR
- arsenic” ~ BC/AL BC/PQ AL BC/PQ/NE - BC/ON/PQ/NE
barium - BC/PQ/NE/FR/VA BC/PQ/NE AL PQ BC/ON/PQ/NE
. beryllium - AL S - AL - ON - ON
 cadmium BC/VA BC/PQ AL . BC/PQ/NE -BC/PQ/NE -
chromium, *6 : AL - AL - ON - UK -
chromium, total ~ NE/VA BC/PQ AL UK BC/PQ/NE :
cobalt . NE/VA BC/PQ - AL BC/ON/PQ/NE BC/PQ/NE
copper - PQ BC/PQ AL - BC/PQ/NE BC/PQ/NE
lead - - BC/PQ BC/PQ AL BC/ON/UK BC/ON/NJ - -
mercury . . PQ ~  BC/PQ AL BC/PQ BC/PQ
‘molybdenum BC/FR - BC/PQ/NE ‘AL - BC/PQ « BC/ON/PQ
nickel AL BC/PQ AL BC/PQ/NJ/NE BC/PQ/NE
selenium PQ BC/PQ AL BC/PQ/UK BC/ON/PQ
~ zine PQ BC/PQ ‘AL BC/PQ/NE BC/PQ
cyanide, total - BC/PQ/NE BC/PQ . AL BC/PQ/NE - BC/PQ/NE
- fluoride, free BCPQ . - AL BC/PQ - 'BC/PQ/NE
Organic Parameters - I . A : o
benzene . BC/PQ BC/PQ AL BC/PQ/NE BC/PQ/NE
PCBs BC/PQ BC/PQ CC. - PQ/NE/N] - ON
benzo(a)pyrene BC/PQ BC/NE AL BC/CC/PQ/NE BC/CC/PQ/NE
‘ ON ‘ON

PCDDs and PCDFs ON . - ON

Notes:

AL - Alberta _ - NIJ - New Jersey
~ BC - British Columbia ~ ON - Ontario
CC - CCME. - PQ - Quebec

. UK - 'United Kingdom
NE - Netherlands

VA - Victoria, Australia
FR - France

!
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concern that various compounds pose. Many of the B and C values are merely multiples of the
A levels, and consequently there are s1m11ar weaknesses in the remediation criteria for most
organic compounds. : :

The e‘xtensive discussion of this option in Appendix B may be perceived as indicating that there

is a substantial information base upon which to derive criteria. This, however, is not the case
for most-organic compounds while for some morgamc substances the basis. for recommending
a value is largely judgemental. : :

The conﬁdence placed in the assessment criteria and AG remediation criteria generated by this
~option could be improved by reviewing in depth the published information concerning -
background concentrations across Canada and the potential adverse effects on plants and
livestock.

4.4 BEST-FIT omoN

Ideally it would be possible to 1dent1fy one approach that is best suited to adopt as a source of
_interim criteria; however, based on the approaches reviewed for this project and other
considerations -such as the need for the NCSRP criteria to avoid inconsistencies with other
CCME initiatives, the best-fit option will need to identify two or more existing approach(es) and
associated criteria if the interim approach is to offer the two assessment crrtena and three
- remediation criteria identified in Section 2.4.

While the essence of the mosaic option concerns how spe01ﬁc p1eces of information influence
the establishment of criteria, the focus of the best-fit option is in determining which existing
approaches should be used. Several sources of guidance were available. These included the
results of the evaluation described in Chapter 3, the frequency with which agencies are identified
in Table 5 for the mosaic option, and discussions with representatives of several provincial
agencies to understand aspects of guidelinés that aré not generally available. In addition, draft
versions of the results produced by both options were presented at the NCSRP Workshop held
in November 1990. Based on comments received during and after the workshop, addltronal rules
were estabhshed for the best-fit Optlon

Based on these consrderatlons, it was determined that the best-fit optlon should be a hybnd that
would include: :
o Interim soil assessment criteria for inorganic substances and organic compounds should
be the lower of the B.C. A criteria and the Alberta Tier 1 guidelines for soils with
- >10% clay. For general parameters, the Ontario MOE AG/R/P values should be used
as they are more stringent than the Alberta Environment parameters.

@ Interim ground water assessment criteria should be equal to the B.C. A criteria.



L Intenm AG remedratron cntena should be set equal to the Ontano MOE AG/R/P values
" for coarse soils. For parameters that the Ontario MOE has not addressed, the lower of
the Alberta Tier I guidelines and the B.C. MOE A Level value should be used.

o Interim R/P and C/I remediation 'criterla— should be set equal to the B.C. MOE B and C
criteria. For parameters not addressed by the B.C. MOE, the Ontario MOE AG/R/P and
C/1 values for coarse s011s should be used unless the C/I value equals the R/P value.

e The dioxin and furan values recommended by the Ontano MOE for the mtenm soil
assessment cntenon and all three interim remediation criteria.

e The CCME values for PCBs for the interim 5011 assessment cntenon and all three 1nter1m

remediation criteria.

Some of the agencies noted above have established guidelines for numerous organic parameters;
" however, in many cases these guidelines are based on little more than analytical detection limits.
Since their scientific basis is so limited, it was decided that many of those parameters should not
be included in the best-fit option. Eliminated were: PAHs other than the nine for which the

CCME has established guidelines, numerous pesticides, and numerous parameters expressed as . - -

totals (i.e. total phenols; total PAHS, total oil and greaSe ‘total 'nitrogen)

-Like the mosaic option, the best-ﬁt optlon responds to the urgent need of the NCSRP and.it

utilizes the existing rationale of other agencies. It also shares a disadvantage in that it can not

be used to develop criteria for substances that have not been addressed by the agencies reviewed.
Relative to the mosaic option, the best-fit option might offer fewer opportunities for confus1on
since the criteria of fewer agencies would be mvolved ’ N

4.5 RECOMMENDED INTERIM ACTION

It is recommended that the best-fit option be used to establish the interim environmenthlbquality

criteria for contaminated sites. The interim remediation criteria should be augmented by the

"Canadian Water Quality Guidelines" (CCME, 1987 and updates) and "Guidelines for Canadian

" Drinking Water Quality" (Health and Welfare Canada, 1989). The results are d1splayed in’

- Tables 6, 7, and 8.

‘ Both the interim nature of the criteria and the intention of the NCSRP to eventually replace the

mtenm criteria with rev1sed criteria must be made evrdent to users of the interim' criteria.



_ Table 6 ' -

INTERIM ASSESSMENT CRITERIA DEVELOPED USING THE BEST-FIT OPTION
(All values in yg/g dry welght or ug/L unless otherwise stated)

Soil Water
General Parameters :
pH ' ' : 6108 —-
conductivity ' - - 2dS/m —
sodium adsorption ratio : 5 ---
Inorganic Parameters
antimony ' 20 e
arsenic ' 5 | 5
barium ' ‘ ] - 200 ' 50
beryllium . 4 ' e
boron (hot water soluble) . 1 ' -—
cadmium = 0.5 ' 1.
chromium, *6 : , A 2.5 ==
chromium, total o ' 20 15
cobalt | | S - 10 . 10
copper - ' : 30 S 25
lead . , o .25 10
mercury E 0.1 .01
molybdenum o 2 5 .
nickel - : , 20 ' 10
selenium - I | - 1
silver S | 2 - 5
thallium ' ' ' - 0.5 - -
tin 5 10
vanadium » 25 ' -
zinc ' | 60 | 50
cyanide, free _ o 0.25 ‘ 40
cyanide, total =~ . - - 2.5 - 40
fluoride, free _ - 200 ' -
sulphur, elemental . ' - 250 -—
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Table 6 (continued)
(Interim Assessment - Criteria Developed Using the Best-Fit Option)

po | “Seil . Water

Monocychc Aromatic Hydrocarbons , ‘
benzene 0.05 0.5
ethylbenzene 0.1 05
_toluene 0.1 - 0.5
_chlorobenzene - 0.1 0.1
1,2-dichlorobenzene - 0.1 0.2
1,3-dichlorobenzene 0.1 0.2
1,4-dichlorobenzene ‘ 0.1 0.2
styrene ? 0.1 0.5
xylene - 0.1 0.5
‘Phenolic Compounds '
non-chlorinated? (each) 0.1 . 0.1

. chlorophenols® (each) 0.05 1.0
Polycyclic Aromatlc Hydrocarbons (PAHs) o
benzo(a)anthracene 0.1 . 0.01
benzo(a)pyrene - 0.1 0.01

* benzo(b)fluoranthene 0.1 0.01
benzo(k)fluoranthene 0.1 - 0.01
dibenz(a,h)anthracene 0.1 0.01
indeno(1,2,3-c,d)pyrene 0.1 0.1 ' N
_naphthalene o 0.1 0.2 ‘ - - ‘
phenanthrene 0.1 0.2 .
pyrene ' - 0.1 0.2
Chlorinated Hydrocarbons 2 : :

aliphatics* (each) - v 0.1 - 0.1
chlorobenzenes® (each) L 0.05 .03
hexachlorobenzene ' | 0.1 v 0.1
‘hexachlorocyclohexane - 001 -
PCBs® o ot 01
PCDDs and PCDFs’ | 0. 00001 e -




non-chlorinated : _

~ aliphatics (each) o 03 - : —
phthalic acid esters (each) ‘ 30 ‘ R

- quinoline. S 0.1 .
thiophene ' 0.1 _ s

Notes:

- Interim Assessment Criteria are largely based on ambient or background concentrations for most .
general and inorganic parameters and on analytical detection limits for most organic parameters.

 —- value not established
(1) Set equal to the Agncultural Remedlatlon Cntena value (see Table 2)

2 Non—chlonnated phenohc compounds 1nclude
. 2,4-dimethylphenol
2,4-dinitrophenol
2-methyl 4,6-dinitrophenol
nitrophenol (2-, 4-)
phenol ‘
- cresol

(3) Chlorophenols include:
chlorophenol isomers (ortho, meta, para)
dichlorophenols (2,6- 2,5- 2,4- 3,5- 2,3- 3,4-)
trichlorophenols (2,4,6- 236 2,4,5- 235 2,3,4- \345-)
tetrachlorophenols (2,3,5, 6 2,3,4 5 2,34 6—)

| | "~ Table 6 (continued) o |
(Intenm Assessment Cnterla Developed Using the Best-Fit Optlon)
S - I Soil - Water
‘ Miscellaneous organic parameters _ .
; pentachlorophenol
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Table 6 (contmued)
(Intenm Assessment Cntena Developed Usmg the Best-Fit Option)

(4) Aliphatic chlorinated hydrocarbons include:
» chloroform
dichloroethane (1,1- 1,2-), dichloroethene (1,1- 1,2-)
- _dichloromethane ‘
~1,2-dichloropropane, 1,2-dichloropropene (01s and trans).
1,1,2,2-tetrachloroethane, tetrachloroethene
carbon tetrachloride : :
tnchloroethane a,1,1- 1,1,2-), tnchloroethene o .

o) Chlorobenzenes include all tnchlorobenzene isomers, all tetrachlorobenzene isomers, ‘and
pentachlorobenzene. :

" (6 PCBs include mixtures 1242, 1248, 1254 and 1260.

(7) PCDDs and PCDFs expressed in 2,3,7, 8 -TCDD equ1valents NATO International
Toxicity Eqmvalency Factors (I-TEF s) for congeners and i isomers of PCDDs and PCDFs
are as follows

 Congener ... IEE
- 2,3,7,8-T,CDD 1.0
1,2,3,7,8-PsCDD 0.5
1,2,3,4,7,8-H,CDD 0.1 )
- 1,2,3,7,8,9-H,CDD 0.1
- 1,2,3,6,7,8-H,CDD 0.1
- 1,2,3,4,6,7,8-H,CDD 0.1
O,.CDD 0.001-
2,3,7,8,-T,CDF 0.1
2,3,4,7,8,-P,CDF 0.5
1,2,3,7,8,-PsCDF 0.05
'1,2,3,4,7,8,-H,CDF 0.1 )
1,2,3,7,8,9,-H,CDF 0.1
1,2,3,6,7,8-H,CDF 0.1
2,3,4,6,7,8-H,CDF 0.1
1,2,3,4,6,7,8-H,CDF 0.1
1,2,3,4,7,8,9-H,CDF 10.01
o O,CDF 0.001
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' Table 7

INTERIM REMEDIATION CRITERIA FOR SOIL
DEVELOPED USING THE BEST-FIT OPTION

(All values in ug/g dry weight unless otherwise noted.)
- Agricultural Residential/
S Park Land
General Parameters o .
pH | - 6to8 6t08
conductivity o 2 2 :
sodium adsorption ratio 5 5
; " Inorganic Parameters |
- antimony : 20 ‘ 20
: arsenic ) 20 _ ‘ 30
‘ barium o 750 ' 500
-+ beryllium - 4 . - 4
boron (hot water soluble) 2 -
“cadmium 3 5
" chromium, *6 . 8 8 .
chromium, total : 750 - 250
~ cobalt ' : 40 S 50 .
' ~ ¢copper ' - 150 100
lead . ‘ - 375 - - 500
' mercury - - 0.8 ' 2
molybdenum : -5 , 10
nickel - R 150 100
| selenium . 2 , g 3
' silver ' . 20 20
' thallium o
tin 5 50
1 vanadium ' 200 200

zinc ' . - 600 . 500

o cyanide, free 05 10
: cyanide, total : 5 ' - 50
_ fluoride, free ; 200 - - 400

sulphur, elemental 500 -

413

800

" Commercial/

Industrial

6108

4

.12 ‘

40
50

- 2000
8

20

T
300
500 -
1000
10

40

500

10

40

300

7

1500

100

500 -
2000..




Table 7 (contmued)

(Intenm Remedlatlon Cntena For Soil Developed Using the Best-fit Optlon)

~

‘Monocychc Aromatxc Hydrocarbons

- benzene
ethylbenzene
toluene
chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
~ 1,4-dichlorobenzene
styrene '
xylene

Phenolic Compounds
~ non-chlorinated! (each)
chlorophenols (each) -

Agricultural

005
0.1

cooooo0;:
O G G N

0.1

0.05

Polycyclic Aromatic Hydrocarbons (PAHs)

benzofa)anthracene
benzo(a)pyrene
benzo(b)fluoranthéene
benzo(k)fluoranthene
dibenz(a,h)anthracene
indeno(1,2,3-c d)pyrene
naphthalene
phenanthrene |

pyrene

vChlormated Hydrocarbons
aliphatics® (each)
chlorobenzenes* (each)
hexachlorobenzene
hexachlorocyclohexane
PCB¢’

PCDDs and PCDFs®

COLLLLoO¢™

0.1

0 05
0.05
0.01
0.5

"000001
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Resndentlal/
Park Land

L

S -
W

VW

1
~

0.001

- Commercial/ |

Industrial

50
30

10
10
10

10

50

50

50

- 10

10

-

50



Table 7 (contmued)

(Intenm Remediation Criteria For Soil Developed Using the Best-fit 0pt10n)

Agricultural - Resxdentlal/
S Park Land

Miscellaneous organic parameters
non-chlorinated - .
~ aliphatics (each) : 0.3 o -

phthalic acid esters (each) - 30 -
quinoline 0.1 o e
thiophene 0.1 e
Notes:

- Valnes not establish‘ed

1 Non-chlonnated phenohc compounds 1nc1ude

2,4-dimethylphenol
2,4-dinitrophenol
2-methyl 4,6-dinitrophenol

* nitrophenol (2- 4-)

phenol

" cresol

()] Chlorophenols include:

chlorophenol isomers (oftho meta, para)

_dichlorophenols (2,6- 2,5- 2,4- 3,5- 2,3- 3,4- )

B pentachlorophenol

trichlorophenols (2,4,6- 2,3,6- 2,4,5- 2,3,5- 23,4 3,4,5)

tetrachlorophenols (2,3,5, 6 2,3, 4 5- 2,3,4,6- )

s

(3) Aliphatic chlorinated hydrocarbons mclude

chloroform

- dichloroethane (1,1~ -1,2-), dichloroethene (1,1- 1,2-) -

dichloromethane

1,2-dichloropropane, 1,2-dichloropropene (cxs and trans)
1,1,2,2-tetrachloroethane, tetrachloroethene

carbon tetrachloride

tnchloroethane 1,1,1- 1,1,2 ), tnchloroethene

N
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Table 7 (continued)
(Interim- Remedlatlon Criteria For Soil Developed Using the Best-fit Optlon)

. . A 3 .
(4) Chlorobenzenes include all tnchlorobenzene isomers, all tetrachlorobenzene isomers and
pentachlorobenzene ~

N .

~(5). PCBs include mixtures 1242, 1248, 1254 and 1260.

(6) PCDDs and PCDFs expressed in 2,3,7,8-TCDD eqmvalents' NATO Intei'natlonal
- Toxicity Equivalency Factors (I-TEFs) for congeners and isomers of PCDDs and PCDFs
are as follows »

-
tri
"1l

Congener

- 2,3,7,8-T,CDD
1,2,3,7,8-P,CDD
1,2,3,4,7,8-H,CDD
1,2,3,7,8,9-H,CDD
1,2,3,6,7,8-H,CDD
1,2,3,4,6,7,8—H7CDD _
- O,DD

©ooocooor~
]

2,3,7,8,-T,CDF
2,3,4,7,8,-PsCDF
1,2,3,7,8,-P;,CDF .
1,2,3,4,7,8,-H,CDF
' 1,2,3,7,8,9,-HCDF
-1,2,3,6,7,8-H,CDF
2,3,4,6,7,8-H,CDF
S 1:2,334’6’7,8'H7CDF o
© . 1,2,3,4,7,8,9-H,CDF
’ O,CDF

p‘p_o.c:.o_o;o_o
e O e
/

oo
S
pusd,

I

(7) - Criteria not recommended for Commermalﬂndustnal One poss1b1e recourse is, to use the
Res1dent1a1/Park Land value :
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INTERIM REMEDIATION CRITERIA FOR WATER’

~ Table

(All values in pug/L unless otherwise stated.)

‘General Parameters
PH (unitless) ‘
Total Dissolved Solids
(mg/L)

Inorganic Parameters
antimony

-arsenic

barium

beryllium

boron (hot water soluble)

boron (total)
cadmium

~ chromium, *6
-chromium, total
cobalt

copper

lead

mercury
molybdenum
nickel

selenium
silver

thallium

tin

vanadium

zinc (total) .

cyanide, free
cyanide, total
fluoride, free
fluoride, total -
* sulphur, total

s Freshwﬁter

Aquatic Life
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Irﬁgatiqn‘. :

50
200-1000° -
200° '

10-50

100.
1000-5000°

Livestock
Watering

-500-5000

100

5000

Drinking

Water

6.5 10 8.5
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Table 8 (continued)

(Intenm Remediation Criteria for Water)

Monocychc Aromatlc Hydrocarbons

. benzene
ethylbenzene
toluene . -
chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
styrene -
xylene -

Phenolic Compounds

' non=chlorinated (each)’

, chIOrophenols (each)8

Polycyclic' Aromatic Hydrocarbons (PAHs)

benzo(a)anthracene -
benzo(a)pyrene

. benzo(b)fluoranthene
benzo(k)fluoranthene
dibenz(a,h)anthracene
indeno(1,2,3-c,d) pyrene -
naphthalene
phenanthrerie

~ pyrene

Chlorinated Hydrocarbons
aliphatics (each)®
chlorobenzenes (each)'
hexachlorobenzene
hexachlorocyclohexane

- PCBs"

PCDDs and PCDFs!?

300°

700°

- 300

156

2.5

2.5%
45

Freshwater
Aquatxc Llfe
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~ Table 8 (continued) _
(Interim Remediation Criteria for Water)

Freshwater  Irrigation’ '~Ijivest0ck : 'Drmkmg

Aquatic Life - - Watering =~ Water
Pesticides _ _ N
Aldrin and Dieldrin =~~~ 4 ng/L - T e 0T
- Chlordane 6 ng/L e J Y
DDT - - 1ng/L — L 308
Endrin v 2.3 ng/L —_ S —
. Heptachlor . 0.01 —_— L . |
. ~ (4 metabolite) ‘ » , - »
Lindane : . BT - - 4
Methoxychlor e - S 900
Cabaryl = - - = e
Carbofuran e - , — ‘90
24D . 4.0 e .‘ — 1007
- Diazinon ' — . —_—
Parathion _ - ' -— - -— ' 50
- Diquat- » . S . L, s L 70
Paraquat : — — - : 10
Notes :

- Canadian Water Quahty Guidelines have been also recommended for recreatlonal uses and
several specific mdustnal uses not mcluded in this table.

. \' .
--- value not estabhshed
- (1) Applies to all soils; for detaﬂs on neutral to alkaline s011s refer to the CWQG document.

2 | The Total Dlssolved Solids concentration of 500 mg/L is approx1mate1y equal to a
conduct1v1ty of 1 dS/m

i (3 Guldehne under rev1ew for possible changes to the current value. Refer to the Canadiaﬁ
Water Quality Guidelines.

4 Guideline changes with hardness. SRR - .
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Table 8 (contmued)
(Intenm Remediation Cntena for Water)

" (5) - Guideline changes with pH.
- (6) Tentative water quality guideline; becaaSe of iriSufﬁcient.evidence.

(7) Non-chlorinated phenolic compounds include:
: 2,4-dimethylphenol
2, 4-d1mtrophenol
2-methyl 4 6—d1n1trophenol
nitrophenol (2-, 4- )
phenol
cresol

(8). Chlorophenols 1nc1ude :
chlorophenol i isomers (ortho meta, para)
~ .dichlorophenols (2,6- 2,5- 2,4- 3,5- 2,3- 3,4-)"
trichlorophenols (2,4,6- 2,3,6- 2,4,5- 2,3,5- 2,3,4- 3,4,5-)
tetrachlorophenols (2,3,5, 6 2 3,4)5- 2 3 4,6-) :

‘pentachlorophenol
| ©) Ahphatlc chlorinated hydrocarbons include:
. chloroform '
dichloroethane (1,1- 1,2-), dichloroethene (1,1- 1 ,2-)
dichloromethane

1,2-dichloropropane, 1,2-dichloropropene (cis and trans)
'1,1,2,2-tetrachloroethane, tetrachloroethene -
carbon tetrachloride

tnchloroethane 1,1,1- 1,1,2-), tnchloroethene -

(10) Chlorobenzenes include all tnchlorobenzene isomers, all tetrachlorobenzene 1somers and
pentachlorobenzene : . .

(11) Total PCB a'nalys’is‘ only for Freshwater Aquatic Life Gpiciélinc,
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' Table 8 (continued)
(Interim Remediation Criteria for Water)

(12) Quoted as 2,3,7, 8-TCDD equivalents. PCDDs and PCDFs expressed in 2,3,7,8-TCDD
equ1va1ents NATO International Toxicity Equivalency Factors (I-TEFs) for congeners
- and isomers of PCDDs and PCDFs are as follows:

ngener ' o TEF

2,3,7,8-T,CDD 1
1,2,3,7,8-P;CDD 0
1,2,3,4,7,8-H,CDD 0
1,2,3,7,8,9-H,CDD 0.

- 1,2,3,6,7,8-H,CDD A 0
©1,2,3,4,6,7,8-H,CDD - 0
' O,CDD 0

2,3,7,8,-T,CDF
2,3,4,7,8,-P,CDF
1,2,3,7,8,-P,CDF
1,2,3,4,7,8,-H,CDF

" 1,2,3,7,8,9,-H,CDF
1,2,3,6,7,8-H,CDF
2,3,4,6,7,8-H,CDF , -
1,2,3,4,6,7,8-H,CDF
1,2,3,4,7,8,9-H,CDF

~ O4DF

W .

[ary

ooooooo0900
g

(13) Drinking Water Guideline includes DDT metabolites.
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4.6 DEVELOPING A NEW APPROACH AND CRITERIA

“As- noted in Section 4.1, developing a new approach and using that approach to generate "

~ environmental quality criteria for contaminated sites will take considerable effort Challenges that
must be met include: .

0 a lack of consensus as to how the various des1red charactenstlcs should and can be

mcorporated mto the approach

- ® a general lack of data for many substances w1th regard to one or more of the factors
' descnbed in Section 2.5

@ the need for agreement among various stakeholders as methods to cons1der spec1ﬁc pieces
- of information are developed :

@ the des1re to use vanous sc1ent1ﬁc concepts and tools that have been recently developed or

are emerging such as environmental fate modellmg

0;' the desite and need to 1nterweave several disciplines (including soil chemistry,
phytotoxicology, toxicology, ground water chemlstry, pathways analysis, and risk
assessment) into the process of setting criteria ‘ -

Whereas it is not known what form the new approach may- take itis poss1ble to speculate as to
the types of information that should be conmdered These are: outlmed in Table 9.

~ The new approach should borrow from the des1rable attnbutes d1splayed by those rev1ewed and

take into account those characteristics that typically are missing. Assuming that it was done -

properly, this option should result in the greatest number of desired characteristics being
‘incorporated into the approach. Once defined, the approach also could be used to develop cntena
for new substances as the need arises.

422
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Table 9

TYPES OF INFORMATION LIKELY NEEDED FOR THE NEW APPROACH

Physical-chemical data for each substance
- molecular weight :

- - aqueous solubility

- vapour pressure

- octanol-water partition coefficient and/or orgamc carbon partltlon coefficient for orgamcs
- distribution coefficient for i morgamcs (pH dependent)

- half-hfe in s01l for organics

Envnronmental information rélevant to the Canadian context _
- background soil data; ranges and influences of clay content and organic matter
- background ground water data; try to establish correlations between soil and ground water
or develop a model.that allows one to be predicted from the other
- background data for plants; try to establish correlations between soil and plants or develop
a model that allows one to be predlcted from the other

- Human tox1colog1cal mformatxon for each substance o o )

- acceptable doses-

- bioavailability factors

- background exposures/doses (may be inferred from env1ronmenta1 information)
- acceptable Tisks levels

Aesthetic information for each substance
- odour threshold in air
- taste threshold in water
- detectable (via taste) concentrations in plant or ammal products

Pathway information for each receptor of interest

- need to select receptors for each land use of interest. : :

- assign physical characteristics to each receptor (weight, breathmg rate, soﬂ mgest10n rate,
ingestion rates for locally-grown produce, ingestion of ground water)

- assign behavioral characteristics (time spent on-site, off-site, indoors, outdoors)
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K Table 9 (continued)

Phytotoxmologlcal information for each substance
- concentration thresholds in various plant species at which adverse effects occur; relate those

-~ back to soil or water concentrations.
- - acceptable concentrations in plants with respect to consumers could 1nc1ude maximum
- _ concentrations in forage for ammals or in produce to be consumed by people

Toxicological mformatlon for soil orgamsms and processes
- concentration thresholds at which adverse effects occur in soil orgamsms or soil nutnent

cycling processes
Gixi_delines/criteria established for other _ehviro‘nmental compartments

= air quality and water quality guidelines/criteria; methods that relate a concentration in one
compartment with concentrations in other compartments :

Other consxderatlons : ~
- destructive effects on buildings and other strictures (1 e. corros1v1ty)
- generation of hazardous vapours (i.e. methane, hydrogen sulphide)
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5.0 CONCLUSIONS

In response to.the needito identify environmental quality criteria for the NCSRP, the approaches
used to establish criteria by regulatory agencies from several countries have been assembled and

reviewed. Each of the approaches has been compared to a list of characteristics that the NCSRP

approach should possess. While all of the approaches offer some lessons with regard to setting
environmental quality criteria, it is apparent from this evaluation that none is 1deally su1ted to
developing criteria for the NCSRP

~ Since none of the approaches: of the agencies reviewed in Chapter 3 possess all of the

characteristics desired to be present in the NCSRP approach, it will be necessary to develop an
approach that incorporates as many. of the desired characteristics as possible and to establish
criteria:for contaminated sites appropriate within the mandate of the NCSRP; however, the time
frame needed to develop a new approach does not address the urgency for criteria expressed at
the. first NCSRP workshop. : : :
To respond to the pressing need for criteria for contaminated sites, it is. recommended that
"interim" criteria be selected from among the criteria that have been 1dent1ﬁed to date by other -
regulatory agencies. : '

It is recommended that the best-fit option be used to establish the interim énvironmerital quality

criteria for contaminated sites. For soil, these criteria will be a hybrid of the criteria established

by several provincial and federal agencies and supplemented by published accounts of

background or ambient concentrations. For water, interim remediation criteria have been derived

from federal water quality guldelmes The resulting sets of ¢riteria are shown in Tables 6, 7,

and 8 in Chapter 4.

Developmg a new approach and using that approach to generate environmental quality criteria
for contaminated sites will take considerable effort. The new approach should borrow from the
desirable attributes displayed by those reviewed and take into account those characteristics that
typlcally are missing. Assuming that it was done properly, this option should result in the
greatest number of desired characteristics being incorporated into the approach. Once defined,

the approach also could be used to develop criteria for new substances as the need arises.
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APPENDIXA ~ - PROFILES OF INDIVIDUAL APPROACHES

This appendix contains brief proﬁles of the approaches and numerical criteria recommended or
established by the primary agencies identified in Section 2.3. Each profile lists the document(s)
reviewed and the individual(s) contacted, describes the approach of the agency and the
underlying methodology; offers an opinion as to the applicability of the approach to setting -
interim and/or final NCSRP criteria, and presents ‘table(s) of numencal values that have been
recommended. - :

The primary agencies include:

Alberta S S A-2

British Columbia _- _‘ o . A-6

Cahforma P . | ‘ D A-14 / .
‘. Canadlan Councﬂ of M1msters of the Env1ronment‘(CCME) | A‘ - i7

The Netherlands - e . A-2

New Jersey o . L - : .A'}j 30
’On-tario | o ) | o o . A-A33 |

-'_Qu,ébec : ,- S B S - A-39

United Kingdom S A4




ALBERTA

DOCUMENT(S) REVIEWED

Alberta 'Environment, 1990. "Alberta Tier I Criteria for Contaminated Soil Assessment and
Remediation" - DRAFT. Wastes and Chemical Division, Soil Protection Branch.

OTHER CONTACTS

* Personal commumcatlon w1th H. Regier (pnncrpal author of the document noted above), Alberta
Environment. - . : o

Personal communication with R. Chandler, Alberta Environment.

/

'DESCRIPTION OF APPROACH

Some previously published reviews of soil gurdehnes for Alberta mention "acceptable levels"
for selected inorganic contaminants (metals) in acidic soils (Siegrist, 1989); however, those
- values were intended to serve only as a starting point for selecting clean-up levels. Alberta

- Environment has recently drafted new "Tier 1" soil quality criteria for more than 40 parameters
which should have much broader applicability (see Table A.1).

Proponents can use the Tier 1 criteria to assess site conditions or have the option to suggest site-
specific (Tier 2) criteria if it is felt that the Tier 1 values are inappropriate or do not take site-
specific conditions into account. The onus would be on the proponent to demonstrate that the
Tier 2 values were appropriate. :

The documentatlon that presents the draft cnterla does not describe the methodology used to
identify the specific criteria per se and such a document has not been prepared. Conversations
with ' Alberta Environment representatives indicate that several factors have influenced the
numerical values being suggested. These include: consistency with other provincial guidelines
(such as those for spreading sewage sludge), animal health, plant health, ambient or background
conditions, and information from the published literature, all of which was then subjected to
professional judgement. Specific land uses are not addressed in the current documentation but
~ there appears to be a strong orientation toward agricultural land use, specrﬁcally the growmg
-~ of crops (and possibly the grazmg of 11vestock)

The Tier 1 numbers that have been suggested are intended to represent the upper hmlts ofa

"healthy soil system". For some parameters, the various types of information that were reviewed
all suggest similar numerical values while for other parameters the information is less consistent
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or missing. In general, the values fori 1norgan1c compounds have stronger foundatxons than those
for organic compounds :

Alberta Envxronment recognizes that the Tier 1 guidelines are not 1rrefutable and that challenges
to the numencal values can be made via the Tier 2 opt10n » :

NCSRP APPLICABILITY - B *

The Tier 1 criteria are similar in. intent to the assessment criteria for'soil and/or remediation
criteria for agriculture being investigated by this project. Their applicability is limited in that
they apparently are influenced by agricultural considerations. They do not take human health into
" account explicitly. The approach does provide candidates for interim NCSRP remediation criteria
for agricultural lands but does not outline an approach that can be used to derive such cntena
for other land uses or for substances not included in Table A.1.
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Table Al

DRAFT TIER 1 SOIL CRITERIA PROPOSED BY ALBERTA ENVIRONMENT

‘Parameter o . Criteria

GENERAL : ' _ o ‘
pH : _ 6.5t0 8.5
conductivity _ 2 dS/m
sodium adsorption ratio 7 6

INORGANICS (in ng/g)

arsenic : 10
“barium ‘ o 400
‘beryllium - | o 5
bromide, water soluble _ - 20
boron, hot water soluble , - -2
- cadmium o . 1o
chromium, hexavalent o ' 5 :
chromium, total : ' ' 100 -
cobalt o ) 20
cyanide, water soluble . 0.5
‘cyanide, total - o 5
fluoride - ' - 200
leed - - ' 50
mercury o ' 0.2
molybdenum C 4
nickel _ - ' . 40
selenium - 2
sulfur, elemental = ‘ 500
thallium - S|
vanadium . 50

zinc. . 3 120




Table A.1 (continued)

(Draft Tier 1 Soil Critéria Proposed by Alberta Environment)

' ‘Pam' eter -

ORGANICS (in ag/g)
nonchlorinated aliphatics =
(individual or total)
chlorinated aliphatics
(individual or total)
benzene ‘ '
ethylbenzene - ,
“toluene o
xylenes
- styrene
chlorobenzenes -
(individual or total)
phthalic acid esters
(individual or total)
polychlorinated biphenyls
_ nonchlorinated PAHs (individual)
- nonchlorinated PAHs (total)
dioxins -
chlorodibenzo-p-dioxin
furans
thiophene
quinoline
chlorinated phenohcs
(individual or total)
nonchlorinated phenolics

(individual or total except phenol)

phenol
pesticides + metabolites
endrin + metabolites ,
heptachlor + metabolites.
- hexachlorocyclohexane
(all isomers)
total extractable hydrocarbons

o

' 'Notes

Values of inorganics decrease by 50% for soil containing less than 10% clay.
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0.3

0.1

0.05
0.5
1.0
1.0
0.1

- 0.05

30

0.1
0.1~
1.0

-0.001 (TCDD equlvalents)
0.003

0.01

0.1

0.1
0.05

0.1
0.05
0.1

0.01

0.01 -
0.01

40




BRITISH COLUMBIA

DOCUMENT(S) REVIEWED

British Columbia Ministry of Environment 1989. "British Columbia Standards for Managing
Contamination at the Pacific Place Site". Prepared by the Waste Management ‘
Program, 5 April 1989. v

British Columbia Ministry of Environment, 1989. "Criteria for Managing Contaminat_ed' Sites
_in British Columbia” - DRAFT. Prepared by the Waste Management Program, 21
November 1989. o : S o

British Columbia Ministry.'of Environment, 1989. “Developing Criteria and Objectives for
Managing Contaminated Sites in British Columbia" - DRAFT. Prepared by the Waste
Management Branch, 21 November 1989. »

OTHER CONTACTS

Personal communication with Dr. J. Ward, B.C. Ministry of Environment.

DESCRIPTION OF APPROACH

Following a review of guidelines and criteria from other Canadian agencies as well as B.C.
pollution control objectives and regulations, the Ministry of Environment issued criteria (see
Table A.2) in 1989 to be used to develop site-specific objectives for contaminants in soil, water,
sediments, and air, where chemical contaminants from spills and industrial dlscharges have
caused contamination and pose risks to human health and the env1ronment

The B.C. MOE defines criteria as concentrations ‘which must not be exceeded to prevent
specified detrimental effects from occurting. They are applicable province-wide. If cntena are
adopted for specific sites, they are referred to as obJectlves

The soil criteria 1ssued by the B.C. MOE have two primary functlons or apphcatlons as
investigation criteria, which when exceeded require detailed investigation at a site, and as
: remedlatlon criteria, wh1ch when exceeded requlre action. :

: The criteria use the ABC format first advocated by The Netherlands but the deﬁnmons assigned
to-each value are different than those used by other agencres :
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Level A represents approximate achievable analytical detection limits for organic
compounds, and the natural background levels of. inorganics in soil. For soils with
concentrations less than or equal to this level, the soils are considered uncontaminated. For
res1dent1al recreatlonal and agricultural land uses, Level A is the investigation criterion.

For soils with contaminant concentratlons between level A and B, the soil is consrdered to
be slightly contaminated, but remedial measures are not requrred '

Level B represent contamlnant 'conCentratlons approxn’nately S5to 10 times those found in
Level A: For residential, recreational and agricultural land uses this level is the remediation
criterion. For land use that is exclusively commercial and/or industrial it is. the
1nvest1gatlon cr1ter10n %

For residential, recreational or agricultural land uses, soils containing - contaminant
concentrations between Levels B and C, are considered, contaminated, and require
remediation to levels less than Level B. Remediation is not requrred if the land is usedv

- exclusrvely for commerc1a1 or industrial activities.

Level C represents significant so_il contamina_’tion_. This level is the remediation criterion for
commercial or industrial land use. All uses of the land will be restricted pending the
application of appropnate remedial measures for s011s containing contaminants exceeding
this level : :

 One exception to the above interpretation concemns soils contaminated with PCBs, in which case

contamination is to be cleaned up to concentrations less than Level B or Level C, as is required
_ for the appropriate land use. :

The three criteria developed for ground and surface waters are designated as Levels, A, BDW,
_ and an (see Table A. 2) and should be 1nterpreted in the following manner:

Level A represents the approxrmate analytrcal detectron limits and/or natural background
levels of inorganic and orgamc substances in ground water. For water w1th contammatlon

is the 1nvest1gatlon cntenon

For water containing conCentrations'of contaminants between Level A, and Levels Byw or
Bps, the water is considered to be slightly. contaminated, and 1nvest1gat10n but not

: remedlatlon is requlred

'Level an represents the remedlatlon criteria. for water that is intended for human

consumption. For water containing concentrations of contaminants less than Bpy no

- remediation is required if the water s used solely as drmklng water, otherwise remediation

is required.

!
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® Level By is referred to as de minimus criterion for water-based discharges used to protect
aquatic life. For discharges with contaminant concentrations below Bpg, no remediation is
required provided that the receiving water is solely habitat for aquatic life. Concentrations
exceeding Level By require further work to assess the relative impact of these substances
and to determine appropriate action.’ 2

The Ministry of Environment also indicates that a risk assessment approach. may be used in
situations where containment or contaminant removal techniques are used to lower the potential
human health impacts and exposure to contaminants. The risk assessment approach involves site
specific risk assessment followed by risk management, where the potential human health risks
posed by contaminants are derived and are compared to levels of nsk that are considered
pubhcly acceptable. - : :

The available documentation indicates that various Canadian documents were reviewed prior to

 establishing these criteria. In addition, considerations was given to factors such as maximum

‘potential human exposures to contaminants associated  with levels of acceptable lifetime cancer
risk, background levels for various contaminants in British Columbia and other site specific
standards developed for contaminants and/or exposure to contaminants. '

Many of the values were adopted from other agencies with modifications taking into account
v ambiguities in definitions, and adoptmg "better values" from other agencies when they are
appropriate.

For the soil criteria the MENVIQ ABC levels were adopted in the interim as the most
appropnate and modified in the following manner:

o The definitions of the ABC levels were changed to remove ambighities

® For the PCB s011 contammatlon cntena the CCME PCB gu1de11nes were adopted Clean
up concentrations should also be less than the level required for the land use identified.

® The MENVIQ B and C values for lead were cons1dered to be too strmgent and changed
“to 500 and 1000 ppm, respectively. ,

e The guidelines for 2-;3,7,8—te_trachlorodibenzo—p-didxin and its toxic equivalents of
chlorinated dioxins and furans be changed to the proposed 'federa.l guideline of 1 ppb.

For ground and surface waters, prov1nc1a1 pohc1es and objectives for water quality were adapted
to the ABC format.
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NCSRP APPLICABILITY S R

Many of the desired charactenstlcs of the NCSRP approach are present in the B.C.. MOE
rationale. Consideration has been given to background concentrations, various land uses are .
addressed, and criteria have been established for a wide range of contaminants; however, it
remains unclear in some instances, which charactenstlcs ‘were cons1dered or their relative
1mportance in settmg criteria.

The A Levels provide candidates for NCSRP assessment criteria while the B and C Levels are
candidates for R/P and C/I remediation criteria, respectively. . Although B.C. MOE
documentation clearly shows from where most of the criteria come from, it does not outlme a
~method or process that can easlly be used to derive other criteria.

—




Table A.2 | -

\\

CLEAN-UP CRITERIA PROPOSED FOR BRITISH COLUMBIA

'Soil_ (mg/kg) - Ground VW‘ater (ug/L) -

A B C A Bpy By

-1- HEAVY METALS - -
arsenic : 5 30 - 50 5 50 50
barium A 200 1000 2000 50 1000 1000
cadmium R 1 5 . 20 1 5 5
chromium (total) ' 20 250 800 - 15 50 50
cobalt - 15 50 300 10 - 50
copper - 30 100 500 25 1000 100
lead 3 50 500 1000 10 50 50
mercury ' 0.1 2 - 10 0.1 1.0 1.0

~ molybdenum 4 10 40 5 - 500 .
nickel : 20 100 500 - 10 - 500
selenium 2 3 10 1. 10 . 10
silver v o2 20 40 5 50 50
tin 5 , 50 300 10 - 500
zinc ' o : 80 500 1500 50 5000 -.200

Il - OTHER INORGANICS : ' : : ‘
Br (free) , _ 20 50 300 - -- --
CN (free) 1 10 100 40 200 -
CN (total) _ _ -5 50 500 - 40 . = 100
F (free) _ 200 400 2000 - - -

S (total) . . / 500 1000 2000 - = -

- MONOCYCLIC AROMATIC HYDROCARBONS | o
benzene : 0.1 0.5 5 0.5 - 0.5

ethylbenzene 0.1 5 50 0.5 -
toluene . 0.1. 3 30 0.5 = e
chlorobenzene 0.1 1 10 0.1 - -
1,2-dichlorobenzene 0.1 1 10 0.2 - -
1,3-dichlorobenzene 0.1 1 10 02 -~ -
" 1,4-dichlorobenzene 0.1 1 10 : 0.2 - -
xylene 0.1 5 50 0.5 - -
styrene 0.1 5

50 05 - | -




Table A.2 (contmued)
(Clean—Up Criteria Proposed for Bntlsh Columbia)

~ Soil (mg/'kg)

IV - PHENOLIC COMPOUNDS

_non-chlorinated1 (each)
‘chlorophenols? (each) -
chlorophenols (total)

V - POLYCYCLIC AROMATIC HYDROCARBONS (PAHs)

acenaphthene
acenaphthylene
anthracene
benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene

- benzo(c)phenanthrene
benzo(g,h,i)perylene

* benzo(j)fluoranthene
benzo(k)fluoranthene
chrysene
dibenzo(a,h)anthracene
dibenzo(a,h)pyrene
dibenzo(a,i)pyrene

- dibenzo(a,j)pyrene
7,12-dimethyl -

benz(a)anthracene

fluoranthene '
fluorene .

indeno(1,2,3-c d)pyrene -

3-methylcholanthrene
naphthalene
phenanthrene

pyrene '

PAHs (total)

999¢99999999999

A B C
0.1 1 10
01 05 5
01 1 10
1 10 100
1 10 100
1 10 100
11 10-
11 10
1 1. 10
1 1 10
11 10 -
1 1 10
1 .1 10
1 1 10
11 10
11 10
1 1 10
1 1 10
1 10
10 100
10 100
1 10
1 10
5 50
5 50
10 100
200

—oo00oPoo0o0

A

—— O
OO =

Ground Water (ug/L)

~ Bow



- Table A.2 (continued)
(Clean-Up Criteria Proposed for British Columbia)

Soil (mg/kg)
. B

A

VI - CHLORINATED HYDROCARBONS

aliphatics® (each) 0.3
aliphatics (total) 0.3
chlorobenzenes* (each) 0.1
chlorobenzenes (total) 0.1
hexachlorobenzene 0.1
PCBs’ 0.1

VI - PESTICIDES
aldrin -

- -dieldrin ; | s

chlordane ' -
DDT | -
Endrin -
Heptachlor Epoxide -
Lindane -
Methoxychlor - -
Carbaryl -
Carbofuran -
24D ' -
2,4,5-TP - -
Diazinon - o -
Fenitrothin _ -
Parathion - -
Parathion-methyl -
Diquat o -
- Paraquat ' -
Picloram -

 Pesticides (total) 0.1

o

VIII - GROSS PARAMETERS
mineral oil and grease 100
light aliphatics 100

LI S0 I S B DS

1000

150

Ground Water (ug/L)

C

50

0
- 10

20
10

5000
800

A

0.05

0.05 -
0.05

0.05
0.05
0.05
0.05

10.05
1 0.05

0.05
10.05

0.05
0.05

0.05

0.05
0.05
0.05
0.05
0.05
0.05

100
1000

Bpw



_ Table A 2 (continued)
- (Clean-Up Criteria Proposed for Bntlsh Columbia)

Noté‘s
na - _nd_t' applicable
- value's.not established

1= non-chlonnated phenolic compounds mclude
2,4-dimethylphenol

2,4-dinitrophenol

2-methyl 4,6-dinitrophenol

nitrophenol (2-, 4-).

'phenol and cresol

2 - chlorophenols mclude '
chlorophenol isomers (ortho, meta, para) '
dichlorophenols (2,6- 2,5- 2,4- 3,5- 2,3- 3 4-)
trichlorophenols (2,4,6- 236 2,4,5- 2,3,5- 2,3,4- 345-)
tetrachlorophenols (2,3,5,6- 2,3,4,5- 2,3, 4 6 -) '
pentachlorophenol '

- 3- ahphatlc chlorinated hydrocarbons include:
chloroform
dichloroethane (1,1- 1,2—)
dichloroethene (1,1- 1,2-)
dichloromethane
1,2-dichloropropane
1,2-dichloropropene (cis and trans)
1,1,2,2-tetrachloroethane
~ tetrachloroethene .
~ carbon tetrachloride _
trichloroethane (1,1,1- 1,1,2-)
trichloroethene N
4 - chlorobenzenes include:
 all trichlorobenzene isomers
all tetrachlorobenzene isomers
pentachlorobenzene

5 PCBs include:
: 1somers 1242, 1248, 1254 and 1260




- document noted above), DHS

' CALIFORNIA

DOCUMENT(S) REVIEWED

California Department - of Health Services (DHS), 1990.. "'Techmcal Standard - for
Determination of Soil Remediation Levels". DRAFT. Prepared by the Toxic Substances
Control Program. August.

OTHER CONTACTS
Personal communication with M. Schum, Staff Toxicologist (and prmcrpal author of the
DESCRIPTION OF APPROACH

In the mid-1980s, the California Department of Health Services (DHS) issued documentation
describing the "California Site Mitigation- Tree". This approach used human health

considerations to develop applied action levels (AALs) for toxic substances. The AALs were
defined as media-specific levels of a substance which, if exceeded, present a significant health

risk. In theory, AALSs could be developed for substances in soil and those values could be used -

as a basis for settrng soil quality guidelines.

Over the last few years, the California Site Mitigation Tree has been included in various reviews
of approaches for establishing soil clean-up goals (for example, Kostecki er al., 1989; Siegrist,
1989) and was generally perceived to be one of the more sophisticated approaches On the other
hand, it also was labelled as being time-consuming or overly complex and there are no published
accounts of it belng used to develop s011 gurdehnes

In response to the apparent limitations of the Cahforma Site Mitigation Tree, DHS initiated the
~ development of a replacement. In 1990, the Toxic Substances Control Program (TSCP) of the
~ DHS began to telease a series of "technical standards” that address the investigation, monitoring,

and remediation of hazardous waste sites and facilities. One of those technical standards is

intended to provide guidance to TSCP personnel and Responsible Parties (RPs) for determining

‘health risks from contaminated soil, and at some sites, determining. health-protective levels of

soil remediation (DHS, 1990). The approach described in the technical standard supersedes the

approach described in the California Srte Mmgatlon Tree

- The document identifies equatrons that can be used to estimate the exposures that result from
contaminants being present in soil. Equations are provided for the following exposure routes or

pathways: dermal contact wrth soil, ingestion of soil, mhalatron of vapours, mhalatron of
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particles, ingestion of water, dermal contact with water, ingestion of water while swimming,
ingestion of fruits and vegetables, ingestion of aquatic organisms, ingestion of meat, eggs, and
dairy products. The doses from each pathway can be combmed to evaluate total doses.

o

" Default values are prov1ded for many of the parameters used in the equatlons if site-specific.

values are not available. The recommended default values are those typically associated with -
residential land use. Residential settings are defined as those where homes are located on or
adjacént to contaminated soﬂ and that chronic exposure occurs in and around the home
environment. : :

All of the equations have the same general components: a variable that describes a physical or
chemical property of the: compound of concern; variables that describe - behavioural

- characteristics of the exposed population; and, a vanable wh1ch defines the time frame of
_ interest. _ :

~ '

A user can substitute site-specific data when it is available and/or appropriate for many of the -
parameters. The values assigned to the exposed populations should reflect the appropriate land
use patterns. It may not be necessary to consider all of the possible exposure pathways. If it can
be shown conclusively that some pathways do not contribute significantly to the total daily dose,
then these pathways should be eliminated.

As noted in the technical document the equations can be rearranged to back-calculate
concentration of a substance in soil that would lead to a potential intake that would not exceed
a specified maximum daily acceptable dose for that substance. To do so, the user must provide
the maximum daily acceptable dose. The back-calculating of acceptable soil concentrations may

~ also require that mathematical relationships or models be used to relate the concentration of a

substance in soil to its concentrations in ground water or local produce. The TSCP indicates that -
such models are not significantly advanced to make recommendations and that this limits the
calculation of health-protecnve soil concentrations to sites without significant ground water of
food contamination.

DHS is developing additional technical standards to relate soil concentranon of toxic pollutants
to’ ground water concentrations. _ _ ro

" The computatlons descnbed in the technical staridard document are based solely on human intake

and the potential human health effects. The document notes that this approach will not -
necessarily ensuré that concentrations of contaminants in surface or ground water, ambient air,
or food are acceptable to other government agencies. The approach also does not consider
factors such as ambient or background concentrations or other environmental considerations.

The rationale is similar to those being promoted by other agenc'ies in the United States including

the U.S. Environmental Protection Agency for the Superfund program and the State of New
York (see Section 2.2). Common elements of these approaches include: .
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® describing equations for estimating exposures/doses to critical receptors

o éombining éxposure/ddsé estimates with toxicological information to back calculate clean-
up criteria ’ : »
® declining to establish numerical criteria for broad application
® assuming that in most instances, human health concerns require concentrations of
contaminants sufficiently low to avoid other types of adverse effects
- NCSRP APPLICABILITY
The technical standard document clearly demonstrates the importance that DHS places on human
health considerations when evaluating soil quality. The approach does not provide candidates for

interim NCSRP criteria nor can the approach easily be used to derive such criteria.

J
/




\ CANADIAN COUNCIL OF MINISTERS
| OF THE ENVIRONMENT

~

DOCUMENT(S) REVIEWED

Clarke, J.D., Richardson, M. Han'na Thorpe B., and Beaulieu, M., 1987. "Interim Guidelines
for PCBs in Soil". Prepared for the Canadlan Council of Resource and Env1ronmenta1
M1n1sters September. ,

Ad Hoc Federal-Provmcral Workmg Group on Intenm PAH Gu1delmes 1988. "Proposed
Interim Guidelines for PAH Contamination at Abandoned Coal Tar Sites". Prepared for the
Waste Management Commlttee ‘Toxic Substances Advisory Commlttee of the CCREM.
27 May..

'OTHER CONTACTS

None (although there was communication with M. R1chardson and M. Beauheu during this
pro_]ect) -

DESCRIPTION OF APPROACH

‘Both of the documents noted above were prepared by federal-provincial committees on behalf
- of the Canadian Council of Resource and Environmental Ministers (CCREM, the predecessor
‘of the Canadian Council of Ministers of the Environment or CCME) at about the same time
(1987/88); however, the approaches they use to recommend mtenm -guidelines are dlstmctly
different.

‘The PCBs document identifies the maximum acceptable concentration (MAC) of PCBs in soil
for three types. of land use: agricultural crop production’ and livestock grazing,
residential/parkland, and commercial/industrial properties. The MAC values (summarized in
Table A.3) identify concentrations of PCBs in the top 15 cm of soil that should not pose a
human health hazard. An ambient soil quality guideline was not defined due to the conﬂlct
. between a desirable level of zero and the ublqultous nature of PCBs in soil.

The MAC values are intended to prov1de ass1stance in determmmg clean-up | levels for soils. In
~ applying the recommendations to a particular site, the authors cautioned that site-specific factors
- and good judgement also must be used; that more stringent may be necessary in some cases; that
the guidelines are not meant to limit clean-up efforts; and that specific jurisdictions are
- encouraged to adopt more stnngent requrrements where feasible.



Like the PCB document, the document concerning polynuclear aromatic hydrocarbons (PAHs)

at abandoned coal gas sites was written to provide immediate guidance to member governments

‘of CCME. A total of nine specific PAHs are identified as being of concern based on monitoring
data at several coal tar sites and published accounts of toxicity. The six PAHs in Group 1 are
those judged to be carcinogens. The three PAHS in Group 2 are not carcinogenic but typically
are present at high concentrations in coal tar wastes and therefore are good indicators of the
presence of such wastes.

The task of recommendmg interim guidelines was approached on the basis of using information

and guidelines developed elsewhere. A modifiéd version of the "ABC" format used by the

MENVIQ and The Netherlands was selected. The soil guidelines are the same as those

recommended by the MENVIQ. The ground water guidelines also are the same as those from

MENVIQ with the exception of some values which were modified to make them consistent with

drinking water guidelines developed by the World Health Orgamzatron The guldehnes are
summanzed in Table A.4.

The following deﬁmtlons were estabhshed for the three types of values:

e Value A represents the approxrmate achievable detectlon limit in soil. For ground water,
Value A is based on drinking water criteria. '

‘@ -Concentrations between Value A and Value B indicated "slightly contaminated" conditions.

It is worthwhile to investigate possible sources of contamination. Clean-up usually will not

- be necessary. If the land is to redeveloped for sensitive pur‘poSes such as agriculture or

residential, it may be necessary to implement certam measures such as providing a clean
upper layer of s011 . :

e Value B is approx1mate1y five to ten times Value A.

¢ Concentrations between Value B and Value C indicates contaminated conditions.
Restoration may be necessary before the land is to be used for agricultural or residential
purposes. Commercial or 1ndustna1 uses may be contemplated without clean-up being
conducted.

@ Value C is considered to be the level at which contamination is signiﬁcant.'

@ Concentrations above Value C indicates that ground water should not be used for drinking.
Unless decontaminated, it should be monitored closely. Where the soil is contaminated, all
- uses need to be restricted. Rest‘Oration likely is needed before redevelopment occurs.

The PAH document also describes how the ABC values can be used as “investigative" cntena |

and "remedial" criteria. For agricultural and residential land uses, the investigative criteria are

- the A Values. The remedial criteria are the B Values. For commercial and industrial land uses,
the 1nvest1gat1ve criteria are the B Values. The remedial criteria are the C Values.
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Where concentrations exceed investigative criteria, detailed investigation is required to assess
the extent of contamination and determine if remedial action is necessary. Where concentrations

exceed remedial criteria, action is required to reduce exposures. Action can include clean-up,

other mltlgatlon or change in land use.

" The authors cautloned that the recommended guidelines are based on extremely limited

toxicological information; are in large measure based on a best-guess, pragmatic approach; and
that decisions to undertake remedial work should be made on a case-by-case basis.

The key factor that underlies the approach described in the PCB document is the protection of

human health. Numerous potential pathways are considered as are several types of land use and
site users (including adults and small children). For agricultural sites, it is assumed that site
users can come into contact with PCBs originating from the soil via the contamination of meat
and dairy products. For residential land use, the pathways included consumption of PCBs from

- home-grown produce, direct mgestlon of soil, inhalation of vapours and partlcles ingestion of

local water and dermal contact

The MAC values correspond to the concentrations of PCBs in soil that would not generate doses
that exceed the tolerable daily intake of 1 ,.tg/kg body welght/day recommended by Health and

' ’Welfare Canada.

Exposures via pathways such as inhalation of- vapours'_a‘nd i‘nges’tion of water are based on

- concentrations of PCBs measured in Ontario. In some cases, crude methods are used to estlmate

concentratlons in produce as a function of the concentration in soil.

Consideration is also given to the guldehnes of other jurisdictions. The MAC for
commercial/industrial land use reflects the findings of a study by the U.S. EPA (1987) as
compared to the pathways analysrs and nsk assessment procedure used for the other two land
use categones - o , . : -

A review of existing guldehnes was the maJor component of the ratronale used for the PAH
guidelines. It was determined that the MENVIQ approach was most suitable for adoption because

"these guidelines were found to be comprehensive, with a well-documented rationale”. Details.

are not provided except that the MENVIQ values are described as being based upon knowledge

of various properties including toxicity, bioaccumulation potential, solub111ty in water, and
© viscosity.

e Several aspects of setting guidelines are discussed in the PAH document that coincide with the

objectives of this study. Various land uses are considered as is information about detection

' limits, toxicity, and environmental mobility. The derivation of investigative criteria and remedial

criteria are analogous in definition and intent to the NCSRP assessment criteria and two of the
NCSRP remediation criteria; however, in the final analysis, the A Values for soil are rnerely
analytical detecti,oﬁ_n limits, the B Values are little more than arbitrary multiples of the A Values,
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)
and the C Values are multiplés of the B Values. As a result, the irafionaile appears to be most
~ strongly influenced by the objective of trying to the match the MENVIQ values.

J

NCSRP APPLICABILITY

The PCB document illustrates how human health considerations can be used to estimate

acceptable concentrations in soil and provides candidates for interim NCSRP remediation criteria
for PCBs. Conversely, it does not provide criteria candidates for other parameters nor does it
incorporate many of the non-risk characteristics desired for the NCSRP rationale.

_The approach used in the PAH document was largely driven by information and guidelines

developed elsewhere. The investigative criteria are analogous to the NCSRP assessment criteria

for soil and the B and C Values are similar to two of the NCSRP remediation criteria.

~ Conversely, it does not provide criteria candidates for other parameters nor does it incorporate

~ in a meaningful way many of the characteristics desired for the 'NCSRP approach. When
considered in conjunction with the various cautionary notes provided by the authors, the PAH
document does not appear to be a suitable model for setting final NCSRP criteria.




. Table A.3

INTERIM PCB MAXIMUM ACCEPTABLE CONCENTRATIONS

0.5 pg/g for agricultural land
-5 pg/g for residential and park land} ,

50 ug/g for commercial and industrial land -

Reference:. Clarke éf al., 1987

Table A.4

INTERIM GUIDELINES FOR PAHS IN SOIL AND GROUND WATER

Soil (mg/kg) : v Ground Water (ng/L)
A B CcC A - B | C
- Group 1 - Carcinogenic PAHs |

benzo(a)anthracene 0.1 1 10 _' 4001 0.1 1 .
benzo(a)pyrene 0.1 1. 10 001 01 1
‘benzo(b)fluoranthene 0.1 1 10 001 01 1
benzo(k)fluoranthene 0.1 1 10 - 0.01 0.1 1
-dibenz(a,h)anthracene 0.1 1 10 0.01 01 1
~indeno(1,2,3-c,d)pyrene 0.1 .1 10 - " 0.01 0.1 1
(}_roup"z - Other PAHs
naphthalene 01 5 50 02 2 20
phenanthrene 01 5 50 02 2 . 2

' 0.1 10 100 0.2 2 20

pyrene

—

Reference: CCREM, 1988




NETHERLANDS

DOCUNIENT(S) REVIEWED

Hortensius D. and Meinardi C.R., 1988 "ISO/TC 190 - Soil Quahty, First Steps Towards '

~ a World-Wide Staridardized Approach of Soil Problems". Prepared for Technical
Comnmittee 190 of the International Organization for Standardlzation April.

Hortensius D., Meinardi C. R and Baveye P 1989. "ISO/TC 190 and the Development of an
Intemanonal Standardrzed Approach to Soil Quahty Problems" Water International,
14(2)89-92 :

Moen, J.E.T., 1988. "Soil Protection in the Netherlands". In Contaminated Soil ’88. K. Wolf
J van den Brink, and F.J. Colon (eds. ). 1495- 1503 Kulver Academic Publishers.

Molenkamp G. C Bms-Hoefnagels I M J., 1985. "Expenences on Soil Contamination in the
Netherlands" VOCO/ 1607B/ 1. .

- van den Berg, R., 1990. "The Implementatlon of Risk Assessment of Soil Contammatlon in the |

Dutch Soil Clean up Guldelme"

OTHER CONTACTS

“None.

DESCRIPTION OF APPROACH

In 1983, the federal government of The Netherlands enacted the Soﬂ Clean Up (Intenm) Actto

regulate the clean up of the most contaminated sites in the country. At the same time, the
Ministry of Housing; Planning and the Environment developed a set of "ABC" soil and ground
water quality guidelines to guide the process of determining the extent of contamination and the
need to take action. Imtrally the three levels were ass1gned the following deﬁmtlons ’

- ® The A Levels marked the boundary between contammated and uncontaminated soil.

® The B Levels indicated the relative extent of contammatlon and potential seriousness of the
risks that the contamination mlght pose.

® The C Levels represented concentrations above which a sorl was cons1dered to be polluted

to such an extent that all potent1a1 exposure routes: present an intolerable risk to man or the
envrronment
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- . contaminated and a preliminary investigation of the site is requlred

Professional Judgement was an 1mportant factor in setting the ongmal levels. A Levels for
inorganics were intended to represent background conditions. For organic compounds. analytical
detection limits were used. The B and C Levels were described as being based upon information
- concerning toxicity, vapour pressure, solubility, mobility, accumulation, and corrosiveness. It -

“was recognized from the outset that the values lacked “a thorough scientific base" (van den Berg, -

11990) and did not have the ablhty to consider site-specific factors such as soil characteristics.

Expenence gamed over the next few years mdlcated several ways that the ABC Levels could be
improved. In 1987, the Soil Protection Act was passed and incorporated the Soil Clean Up
* (Interim) Act. The emphasis of the legislation shifted from clean-up to that of preventing further
reduction in soil quality. With the new act came the concepts of "good soil quality" and "multi-
functionality". Good soil quality is described as one that permits the soil to pose no harm to any
use of the soil that humans, plants, or animals may make. Further, good soil quality does not
adversely affect possrble future functions 1nclud1r\1g crop production, as a source of water, or as.
habitat for plants and ammals Any adverse effect is interpreted as decreasing the multi-
functlonahty of a s011

The concept of good soil quahty also prov1ded a new definition for A Levels. Accordingly,
"reference values" were developed that replaced many of the original A Levels. For many
- elements, the new reference values are based on concentrations measured in rural soils across
The Netherlands. The original smgle values were replaced with simple equations that take into
account the clay content and organic matter content of soils. These two. characteristics were
established for a "standard soil" but the equations allow site-specific reference values to be
established for each site where these two characteristics are known. One set of corresponding
reference values for ground water also has been established by considering data such as drinking
water and surface water standards. The reference values and equations for i morgamc parameters ‘
are shown in Table A.7..

For organic compounds a linear adsorpt1on model is used that estimates equrhbnum conditions
between solid and liquid phases according to a compound’ octanol-water partition coefﬁc1ent 3
The reference values for orgamc compounds are shown in Table A.8.

The Band C Levels (and some of the original A levels) have not yet changed and are drsplayed
in Table A.6; however, it is the intention of Dutch regulatory agencies to use some form of
haman and ecotoxicological risk assessment procedure(s) to set C Levels (van den Berg, 1990).

While the procedures have not been finalized, it is anticipated that human health concerns will
be considered in the form of "maximum permissible risk" levels. For carcinogens, these may
be set at an annual risk of one in one million. For non-carcinogens, these may be set at "doses
without effects". (This terminology is assumed to be analogous to acceptable dally intakes or

reference doses.)

The current collection of A B, and C Levels address approximately 50 inorganic and organic
substances. Soils with contaminant concentrations between level A and B are considered. to be

J
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Soils with concentrations between level B and C required further investigation to define the
extent of contamination and the potential risks. This may require that envifonmental
compartments other than just soil and ground water be investigated.

It is expected that remediation at contaminated sites should be directed at achieving A Levels

in keepmg w1t.h the objective of promoting and maintaining multl-functlonahty

- The Ministry of Housing, Physical Planning and Environment has recommended that these

guidelines be used with caution and that other site-specific information be used to assess specific

i s1tuat10ns

" NCSRP APPLICABILITY

The intent of the "ABC" soil guidelines is very similar to that of the concept being investigated
in this project. There is no standard approach to setting ABC values but the factors that have
been considered include ambient or background conditions, toxicological risk assessments,

physico-chemical properties such as vapour pressure, solubility, mobility, accumulation, -

- corrosiveness and correspondmg water quahty values.

This approach prov1des candidates for assessment criteria (the A Levels and reference values)
and for remediation criteria (the B and C Levels) but it does not provide a- mechanism that can
eas1ly be used to derive other such criteria.



Table A. 6 :

SOIL AND GROUND WATER GUIDELINES
RECOMMENDED BY THE NETHERLANDS

Soﬂ (mg/kg) » Ground Water (ug/L)
A B C . A B C
I - METALS , v
arsenic * 30 50 * 30 100
- barium - 200 400 2000 5( 100 500
cadmium - . * 5 20 * 2.5 10
chromium (total) ' * . 250 800 * 50 200
cobalt 3 , 20 50 300 20 50 . 200
copper - ' Co* 100 . 500 * 50 200
lead - : : ¥ 150 600 S 50 200 -
mercury Sk 2 10 . * 05 - 2.0
molybdenum _ 10 40 200 - 5 20 100
nickel . . % 100 500 * 50 200
- tin o ‘ .20 50 300 10 30 150
‘ zinc : * 500 3000 o* 200 800
: II INORGANICS : ‘ L
NH, (as N) B - - L% 1000 3000
Br (total) | .20 50 300 * 500 -+ 1000
CN (total free) 1 10 100 5 30 .~ 100
- CN (total comb.) 5 50 500 10 50 200
F (total) ‘ .. % 400 2000 * 1200 3000
PO, (as P) ‘ - - - o v 200 700
S (total) 2 20 200 10 100 300
III - AROMATIC COMPOUNDS
benzene _ -0.05 0.5 5 0.2 1 5
" ethylbenzene 005 5 50 S 0.2 20 60..
toluene - - 005 3 30 0.2 1S 50
xylene . 005 5§ 50 02 20 60
" phenols - 005 1 10 02 15 50
7 70 ' - 30 100

- total o ' 0.1




Table A.6 (contmued)
(Soﬂ and Ground Water Guidelines Recommended by The Netherlands)

Soil (mg/kg) , " Ground Water'(pg/L)
A B C A B C
IV POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) - -
anthracene , * 10 100 - .. 0.005 2 10
’ben_zo(a)pyrene : * 1 10 ‘ 0.005 02 . 1
- benzo(a)anthracene * 5 50 0005 05 2
‘benzo(ghi)perylene * 10 100 0.005 1 . 5
benzo(k)fluoranthene * 5 50 0.005 0.5 2
chrysene ' * 5 5 0.005 0.5 2
fluoranthene * 10 100 - 0005 1 5°
indeno(1,2,3-cd)pyrene ® 5 50 . - 0.005 0.5 2
* naphthalene * 5 50 ' 02 - 7 30
phenanthrene’ * 10 -~ 100 0005 2 10
PAHs (total) 1 200 200 .. - 10 40
V- CHLORINATED HYDROCARBONS , -
aliphatics (each) * 5 50 _ 001 10 50
aliphatics (total) - 7 70 - 15 70
chlorobenzenes (each) - 1 10 001 05 2
chlorobenzenes (total) -2 20 - 1 5
chlorophenols (each) * 0.5 5 . 001 0.3 1.5
chlorophenols (total) - 1 10 . - 0.5 2
chlor. PAHs (total) * 1 10 co- 0.2 1
PCBs (total) S x 10 00t 02 1
EOCI (totai) 01 8 80 1 15 70
~ VI - PESTICIDES | o
chlorinated (each) - - * 05 5 05 0.01 1
chlorinated (total) - 1 10 ' - 0.5 2
non-chlorinated (each) * 1 10 : 001 2
non-chlorinated (total) -2 20 - 1 5
VII - OTHER POLLUTANTS ' _ o
tetrahydrofuran 0.1 4 40 ' 0.5 20 60
pyridine 0.1 2 20 0.5 10 30 -
~ tetrahydrothiophene 01 5 50 05 20 60
- cyclohexane : 0.1 6 60. 05 15 50
styrene - 0.1 5 50 05 20 60
gasoline ' 20 100 - -800 10 40 150

mineral oil - * 1000 5000 50 20 . 600




Table A.6 (contmued)
(Soﬂ and Ground Water Gu1de11nes Recommended by The Netherlands)

Notes
* indicates reference value; see Tables‘ A.7and A8

- indicates level not established




Table A. 7

REFERENCE VALUES FOR INORGANIC COMPOUNDS

Name Formula
chromium 50 + 2L
nickel - 10+ L
copper 15 + 0.6 IL+H)
zinc 50 + 1.5 QL+H)
cadmium 0.4+0.007 (L+3H)
mercury 0.2+0.0017 QL+H) -
lead 50+H+L
arsenic 15 + 0.4 (L+H)
fluorine 175 + 13L
nitrate’ . |
~ sulphate™
bromides
chlorides™
fluorides™ -
ammonium compounds”
total phosphate*
Notes

For Standard
Soil

100

35

36

140

0.8

0.3 -
85 '
29

500

All soil concentratiOns in pg/g on a dry matter basis.

Ground Water

1 pg/L
15 pg/L
15 pug/L

150 pg/L

1.5 pg/L.

0.05 pg/L

15 ug/L

10 pg/L
.5.6mg/Las N .
150 mg/L

300 pug/L

100 mg/L
0.5 mg/L.
2/10 mg/L as N™

0.4/3.0 mg/L as P™*

- H = weight percentage of organic matter basis in the soil; H = 10 for "standard soil"
L = weight percentage of the clay fraction (partlcles smaller than 2 gm) in the soil; L =
25 for "standard soil" ,

* Lower values can be required for protectlon of nutrient poor reglons
** Higher values appear naturally in regions W1th a strong marine influence (salty ground

water).

*** The lower values apply to ground water in sandy reg1ons The hlgher values apply to
ground water in regions w1th clay and peat soils.
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Table A:8

REFERENCE VALUES FOR ORGANTC COMPOUN_DS '

I Halogenated Hydrocarbons and Cholme Esterase Inhibitors

| hexachlorocyclohexane endrm o ess than 1 pg/kg :
tetrachloroethane, tetrachloromethane tnchloroethane ,
tnchloroethene trichloromethane, PCBs (IUPAC numbers 28 and 52)

‘chloropropene, tetrachloroethene, hexachloroethane -~ - -less than 10 ug/kg
hexachlorobutadiene; heptachloroepoxide, dichlorobenzene, - : : o
trichlorobenzene, tetrachlorobenzene, hexachlorobenzene,

monochloronitrobenzene, dxchloromtrobenzene aldrin, dieldrin,

chlordane, endosulfan, trifluralin, azinphos- methyl azinphos-ethyl,

disulfoton, fenitrothion, parathion (and -methyl), triazophes,

PCBs (IUPAC numbers 101, 118, 138, 153, and 180)

FDDD-, DDE, pehtachlorophenol o ' ' less than 100 pg/kg

II. Polycychc Aromatlc Hydrocarbons ‘

' naphthalene ~chrysene _ S , - -less than 10 ug/kg
phenanthrene, anthracene, ﬂuoranthene,'benzo(a)pyre‘he ' less than 100 ug/kg
benzo(@)anthracene . - ©less than 1 mg/kg
benzo(k)fluoranthene, indeno(1,2,3,¢ d)pyrene, o |  less.than 10 mg/kg
benzo(ghi)perylene : .

118 Mmeral Oll . S : . .
total B v . ~ less than 50 mg/kg
octane, heptane : - _— ’ « less than 1 mg/kg
Note

Detection linits should be used if hlgher than any of the 1ndlcated values :
To evaluate specific soils, the above values should be d1v1ded by 10 and multlphed by the

organic matter content. For soil containing more than 30% or less than 2% orgamc matter, the.
values of 30 and 2 should be used respectlvely -
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'NEW JERSEY

DOCUMENT(S) REVIEWED

New Jersey Department of Environmental Protection (DEP), 1990. "Basis for NJDEP
Interim Soil Action Levels". Prepared by the Division of Hazardous Site Mltlgatlon
Bureau of Environmental Evaluation and Risk Assessment February.

OTHER CONTACTS

Personal communication with T. McNevm Division of Hazardous Site M1t1gat10n Bureau of
Env1ronmental Evaluation and Risk Assessment, DEP. :

Personal communication with R. Hazen Manager Risk Assessment Unit, Ofﬁce of Science and
Research, DEP.

DESCRIPTION OF APPROACH

documentatlon descnbmg "Intenm Soil Action Levels" (ISALs). New parameters have since
been added as needed. The ISALs are defined as reference numbers and intended to be used to
identify the presence of contamination. Contamination at a site above the ISALSs should have its
horizontal and vertical extent delineated. Specific clean-up objectives are developed on a case-by-
‘case basis (and may be the same as the ISALs in some instances).

ISAL values have been set for various inorganics, some. surrogate parameters for organic -

contaminants, and some pesticides (see Table A.9). Land use is generally not considered but for
some contaminants dlfferent values have been set for re51dentlal and commerc1al/mdustnal
properties. 2 :

There is no standard approach to setting ISAL values but the factors that have been cons1dered ,

include ambient or background conditions, potential human health effects, and the protect1on of
ground water quahty

The ISALs for inorganic parameters ongmally were set as an approx1mate multiple of the
maximum reported ambient concentration in New Jersey. The magnitude of the multiple used
*for each parameter was determined by a qualitative evaluation of toxicological information.

. One exceptlon to thi§ approach was lead for which the ISAL was based on an evaluatlon of
~human health concerns undertaken by the New Jersey Department of Health. A second exception
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concerns total petroleum hydrocarbon for which the ISAL was ongmally selected to approx1mate
background concentrations in industrial areas.

The ISALs for the organic surrogate parameters were developed by. cons1denng ground water
quality criteria and situations where contaminated soils are in contact with ground water. ISALSs

have not been developed for most pesticides. DEP favours the assessment of pesticides on a
- case-by-case basis. Factors such as background concentrations, ubiquity, land use, and exposure
pathways should be considered. Two exceptions to this approach are DDT and chlordane for
which ISALs have been set at concentratlons that DEP feels clearly 1dent1fy contamination when
exceeded.

 The ISAL for PCBs was derived in two. parts. The upper ISAL value was selected as the
effective detection limit at the time it was set (1985) and is a value recommended by EPA -
Region II as being suitable for protecting ground water. The lower level is the result of a risk

~ assessment conducted by DEP of potential exposures in residential settings. '

Efforts have been underway in New Jersey for several years to improve and enhance its
approach to settmg clean-up criteria. Topics currently being investigated include relationships
between soil and ground water and identifying a "standard exposure scenario” that could be used .
~ to estimate exposures and doses.

Efforts are currently und_e;way in New Jersey to promulgate soil standards based on direct
contact with or exposure to contaminated soil (e.g., ingestion). This would include exposure to
soil particles in air and exposure to ground water in contact with contaminated soﬂ The
standards are expected to be pubhshed for pubhc comment early in 1991,

NCSRP APPLICABILITY \

The DEP approach prov1des candidates for NCSRP remedlatlon criteria for residential (and
commercial/industrial land use for a few substances) but it does not provide a mechanism that
can easily be used to derive criteria for parameters other than those in Table A.9.
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'Table A9

NEW JERSEY INTERIM SOIL A_CTION LEVELS .

Parameter ] ‘ ISAL Value

INORGANICS (in pg/g)

: antlmony ' 10
: ' arsenic o 20
barium 400
- - beryllium 1
\ _, cadmium 3
' chromium - 100
copper : 170
lead : ' 250, 1000
mercury o 1 ~
molybdenum - 1
nickel : 100
selenium | 4
silver - ' 5 .
thallium : ' 1
vanadium ' 100
zinc ’ - 350
ORGANICS (in pg/g) -
acid extractables 4 . case-by-case
" base neutrals : ' 10
total petroleum hydrocarbons 100
volatile organics o 1
polychlorinated biphenyls =~ = 1,5
DDT + metabolites ‘ 1, 10
chlordane : T |
other pesticides I case-by-case

Notes ’ S : }

_ When two ISALs values are listed, the former apphes o res1dent1a1 propertles the latter to
N ~ commercial and industrial propertles .
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'ONTARIO

DOCUMENT(S) REVIEWED E

Ontario M1n1stry of the Environment (MOE), 1989a. “*Guidelines for the Decomm1ss1on1ng »'
and Cleanup of Sites in Ontano" . Prepared by the Waste Management Branch. February

OTHER CONTACT

‘Personal communication with B. Blrmmgham Standards Coordmator Hazardous Contaminants |
Coordmatlon Branch. -

DESCRIPTION OF APPROACH'

In principle, remedial action may be required wherever contaminants are present at -
concentrations above ambient (background) levels; however, the MOE offers a proponent three
basic options for developing numerical clean-up guidelines above background levels. One of
these options is to apply relevant MOE policies and guidelines. (The others are to use guldelmes
from other Junsdlctlons and to develop site-specific guldehnes ) :

The MOE has developed soil gutdehnes or recommended provisional guidelines for the 22
parameters listed in Table A.10. The guidelines take into account land use and soil texture. The
MOE typically considers five broad categories of land. use: ‘agricultural, residential, parkland,
- commercial, and industrial. Generally, more stringent clean-up requirements are needed for
agricultural, residential, and parkland redevelopment than commercial and industrial land uses.
" Two categories of soil texture are considered: coarse and medium/fine. More stringent clean-up
requlrements are needed for coarse textured soils for most parameters '

As shown in Table A. 11 the MOE has also adopted interim soﬂ guldehnes for PCBs, and
dioxins and furans based on federal/provincial evaluations. The rationale for the PCB values is
described elsewhere in this-appendix under the CCME. The MOE chose to differ from the - -
CCME guidelines in one instance: the MOE guideline for commercral/mdustnal lands i 1s 25 uglg
(compared to the CCME gu1de11ne of 50 ug/g) :

In addition. to numerical guidelines, the MOE also may- evaluate soil quality by considering’

aesthetic qualities such as appearanee and odours. The aesthetic guidelines used to assess soil

quality during the recent decomm1ss1on1ng of two former petroleum reﬁnery sites near Toronto '
' 1ncluded (Reades, 1989):

® absolutely no remalmng reﬁnery-related odours in the soﬂ

® ' no discolouration or staining of soil :
® no hydrocarbon layer or sheen if a soil sample is placed in water
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The MOE decommrsswmng document 1nd1cates that aesthetic parameters must be addressed
regardless of the other cntena that may be used to assess site condmons

The MOE has not established analogous numerical criteria for ground water. The MOE has
established policies that can be used to derive clean-up guidelines for ground water. These
include provincial objectives for surface water quality, provmcral drmklng water quahty
guidelines, and sewer use by-laws :

The MOE decommlsswmng guidelines document offers glimpses of some aspects of the rationale
used to set soil criteria. Initially recommended by the Phytotoxicology Section of the Air
Resources Branch, most of the values in Table A.10 are based primarily on phytotoxicological
_ considerations. Three are identified as being based on human health (cadmium, lead, and
mercury) and another three are based on the health of grazing animals (copper, molybdenum,
and selenium). The guidelines have been used for several years. The guidelines for four of the
‘parameters in Table A.10 are described as being "provisional”. The provisional guldehnes were
first recommended in 1988. . v

" Criteria generally are lower for agricultural, resrdentlal and parkland than commercial and
‘industrial land ‘uses. Presumably, this reflects greater opportunities fof exposures to soil
contaminants in the former three uses. Criteria also are generally lower for coarse textured soils
than medium or fine textured soils. It is assumed that this results from the greater environmental -
mob111ty of many types of contaminants in coarse soils.

Some aspects of the MOE philosophy are evident in the guidance offered to those who choose
to develop site-specific clean-up criteria. The decommissioning document indicates that any
process for developing site-specific criteria must take into aCcount' '
® environmental and human health tox1cology of the contammants '
® environmental mobility of the contaminants
® the pathways by which the contaminants may impact on human health or the environment
with respect to the future zoning of the site '
® the physical features and environmental conditions of the s1te including background
concentrations of contaminants § :
With regard to the last factor, the PhytotoxicoIOgy Section has compiled information concerning
~ typical concentrations of some substances in Ontario soils and developed "upper limit of normal"
values for those substances (MOE, 1989b). It is likely that this 1nformatron was considered in
recommendmg some of the guidelines in Table A.10.

Missing from the pubhcly available documentation are detailed deScriptions of the underlying
method(s) used to establish specific values. A report that describes that is scheduled to be
pubhshed presently. :
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NCSRP APPLICABILITY | L

The MOE document indicates that various types of possible effects need to be considered in
establishing soil criteria and that the critical effect or consideration is substance-specific. The -
document provides candidates for interim NCSRP remediation criteria and other MOE
‘documents provide candidates for interim assessment criteria (Ontario MOE, 1989a) but none
of the documents provide guidance for denvmg criteria for add1t10na1 substances.



~Table A.10

" MOE SOIL CLEAN-UP GUIDELINES

Agricultural/Residential Commercial/Industrial

and Parkland
_ Type of Soil? - Type of Soil
Parameter ' Medium & Fine Coarse  Meédium & Fine Coarse
Guidelines: ! '
pH . 6108 6to8 -  6to8 ' 6t08
_EC (mS/cm) 2 2 . 4 4
SAR 5 5 12 12
nitrogen (%)* 0.5 0.5 : - 0.6 0.6
oil & grease (%)4 1 1 : 1 1
arsenic - 25 ' 20 - 50 40
cadmium 4 3 -8 6
chromium (VI) 10 8 10 8
chromium (total) 1000 . . 750 - - 1000 750
cobalt 50 - 40 100 80
- copper 200 150 ’ 300 225
lead 500 375 o 1000 750
- mercury - _ . : 0.8 -2 1.5
~ molybdenum 5 5 40 - 40
‘nickel 200 : 150 200 150
| selenium -2 2 10 10
- - silver 25 20 50 40
zinc ‘ - 800 - 600 800 600
Provisional Guidelines: . '
antimony 25 20 50 40
barium 1000 - 750 2000 o 1500 -
beryllium 5 4 100 : 8

‘vanadium 250 : 200 250 200




Notes

Table A.10 (contmued) ,
(MOE Soil Clean-up Guldelmes)

Al values in pg/g unless indicated.

For comparison with these guidelines, analyses for metal and metalloids must be

conducted using an approved strong, mixed-acid digestion procedure.

Defined as greater than 70% sand and less than 17% organic matter

If nitrogen levels exceed the ghideli_‘nes, the mineralization of the soils should be
evaluated. Additions of nitro’gen-based fertilizer may be counter-productive

Guldehne is for fresh oil; for weathered oil (minimum of 2 years: exposed on sue), the '

. gu1dehne is 2%
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Table A.11

MOE INTERIM SOIL QUALITY GUIDELINES

Polychlorinated Dibenzo-p-dioxins and P_olychlorinated Dibenzofurans:

‘(i) R -1 pg TEQ/kg (1 part per billion) .

®  where the. TEQ (toxic equivalent for 2,3,7,8-TCDD) of dioxins and furans in soil is the

~ sum of the concentrations of each isomer group times the toxic equivalency factor (TEF)

for each'group. TEF values range from 1 for 2,3,7,8-tetrachlorodibenzo-p-dioxin to
0.001 for octachlorodibenzo-p-dioxin and octachlorodibenzofuran. .

®  assumed to apply to all types of soil and land use
Reference: MOE 1990a, not dated.

N

(i) "~ 0.01 ug TEQ/kg (10 parts per trillion)

'®  assumed to apply for agricu_lturai land use only for all soil types

Reference: MOE 1990b, not dated.

! Polychlorinated Biphenyls (PCBs):

.. 0.5 ug/g for agricultural land |
, . 4 N : . J

5 pg/g for residential and park land

25 pg/g for commercial and industrial land




QUEBEC

_ DOCUMENT(S) REVIEWED

\

Ministere de lEnvrronnement du Québec (MENVIQ), 1986. "Approach to Cdntaminat_e_d
‘Soil Management” - DRAFT. Prepared by the Hazardous Substances Branch. January.

Ministtre de DI'Environnement du Québec (MENVIQ), 1988. "Contaminated - Sites
_ Rehabilitation Pohcy" - Prepared by the Direction’ des Substances Dangereuses. -
February. o o . /

OTHER CONTACT | T | o

‘Personal communication with M, Beaulieu,, Direction des Substances Dangereuses, MENVIQ.

N

\

DESCRIPTION OF APPROACH

In . the nlid?1980s, the Ministtre de 1I’Environnement du Québec. (MENVIQ) issued
~ documentation that proposed a way to determine when soils were suitable for various land uses. -

Based on a review of approaches promoted by regulatory agencies from several countries, the

decision was made to adopt the ABC fOrmat_originally developed in The Netherlands.

The current version of the soil and ground water guidelines was issued in 1988. Three levels of
numerical values (presented in Table A.12) have been established for more than 90 substances.

~ To interpret the three levels, the followmg definitions were estabhshed

® The A Value represents background concentrations for naturally—occurrmg substances and
the analytrcal detection limit for man- made organic substances.

~®  Concentrations between A and B are considered to be " shghtly contammated" Remedial
action will not usually be necessary for soil: For sensitive land uses such as agriculture
or residential development, measures such as excavation of surface soils or the addition
of a layer of clean soil may be needed. For ground water, dnnkmg water standards or
criteria are not satxsﬁed

©  The B Value marks the threshold above which a thoreugh site investigation is necessary.
® Concentrations between B and C are cons1dered to be "contaminat Ground water

should not be used for drinking. Restrictions on land use may be necessary. Uses such
as commercial and 1ndustr1al may not-require remedial action.
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® The C Value marks the threshold above whlch it may be necessary to take prompt
remedial action.

®  Concentrations above C indicate "serious contamination”. All uses of the’land will be
- restricted. Some form of restoration likely is needed ' |
' MENVIQ clearly states that these values should be used stnctly as indicators of env1ronmenta1
conditions and should not be regarded as standards (MENVIQ, 1988). Tt also warns that before
decisions are made concerning the need or extent of clean-up, various s1te-spec1fic COl'ldlthIlS
should be considered. ’

The ABC values of MENVIQ come from several sources. Some of the values were adopted
directly from other agencies, others were modified on the recommendation of those who
originally developed them, yet others were developed by considering background concentrations
in Quebec soils and ground water.

The MENVIQ approach considers numerous factors. The type of land use is iden_tiﬁed as the
"main criterion" (MENVIQ, 1986). Relative to the ABC values of The Netherlands for soils,
MENVIQ chose to add two metals, revise two othiers downward, and revise one metal upward
_(the latter based on values established by regulatory agencies in the U.K., West Germany, -
France, and Ontario). ABC values were added for several PAHs and based upon the toxicity
indices used by the U.S. EPA to develop multimedia environmental goals (Cleland and
Kingsbury, 1977). Some PAHs were assigned the same ABC values as those of other PAHs with
the same level of toxicity. Hexachlorobenzene was added because it is a potential carcinogen. -

For ground water values, MENVIQ adopted The Netherlands A values for most metals, but
- replaced the B values with drinking water guidelines and C values with storm sewer disposal
criteria, The Netherlands ground water values for monocyclic aromatic hydrocarbons were

retained except for ethylbenzene and toluene which were revised upwards in accordance with

information from the U.S. EPA. Some phenolic compounds were revised downwards based on

drinking water guidelines and storm sewer d1sposa1 criteria. Several PAHs were added and the

ABC values based upon the toxicity indices used by the U.S. EPA to develop. multimedia
environmental goals. Hexachlorobenzene was added because it is a potential carcinogen. For
pesticides in ground water, B values were based on drinking water guldelmes The A and C
values were extrapolated from the B values.

Between the early draft reports and the final documentation of 1988, numerous changes were
made to the ABC values presumably in response to comments and a growing information base
(including better information about background concentrations in Quebec env1ronments) Some
values increased, some decreased, and yet others were removed. »

Guidelines for surface waters were not developed because there are other means to address water
quality such as sewer discharge guidelines. :

-




NCSRP APPLICABILITY

. The MENVIQ documentatxon indicates that many. of the characteristics that are desired to be
present in the NCSRP approach, are present in the MENVIQ approach These desirable
characteristics include the consideration of ambient concentrations, consideration of various land -
uses, and the addressing of a wide range of contaminants. For some substances, MENVIQ has
identified those factor(s) which have beén most important in setting the ABC values. For others,
it is unclear which characteristics have been considered or their relative importance. For
example, toxicity is part of the MENVIQ rationale yet the ABC values for individual chlorinated
aliphatic hydrocarbons are all the same despite the w1de range of relative toxicities posed by
members of this chemical class.

The ABC valhes for metals and’ some' mineral pollutants are iikely based on relatlvely large
information bases; however, for many organic compounds the information base is undoubtedly

- smaller and mcapable of allowing all of the charactenstxcs attributed to the ratlonale to be

cons1dered

The MENVIQ A values provide candidates for NCSRP assessment criteria and the B and C .
values are candidates for remediation criteria. MENVIQ documentation does not outline a

“mechanism or process that can easily be used to derive other such criteria.



Table A.12-

SOIL AND GROUND WATER GUIDELINES RECONIMENDED BY MENVIQ

Soil (mg/kg) Ground Water (ug/L)
A B C ' A B . C
 I-HEAVY METALS | =
arsenic 10 30 50 5 50 100
barium ‘ 200 500 2000 50 1000 2000
cadmium 15 5 20 1 5 20
chromium (total) 75 250 800 15 40 500
cobalt o 15 50 300 - 10 50 200 -
copper - . 50 100 500 - 25 500 1000
lead 50 200 600 10 S50 100 -
mercury 02 2 10 01 05 1.0
molybdenum 2 10 . 40 5 20 100
nickel 50 100 500 - 10 250. 1000
selenium 1.3 '10 - 1 . 10 50
silver ' g 2 20 40 - S 50 200
tin 5 50 300 10 30 150
zinc 100 500 1500 : 50 5000 10000
II - MINERAL POLLUTANTS S S
NH, na na na -~ 200 500 . 1500
Br (dlssolved) ' na na na - 100 500 - 2000
Br (free) = 20 S0 . 300 na na na
| CN (free) - ' 1 10 100 40 200 400
: ‘ CN (total) .‘ 5 50 500 - 40 200 400
_ F (dissolved) = . na na na - 300 1500 4000
~ F (free) ©200 - 400 2000 na .na na
PO, L : na na na 50 -~ 100 700
NO, (as N) na na na - 10 10000 -
NO, (as N) o na na na 20 . 1000 -
H,S _ ~ nma na na 10 50 500
S (total) , 500 1000 2000 - - - -
I - MONOCYCLIC AROMATIC HYDROCARBONS
benzene 01 .05 5 05 1 5
ethylbenzene 0.1 5 50 - 0.5 50 150
toluene - , 0.1 3 30 . 05 50 100
chlorobenzene 0.1 1 10 - 0.1 2. 5
- 1,2-dichlorobenzene 0.1 1 10 0.1 2 5
0.1 1 2 5

_ 1,3-dichlorobenzene 10 0.1
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Table A.12 (continued)
(Soﬂ and Ground Water Guidelines Recommended by MENVIQ)

Soil (mg/kg) | Ground Water (ug/L)
A B C A B C .
- 1,4-dichlorobenzene 0.1 1 10 ' 01 2 5
xylene- 0.1 5 50 05 20 60
styrene 0.1 5 50 ‘ 0.5 40 120

" IV - PHENOLIC COMPOUNDS -

.
non-chlorinated! (each) = 0.1 1 . 10 13 2
chlorophenols® (each) 0.1 05 5 12 5
chlorophenols (total) 0.1 1 10 : 1 4 10

V- POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) -
acenaphthene 0.1 10 100 05 20 30
acenaphtliylene '0,1 10 100 - 05 10 2

- anthracene ' 0.1 10 100 02 7 20
benzo(a)anthracene 0.1, 1 10 0.1 05 2
benzo(a)pyrene 01 1 10 0.1 02 1
benzo(b)fluoranthene 0.1 1 10 0.1 02 1
benzo(c)phenanthrene - 0.1 1 10 0.1 05 2
benzo(g,h,i)perylene. 0.1 1 10 0.1 02 1
benZo(j)ﬂuoranthene 0.1 1 10 01 02 1

benzo(k)fluoranthene . 0.1 1 10 01 02 1
chrysene 01 1 10 0.1 1 5
* dibenzo(a,h)anthracene 0.1 1 10 0.1 02 1
dibenzo(a,h)pyrene 01 1 . 10 0.1 1 5
dibenzo(a,i)pyrene 0.1 1 10 0.1 1 5
dibenzo(a,j)pyrene 0.1 1 10 0r 1 5
+7,12-dimethyl x B |

benz(a)anthracene 01 1 10 - 0.1 02 1
fluoranthene 0.1 10 100 0.1 2 10
fluorene 0.1 10 100 0.1 2 10
indeno(1,2,3-c,d)pyrene 0.1 1 10 0.1 1 5
3-methylcholanthrene. 0.1 - 1 10 0.1 02 1

" naphthalene 0.1 5§ 50 0.2 10 30
phenanthrene - . 01 5 50 - 01 1 5
pyrene ' - 0.1 10 100 02 7 30
PAHs (total) 1 20 200 02 10 50
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Table A.12 (contmued) ,
(8011 and Ground Water Guidelines Recommended by MENVIQ)

Soil (mglkg) . Ground Water (ug/L)
A B C 5 A B - C

VI - CHLORINATED HYDROCARBONS :
10 50

-aliphatics® (each) .03 5 50 1
aliphatics (total) 03 7 70 1 15 70
chlorobenzenes* (each)y 0.1 2 10 03 2 5
chlorobenzenes (total) 01 4 -2 0.3 4 10
hexachlorobenzene 0.1 2 10 0.1 05 2
PCBs® 0.1 1 10 0.1 02 1

VII - PESTICIDES - | I .
aldrin + dieldrin = - - - - 005 07 2
~chlordane - .- - - 005 07 2 .
DDT | N : 0.05 .30 60
Endrin - - 0.05 02 05
Heptachlor Epoxide = -~ - - - 0.05 3 5
Lindane - - - 005 4 10
Methoxychlor - - - 0.05 100 200
Carbaryl - - - 005 70 150
Carbofuran - - - 0.05 70 .150-
2,4-D ' - - .- ~0.05 100 200
2.4,5-TP . 005 10 20
Diazinon - - -~ 005 14 30

~ Fenitrothin - - - 0.05 7 20
Parathion _ : s - - : 005 35 70
Parathion-methyl .= -~ -~ - 0.05 7 20
Diquat ' - - - 005 50 100
Paraquat ‘ - - - : 0.05 7 20
Picloram = - - 005 1 2 .
Pesticides (total) 0.1 2 20 0.05 1000 200

VIII - INDICATOR PARAMETERS

phenolics (colorimetricy 0.1 "1 -~ 10 1 2 5
gasoline - 100 150 800 1000 1500 3000

mineral oil and grease 100 1000 5000 100 1000 5000




| Table A.12 (continued) =
(Soil and Ground Water Guidelines Recommended by' MENVIQ)

| Notes
'na-notapplli.cable I N o
_ values not established

-1 - non-chlorinated phenohc compounds include:.
‘ 2,4-dimethylphenol
2,4-dinitrophenol
2-methyl 4 6-d1n1trophenol
nitrophenol (2-; 4-)
" phenol
cresol

2 - chlorophenols 1nclude
' _chlorophenol isomers (ortho, meta para) :
dichlorophenols (2,6- 2,5- 2,4- 3,5- 2,3- 3 4-)
trichlorophenols (2,4,6- 236 2,4,5- 2,3,5- 2,3,4- 345-)
tetrachlorophenols (2,3,5,6- 2,3, 4 ,5- 2,3,4,6-)
A pentachlorophenol

3 - aliphatic chlonnated hydrocarbons include:

“chloroform

~ dichloroethane (1,1= 1,2-)
dichloroethene (1,1- 1,2-)
dichloromethane
1,2-dichloropropane :

. 1,2-dichloropropene (cis and trans)
1,1,2,2-tetrachloroethane
.tetrachloroethene .

carbon tetrachloride S :
trichloroethane (1,1,1- 1,1,2-)
trichloroethene - - -

g~

4 - chlorobenzenes include:
all trichlorobenzene isomers:
all tetrachlorobenzene isomers
pentachlorobenzene .

5 - PCBs include:”
isomers _1242, 1248, 1254 and 126? :
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UNITED KINGDOM

DOCUMENT(S) REVIEWED

Interdepartmental Commlttee on the Redevelopment of Contaminated Land (ICRCL), 1980.
"Redevelopment of Contaminated Land: Tentative Guldelmes for Acceptable Levels of
Selected Elements in Soﬂs" ICRCL 38/80 '

Interdepartmental Commlttee on the Redevelopment of Contammated Land (ICRCL), 1987.
: " "Guidance on the Assessment and’ Redevelopment of Contammated Land". ICRCL
'59/83, Second Edition July

Simms, D.L. and Beckett, M.J., 1987 "Contaminated Land: Setting Trigger Concentratlons
The Science of the Total Envzronment 65 121-134..

Interdepartmental Commlttee on the Redevelopment of Contaminated Land (ICRCL), 1990.
' "Notes on the Restoration and Aftercare of Metalliferous Mining Sites for Pasture and
Grazing". ICRCL Guidance Note 70/90 First Edition. :

Department of the Environment, 1990. "Contaminated Land: The Government’s Response
to the First Report from the House of Commons Select Committee on the Env1ronment"
July 1990. 4 ,

OTHER CONTACT.
Personal communication with M. Smith of Clayton Bostock Hill and Rigby.

-

DESCRIPTION OF APPROACH

In 1980, the Interdepartmental Committee on the Redevelopment of Contammated Land (ICRCL)
- issued a paper describing tentative guidelines for "acceptable levels™ of certain contaminants in
soil. The intention of these tentative guidelines were to try to define levels which, if following
a thorough and adequate site investigation, were found not to be exceeded on the site in
- question, and could therefore be “accepted" without further con51deratlon as presenting no .
significant hazard to the users or occupiers of the site. ’
Since 1980, the ICRCL tentative guidelines have evolved into a set of guidelines based on land
end-use and a set of "trigger concentrations" (threshold and action triggers) for contaminants in




soil. The threshold. and actlon triggers define three zones in which concentrat1ons at a site will
fall:

®  The ﬁrst zone is defined by on-site concentration levels lower than the threshold trigger
concentration. In this zone the risk is no greater than is normally accepted and may
- therefore be treated as though uncontammated

- @ In the second'zone, the concentration of the contaminant is bétween the threshold and
- action trigger concentrations. In this zone, the significance of the risk depends on the
intended use and the form of development thus, profess1ona1 Judgement is required to

dec1de whether action is needed. )

® In the thrrd zone, the concentration of the contammant is equal to or exceeds the action
trigger concentration. In this zone the risk is high enough that the presence of the
contaminant has to be regarded as unacceptable and action is required to clean up the site
or otherwise reduce the risks to an "acceptable level" : :

 The ICRCL values (see Table A.13) are based primarily on human health considerations and
phytotoxic effects where human health is not normally at risk from the metals. The three
pnnc1p1e pathways from contaminated soil to humans considered are ingestion of crops which
-~ contain or which are externally contaminated; ingestion of soil or inhalation of dust derived from
‘ s011 (partlcularly by small children); and contact with skin irritants and substances likely to be
absorbed through the skin. - :
/
For the inorganic values listed, consideration was also glven to chemxcal attack on building
materials by acids and compounds such as sulphates and explos1ve hazards caused by gases such
as methane :

The intent of the two trigger concentrations is very similar to the assessment and remediation
~ criteria being investigated in thls project. There does not seem to be a standard approach to
setting trigger concentrations but the factors that have been considered include ambient or

background conditions, human health effects, phytotoxicity, chemical attack on burldmg -
" materials and hazards such as explosrons . _ ,

This approach does not consider surface water, ground water or ambient air.

NCSRP APPLICABILITY

v Th1s approach prov1des candldates for NCSRP criteria but it does not provide a mechanism that
can easrly be used to denve other such criteria.




Compound -
arsenic

boron (soluble)(3)
cadmium

chromium (hex.)(1) _
. domestic gardens, allotments
~ parks, playing fields, open space

. chromium

~ (total)
copper(4,5)
lead
mercury

nickel(4,5)
selenium

| zinc(4,5)
PAHs(7,8)
phenols
cyan’ide (free)

‘complex cyanides
sulphate

sulphide
sulphur
th10cyanate(8)

: a01d1ty (pH) -

: App. licable Land Uses

Table A.13

U.K. TRIGGER CONCENTRATIONS

domestic gardens, allotments .
parks, playing fields, open space
anywhere plants are grown
domestic gardens, allotments
parks, playing fields, open space
all uses

anywhere plants are grown
domestic gardens, allotments
parks, playing fields, open space
domestic gardens, allotments

- parks, playing fields, open space
- anywhere plants are grown
- domestic gardens, allotments

parks, playing fields, open space
anywhere plants are grown

domestic gardens, allotments, piay areas

landscapes, buildings, covered areas

domestic gardens, allotments, play areas |

landscapes, buildings, covered areas

- domestic gardens, allotments, play areas

buildings, covered areas

domestic gardens, allotments
landscapes

buildings, covered areas -
dom. gardens, allotments, landscapes
buildings(9)

covered areas

all uses

all uses

all uses
N

dom. gardens allotments landscapes‘

covered areas

Threshold Trigger.

10
40

3

3

15 -
25
600
1000
130
500

2000

1

20

70
3
6

300 -

50
1000
5

5
25

1000

250

250
2000
2000
2000
250
5000
50

5

250 -

500
10000

200

- 1000
- 500

500

1000
5000

50000

1000

20000

R



~ Table A.13 (cont’d)
(U.K. | Trigger Concentrations) f
Conditions "
“This table is invalid if reproduced-without the following conditions and footnotes-.'
All values are for concentrations determined on "spot‘l samples based on an adequate site
investigation carried out prior to development. They do not apply to analysis of averaged, bulked

or composite samples, nor to sites which have already been developed. All proposed values are
- tentative. | | o . '

The lower values in Group A are srmllar to the lists for metal content of sewage sludge apphed
to agricultural land. The values in Group B are those above which phytotoxrcrty is possible.

Many of these values are prehmmary and will require updating. They should not be apphed
. without reference to the current edition of the report "Problems Arising from the Development
of Gas Works and Similar Srtes" :

~If all sample values are below the threshold coneentrations then the site may be regarded as
uncontaminated as far as the hazards from these contaminants are concerned and development
‘may proceed. Above these concentrations, remedial action may be needed, especially if the

- contamination is still continuing. Above the action concentration, remedral action will be
required or the form of development changed : 4

_ Notes
-All values are crted in mg/kg dry welght
,Actlon concentratlons wrll be spec1ﬁed in the next edition of ICRCL 59/83.
N

NL: No 11m1t set as the contaminant does not pose a partrcular hazard for this use.

1. Soluble hexavalent chromium extracted by 0. M HCl at 37°C; solutron adjusted to pH
" 1.0/if alkaline substances present. o _ v

‘2. - Soil pH value is assumed to be about 6.5 and should be maintained at this value. If the -
- pH falls, the toxic effects and the uptake of these elements will be increased.

3. Determined by standard ADAS method (soluble in hot water).

4. - Total concentration (extractable by HNO,/HCIO,).
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' Table A.13 (cont’d) |
(U.K.-Trigger Concentrations), -

The phytotoxic effects of copper, nickel and zinc may be. additive. The trigger values
given here are those applicable to the *worst-case’: phytotoxic effects may occur at these
concentrations in acid, sandy soils. In neutral or alkaline soils phytotoxic effects are
unlikely at these concentrations. o : ‘

Grass is more resistant to phytotoxic effects than are most other ‘plants and its growth
~ may not be adversely affected at these concentrations. '

* Used here as-a marker for coal tar, for analytical reasons. See "Problems Arising from
the Redevelopment of Gasworks and Similar Sites” Annex Al.

See "Problems Arising from the Redevelopment of Gasworks and Si_rhilar Sites" for
details of analytical methods. o

See also liREvDige_st 250: Concrete in sulphate-bearing soils and ground water.-



APPENDIXB  SUGGESTED APPROACH FOR THE MOSAIC OPTION

" B.I MOSAIC APPROACH
o ¢
B.1.1 Objectives

- The mosaic option involves selectmg the most appropriate criteria from among those that have been
established. Up to five separate criteria are 'identified for each substance: two assessment criteria
(one for soil and one for ground water) -and three remediation criteria (one for each of three land

uses).

All of the numerical cntena that have been issued by Canadian regulatory agencies are con31dered
to be equally valid and appropriate as candidates for NCSRP criteria except as noted in the
following sections. Preference is given to Canadian values on the assumptlon that some foreign
criteria may reﬂect condltrons inappropriate in'the Canadian context.

The assessme‘nt criteria are intended to identify concentrations in soil and ground water that typify
uncontaminated or background conditions. The concentrations in soil also can be interpreted as
representing a healthy soil system. Further investigations or site remediation would not be needed
if they are not exceeded. : :

B.1.2 Methodology for Developing Assessment Criteria

“The assessment criteria should lie toward the upper end of background ranges to reduce the
possibility of incorrectly interpreting natural conditions as requiring further investigation or
remediation but should not pose any adverse effects. Land use-is not cons1dered for assessment

criteria.

The types of information used for vsettlng assessment criteria’ include values recommended by
agencies as investigation thresholds or triggers or identified as representmg background conditions.
Candldates for assessment cntena include: _

- British Columbia A criteria (B.C. M_OE, 1989a)

- . MENVIQ A values (MENVIQ, 1988)

- France thresholds for anomalies and investigations (Beauheu 1989)
- Netherlands A values (Moen, 1988)

-, .~ NHMRC investigation thresholds (NHMRC, 1990), and _

- Victoria IACs (Victoria Environmental Protection Agency, 1989).

s




- Published sources of supporting information concerning background concentrations of substances
in soil and/or ground water include the Ontario ULN values (Ontario MOE, 1989b), Canadian
Water Quality Guidelines (CCME, 1987) and background data from Michigan (de Montgomery,
11987), New Jersey (NJDEP, 1990), the United States (Dragun, 1988), the ANZEC A range

(ANZEC, 1990), and West Germany (Siegrist, 1989). :
'Assessment criteria were selected accordirig to.the folloWing" set off rules:

®  The upper ends of background ranges reported in the supporting data, Ontario ULN values,
and A values from B.C. and The Netherlands are compiled to produce a new range. The
median of that range is the initial "working value" for the criterion. (It is assumed that all
of the data have the potential to represent upper background concentrations in various
Canadian environments.) '

® A second range is created from the criteria candidate sources. A median value and the most
" frequently cited value are determined. If the median or the most frequently cited value
correspond with the initial working value, the working value does not change. If neither the
median or the most frequently cited value correspond to the working value, the working
value is adjusted to become the median or the most frequently cited value, which ever is
closer to the initial working value. (This reflects the assumption that all of the criteria
candidate are equally valid. Using the median or most frequently cited value eliminates from
further consideration candidates at either end of the range of candidate criteria.)

® The working value is checked against all of the candidates for remediation criterion. To
minimize the possibility of any adverse effects being associated with an assessment criterion,

the working value is adjusted downward so as not to exceed any of the candidates for - -

remediation criteria but should not be adjusted to the extent that it is less than reported -
global or national average concentrations. (If this occurs, the candidate criteria nearest the
national or global average should be selected as the assessment criterion.) '

@ If there is insufficient information for setting a soil assessment criterion, the assessment
criterion can be set equal to the AG remediation criterion for that substance. ‘

B.1.3 Methodolog'y for Developing Remediation Criteria

The remediation criteria correspond to maximum tolerable concentrations of substances in soil.
Remediation criteria ‘are intended to prevent or avoid various types of adverse effects to the
environment or human health. The possible types of adverse effects are strongly influenced by the
way(s) that a site is used. As noted in Section 2.4, three categories of land use are of interest in
~ this project: agricultural (AG), residential/park land (R/P), and commercial/industrial (C/I).



Remedlatlon cntena for AG are intended to prevent or avoid, adverse effects on plant growth or
grazing livestock at agricultural facrlmes (as opposed to backyard gardens) Candidates for AG
remediation criteria include: - v : o o "

. Alberta Tier 1 gu1delmes' (Alberta Env1ronment 1990) for soils with > 10% clay content

Ontario AG/R/P gurdehnes if exp11c1tly identified as based on the health of grazmg animals

" (MOE, 1989a)
'CCME interim value for PCBs for commercral gardens

U.K. thresholds if identified as applicable to "any where plants are to be grown" (ICRCL
1987), and
for dioxins and furans only, the interim values recommended by the: Ontano MOE

Supporting information sources include the CWQG document (CCREM, 1987 and updates) which
‘describes concentrations in soil associated with adverse effects.on crops and livestock and U.K.
triggers for minespoil soil whrch include maximum concentranons for growing plants and grazing
- livestock (ICRCL,, 1990) : . .

Remediation criteria for AG were selected according to the following set of rules:

" A range is produced from the eriteria-_candidates noted above. Judgement is used to select
* an initial working value with greatest weight given to the value lying toward the lower end

of the range or any other candidate that has been recommended by two or more agencies.

‘(This reflects the assumption that all of the criteria candidate are equally valid. Using the

median or most frequently cited value eliminates from further consideration candidates at
either end of the range of candrdate criteria.) '

If agencies have set different cntena accordmg to factors such as soil texture, type, or pH, -
greater 1mportance is ass1gned to the lower value to broaden the apphcab111ty of the
criterion. . '
The supporting information is checked and the initial WOrking value is reduced if necessary
to ensure that the final AG ‘criterion does not exceed concentrations associated with adverse -
agncultural effects. : ‘

Before b_eing ﬁnalized, the AG remediation criterion for soil is checked against the
backgrdund soil data gathered for the soil assessment criterion. If the preferred candidate
is less than reported national or global average concentrations, the .candidate cntenon '
nearest the reported average should be selected as the AG remediation criterion.

‘\

If there is 1nsufﬁc1ent -1’nforr‘r’1at10n for settmg an AG remedlatwn. criterion, the remediation |
_ criterion can be set equal to the soil assessment criterion for that substance. '




~ Remediation criteria for R/P are 1ntended to prevent or avoid adverse effects to people who live
on or frequently visit such sites. In addition to habitation, site uses can include backyard gardens
play areas, parks, etc. Candidates for R/P remedlatlon criteria include:

- Bntlsh Columbia B criteria
- Ontario AG/R/P guidelines (except those based on grazing ammals)
- MENVIQ B values : .
- CCME B values for PAHs 4
- CCME interim value for PCBs for R/P s1tes
-~ New Jersey, ISALs
- Netherlands B values, and
- - U.K. thresholds for residential or public lands (including domestic gardens allotments,
parks, open spaces, and playing fields).

Remediation criteria for R/P were seleéted according to the following rules:

A ® A range is produced from the criteria candidates. The initial working value is the criteria
- candidate identified most often. (This reflects the assumption that all of the criteria
candidate are equally valid and that a frequently cited value has a relatlvely hlgh degree of

appropnateness and supportability.) B

@ Ifno candldate is th_ed more often than any other or if the range of values is wide (greater
' than a factor of five) or if other complicating conditions are present, the candidate criteria
" nearest the middle of the range is the remediation criterion. (Using the candidate nearest the
- middle of the range eliminates from further consideration candldates at either end of the
range.)

Remediation criteria for C/I are intended to prevent or avoid adverse effects to people who work
at or use such sites. Opportunities for exposure to contaminants in soil are generally regarded as
much less than at R/P sites because the soil at C/1 sites often is largely covered by buildings or
other hard surfaces. s

* Candidates for C/I remediation criteria include:’

- -, British Columbia C criteria
.~ - Ontario C/I guidelines
- MENVIQ C values ' o
- CCME C values for PAHs - ‘ )
- CCME interim value for PCBs for C/I sites
- New Jersey ISALs for commercial sites
- Netherlands C values,. and
- UK. thresholds for C/I lands.




i

~ Remediation criteria for C/I were selected according to the following set of rulés‘:

® A range is produoe;d from the criteria. candidates. The initial working‘value is the candidate
criteria cited most often. o

e Ifno candidate is cited more often thari any other or if the range of values is wide (greater
than a factor of five) or if other complicating conditions are present, the working value is
adjusted to become the candidate criteria nearest the middle of the range. '

@ If any agency has set the same criteria for R/P and C/I land use combinations, reduced
“importance is assigned to the C/I value in identifying the remediation criterion. (Assigning A
the same criteria for R/P and C/I seems inconsistent given the scenarios and opportunities oo
for exposure typically envisioned for these two land use categories.) ' '

@ Before being finalized, the initial value is checked against the remediation criterion for R/P.
The C/I criterion should not be less than the R/P criterion (for the same reasons noted in
the rule above). , : ~ o . '

~ B.1.4 Results

Appendix B presents the results of using the mosaic option. The criteria are summarized in Table
B.1 for a collection of 20 parameters. The collection includes inorganic substances and organic
compounds. . ’ ‘ . . » _

‘ : . : Lo : :
For most of the parameters evaluated in this appendix, several data points are available upon which
" to derive the assessment and remediation criteria; however, these parameters are only a subset of
all the parameters for which agencies have recommended or established criteria. To develop
. guidelines for all of the parameters that all provincial and federal agencies have addressed would
be of limited usefulness due to the limited number of data points that would be available in most ' &
cases. : : S




Table B.1

SUMMARY OF INTERIM CRITERIA USING THE MOSAIC OPTION

Assessment Criteria. ‘ Remediation Criteria .
~Soil Water AG ~ RP Q1
Inorganic Parameters = - o B
arsenic | o 5 10 | 30 50
barium . ' 200 : 50 400 - 500 2000
beryllium 5 - 5 4 ., 10
cadmium 1 1 1 5 | 20
chromium, 6+ : 5 - -5 1 25
chromium, total - 100 15 100 600 . 800
cobalt 20 10 20 50 300
copper ' 50 25 . 80 100 500
lead - 50 10 . S0 500 1000
- mercury 0.2 0.1 0.2 2 10
molybdenum . 4 5 4 10 40
nickel 40 10 40 - 100 ' 500
- selenium 1 1 1 3 10
zinc : 120 - 50 120 - 500 1500
cyanide, total - - 5 .40 5 50 1500
fluoride, free 200 @ @ - ‘ 100 400 ' 2000 -
" Organic Parameters : : , : -
benzene 005 . .05 0.05 | 0.5 -5
PCBs 0.1 . 0.1 0.1 1 25
benzo(a)pyrene 0.1 - 0.01 0.1 1 10

PCDDs and PCDFs 00000 - .~ 00001 0001 0.001




B.2 - DEVELOPING CRITERIA FOR lNORGANIC SUBSTANCES USING THE MOSAIC
~~ APPROACH . . | R /

B.2.1 Arsenic
il Assessment Criterion - 10 ug/s

Information Summary:

B.C. A criteria ) 5 S
Ontario ULNs 20 for urban areas -
10 for rural areas

MENVIQ A value : 10
global average , 1.8 (CCREM, 1987)
Michigan (typical range) 0.7t015.9

* New Jersey (typical range) 4.51t07.2
U.S. (typical range) 1 to 40 (Dragun, 1988)
ANZEC A range -~ 0208
France 20 (anomaly threshold)

_ - 40 (investigation threshold)
Netherlands A value - - ' 29 (reference value for standard soil)
NHMRC investigation threshold 50 ' ‘ :
Victoria IAC v 20
‘W. Germany (normal range) 0.1t020

Ratronale The range for upper background data is 5 to 40 w1th a median (and the initial working

-value) of 15.9. The range of candidate criteria is 5 to 50 with a tedian of 20 which is also the
most frequently cited value. As a result, the working value should be adjusted to 20; however, the
lowest remediation criteria candidate is 10 (see AG remediation criteria). Therefore, the
recommended value is 10. ‘

" Ground Water Assessment Critérion - 5 ug/L -

Information Summary:

B.C. A criteria 5

MENVIQ A value ' 5 ' '

global range - 1to 50; 90% <8 ug/L (CCREM 1987 and updates)
U.S. (typical range) ~ <1to30 (Dragun 1988)

Netherlands A value o 10 f

Rationale: Based on the global range data, 10 pug/L is chosen as the initial working value. The

~ range of criteria candidates is 5 to 10 with a median of 5. This is also the most frequently cited
* value. As a result, the working value is adjusted to 5. There is no need to-adjust for remedratron '
criteria candidates. :



AG Remediation Criterion - 10 ug/g

. Information Summary:. : . S 5
Alberta Tier 1 guidelines 10 for soils containing > 10% clay
Ontario AG/R/P guidelines no data; see R/P »

U.K. threshold ~ no data

-CWQG information , 10 (plant growth reduced)

U.K. minespoil soil trigger 500 (for grazing livestock)

' 1000 (for crop growth)
Ratlonale The initial workmg value is 10. The supporting information mdrcates no need to adjust

the initial value. The soil assessment criterion poses no need to adjust the mmal value. Therefore,
the recommended value is 10.

R/P Remediation Criterion - :30 uglg

Information Summary: -

B.C. B criteria / 30
Ontario AG/R/P guidelines 25 for medium & ﬁne textured s011
' : 20 for coarse textured soil ’
MENVIQ B value .30 ‘
New Jersey ISAL - =~ -~ 20
Netherlands B value 30 - o
U.K. threshold o 10 for gardens and allotments

40 for parks and open spaces

Rationale: The range is 10.to 40. The most frequently cited value is 30..The three agencres that
have cited 30 may share a common origin. Thrs may skew the recommended value upward shghtly

C/1 Remedlatron Cntengn - 50 ug/g

Information Summary: :
B.C. C criteria ' : 50

Ontario C/I guidelines 40 for medium and fine textured soils
o 50 for coarse textured soils

MENVIQ C value . 50.

New Jersey ISAL -no data - : v o

Netherlands C value 50 N

U K. threshold ~ no data
Rationale: The range is 40 to 50 and the most frequently crted value is 50. The initial working

value is 50. The R/P criterion poses no need to adjust the working value Therefore the
recommended value is 50.
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B.2.2 Barium

Information Summary:

‘B.C. A criteria v . 200
Ontario ULNs “‘no data
MENVIQ Avalue 200
global average no data
Michigan (typical range) - 6.5 to 95.9

- New Jersey (typical range) . Tno data ‘

~U.S. (typical range) ) 100 to 3500 (Dragun 1988)
ANZEC A range . 20 to 200
France _ ' 200 (anomaly threshold) o

' ' , 400 (investigation threshold)

Netherlands A value ' 200
NHMRC investigation threshold 400 -

- Victoria IAC ‘ 200
W. Germany (normal range)  no data

Rationale: The range for upper background data is 95 to 3500 with a med1an (and the 1n1t1a1
workmg value) of 200. The range of candidate criteria is 200 to 400 with a median of 200 which
is also the most frequently cited value. As a result, the workmg value does not need to be adjusted.

The lowest remediation criteria candidates do not posé any-need to adjust the worklng value

Therefore, the recommended value is 200. :

girggngl Wat_er A§§e§§ment Criterion - SQ gg[L

B.C. A criteria . : 50
MENVIQ A value _ 50

- global range .  no data c
U.S. (typical range) - 10 to 500 (Dragun, 1988)

Netherlands A value 50

Rationale: There is insufficient background data upon which to set an initial working value. The
only candidate criteria value is 50 (this is the initial working value). There i is no need to adjust for
remediation criteria candrdates Therefore the recommended value is 50.



AG Remediation Criterion - 200 ugl)

Information Summary: - - | : ‘
Alberta Tier 1 guidelines : 400 for soils containing > 10% clay

Ontario AG/R/P guidelines no data; see R/P
U.K. threshold . " no data
CWQG information - no data -
U.K. minespoil soil trigger - no data

" Rationale: The initial working value is 400. The supporting information indicates no need to adjust
the initial value. The soil assessment crltenon poses no need to adjust the initial value. Therefore,
the recommended value is 400.

'Informatlon Summary:

B.C. B criteria - 500 -

Ontario AG/R/P guldelmes 1000 for medium & fine textured s011
, : 750 for coarse textured soil ‘

MEN_VIQ B'v.alue 500 :

New Jersey ISAL - - 400

Netherlands B value 400 _.

U.K. threshold no data .

Rationale: The range is 400 to 1000 The most frequently cited values are 400.and 500. The
. average is approx1mately 620 and the closet candidate is 500. Therefore, the recommended value '
is 500. ;

Information Summary: '
B.C. C criteria ‘ 2000

Ontario C/I guidelines - 2000 for medium and fine textured soils
: . - 1500 for coarse- textured soils

MENVIQ C value . 2000

New Jersey ISAL ' nodata

Netherlands C valu¢ : 2000,

U.K. threshold o no data

Ratlonale The range is 1500 to 2000 and the most frequently cited value is 2000 The 1n1t1a1

the recommended value is 2000.
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'B.2.3 Beryllium
Soil Assessment Criterion - 5 ugle

Information Surﬂm’ary: .

B.C. A criteria . no data
Ontario ULNs - : .~ no data
MENVIQ A value - no data
global average 25

~ Michigan (typical range) ~ no data

* New Jersey (typical range) - - 1.38to 1.43

- U.S. (typical range) . 0.1 to 40 (Dragun, 1988)
ANZEC A range ' no data
France . ' - no data
Netherlands A value . - no data
NHMRC investigation threshold no data
Victoria JAC ' no data
W. G_ermany\ (normal range) 0.1t05

Rationale: There is insufficient data reported above; however the lowest remediation cntena
candidate is 5 (see AG remediation criteria). Therefore the recommended value is 5.

Ground Water Assessment Criterion - no recommendation

,_Inform_a.tion.Summa.ry;w S S
B.C. A criteria -~ no data

'MENVIQ A value "no data v

global range IR <1.0 pg/L (CCREM 1987) _

U.S. (typical range) ‘ < 10 (Dragun, 1988) , , g
Netherlands ‘A value ' no data N :

- Rationale: There is insufficient information upon which to base a criterion.




AG Remediation Cri@rion' -5 pglg

Information Summary: | :
Alberta Tier 1 guidelines "5 for soils containing > 10% clay

Ontario AG/R/P guidelines . no data; see R/P
U.K. threshold ~ no data

"~ CWQG information no data
U.K. minespoil soil trigger no data

" Rationale: The initial working value is 5. The supporting information indicatés no need to adjust
the initial value. The soil assessment criterion poses no need to adjust the initial value Therefore '
the recommended value is 5. : :

R/P Remediation _Crigerion -4 uglg

Information Sunima_r'y:' s .

B.C. B criteria _no'data ~
Ontario AG/R/P guidelines 5 for medium & fine textured soil
- - 4 for coarse textured soil -
MENVIQ B value no data -
New Jersey ISAL 1
Netherlands B value , no data :
"U.K, threshold . no data ~

Rationale: The range is 1 to 5. There is no most frequently c1ted value. The average 1s 3 and the \
closest candldate is 4. Therefore, the recommended value i is 4,

/I Remediation Criterion - 10 ug/g

Information 'Summary:

B.C. C criteria 3 no data '

Ontario C/I guidelines 10 for medium and ﬁne textured soils
. ‘ - 8 for coarse textured soils

MENVIQ C value. ~ . nodata -
-New Jersey ISAL ' ' no data

Netherlands C value R no data

UK. threshold SR no data

Rationale: The range is 8 to 10. There is no most frequently cited value The average is 9. Both
candidates are equally near the average. Because the influence of soil texture is secondary for C/I
land uses, the recommended R/P cntenon is 10. '



Information Summary:

B.C. A criteria 1.0 ,
Ontario ULNs , 4 for urban areas
- - 3 to 4 for rural areas
MENVIQ A value ' 1.5 -
global average _ - 0.2
Michigan (typical range) - 1.0to 1.55
New Jersey (typical range) 0.24 to0 0.37
U.S. (typical range) 0.01 to 7 (Dragun, 1988)
ANZEC A range ‘ 0.04 to 2
France . o 2.0 (anomaly threshold)
' 4.0 (investigation threshold)
Netherlands A value. : ' 0.8 (reference value for standard soil) :
NHMRC investigation threshold 5 . . y L I
Victoria IAC : 1 o ' e -
Ww. Germa.ny (normal range) 001tol

Rationale: The range for upper background datais 0.4 to 7 w1th a median (and the initial worklng
value) of 1.5. The range of candidate criteria is 0.8 to 5 with a median of 1.5. The most frequently
“cited value is 1. Since the median equals the initial working value, the working value does not need
to be adjusted Therefore the recommended value is 1

Ground Water Assessment Criterion - 1 pg/L

Information Su_mmary:

,B.C. A criteria 1

MENVIQ A value _ 1

global range . 0.1to0°'10, average <1.0 pg/L (CCREM 1987)
U.S. (typical range) -~ < 1.0 (Dragun, 1988) '

Netherlands A value 1.5 _

Rationale: While mformatmn is scarce, the global range data suggests that the initial workrng value
should be approximately 1. The range of criteria candidates is 1 to 1.5 with a median of 1. This.
is also the most frequently cited value. As a result, the working value is set at 1. There is no need
to adjust for remediation criteria candidates. Therefore the recommended value i is 1.




Information Su‘mmary; : '
Alberta Tier 1 guidelines - 1 for s011s contammg > 10% clay

_Ontario AG/R/P guidelines - 1o data; see R/P
U.K. threshold - - no data
CWQG information 1, 2.5, 50 (first symptoms of plant toxrcrty)

U.K. minespoil soil trigger : 30 (for grazing livestock)
4 50 (for crop growth)

Ratronale The initial working value is 1. The supporting information indicates no. need to adjust
the initial value. The soil assessment criterion poses no need to adjust the initial value. Therefore,
the. recommended value is 1. -

R/P Remediation Critérion - 5 ug/g - ,
Information Summary: ,
B.C. B criteria : 5 : o
Ontario AG/R/P guidelines 4 for medium & fine textured soil.
' o 3 for coarse textured soil
MENVIQ B value 5 ' ‘
New Jersey ISAL 3
Netherlands B value : 5
U.K. threshold - -3 for domestic gardens and allotments

15 for parks and open spaces

Rationale: The range is 3 to 15. The most frequently cited values are 3 and 5. The average is &
apprommately 5. Therefore, the recommended value is 5.

C/I Remediation Criterion - 20 ug/g

Information Summary: .

B.C. C criteria N 20

Ontario C/I guidelines 8 for medium and fine textured soils
: ' 6 for coarse textured soils

MENVIQ C value _ 20 :

‘New Jersey ISAL no data -

Netherlands C value 20

U K. threshold | _no data

Rationale: The range is 6 to 20 and the most frequently cited value is 20. The initial working value
is 20. The R/P criterion poses no need to adjust the working value. Therefore the recommended -
value is 20. '



B.2.5 Chromium (herravalent, 6+)

- Information Summary

B.C. A criteria - ' _.no data
Ontario ULNs o no data
'MENVIQ A value no data
global average , no data’
Michigan (typical range) @~ nodata -
New Jersey (typical range) no data
U.S. (typical range) . nodata
ANZEC A range , : no data
France . \ - . nodata
Netherlands A value no data
NHMRC investigation threshold 25
Victoria IAC no data
W.Germany (normal range) ' no data

~ Rationale: There is msufﬁcrent data reported above however the lowest remediation criteria
- candidate is 5 (see AG remedlatlon criteria). Therefore, the recommended value is 5.

sround Water Assessment Criterion - no recommendation

Information Summary:

B.C. A criteria : _ . no data
MENVIQ A value ' no data

~ global range no data
- U.S. (typical range) - ho data
Netherlands A value . g no data

Rationale: There is insufficient information upon which to base a criterion.




AG Remediation Criterion - 5 ug/g

Information Summary:

Alberta Tier 1 guidelines - 5 for soils containing > 10% clay
Ontario AG/R/P guidelines no data; see R/P

U.K. threshold ) no data ‘

CWQG information 5 to 500 (for effects on plants)
U.K. mmespoﬂ s01l tngger no data o

Rationale: The 1mt1a1 working value is 5. The supporting information indicates no need to adjust

the initial value. The soil assessment criterion poses no need to adjust the initial value Therefore
the recommended value is 5. S

R/P Remediation Cri erioq =10

Information Summary:

B.C. B criteria = - . nodata

Ontario AG/R/P guidelines 10 for medium & fine textured soil
' o - 8 for coarse textured soil

MENVIQ B value : -~ no data

New Jersey ISAL no data

Netherlands Bvalue @~~~ - - nodata:

U.K. threshold ’ 25 for all uses
Rationale: The range is 8 to 25. There is no most frequently cited values. The average is
approximately 14 and the closet candidate is 10. Therefore, the recommended value is 10.
C/1 Rerr’iediation Criterion - 25 uglg

Information Summary: o
B.C. C criteria_ ‘no data

Ontario C/I guidelines 10 for medium and fine textured soils
o : ' S 8 for coarse textured soxls
MENVIQ C value ' no data :
- New Jersey ISAL no data
~ Netherlands C value no data
U.K. threshold 25 for all uses

e

Rationale: The range is 8 to 25. There is no most frequently cited value. All of the criteria
candidates are -repeated from the R/P assessment. Assuming that there are fewer exposure
opportunities in C/I scenarios than R/P scenarios and therefore the C/I criterion should be higher

than the R/P criterion, the recommended value is 20.
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B.2.6 Chromium (total) " - o \ B
Soil Assessment Criterion - 1 |

* Information Summary:

'B.C. Acriteria . - S 20 : E T
Ontario ULNs - 50 for urban areas _ J
. - 50 for rural areas -
MENVIQ A value - 75
global average L no data
Michigan (typical range) - . 3.0t024.5
New Jersey (typical range) 9.81019.9
U.S. (typlcal range) ' 5.0 to 3000 (Dragun 1988)

ANZEC A range ' 0.5to 17
- France . ' 150 (anomaly threshold)

: ' 300 (investigation threshold)
Netherlands A value 100 (referénce value for standard soil)
NHMRC investigation threshold - 600
Victoria IAC , 100

WL Germany (normal range) 2to 50

Ratlonale The range for upper background data is 17 to 50 with a median (and the 1n1t1a1 worlqng
value) of 24.5. (The U.S. value of 3000 is discounted as being inappropriate.) The range of
candidate criteria is 20 to 600 with a median of 100. The most frequently cited value is 100. The
initial working value is adjusted to 100. The remediation criteria candidates  pose no need to adJust
the working value. Therefore, the recommended value is 100.

e

- Ground Water Assessment Criterion - 15 ug/L

Information Summary: '
B.C. A criteria . R &

MENVIQ A value | 15 . |
global range - 20to 44 (CCREM 1987)
U.S. (typical range) - < 1.0 to 5.0 (Dragun, 1988)
Netherlands A value 1

Rationale: While 1nformat10n is scarce, the global range data suggests that the initial workmg value
- should be approximately 30 to 40. The range of criteria candidates is 1 to 15 with a median of 15.

| This is also the most frequently cited value. As a result, the working value is adjusted to 15. There

is no need to adjust for remediation criteria candidates. Therefore, the recommended valte is 15.

-




Information Summary: . T ‘
Alberta Tier 1 guidelines 100 for soils containing > 10% clay

Ontario AG/R/P guidelines no data; see R/P

U.K. threshold no data

CWQG information A Cr**is = 10 times less toxic than Cr
U.K. minespoil soil trigger no data '

Rationale: The m1t1a1 working value is 100. The supporting information indicates no need to adjust
the initial value. The soil assessment criterion poses ho need to adjust the 1n1t1a1 value. Therefore,
the recommended value is 100. :

R/P Remediation Criterion - 600 ug/
Information Summary: _ 2

- B.C. B criteria ‘ 250
Ontario AG/R/P guidelines 1000 for medium & fine textured soil
‘ : 750 for coarse textured soil '
MENVIQ B valie - 250
New Jersey ISAL ' - 100
Netherlands B value ‘ 250 , o ' o
- U.K. threshold - 600 for domestic gardens and allotments

1000 for parks and pubhc spaces’

Rationale: The range is. 100 to 1000. The range has a span greater than 5 The average is
approxlmately 650 and the closet candidate is 600. Therefore, the recommended value is 600.

C/I Remediation _Criterion - 800 ug/g

Information Summary:

B.C. C criteria ‘ 800
Ontario C/I guidelines 1000 for medium and fine textured soils
R : - 750 for coarse textured soils
MENVIQ C value o 800
" New Jersey ISAL ', no data . (
~ Netherlands C value ' 800

U.K. threshold : - no data.

Rationale: The range is 750 to 1000 and the most frequently cited value is 800. The initial working
value is 800. The R/P criterion poses no need to adjust the workmg value. Therefore, the
recommended value is 800 -~




7 Ground Water ‘Assessment: Criterion - 10

B.2.7 Cobalt
Soil Assessment Criterion - 20 ug/g

' Information Summafy:

B.C. A criteria 15 ‘ .
Ontario ULNs 25 for urban areas
: _ _ 25 for rural areas -
- MENVIQ A value ' 15
global average - 25 (CCREM, 1987)
Michigan (typical range) - ,no data :
New Jersey (typical range) .~ no.data
U.S. (typical range) - .1to 40 (Dragun, 1988)
ANZEC A range, = 2t0 170
France o - 30 (anomaly threshold)
' R 60 (investigation threshold)
Netherlands A value -20 :
NHMRC investigation threshold 50 ;
Victoria IAC 20
-W. Germany (normal range) 1t010

Rationale: The range. for upper background data is 10 to 170 with a medlan (and the 1mt1a1 workmg
- value) of 25. The range of candidate criteria is 15 to 60 with a median of 20. The most frequently

cited values are 15 and 20. The working value is adjusted to be20. This is slightly below. the global
- average of 25 but equal to the AG remediation criteria. Therefore, the recommended value is 20.

/L

Ihformatioﬁ Summary: ‘
~ B.C. A criteria . - 10 ‘

MENVIQ A value 10 _
global range (Can) - | 1 to 47 (CCREM, 1987)
U.S. (typical range) <10 (Dragun, 1988)

Netherlands A value: = = 20 ~

Rationale: While information is scarce, the global range data suggests that the initial working value
should be approximately 10. The range of criteria candidates is 10 to 20 with a median of 10. This
is also the most frequently cited value. As a result, the working value is set to 10. There is no need

“to adjust for remediation criteria candidates. Therefore, -the recommended value is 10. .




AG Remediation Criterion - 20 pg/g

Information Sommary: _ )
Alberta Tier 1 guidelines - 20 for soxls containing > 10% clay

Ontario- AG/R/P guidelines no data; see R/P
U.K. threshold no data
CWQG information no data

_ U K. minespoil soil tngger no data

‘
t

Rationale: The initial workmg value is 20. The supportmg mformatlon indicates no need to adjust
the initial value. The soil assessment criterion poses no need to adjust the initial value. The global
average of 25 is slightly higher than the working value but does not necessitate an adjustment.
Therefore the recommended value is 20.

R/P Remediation Criterion - 50 ug/g

Inforrnaﬁon Sdm‘mary: :
B.C. B criteria ‘ 50

_Ontario AG/R/P guidelines 50 for fine & medium texture soil - v
~ 40 for coarse texture soil

MENVIQ B value - 50

New Jersey ISAL e no data

Netherlands B value | 50 ,

UK. threshold -~ no data

Ratlonale There are only two candidates - 40 and 50 The most frequently cited value is 50.
Therefore, the recommended value is 50. : ,

C/I Remediation Criterion - 300 ug/

Information Summary:

B.C. C criteria - 300 '

Ontario C/I guidelines - 100 for medium and fine textured soils
' ‘ N 80 for coarse textured soils

MENVIQ C value 300

New- Jersey ISAL - no data

Netherlands C value =~ = - 300
U.K. threshold : . no data

Rationale: The range is 80 to 300 and the most frequently cited valde is 300. The initial Worlng

- value is 300. The R/P criterion poses no need to adjust the workmg value. Therefore, the
recommended value is 300.
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~ B.2.8 Copper

Information Summary:

B.C. A criteria S 30
Ontario ULNs - - 100 for urban areas -
- T ' 60 for rural areas
MENVIQ A value 50 -
global average ' 4t055 o
- Michigan (typical range) 5.7t0 19
' New Jersey (typical range) 15:6 to 17.9 N :
U.S. (typical range) 2.0 to 100 (Dragun 1988)
- ANZEC A range S 1 to 190
France - . 100 (anomaly threshold)
. ' 200 (investigation threshold)
Netherlands A value : 36 (reference value for standard soil)
- NHMRC investigation threshold ~ no data .
Victoria IAC : no data y
W. Germany (normal range) 1t020 - o - .

Rationale; The range for upper - background data is-17.9 to 190 with a med1an (and the 1n1t1a1' |
- working value) of 36. The range of candidate criteria is 30 to 200 with a median of 50. There is |
no most frequently cited value. The working value is adjusted to be 50. The remediation criterion |
does not pose a reason to adjust the working value. Therefore, the recommended value is 50.

Ground Water Assessment Criterion - 25 ug/L

Information Summary:

B.C. A criteria =~ 25
MENVIQ A value _ 25
- global range o 1 to 80, average of <20 pug/L (CCME 1987)
U.S. (typical range) o <1.0to 30 (Dragun 1988)
Netherlands A value ‘ 15

Rationale: While 1nformat10n is scarce, the global range data suggests that the initial working value

. should be in the range of approximately 30 to 60. The range of criteria candidates is 15 to 25 with

~a median of 25. This is also the most frequently cited value. As a result, the working value is set -
to 25. There is no need to adjust for remedlatwn criteria candidates. Therefore, the recommended

value is 25.




AG Remediation Criterion - 80 ug/g

- Information SUmmafy: \ o : S
Alberta Tier 1 guidelines 80 for soils containing. > 10% clay

Ontario AG/R/P guidelines 200 for grazing animals, medium and fine textured soils = -
~ ' _ 150 for grazing animals, coarse textured soils
U.K. threshold = 130 for anywhere plants are to be grown
CWQG information - - © 25 to 50 (first symptoms of plant sensitivity)
) : . 150 to 400 (first symptoms of plant toxicity)
U.K. minespoil soil trigger 500 (for grazmg livestock)

250 (for crop growth)

Rationale: The range is 80 to 200 There is no most cited candidate. The average is 140 and the
closest candidate is 130. The initial working value is 130. The supporting information indicates that
* the initial value should be adjusted to 25; however the soil assessment criterion and global average

data indicates that the working value should be adjusted upward. The closest candldate is 80
‘Therefore the recommended value is 80. .

R/P Remediation Criterion - 100 ug/g

Information Summary: :
B.C. B criteria : 100

Ontario AG/R/P guldehnes ' no data; sée AG

MENVIQ B value 100

New Jersey ISAL ' 170

Netherlands B value o 100 )
- U.K. threshold no data; see AG

Rationale: There are only two candidates - 100 and 170 The most frequently cited value is 100
Therefore the recommended value is 100, - :

I Remediation Criterion - 500 ug/g o

Information S\immery: -
- B.C. C criteria v 500

Ontario C/I guidelines - 300 for medium and fine textured soils
: 225 for coarse textured soils
MENVIQ C value o 500
- New Jersey ISAL no data
Netherlands C value ‘ 500

U.K. threshold ' no data



Ratlonale The range is 225 to 500 and the most frequently cited value is 500 ‘The initial workmg
value is' 500. The R/P critérion poses no need to adjust the working value. Therefore the
recommended value is 500.




B.2.9 Lead
Soil Assessment Criterion - 50 ug /g

Information Summary:

'B.C. A criteria ' 50 ‘ »
Ontario ULNs , 500 for. urban areas
S : , 150 for rural areas

" - MENVIQ A value S 50
global average 7 to 20
Michigan (typical range) 8.5t023.4"
New Jersey (typical range) ~  28.6 to 63.2
U.S. (typical range) : 2.0 to 200 (Dragun, 1988)
ANZEC A range 2 to 200 R
France . ' v - 100 (anomaly threshold) o e
' ) ' 200 (investigation threshold) .
Netherlands A value 85 (reference value for standard sorl) '

- NHMRC investigation threshold 500
Victoria IAC - ; 500
W. Germany (normal range) - 0.1to 20

Rationale: The range for upper background data is 20 to 500 with a median (and the initial workmg :
value) of 63. The range of candidate criteria is 50 to 500 with a median of 100. The most.
frequently cited values are 50 and 500. The working value is adjusted to be 50 (the lowest of the
three possibilities). The AG remediation criteria does not requlre an adjustment. Therefore, the
recommended value is 50. :

-Ground Water Assessment Criterion - 10 ug/L

Information Summary:

B.C. A criteria ’ 10 | -
MENVIQ A value 10 -

global range o -1 to 10 (CCME, 1987)

U.S. (typical range) . - <15 (Dragun 1988)

Netherlands A value o 15

should be approx1mate1y 10. The range of criteria candidates is 10 to 15 with a median of 10. This
is also the most frequently cited value. As a result, the working value is set to 10. There is no need
to adjust for remediation criteria candidates. Therefore, the recommended value is 10.
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Inforrnati,on Sur‘nnxary:

Alberta Tier 1 guidelines =~ 50 for soils containing > 10% clay
Ontario AG/R/P guidelines ~ no data; see R/P |
- U.K. threshold " no data
CWQG information » 125 (first symptoms of reduced plant growth)
U.K. minespoil soil tngger 1000 (for grazmg livestock)

Rationale: The initial workmg value is 50. The supporting mformatmn indicates no need to ad_]ust
- the initial value. Therefore, the recommended value i is 50.°

H

Information Summary:

B.C. B criteria o 500
~ Ontario AG/R/P guidelines ~ 500 for medium & fine textured soil
| o 375 for coarse textured soil ' L
 MENVIQ B value “ 200 " |
New Jersey ISAL 250
Netherlands B value 150

U.K. threshold - 500 for domestic gardens and allotments
: - 2000 for parks and open spaces

Ratlonale The range is 150 to 2000. The range has a span greater than 5. The average is
approximately 560 and the closet candidate is 500. (It also is the most frequently cited value)
Therefore, the recommended value is 500 '

“ I'Rer.n. iation Criterion - 1090 o/

Information Summary: ‘
B.C. C criteria , 1000 -

O/n_t_ario C/1 guidelines ' 1000 for medium and ﬁne textured soxls

' . S 750 for coarse textured soils

- MENVIQ C value -~ 600 C , A .
New Jersey ISAL ’ - 1000 ) ,
Netherlands C value 600
UK. threshold ‘ no data

Ratlonale The range is 600 to 1000 and the most frequently cited value is 1000. The initial -
working value is 1000. The R/P cntenon poses no need to adjust the working value. Therefore, .
the recommended value is 1000.

1
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B.2.10 Mercury |
Soil Assessment Criterion - 0.2 ug/g “

Information Summary:

B.C. A criteria o 0.1
Ontario ULNs 0.5 for urban areas
’ . ' : ~0.15 for rural areas -
MENVIQ A value : 0.2,
global average 0.05
Michigan (typical range) : 0.04 t0 0.12.
- New Jersey (typical range) 0.18t0 0.46
U.S. (typical range) -0.01 to 0.08 (Dragun, 1988)
ANZEC A range ' - 0.001t00.1 .
France o 1 (anomaly threshold) _
, 2 (investigation threshold)
Netherlands A value ‘ - 0.3 (reference value for standard soil)
NHMRC investigation threshold 1 . = |
Victoria IAC o 0.5
W. Germany (normal range) : 0.01to1

Rationale: The range for upper background data is 0.08 to 1 with a medlan (and the initial workmg
value) of 0.15. The range of candidate criteria is 0.1 to 2 with a median of 0.5. The most
frequently cited value is 1. The working value is adjusted to be 0.5 (the lower of the two
possibilities). The lowest remediation criteria candidate is 0.2 (see AG remediation criteria) and the
working value should be lowered accordmgly Therefore, the recommended value is 0.2.

Ground Water Assessment Criterion - 0.1 ug/L

Information Summary: - :
B.C. A criteria ' . 0.1

MENVIQ A value : 0.1
~ global range ' 0.005 to 0.1 (CCME 1987)
U.S. (typical range) <'1.0 (Dragun, 1988)
‘Netherlands A value 0.05

Ratlonale While mformatmn is scarce, the global range data suggests that the initial workmg value
should be less than 1. The range of criteria candidates is 0.05 to 0.1 with a medlan of 0.1, This
is also the most frequently cited value. As a result, the working value is set to 0.1. There is no
need to adjust for remediation criteria candidates. Therefore, the recommended value is 0.1.




AG Remediation Criterion - 0,2 ug/ | ' B

Information Summary: | o

Alberta Tier 1 guidelines 0.2 for so;/‘co{mmng > 10% clay
Ontario AG/R/P guidelines no data; seg R/P

U.K. threshold no data ~

. CWQG information. - - ‘no data

U.K. minespoil soil tngger - no data

Ratlonale The initial working value is 0.2. The supportmg information indicates no need to adJust
the initial value. The soil assessment criterion and background data mdlcate no need to adJust the
workmg value. Therefore the recommended value is 0.2. S

P Remedi 1onC iterion - 2 /,

" Information Summary: o , o
B.C. B criteria , 2 : I

‘Ontario AG/R/P guidelines 1 for medium & fine textured soil
v ' 0.8 for coarse textured soil
MENVIQ B value 2 T |
- New Jersey ISAL ' 1
Netherlands Bvalue @& = no data : ,
U.K. threshold ' .1 for domestic gardens and allotments -

. ‘20 for parks and open spaces
Rationale: "The range i’ O 8 to 20. The range has a span greater than 5. The average is
approximately 4 and the closet candidate is 2. (It : also is one of the most frequently cited values.)
Therefore, the recommended value is 2. '

C 1 Remediation Criterion - 10 /s

Information Summary:

B.C. C criteria = . _ 10

Ontario C/I guidelines 2 for medium and ﬁne textured soils
' 1.5 for coarse textured soils

MENVIQ C value : 10 E

New Jersey ISAL ~ no data

Netherlands C value .~ nodata

UK. threshold o . no data

Ratlonale The range is 1.5 to 10. The range has a span greater than 5. The average is
approximately 6 and the closest candidates are 2 and 10. Given that 10 is the most frequently cited
value and that the R/P cntenon is 2, the initial workmg value is 10 Therefore, the recommended ‘
value is 1000. , , '




' B.2.11 Molybdenum
Soil A§se§smen§ Criterion - 4 ug/g
B.C. A criteria 4

Ontario ULNs . 3 for urban areas
.y o o - 2 for rural areas
MENVIQ A value -2
global average: . nodata
‘Michigan (typical range) ‘ no data
New Jersey (typical range) no data .
U.S. (typical range) 0.2 to 5 (Dragun, 1988)
- ANZEC A range 1t020 :

- France \ 4 (anomaly threshold)
‘ ' 8 (1nvest1gat10n threshold)
Netherlands A value ' 10 . . :
NHMRC investigation threshold - - no data » B ‘
Victoria IAC 5 N
W. Germany (normal range) .. 02to5

Rationale: The range for upper background data is 2 to 20 with a median (and the initial working
value) of 5 ppm. The range of candidate criteria is 2 to 10, with a median of 4 ppm (also the most
frequently cited value). Thus the working value is lowered to 4. The AG remediation criteria does
not pose any reason to adjust the working value. Therefore, the recommended value is 4.

- B.C. A criteria 5

MENVIQ A value 5 : .
global range ~0.03 to 10 (CCME, 1987)
U.S. (typical range) <1.0 to 30 (Dragun, 1988)
Netherlands A value : -5 .

N

~ Rationale: The most frequently cited value among cntena candidates is 5. This is also close to the
- global average of 5 reported by the CCME.




)

Alberta Tier 1 guidelines = 4 for soils containing > 10% clay -

~ Ontario AG/R/P gu1de11nes 5 for grazmg animals, medium and fine textured soils
, -~ 5 for grazing animals, course textured soils -
U.K. threshold o no data -
wQG mformatlon v 20 pgl/g in plants or 1. 5 to 5 pg/g in soil can cause
- - molybdenosis in grazing animals
U.K. mmesporl soil trigger no data

Rationale: The range of candldate criteria is 4 to 5, and the initial working value is 5 (medlan value
and most often cited). The supporting WQG information indicates that the working value be
lowered to 4. This is also consistent with the soil assessment criterion. Therefore, the recommended

value is 4.

R/P Remediation Criterion - 10 ug/g

B.C. B criteria o 10 ' )

Ontario AG/R/P guidelines - no data; see AG 7

MENVIQ B value 10 . '

New Jersey ISAL 1 ‘ : .

Netherlands B value o 40 - - ' o
~ U.K. threshold : no data

i

Ratlonale The range is 10 to 40. The recommended value corresponds to the B.C. and MENVIQ
B values and is the most frequently crted value among the criteria candidates.

' . C/I Remediation Criterion - 40 ug/g

B.C. Ccriteria : - 40
Ontario C/I guidelines 40 for medium and fine textured soils
. 40 for coarse textured soils
MENVIQ C value ' 40
New Jersey ISAL ' - no data
Netherlands C value - 200
U.K. threshold no data

| Rationale: The range is 40 to 200. The recommended value corresponds to the most frequently 01ted
value among the candidate cntena




]

'B.2.12 Nickel

Soil Assessment Criterion - 40 ug/g

_B.C. A criteria "20~

Ontario ULNSs . 60 for urban areas
' 60 for rural areas -
MENVIQ A value 50 '
global average ‘ 75
Michigan (typical range) 3.2t033.6
New Jersey (typical range) 10.2 t0 20.9
U.S. (typical range) - 5 to 1000 (Dragun, 1988) ‘
ANZEC A range 21050 /
France ‘ ' 50 (anomaly threshold) -
o : "~ 100 (investigation threshold)
Netherlands A value 35 .
NHMRC investigation threshold 100
Victoria IAC ) 50
W. Germany (normal range) 21050

Rationale: The range for upper background data is 20 to 1000, with a median (and an 1n1t1al

- working value) of 50. The range of candidate criteria is 20 to 100, with a median of 50 ppm (also

the most frequently cited value). The lowest remediation criteria candidate is. 40 (see AG
remediation criteria); therefore the working value is adjusted to 40. The recommended value is 40.

.

Ground Water Assessment Criterion - 10 g g/L

. B.C. A criteria , 10

- MENVIQ A value - 10
global range (Canadian) . - 11t0280 (CCME 1987)/
U.S. (typical range) <10 to 50 (Dragun, 1988)
Netherlands A value 15 ‘

Rationale: Based on the global range data, 10 ug/L is chosen as the initial working value. The

range of criteria candidates is 10 to 15 with a median of 10. This is also the most frequently 01ted ’
value There is no need to adjust for remedlatlon criteria candldates v




.. the Ontario R/P values.

AG Remediation Criterion - 4 /

~

Alberta Tier 1 guidelines .40 for soils contammg > 10% clay

Ontario AG/R/P guidelines - no data see R/P

U.K. threshold - ~~ 70 for any where plants are to be grown
WQG information ' " 50 (first symptoms -of reduced plant y1e1d)
U.K. mmespoﬂ soﬂ trigger - no data

Ratlonale The initial working value is 40. The supportmg 1nformat10n indicates no need to adjust
the initial value. The soil assessment cntenon poses no need to adjust the 1n1t1a1 value. Therefore,
the recommended value is 10

R/P Remediation Criterion - 100 ug/g

B.C. B criteria 100

Ontario AG/R/P guidelines 200 for medium & fine textured soil
L _ : - 150 for coarse textured s011
MENVIQ B value o ' 100

New Jersey ISAL ' 100

Netherlands B value - 1000

~ UK. threshold o ~ nodata

Ratlonale The recommended value corresponds to the most frequently cited value among candldate
agencies. o

- C/I Remediation Criterion

B.C. C criteria - 500 '
Ontario C/I guidelines ' 200 for medium and fine textured soils

o - | 150 for coarse textured soils - -
MENVIQ C value .. 500 ' ' '
New Jersey ISAL no data
Netherlands C value 500
U.K. threshold o ‘no data -

Recommended C/I criterion: 500 ;tg/g

| Rauonale The recommended value corrésponds to the most frequently c1ted value of the candldate : ‘
agencies. The Ontario values are slightly lower but given less importance as they are the same as

/




B.2.13 Selenium

Soil Assessment Criterion - 1 ug/g

B.C. A criteria 2
Ontario ULNs =~ . . 2 for urban areas
, ' L 2 for rural areas- -
MENVIQ A value 1
global average - 0.0
Michigan (typical range) © 046
New Jersey (typical range): ~ 0.07 to 0.08 _
U.S. (typical range) - 0.1 to 2 (Dragun, 1988) -
ANZEC A range ' . no data
France : _ ' 10 (anomaly threshold) -
o o 20 (investigation threshold)
Netherlands A value - no data
'~ NHMRC investigation threshold 20
Victoria IAC 20
Ww. Germany (normal range) . 0.01to5

Rationale: The range for upper background data is 0. 08 to 5 with a median (and the 1n1t1a1 working.
value) of 2. The range of candidate criteria is 1 to 20 with a median of 10. The working value is -
therefore adjusted to 10. The lowest remediation candldate criteria is 1 (see AG remediation
Criteria). Therefore, the recommended value is 1. :

Ground Water Asse‘ssment_Critverrion;-"}._'_gg/_l_,

B.C. A criteria o 1

MENVIQ A value 1

global range (Canada) o 0.1to 4

U.S. (typical range) ' <1.0 to 10 (Dragun, 1988)

'Netherlands A value no data

Rationale: The range of criteria values is 0.1 to 10, with a most frequently cited cnterla value of
1. The recommended value is therefore 1.




Alber_t,e Tier 1 guidelines . 2 for soils containing > 10% clay .

Ontario AG/R/P guidelines - 2 for grazing animals; all soils
~U.K. threshold = no data '
WQG information = 1 (to avoid livestock tox1crty)
. U K. mmesporl soil trigger no data

Rationale; The initial working value is 2. The supportmg mformatron 1nd1cates a need to adJust the
initial value to 1. Therefore, the recommended value is 1. Thls is also cons1stent with the soil

assessment criterion.

P Remediation Criterion - /g \
- B.C. B criteria .3 _ : )
. Ontario AG/R/P guidelines no data; see AG !
- MENVIQ B value - 3 .
New Jersey ISAL 4 ,
Netherlands B value . no data ,
U.K. threshold ... 3 for domestic gardens and allotments

6 for parks and open spaces

Rationale: The range is 3 to 6 and the most frequently cited valie is 3. Therefore, the
recommended value is 3.

C/1 Remediation Criterion - 10 uglg

B.C. C criteria 10

Ontario C/I guidelines 10 for all soils

MENVIQ C value 10

New Jersey ISAL _ nodata . ,
‘Netherlands C value ‘ no data : ' o
U.K. threshold - , . no data ST

Rationale: The recommended value of 10 is the sole value cited by the three candidate agencies.
. . . . : L




B.C. A criteria - 0
Ontario ULNs : 500 for urban areas

, ' - 500 for rural areas
MENVIQ A value 100 - -
global average 70
‘Michigan (typical range) . 40.6 to 51
New Jersey (typical range) ~ 58.8t0 73.4

- U.S. (typical range) o .10 to 300 (Dragun, 1988)
ANZEC A range * 2t0180 ’
France . 300 (anomaly threshold) -

600 (investigation threshold)
‘Netherlands A value 140
NHMRC investigation threshold 500
Victoria IAC 200

W. Germany (normal range) - 3t0 50

Rationale: The range for upper background data is 50 to 500, with a'median (and initial working
value) of 80. The range of candidate criteria is 80 to 600, with a median of 200. The working
values is adjusted to 200. A comparison to remediation candidate criteria indicates the need to
adjust the working value to 120 (see AG remedlatlon cntena) The recommended value is therefore
120. b : :

Ground Water Assessment Criterion - 50 ug/L .

B.C. A criteria - .50
MENVIQ A value _ 50 :
global range(Can) ' 0.1 to 1170 (CCME, 1987)
- U.S. (typical range) < 10 to 2000. (Dragun, 1988)

Netherlands A value 150

Rationale: The recommended value is the most frequently cited value among the candidate agencies.

)



AG Remediation Criterion - 120 g/

Alberta Tier 1 guidelines : 120 for soils containing > 10% -clay

Ontario AG/R/P guidelines =~ no data; see R/P
U.K. threshold - 300 any wheré plants are to be grown
WQG information -~ > 5 (to avoid deficiencies in plants)

' 585 (toxic to plants)

U.K. minespoil soil trigger - 3000 (for grazing livestock)
' _ 1000 (for crop growth)

Rationale: The-initial workmg value is 300, the medlan of the candrdate cntena A companson to
the soil assessment criterion indicates that the working value should be adjusted to 120 Therefore
the recommended value is 120. : : : :

P _Remediation Criterion, - 500 ¢

'B.C. B criteria I 500

" Ontario AG/R/P guidelines - 800 for medium & ﬁne textured s01l /
( ' ' 600 for coarse textured s011
MENVIQ B value . : 500 :
New Jersey ISAL. ‘ 350
"Netherlands B value B 500

U.K. threshold S ~ no data; see AG

Rationale: The reco'rnm',ended}value corresponds to the most frequently cited value.

 C/I Remediation Criterion - 1500 ug/g
B.C. C criteria : 1500

Ontario C/I guidelines ~ 800 for medium and fine textured soils
B . . 600 for coarse textured soils
MENVIQ C value 1500
New Jersey ISAL no data - , :
" Netherlands C value - 3000 L 4

UK. threshold no data

) Rationale: The recommended value corresponds to the most frequently cited value.
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B.2.15 Cyanide (total)

B.C. A criteria 5

Ontario ULNs : no data
‘MENVIQ A value - o 5
global average - : no data
Michigan (typical range) no data
New Jersey (typical range) ~~  no data
U.S. (typical range) ~no data
ANZEC A range no data
- France o 5 (anomaly threshold)
. ’ 50 (investigation threshold)
" Netherlands A value - 5 ' ’
NHMRC investigation threshold 50
Victoria IAC 5
- W. Germany (normal rangc) no data

Rationale: The medlan and most frequentlyv cited value for all candidate criteria is 5. This also
- -corresponds to the lowest remediation criteria value (see AG remediation - criteria). The
recommended value is therefore 5.

" Ground Water Assessment Criterion - 40 pg/L

B.C. A criteria 40

- MENVIQ A value 40
global range . < 210370 (CCME, 1987)
U.S. (typical range) no data

Netherlands A value : - 10

Rationale: The most frequently cited value amon g the candidate criteria is 40. This value lies within
the range of global background levels. The recommended value is therefore 40.



Alberta Tier 1 guidelines
* Ontario AG/R/P giidelines
. U.K. threshold
- WQG information

U.K. minespoil soil trigger

5 for soils containing > 10% clay

no data
no data
no data

no data

Rationale: The recommended value corresponds to the sole value recommended by Alberta.

B.C. B criteria

Ontario AG/R/P guidelines
MENVIQ B valué

- New Jersey ISAL

Netherlands B value
U.K. threshold '

B.C. C criteria

- Ontario C/I guidelines
MENVIQ C value
New Jersey ISAL
‘Netherlands C value

- U.K. threshold

{

50

no data
50 '
no data

- 50

250 for domest1c gardens and allotments

" Rationale: The recommended value corresponds to the most frequently c1ted value of 50.

500 :
no data
500

no data

. 500 .
1250 for areas covered by buildings or hardcover

Rationale: The recommended value corresponds to the most frequently cited value among the

" candidate criteria.




' B.2.16._ Fluoxfide (free)

Soil Assessment Criterion ->200

B.C. A criteria’ : 200

Ontario ULNs- "~ ’no data

'MENVIQ A value 200 _

global average no data’

Michigan (typical range) no data

New Jersey - (typical range) - no data

U.S. (typical range) o 30 to 300 (Dragun, 1988)

ANZEC A range - no data

France , ' 200 (anomaly threshold)
o 400 (investigation threshold)

Netherlands A value 500 .

NHMRC mvestxgatlon threshold  no data

Victoria TAC no data N

W. Germany (normal range) 50 to 200 -

Rationale: The range for upper background data is 200 to 500, with a median (and most frequently
cited value) of 200. The initial working value is therefore 200. The median value for. the range of -
candidate criteria is 300, and therefore the working value is adjusted to 300. The lowest
remediation criteria value is 200 (see AG criteria), and therefore the working value is adjusted to
200. The recommended value is therefore 200.

Ground Water Assessment Criterion - No recommendation

B.C. A criteria _ no data
MENVIQ A value - no data
global range - ‘ ' no data
U.S. (typical range) no data

Netherlands A valu,e' no data -

Rationale: There is no information available to recommend an assessment criterion.




Alberta Tler 1 guidelines © 200 for soils containing > 10% clay

Ontario AG/R/P guidelines “no data
UK. threshold - : no data
WQG information ‘ ~ no data
U.K. minespoil soil trigger - 1000 to protect grazmg livestock

- Rationale: The worklng value corresponds to the only cntena candldate value recommended by
‘Alberta, which is below the concentration associated with adverse effects in livestock. It is also

consistent with the recommended soil assessment criterion. The recommended value is therefore
200. : :

B.C.Beriteria 400

Ontario AG/R/P guidelines =~ no data
'MENVIQ B value 400

New Jersey ISAL _ no data
Netherlands B value no data

UK. threshold - ‘ ~ no data

Ratlonale The working value is 400, whlch corresponds to the value c1ted for the two candldate
: agenmes The recommended value is therefore 400. : S

C/I Remediation Criterion - 2

B.C. C criteria | 2000

Ontario C/I guidelines o data
MENVIQ C value . 2000

New Jersey ISAL.© =~ = nodata
Netherlands C value : 2000
U.K. threshold = no data

Rationale: The recommended value of 2000 corresponds to the only value cited value by three
'candldate agencies.




B.3 DEVELOPING CRITERIA FOR ORGANIC COMPOUNDS USING THE MOSAIC
APPROACH

" B.3.1 Benzﬁene L

B.C. Acriteria - 01

Ontario ULNs no data
MENVIQ A value . 041
global average . no-data -
Michigan (typical range) ~ ~  no data
New Jersey (typical range)  no data -
U.S. (typical range) = no data

~ ANZEC A range . 0.05t01
France - S - no data
Netherlands A value o 0.01

, . NHMRC 1nvest1gatlon threshold 1
Lo Victoria IAC - ' 0.01 -
w. Germany (normal range) .- 1o data

Ratlonale The range of upper background data mdlcate a medran (and most frequently c1ted value)

A of 0.1. The range for candidate criteria indicate a median of 0.1 and so there is no need to adjust
the working value. A comparison to the remediation criterion indicates a need to adJust the workmg
value to 0. 05 (see AG criterion). The recommended value is therefore 0. 05

Ground Water Assessment Criterion - 0.5 pg/L

B.C. A criteria 105

'MENVIQ A value o 0.5 ‘
. global range ' ~ nodata -
U.S. (typical range), s no data -

Netherlands A value o 0.2

Rationale: The recommended value is the most frequently c1ted value of 0 5.




- Albena Tier 1 guldehne . - 0.05

"~ CCME gmdehnes . . - no data _'
U.K. threshold - nodata R :
wWQG mformatxon o o _no data” - -~ - - -

Ranonale The working value is 0 05 wh1ch corresponds to the only value recommended by a |
candidate agency. , .

'R/P Remediation Criterion - 0.5 uglg
 B.C.Becriteria 0.5

CCME R/P guidelines no data

MENVIQ B value , 0.5 o ' : ;
- New Jersey ISAL , : 1 for total of volatlle orgamc compounds

Netherlands B value - - 05 : v

UK. threshold .~ . - nodata

Ratlonale The workmg value is 0. 5, Wthh is the most frequently cited value among the cand1date~
L agenaes : : o

B.C. C criteria S 5

- CCME C/I guidelines ~ nodata ;
 MENVIQ C value . 5
- NewJersey ISAL - °  nodata . _
-Netherlands C value . -5 . e :
U.K. threshold - ,' - - no data- ' .

'Ratlonale The recommended value cbrrespondS" to the most fredue’ntly cited value of ‘three
cand1date agenc1es ' - - o o
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B 3.2 Polychlormated Blphenyls

Soﬂ A Vsmep,._. ;ntenon(- 1 ug/

B.C. Acritetia. .~ . . 01
Ontario ULNs , . no data
MENVIQ A value. =~ = 0.1
global average = - no.data
- Michigan (typical range) no data -
New Jersey (typical range) . no data
~ U.S. (typical range) "~ nodata
"~ ANZEC A range- - 0.02 to 0.1 )
" France . B 0.05 (anomaly threshold)
« , - ~ 1 (investigation threshold)
- Netherlands A value - 0.05
"NHMRC mvesugauon threshold = 1
~ Victoria IAC - . 0.05
" W.Germany (normal range) ~ no data

Rationale: The range of upper background data 1nd1cates a medlan (and most frequently 01ted value)

-of 0.1. The initial working value is therefore 0.1. The range for candidate critérion also indicate
a median of 0.1. ‘Comparison to the remedlanon criteria candidates shows no need for. further
adJustment The recommended value is therefore 0. 1. : :

-

Ground Water Assessment Criterion - 0.1 ug/L

§
'B.C. A criteria 01
. MENVIQ'A value =~ - .01 ,
.global range 4 , 'no data - B
U.S. (typical range) R no data :

‘Netherlands A value - 001

“Rationale: The recommended value of 0 1 y.g/L is the medlan (and most frequently cited value) of
the candidate values. A L




Albefta Tier 1 guideline 0.1

'~ CCME guidelines . 05

U.K. threshold - : . nodata
WQG 1nformat10n R no data -

Rauonale Recommended value corresponds to the lower of the two candldate values

B.C. B criteria R 50

. CCME R/P guxdehnes B L ; o o
' - - - 0.5 (for domestic gardens) o IR
MENVIQBvalue 1 - e ‘
~ New Jersey ISAL. o1
Netherlands B value . 1
UK. threshold N : ' no data

Rationale: The workmg value is1, wh1ch is the medlan and most’ frequently 01ted candldate value
The recommended value i is therefore Lo L S

B.C. C criteria 50 -

CCME C/I guidelines 50 S -
Ontario C/I guideline 25 - I Lo
MENVIQ C value - RS (I T -

New Jersey ISAL S5

'Netherlands C value ' 10 v

‘UK threshold ‘ Ano data

. 'Ratlonale The 1mt1al worklng value is. 50 as th1s is the most frequently c1ted value. However

since the range of reported values is greater than a factor of § t1mes the value closest to the mlddle
of the average, in this case 25, 1s recommended .




B.3.3 Benzo(a)pyrene

Soil Assessment Criterion - 0.1 ug/

B.C. A criteria - S R | | A

Ontario ULNs . 0.3 (single study, ICCC 1988) o o

MENVIQ A value - 01 R
global average 10 data \ S :

Michigan (typical range) no data . S

New Jersey (typical range)y " nodata . .

U.S. (typlcal range) - © no data

'ANZEC A range - nodata

France _ . nodata

Netherlands A value o 0.05 o o
. NHMRC investigation threshold " no data T

Victoria IAC - -0.05 o

W ‘Germany (normal range) ~no data

Ratlonale The range for upper background data indicate a median of 0.1. The range of candidate
criteria also indicate a median of 0.1. This value doés not conflict remediation cntenon 11sted The
recommended value is therefore O 1 ug/ g : co

 Ground W er Assessment Cri erion - 0.01 "'/L

B.C. Acriteria . . 001

. MENVIQ A value : 0.1
global range c no data.
U.S. (typical range) ‘ " no data

Netherlands A value , - 0.01

' Ratronale The recommended crrtenon 0. Ol is the most commonly cited. value among candrdate
agencres

AG Remediation Criterion - 0.1 g/ N

Alberta Tier 1 guideline = = 0.1 -

- CCME guidelines -~ no data
~ U.K. threshold - - . - nodata.
WQG information - - no data

Rationale: Recommended value corresponds to the only value available.




- B.C. Bcriteria
. CCME R/P guidelines

C l
Pt Pk Pk

'MENVIQ B value. - S L \
New Jersey ISAL - L 10 for: total of base neutral compounds
Netherlands B value = . 1 S
U.K. threshold o 50 for total of PAHs

- Rationale: Recommended ‘vaer‘cofresponds_t_o the most\_cofnmonly'cited value.

" B.C. Ccriteria” . 10

. CCME C/I guidelines . =+ = .10

" MENVIQ C value : 10 A L
New Jersey ISAL - . ~nodata - S
Netherlands C value. =~ = 10 .~ P :
U.K. threshold ©~ 1000 for total PAHs

Raﬁonalcf Recoirimendéd_' value cOr_reSponds to the most frequently citéd yalue._ :

-




~ B.3.4 PCDDs and PCDFS’

B.C. A criteria - ' no data _
Ontario ULNs - .. nodata’
MENVIQ A value - -no-data
. global average ' o no data
- Michigan (typical range) ‘no data
- - 'New Jersey (typical range) ‘ no data
" U.S. (typical range) - no data

' ANZECArange‘ . nodata
France ‘ no data .
Netherlands A value ‘ ‘no data -

NHMRC investigation threshold no data
Victoria IAC - . no data ..
W. Germany (normal range) ~  nodata-

- Rationale: Value based on the AG remediation criteria chosen.
Ground Water Assessment Criterion - No.recommendation
B.C. A criteria - nodata

'MENVIQ A value ‘ ~ ‘nodata
" global range - - - nodata _
U.S. (typical range) = -~ nodata

Netherlands A value - = .. "no -da,ta

Rationale: 'No data ava__ilable. :

~

Alberta Tier 1 guideline 0.001

Ontario AG - 0.00001 - interim AG guldelme (Ontano MOE 1990b)
- . UK. threshold . . - . . nodata
- WQG information - . ‘no data

Recommended AG criterion: 0.00001 pg/g

Rationale; Recommeénded value corresponds to the most stringent Valuc listed.




B.C. B criteria . - nodata
Ontario R/P o : 0.001
MENVIQBvalue . = - nodata
New Jersey ISAL - ‘nodata
- Netherlands Bvalue -~ =~ nodata |
- U.K. threshold —— " no data

‘Rationale: Recommended value corresponds to the only value listed. = -

- 'B.C. Ccri_teri;i- L | no dita

Ontario C/I. 70,001
MENVIQ C value ~° ‘nodata

New Jersey ISAL - - . ‘nodata .
-Netherlands C value . ‘no data . -

| - UK. threshold -~ = nodata

) :Rationalt;: Recommended v‘é_lue cOrrespoﬁds to the only'v_alue, listed. . .

* PCDDs and PCDFs exP‘r‘éssed as 2,3,7 ,8,-TCDD tox1c '_:equival_cnt_si (TEQ).
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Preface

In response to a growing public concern over the
potential environmental and human health effects
associated with contaminated sites, the Canadian
Council of Ministers of the Environment (CCME) has
intiated the National Contaminated Sites Remediation
Program (NCSRP) for remediation of high priorty
contaminated sites in Canada. To promote con-
sistency in the assessment and remediation of sites
under this program, the CCME requested the
development of Canadian Environmental Quality
Criteria for Contaminated Sites.

The interim environmental quality criteria contained in
this document have been adopted from existing
guidelines and criteria currently in use in various
jurisdictions across Canada. The interim criteria are
being assessed and will be modified as required to
reflect the emerging body of scientific knowledge and
data relevant to contaminant effects on the en-
vironment and human health.

These environmental quality criteria do not constitute
values for uniform environmental quality at all
contaminated sites, and their use will require
consideration of local conditions. :




Interim Canadian Environmental Quality Criteria
for Contaminated Sites

1.0 OVERVIEW

1.1 Description

The Canadian Council of Ministers of the
Environment's (CCME) Canadian Environmental
Quality Criteria for Contaminated Sites are numerical
limits for contaminants in soil and water intended to
maintain, improve, or protect environmental quality
and human health at contaminated sites in general.
In response to the urgent need to begin remediation
of high priority "orphan” contaminated sites, an interim
set of criteria was adopted from values currently in
use in various jurisdictions across Canada. These
interim environmental quality criteria include numerical
values for the assessment and remediation of water
and soil in the context of agricultural, residen-
tialparkland, and commercialindustrial land uses.
These criteria also include the Canadian Water Quality
Guidelines (CCREM 1987) and Guidelines for
Canadian Drinking Water Quality. (Health and Welfare
Canada 1989) for specified uses of water likely of
concem at contaminated sites.

Many of the criteria contained in this document do not
have complete supporting rationale; therefore the
criteria in this document are considered interim.
However, these interim criteria provide a working set
of values that have already been used in some
jurisdictions in Canada and appear to provide an
adequate degree of human and environmental protec-
tion based on experience and professional judgment.

1.2 Purpose

Environmental Quality Criteria for Contaminated Sites
are intended to provide general technical and scientific
guidance to provincial, federal, territorial, and non-
govemmental agencies in the assessment and reme-
diation of contaminated sites in Canada. They serve
as benchmarks against which to assess the degree of
contamination at a site and to provide guidance on the

need for remediation, the establishment of remediation
goals and strategies, and verification of the adequacy
of remedial actions. Most important, they constitute a
common scientific basis for the establishment of
remediation objectives for specific sites. Variations in
local conditions, existing guidelines and standards,
and technological, socioeconomic, or legal consid-
erations may all affect how these criteria are applied
at the site-specific level. A detailed consideration of
these site-specific factors will therefore usually be
required before regulatory requirements or remedial
actions can be finalized.

It is the philosophy of the CCME to encourage
remediation to the lowest level practicable in
consideration of the intended land use and other
factors, such as technological limitations.
Environmental quality criteria are not intended to
establish maximum levels of contamination that are
acceptable at noncontaminated sites. Where the
quality of site conditions is considered superior to the
Canadian Environmental Quality Criteria, degradation
of existing site conditions should be avoided.

1.3 Definitions

Environmental quality benchmarks can exist in a
variety of forms, including criteria, objectives, and
standards. Because the use and understanding of
these terms vary, the following definitions will be used
for the purposes of this document.

1. Criteria — generic numerical limits or narrative
statements intended as general guidance for the
protection, maintenance, and improvement of
specific uses of soil and water.

2. Objective — a numerical limit or namative
statement that has been established to protect
and maintain a specified use of soil or water at a
particular site by taking into account site-specific -
conditions.



3. Standard — a legally enforceable numerical limit
or narrative statement, such as in a regulation,
statute, contract, or other legally binding
document, which has been adopted from a
criterion or an objective.

2.0 INTERIM CANADIAN ENVIRONMENTAL
QUALITY CRITERIA

2.1 Background and Derivation

At the first CCME Contaminated Sites Consultation
Workshop for multi-stakeholders  (April  1990),
representatives from government, industry, and the
public recommended that common scientific tools were
needed to promote consistency in the implementation
of the National Contaminated Sites Remediation
Program (NCSRP) and that national assessment and
remediation criteria were a necessary component of
these common tools.

The CCME Subcommittee on Environmental Quality
Criteria for Contaminated Sites was formed in the
summer of 1990 as the first step in developing
national assessment and remediation criteria for
contaminated sites in Canada. Due to the urgent
need to begin contaminated site remediation, a set of
criteria that could be put in place immediately was
required. To accommodate this limited time frame, the
subcommittee was instructed to adopt a set of intenim
environmental quality (assessment and remediation)
criteria from existing guidelines. Selection of these
interim criteria was based on the most comprehensive
criteria currently available for Canadian conditions as
determined by a review of existing criteria for
contaminated sites. This review is documented in the
background report Review and Recommendations for
Interim Canadian Environmental Quality Criteria for
Contaminated Sites by Angus Environmental Limited
(19921). The agency source of each criterion value is
outlined in Appendix C.

Due to the immediate need for national criteria, these
environmental quality criteria have been adopted
directly from several Canadian jurisdictions. Many of
these numbers lack a complete supporting rationale,
and they will be assessed and modified as required to
reflect current knowledge of the environmental and
human health effects of contaminants. Priorities and
a methodology for the assessment of criteria are being

established by the CCME. The scientific basis for the

assessments and, where applicable, the revised
values will be distributed annually (see the mailing list
form inside the front cover).

2.2 Description

The Interim Canadian Environmental Quality Criteria
for Contaminated Sites include two types of
benchmarks for soil and water quality: assessment
criteria and remediation criteria.

2.2.1 Assessmeont Criterla

Assessment criteria are approximate background
concentrations or approximate analytical detection
limits for contaminants in soil and water.

For the purposes of this document, background
concentration refers to a representative ambient level
for a contaminant in soil or water. Ambient
concentrations may reflect natural geologic variations
in relatively undeveloped areas or the influence of
generalized industrial or urban activity in a region.

Analytical detection limit is defined as the lowest
concentration that can routinely be measured with a
suitable level of accuracy and reproducibility.

Interim assessment criteria for soil and water are
presented in Table A-1.

2.2.2 Remediation Criteria

Remediation criteria are intended for generic use and
do not address site-specific conditions. They are
considered generally protective of human and
environmental health for specified uses of soil and
water at contaminated sites, based on experience and
professional judgment. :

Remediation criteria for soil are presented in the
context of three land uses: agricultural, resitin-
tialparkland, and commercialindustrial. Interim
remediation criteria for soil are presented in Table A-2.

Remediation criteria for water are presented for
specified uses of water likely of concern at
contaminated sites (see Table A-3). These criteria are
taken from the Canadian Water Quality Guidelines
(CCREM 1987) and Guidelines for Canadian Drinking
Water Quality (Health and Welfare Canada 1989).

Though they have been included in this interim
document, the Canadian Water Quality Guidelines and
the Guidelines for Canadian Drinking Water Quality
have largely been scientifically validated. They are
updated on an ongoing basis to reflect emerging
scientific knowledge. For further information, readers



should refer directly to the most recent editions of
these documents.

Remediation criteria for sediments are not presented
in this document, but will be considered for inclusion
in subsequent updates to this report.

3.0 APPLICATION OF CANADIAN
ENVIRONMENTAL QUALITY CRITERIA

3.1 General

The Canadian Environmental Quality Criteria are
intended to serve as benchmarks to evaluate issues
related to the protection of human health and the
environment with respect to current or future uses of
soil and water at contaminated sites. These
benchmarks may be used in a number of ways,
including the following:

+ indicators of the environmental quality of a site

» guidance for determining when further investigation
of a site is necessary

» guidance for determining when site remediation,
risk assessment, or risk management are
necessary

¢ guidance for determining when site remediation is
- performed to acceptable levels, i.e., verification of
the adequacy of site cleanup

¢ the basis for the establishment of site-specific
objectives

* the basis for the development of legally enforceable
standards

It must be emphasized that these applications are
interrelated and should not be viewed in isolation. The
development of site-specific objectives (discussed in
more detail in Section 4.0) involves many of the above
considerations.

3.2 Assessment Criteria

Assessment criteria serve as benchmarks against

“which to assess the degree of contamination at a site-

and to detemine the need for further action. If
concentrations of a substance in the soil or water at a
site do not exceed the assessment criteria, further

action is not usually required. When concentrations
exceed assessment values, investigative action should
be considered to assess the extent of contamination
and the nature of any hazards at a site, and to
determine the scale and urgency of further action, if
required.

The interim assessment criteria are approximate
background levels or analytical detection limits and are
intended to provide general guidance only.
Background concentrations of contaminants may vary

regionally as a result of geologic diversity, industrial

uses, and urban population effects. Detection limits
will vary with the particular analytical technique used.
Levels of substances at specific sites that are higher
than these criteria do not necessarily indicate
contamination of soil or water.

The CCME Subcommittee on Environmental Quality
Criteria for Contaminated Sites is currently developing
a database of background levels of organic and
inorganic substances in soil, water, and sediments that
will serve as a basis for assessing and revising the
assessment criteria, taking regional variation into
account.

3.3 Remediation Criteria

Remediation criteria can be used as benchmarks to
evaluate the need for further investigation or
remediation with respect to a specified land use. For
example, if contaminant concentrations exceed the
remediation criteria for a current or anticipated future
land use at a site, then the need for further
investigation and/or remediation is indicated.
Depending on the degree by which contaminant levels
at a site exceed these benchmarks, the scale and
urgency of further action may also be indicated.
Where it is not feasible to remediate the site due to
technological or other constraints, the remediation
criteria can also provide guidance on the need for
land-use ~ restrictions or other forms of risk
management to protect human health and the
environment.

The principal application of the remediation criteria,
however, is to provide the common basis for the
establishment of site-specific remediation objectives.
Depending on local circumstances, the criteria may be
adopted directly or modified to reflect site-specific
conditions. In either case, once they are applied at the
site-specific level in this way, they become
remediation objectives.



4.0 SETTING SITE-SPECIFIC REMEDIATION
OBJECTIVES

4.1 Introduction

In order to remediate a contaminated site effectively,
site-specific objectives must be established with due
regard for a number of factors including existing site
quality, current and proposed uses, socioeconomic
and technological factors, and physical factors that
may affect the impact of a contaminant on the
environment or human health.

There are two basic approaches to the development
of remediation objectives for a site. The first approach,
known as the criteria-based approach, involves the
direct adoption or adaptation of the environmental
quality criteria in light of site-specific circumstances.
The second approach uses site-specific risk
assessment to characterize potential risks, hazards,
and exposures of receptors to contaminants at a
particutar contaminated site. Only the criteria-based
approach directly uses the national environmental
quality criteria.

At the second multi-stakeholder Contaminated Sites
Consultation Workshop (November 1990), participants
emphasized the need for significant national guid-
ance in both the risk-assessment and criteria-based
approaches to sefting site-specific objectives.
Documents providing such guidance are currently
under development by the CCME Subcommittee on
Environmental Quality Criteria for Contaminated Sites.
For the purposes of this document, a brief summary of
the general principles in application of the national
criteria to the derivation of site-specific objectives is
provided in the following section.

4.2 Developing Remediation Objectives Using the
Criteria-Based Approach

This approach involves the direct adoption or
adaptation of the existing criteria (currently interim) in
consideration of site-specific circumstances. Site-
specific objectives may be equal to or higher or lower
(i.e., less or more stringent) than the Canadian
Environmental Quality Criteria, depending on individual
site circumstances.

The environmental quality criteria are intended to be
conservative values for the protection of human and

environmental health for specified uses of soil and
water and may be applied at the site-specific level as
objectives with little or no modification. For example,
although remediation to the lowest level practicable is
desirable, where cost or the capability of technology is
a limiting factor, it may not be feasible to attain values
that are more stringent than the environmental quality
criteria. In these situations, the criteria may be
adopted directly as objectives. The environmental
quality criteria may also be adapted (modified) to
account for site-specific environmental or
socioeconomic conditions. For example, at locations
where the background level of a contaminant is higher
than the national criterion value for that contaminant,
it may be appropriate to modify the criterion for that
specific location to ensure that remediation objectives
are not set at levels below ambient concentrations.

When remediation criteria adopted or adapted for site-
specific use (i.e., remediation objectives) are
exceeded, the need for remedial action is indicated.
Remediation is considered to be complete when
contaminant levels have been reduced below the
levels of the remediation objectives established to
protect and sustain the intended current or future use
of soil or water at the site in question.
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APPENDIX A

Assessment and Remediation Critefia Tables

Table A-1. Interim Assessment Criteria for Soil and Water

Soil Water
General Parameters
pH 6to8 —
conductivity ' 2 dS/m -
sodium adsorption ratio 5 -
Inorganic Parameters
antimony 20! -
arsenic 5 5
barium 200 50
beryllium 4 —
boron (hot water soluble) 1 -
cadmium 0.5 1
chromium (*6) 25 -
chromium (total) 20 15
cobalt 10 10
copper 30 25
cyanide (free) 0.25 40
cyanide (total) 25 40
fluoride (total) 200 —
lead 25 10
mercury 0.1 0.1
molybdenum 2 5
nickel 20 10
selenium 1 1

Notes: Al values in pg/g dry weight or pg/L unless otherwise stated.
Interim assessment criteria are largely based on ambient or background concentrations for
most general and inorganic parameters and on analytical detection limits for most organic
parameters.
--- value not established.

See page 7 for numbered footnotes.



Table A-1. Interim Assessment Criteria for Soil and Water (Continued)

Soil Water
Inorganic Parameters (cont’d)
silver 2 5
sulphur (elemental) 250 -—
thallium 0.5 A -
tin 5 10
vanadium 25 -—
zinc 60 50
Monocyclic Aromatic Hydrocarbons
benzene 0.05 05
chlorobenzene 0.1 0.1
1,2-dichlorobenzene 0.1 0.2
1,3-dichlorobenzene 0.1 02
1,4-dichlorobenzene 0.1 02
ethylbenzene 0.1 0.5
styrene 0.1 0.5
toluene 0.1 05
xylene 0.1 0.5
Phenolic Compounds
non-chlorinated® (each) 0.1 0.1
chlorophenols® (each) 0.05 1.0
Polycyclic Aromatic Hydrocarbons (PAHs)
benzo(a)anthracene 0.1 0.01
benzo(a)pyrene 0.1 0.01
benzo(b)fluoranthene 0.1 0.01
benzo(k)fluoranthene 0.1 0.01
dibenz(a,h)anthracene 0.1 0.01
indeno(1,2,3-c,d)pyrene 0.1 0.1
naphthalene 0.1 0.2
phenanthrene 0.1 02
pyrene 0.1 02
Chlorinated Hydrocarbons
chlorinated aliphatics® (each) 0.1 0.1
chlorobenzenes® (each) 0.05 03
bexachlorobenzene 0.1 0.1
hexachlorocyclohexane 0.01 -
PCBs® 0.1 0.1
PCDDs and PCDFs’ 0.00001 —




Table A-1. Interim Assessment Criteria for Soil and Water (Continued)

Soil Water
Miscellaneous Organic Parameters :
non-chlorinated aliphatics (each) 03 ---
phthalic acid esters (cach) 30 .-
quinoline 0.1 —
thiophene 0.1 -

Table A-1 footnotes.
ISet equal to the Agricultural Remediation Criteria value (see Table A-2).

INon-chlorinated phenolic compounds include
2,4-dimethylphenol
2 4-dinitrophenol
2-methyl 4,6-dinitrophenol
nitrophenol (2-, 4-)
phenol
cresol

Chlorophenols include

chlorophenol isomers (ortho, meta, para)

dichlorophenols 2,6- 2,5- 24 3,5- 2,3- 34)
trichlorophenols (2,4.6- 2,3,6- 24.5- 23,5- 2,34 345§)
tetrachlorophenols (2,3,5,6- 2,3.4.5- 23,4,6)

pentachlorophenol

4 Aliphatic chlorinated hydrocarbons include
chloroform
dichloroethane (1,1- 1,2-), dichloroethene (1,1- 1,2)
dichloromethane .
1,2-dichloropropane, 1,2-dichloropropene (cis and trans)
1,1,2,2-tetrachloroethane, tetrachloroethene
carbon tetrachloride
trichloroethane (1,1,1- 1,1,2-), trichloroethene

*Chlorobenzenes include
all trichlorobenzene isomers
all tetrachlorobenzene isomers
pentachlorobenzene

SPCBs include mixtures 1242, 1248, 1254, and 1260.

TPCDDs and PCDFs expressed in 2,3.7,8,-TCDD equivalents. NATO International Toxicity
Equivalency Factors (I-TEFs) for congeners and isomers of PCDDs and PCDFs are as follows:

Congener TEF Congener TEF
2,3,78-TCDD 1.0 2,3,78-T,CDF 0.1
1,2,3,7,8-P,CDD 0.5 2.3,4,7,8-P,CDF 0.5
1,2,3.4,7,8-HCDD 0.1 1,2,3,7,8-P,CDF 0.05
1,2,3,7,8,9-HCDD 0.1 1,2,3,4,7,8-H,CDF 0.1
1,2,3,6,7,8-H,CDD 0.1 1,2,3,7,89-H,CDF 0.1
1,2,3,4,6,7.8-H,CDD 0.1 1,2,3,6,7.8-HCDF 0.1
0o,CDD 0.001 2,3,4,6,18-H,CDF 0.1
1,234,6,7,8-H,CDF 0.1
1,2,3.4,7,89-H,CDF 0.01
O,CDF 0.001



Table A-2. Interim Remediation Criteria for Soil

Residential/ Commercial/
Agricultural Parkland Industrial

General Parameters

pH 6to8 6to8 6to8
conductivity 2 2 4
sodium adsorption ratio 5 5 12
Inorganic Parameters

antimony 20 20 40
arsenic 20 30 50
barium 750 500 2000
beryllium 4 4 8
boron (hot water soluble) 2 - -
cadmiom 3 5 20
chromium (*6) 8 8 -l
chromium (total) 750 250 800
cobalt 40 50 300
copper 150 100 500
cyanide (free) 0.5 10 100
cyanide (total) 5 50 500
fluoride (total) 200 400 2000
lead 375 500 1000
mercury 0.8 2 10
molybdenum 5 10 40
nickel 150 100 500
selenium 2 3 10
silver 20 20 40
sulphur (elemental) 500 - —
thallium 1 - —
tin 5 50 300
vanadium 200 200 ..t
zinc 600 500 1500

Notes: All values in pg/g dry weight unless otherwise stated.

— value not established.

See page 10 for numbered footnotes.




Table A-2. Interim Remediation Criteria for Soil (Continued)

Residential/ Commercial/
Agricultural Parkland Industrial

Monocydic Aromatic Hydrocarbons
benzene 0.05 0.5 5
chlorobenzene 0.1 1 10
1,2-dichlorobenzene 0.1 1 10
1,3-dichlorobenzene 0.1 1 10
1,4-dichlorobenzene 0.1 1 10
ethylbenzene : 0.1 5 50
styrene 0.1 5 50
toluene 0.1 3 30
xylene 0.1 5 50
Phenotlic Compounds
non-chlorinated® (each) 0.1 1 10
chlorophenols® (each) 0.05 0.5 5
Polycyclic Aromatic

Hydrocarbons (PAHs)
benzo(a)anthracene 01 1 10
benzo(a)pyrene 0.1 1 10
benzo(b)fluoranthene 0.1 1 10
benzo(k)fluoranthene 0.1 1 10
dibenz(a,h)anthracene 0.1 1 10
indeno(1,2,3-c,d)pyrene 0.1 1 10
naphthalene 0.1 5 50
phenanthrene 0.1 5 50
pyrene 0.1 10 100
Chlorinated Hydrocarbons
chlorinated aliphatics* (each) 0.1 5 50
chlorobenzenes® (each) 0.05 2 10
hexachlorobenzene 0.05 2 10
hexachlorocyclohexane 0.01 - -—
PCBs*® 05 5 50
PCDDs and PCDFs’ 0.00001 0.001 -
Miscellaneous Organic Parameters
non-chlorinated

aliphatics (each) 03 --- -
phthalic acid esters (each) 30 - -
quinoline 0.1 - -
thiophene : 0.1 - -




Table A-2 footnotes.
!Criteria not recommended for commercial/industrial. One possible recourse is to use the residential/parkland valoe.

3Non-chlorinated phenolic compounds include
2.4-dimethylphenol
2,4-dinitrophenol
2-methy! 4.6-dinitrophenol
nitrophenol (2-, 4-)
phenol
cresol

*Chlorophencis include
chlorophenol isomers (ortho, meta, para)
dichlorophenols 2.6- 2.5- 24 3,5 23- 34)
trichlarophenols (2.4.6- 23,6 24.5- 23,5- 234 345)
tetrachlorophenols (2,3,5,6- 2,34.5- 2.3,46-)
pentachlorophenol

“Aliphatic chlorinated hydrocarbons include
chlorofarm
dichloroethane (1,1- 1,2-), dichloroethene (1,1- 1,2-)
dichloromethane
1.2-dichlaropropane, 1,2-dichloropropene (cis and tnns)
1.1,2.2-tetrachloroethane, tetrachloroethene
carbon tetrachloride
trichloroethane (1,1,1- 1,1,2-), trichloroethene

SChilorobenzenes include
all trichlorobenzene isomers
all tetrachlorobenzene isomers
pentachlorobenzene

SPCBs include mixtures 1242, 1248, 1254, and 1260.

PCDDs and PCDFs expressed in 2,3,7.8-TCDD equivalents. NATO International Toxicity Equivalency Factors (I-TEFs) for congeners and
isomers of FCDDs and PCDFs are as follows:

Congener TEF
23.7.8-T.CDD 1.0
1,23,7.8-P,CDD 0.5
1,23.4,78-HCDD 0.1
1,23,7.8,9-H,CDD 0.1
1,2,3,6,7.8-H,CDD 0.1
1.2,3,4.6,7,8-H,CDD 0.1
O,CDD 0.001
23.7.8.-TCDF 0.1
234,7.8-P,CDF 0.5
1,23.7.8,-P,CDF 0.05
1.2,3,4,7,8,-HCDF 0.1
1.2.3,7,8,9,-H,CDF 0.1
1.2,3.6.7.8-HCDF 0.1
23.4,6,7,8-HCDF 0.1
1,2,3.4.6,7,8-H,CDF 0.1
1.2,3.4,7.8,9-H,CDF 0.01
O,CDF 0.001
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Table A-3. Remediation Criteria for Water'

Freshwater Livestock Drinking

Aquatic Life’ Irrigation™ Watering’ Water*
General Parameters
oxygen, dissolved 5-9.5 mg/L - .- -
pH (unitless) 6.5-9.0 - - 6.5-8.5
total dissolved solids --- 500-3500 mg/l. 3000 mg/L <500 mg/LY
Inorganic Parameters
aluminum 5-100° 5000 5000 -5
ammonia 1.37-2.2 mg/L’ - - -
antimony - - --- -
arsenic 50 100 500-5000 25"
barium --- - 1000"°
beryllium -- 100 100" -
boron (hot water soluble) --- --- - .-
boron (total) - 5006000 5000 5000°
cadmium 0.2-1.8" 10 20 5
calcium - - 1000 mg/L -
chloride (eotal) - 100-700 mg/L. --- <250 mg/L.
chloride (total residual) 2 --- - ---
chromium (*6) -- - -- -
chromium (total) 2-20 100 1000 50
cobalt - 50 1000 -—
copper 24" 200-1000" 500-5000 <1000°
cyanide (free) 5 - - -
cyanide (total) 2000
fluoride (free) - - - : -
fluoride (total) - 1000 1000-2000 1500°
iron 300 5000 - <300"°
lead 1-7" 200" 100 10°
lithium - 2500 - —
manganese - 200 --- <50
mercury 0.1 - 3 1
molybdenum - 10-50 500 -
nickel 25-150" 200 1000 -
nitrate -1 - 45 mg/L'0s
nitrate and nitrite - - 100 mg/L ---
nitrite 0.06 mg/L 10 mg/L 4.5 mg/L1

Notes: All values in pg/L unless otherwise stated.

— value not established.

See pages 15-16 for numbered footnotes.
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Table A-3. Remediation Criteria for Water (Continued)

Freshwater Livestock Drinking
Aquatic Life? Irrigation™ Watering’ Water**
Chlorinated Hydrocarbons
chlorinated aliphatics
dichloroethane, 1,2- 100 o—- — §toa
dichloromethane - .- - 50
hexachlorobutadiene 0.1 — - -
hexachlorocyclohexane isomers 0.01 - - -
tetrachloroethylene 260" .- - -
trichloroethylene 20 - —- 501
chlorinated benzenes
monochlorobenzene 15" - - 80'°, <30
dichlorobenzene, 1,2- 2.5 — — 200; <3
dichlorobenzene 1,3- 2.5 - - -
dichlorobenzene, 1,4- 41 - - 5: <1
trichlorobenzene, 1,2,3- o.9" - - —
trichlorobenzene, 1,2,4- 0.5" - - -
trichlorobenzene, 1,3,5- 0.65" - - -
tetrachlorobenzene, 1,2,3,4- 0.1 - — —
tetrachlorobenzene, 1,2,3,5- 0.1 - .- -
tetrachlorobenzene, 1,2,4,5- 0.15" - - -
pentachlorobenzene 0.03" - — -
hexachlorobenzene 0.0065" - - -
PCBs® 1 ng/L - - --$
PCDDs and PCDFs* - - - —
Halogenated Methanes
carbon tetrachloride --- - - 5
trihalomethanes - - - 3506
Phthalate Esters
DBP 4 — - —
DEHP 0.6 --- - -
other phthalate esters 02 - — -
Pesticides
aldicarb 9
aldrin and dieldrin 4 ng/L. -- - 0.7°
atrazine 2 60"
azinphos-methyl - —- - 20
bendiocarb — - - 40
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Table A-3. Remediation Criteria for Water (Continued)

Freshwater
Aquatic Life?

Irrigation™

Livestock

Watering’

Drinking
Water*®

Inorganic Parameters (cont’d)
selenium

silver

sodium

sulphate

sulphur (total)

thallium
tin
uranium
vanadium
zinc (total)

Monocydic Aromatic Hydrocarbons
benzene

ethylbenzene

styrene

toluene

xylenes

Phenolic Compounds
non-chlorinated'® (each)
phenols (total)
chlorinated phenols
monochlorophenol
dichlorophenols
trichlorophenols
tetrachlorophenols
pentachlorophenol

30011
70011

02
18
1
0.5

Polycyclic Aromatic Hydrocarbons (PAHs)

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
dibenz(a,h)anthracene

indeno(1,2,3-c,d) pyrene
naphthalene
phenanthrene

pyrene

50

1000 mg/L

50 000

;(;0‘9; <0.3¥
520; 5220
100%; <12
60; <30
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Table A-3. Remediation Criteria for Water (Continued)

Freshwater Livestock Drinking

Aquatic Life? Irrigation™ Watering’ Water**
Pesticides (cont’d)
bromoxynil - - - 51
carbaryl - _— - 90
carbofuran 1.75 - - 9
chlordane 6 ng/L - — 7°
chlorpyrifos - - - 90
cyanazme 21 — — 10"
2,4—D 4 — — lmﬁ
DDT 1 ng/lL - - 3052
diazinon - - — 20
dicamba ——- -—- ee 120
diclofop-methyl - - - 9
dimethoate - - - 20"
diquat - .- —— 70
diuron - — — 150
endosulfan 0.02 - - —
endrin 2.3 ng/L .- - —
glyphosate 65 — — 280"
heptachlor (+ metabolite) 0.01 .- - 36
lmdane - . ——— 46
malathion -— — — 190
methoxychlor - - 900
metolachlor - -- - 501
metribuzin 1 - - 80
paraguat - - - 10"
parathion . - — 50
phorate - -—- — m
picloram 29" ——— —— 19010.11
simazine - - - 1"
2.4,5-T - 280; <20
temephos - - — 280"
terbufos - — —_ "
toxaphene 8 ng/lL - - -
triallate 230
trifluralin - — 45101
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Table A-3. Remediation Criteria for Watef (Continued)

Freshwater Livestock " Drinking

Aquatic Life? Irrigation™ Watering’ Water*®
Radiological Parameters
Weesium --- --- 50 Bq/L®
iodine 10 Bg/L®
Pradium 1 Bg/L$
%strontium 10 Bg/L®
ritium b 40 000 Bg/L®

Table A-3 footnotes.

! Guidelines for freshwater aguatic life, irrigation, and livestock watering (columns 1, 2, and 3, respectively) are taken from the Canadian Water Quality
Guidelines (CWQG) (CCREM 1987). The CWQG also recommends guidelines for recreational uses and several specific industrial uses, which are not
included in this table. Guidelines for drinking water (column 4) are taken from the Guidelines for Canadian Drinking Water Quality (GCDWQ) (Health
and Welfare Canada 1989).

2 Guidelines for heavy metals and trace ions are reported as total concentrations in an unfiltered sample.

3 Applies to all soils; for details on neutral to alkaline soils, refer to CCREM (1987).

* Drinking water guidelines are expressed as maximum acceptable concentrations (MAC), and are for unfiltered samples at the point of consumption. Heavy
metals and trace jons are expressed as total concentrations (particulate and dissolved) unless otherwise indicated.

$ Several parameters also have aesthetic objectives; these are indicated by a "<" symbol.

¢ Guideline under review for addition to the GCDWQ or possible changes to the current value. Refer to the latest edition of the GCDWQ.
7 The total dissolved solids concentration of 500 mg/L is approximately equal to a conductivity of 1 4S/m.

® Guideline varies with pH, calcium, and dissolved organic carbon concentrations.

? Guideline changes with temperature and pH.

1A modification to the previous guideline is proposed. If after one year, no evidence is presented that questions the suitability of this proposal, it will be
adopted as the guideline. Refer to the latest edition of the GCDWQ.

"Tentative water quality guideline/interim drinking water guideline because of insufficient evidence; refer to the latest edition of the CWQG or GCDWQ.
2Guideline changes with hardness.

BGuideline varies depending on crop.

“Avoid concentrations that stimulate prolific weed growth.

BEquivalent to 10.0 mg/L nitrate as nitrogen. Where nitrate and nitrite are determined separately, levels of nitrite should not exceed 4.5 mg/L (1.0 mg/L
as nitrogen).

Refer to CCREM (1987).

"Guideline changes with pH.
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Table A-3 footnotes continued.

“Non-chlorinated phenolic compounds include
2 4-dimethylphenol
2.4-dinitrophenol
2-methy} 4.6-dinitrophenol
vitrophenol (2-, 4-)
phenol
cresol

YAs 2,4-dichlorophenol.
®As 2,4,6-trichlorophenol.
HAs 2,3,4,6-tetrachlorophenol.

2Total PCB analysis only for freshwater aquatic life guidelines.

BQuoted as 2,3,7,8-TCDD equivalents. PCDDs and PCDFs expressed in 2,3,7,8-TCDD equivalents. NATO International Toxicity
Equivalency Factors (I-TEFs) for congeners and isomers of PCDDs and PCDFs arte as follows:

Congener _ TEF
23,78-T,CDD . 1.0
1,2,3,7,8-P,CDD 0.5
1,2,3,4,78-HCDD 0.l
1,2,3,7,89-HCDD ' 0.1
1,2,3,6,7.8-H,CDD 0.1
1,2.3,4,6,7,8-H,CDD o0l
Oo,DD 0.001
*2,3,7.8-T,CDF 0.1
23,4,7,8-P,CDF 0.5
1,2,3,7.8-P,CDF 0.05
1.2,3,4.7.8-H,CDF 0.1
1.2.,3,7.8.9-H.CDF ' 0.1
1,2,3,6,7.8-H,CDF 0.1
2,34.6,7,8-HCDF 0.1
1,2,3,4,6.7,8-H,CDF 0.1
1,2,3,4,7.8,9-H,CDF 0.01
O,CDF 0.001

HIncludes DDT metabolites.
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APPENDIX C

Derivation of the Interim Canadian Environmental Quality
Criteria for Contaminated Sites

Soil and water quality criteria from regulatory agencies
in Canada, the United States, and Europe were
evaluated for their potential use as Canadian
Environmental Quality Criteria for Contaminated Sites.
Based on an evaluation of existing criteria from 21
regulatory agencies (AEL 1991), it was concluded that
no ‘existing set or sets of criteria embodied all of the
characteristics desired for the National Contaminated
Sites Remediation Program (NCSRP). However, due
to the need to provide a working set of values to meet
the immediate requirements of the NCSRP, existing
criteria from the British Columbia Ministry of
Environment (B.C. MOE), Alberta Environment, the
Ontario Ministry of the Environment (Ontario MOE),
and the Canadian Council of Ministers of the
Environment (CCME) were adopted on an interim
basis as follows.

Assessment' criteria for soil:

For inorganic and organic compounds, the lower of
the B.C. MOE "A" criteria’ and the Alberta Tier 1
Criteria® for soils with >10% clay is used. For general
parameters, the Ontario MOE® AG/R/P values are
used.

Assessment criteria for groundwater:

B.C. MOE "A" criteria’ are used.

Remediation criteria for soil — agricultural (AG):

Ontario MOE AG/R/P® values for coarse soils are
used. For parameters that the Ontario MOE
Decommissioning Guidelines have not addressed, the

18

lower of the Alberta Tier 1 criteria® and the B.C. MOE
"A" level' are used.

Remediation criteria for soil — residential/parkland
(R/P) and commercialindustrial (C/): -

R/P and C/l criteria are set equal to the B.C. MOE °B"
and *C" criteria', respectively. For parameters not

addressed by the B.C. MOE, the Ontario MOE AG/R/P
and C/l values for coarse soils® are used.

Assessment and remediation criteria for soil —
dioxin and furan:

Ontario MOE criteria* are used.

Assessment and remediation criteria for soil —
PCBs:

B.C. MOE' (incorporating CCREM) criteria are used.

Remediation criteria for water — freshwater
aquatic life, irrigation, and livestock watering
guidelines:

Canadian Water Quality Guidelines® are used.

Remediation criteria for water — drinking water:

Guidelines for Canadian Drinking Water Quality’ are
used.

! British Columbia Ministry of Environment. 1989. Criteria for
Managing Contaminated Sites in British Columbia. Waste
Management Program. Draft.



2 Alberta Environment. 1990. Alberta Tier 1 Criteria for Contaminated
Soil Assessment and Remediation. Waste Mangement and
Chemicals Division, Soil Protection Branch. Draft.

30Ontaric Ministry of the Environment. 1990. Guidelines for the
Decommissioning and Clean-up of Contaminated Sites in Ontario.

4 Joint Consultative Committee of Senior Heaith and Environment
Ministers. 1989. Interim Apportionment of Exposure and Guidelines
for Potychiorinated Dibenzo-p-Dioxins (PCDD) and Polychlorinated
Dibenzofurans (PCDF). Prepared for the CCREM Deputy Ministers’
Committee. Draft.

8 Canacddan Council of Resource and Environment Ministers
(CCREM). 1987. Guidelines for PCB in Soil and Sediment. Draft
report.

®Canackan Council of Resource and Environment Ministers
(CCRER). 1987. Canadian Water Quality Guidelines. Prepared by
the Task Force on Water Quality Guidelines. Updated September
1989, March 1990, and April 1991.

"Health and Welfare Canada. 1989. Guidelings for Canadian
Drinking Water Quality. 4th ed. Prepared by the Federal-Provincial
Advisory Committee on Environmental and Occupational Health.
Canadian Govemment Publishing Centre, Ottawa.
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APPENDIX D

Comparison of Terminology Used in the National Guidelines
for Decommissioning Industrial Sites and the NCSRP

Concepts and terms used in the recently released National Guidelines for Decommissioning Industrial Sites
(Monenco Consultants Ltd. 1991) are in use in various jurisdictions in Canada. Although the terminology used in
the NCSRP differs from that of the National Decommissioning Guidelines, the intent and meaning of several of the
terms are analogous as indicated below.

National Guidelines for NCSRP
Decommissioning Industrial Sites'

Tier | Criteria Environmental Quality Criteria
Interim Environmental Quality Criteria

Tier Il Criteria Remediation Objectives
(whether established by a criteria-
based approach or risk assessment

approach)

Cleanup Criteria Remediation Criteria
(a subset of environmental quality
criteria. The environmental quality
criteria include, in addition,
"assessment criteria®)

*The Decommissioning Guidelines recommend development of remediation criteria using a two-tiered approach in which Tier | Criteria are generic and based largely
on existing standards and guidelines promuigated by regulatory agencies. Where Tier | guidefines are not available or appropriate for a particular stuation, site-
specific Tier Il Criteria can be developed using risk assessment methodology.
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