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PREFACE r 

l 

'

' 

This document contains background information pertinent to the f 
development of the Canadian Council of Ministers of the 
Environme-nt’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 Contarninated Sites in Support of the National 

« Contaminated Sites Remediation Program (NCSRP). 
J

. 

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 working in related studies. 

Readers whowish to comment on the content of this report should‘ 
address their correspondence to:_ ‘

~ 

Head . 

. Soil and Sediment Guidelines Section 
Environmental Quality Guidelines Division 
Water Quality Branch 
Inland Waters Directorate 
Environment Canada 
Ottawa, Ontario 
KIA 0H3 
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INTRODUCTION 

‘1.1 
’ 

,BACKGRQUNl5‘ 

:The'Can_adian Council" of Ministers of the Environment (CCME) has ‘initiated a program to 
, 

remediate contaminated sites which threaten health or environmental quality. The National 
Contaminated Sites Remediation; Program (NCSRP) is intended’ to address the problems 
‘associated with contaminated sites on several fronts. Specifically, it is intendedto review and. , 

establish legislative instruments to ensure that the ‘_'polluterpays"' principle is respected; -establish 
a consistent approach to deriving. criteria for sites needing remediation; to provide for the *

E 

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 contaminated sites (Energy 
Pathways, 1990). -E 

‘ 

' 

. 

E 
l 

~
. 

At an NCSRP multi—stakeholder consultation workshop in A_pril.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-, 199.0). The recommendations "specifically directed 

' toward setting criteria included; 

0 a_ two—tier approach ‘be used (see Section 1.4 for more details). 

'0 
— criteria in the firsttier be based ‘largely on existing standards, criteria, and guidelines 

issued by regulatory agencies a 

' 

p 

‘

. 

0 
I 

criteria in the first tier be recommended following a critical evaluation of existing criteria 
from jurisdictions in Canada, the United States, and Europe for their applicability to the 
Canadian situation " A

_ 

- 0 a federal/provincial working group be established to" direct the development of‘ criteria 
for the first tier ~ 

'- V 

In response to the last recommendation, the CCME established 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 theEnvironment, with Environment 
Canada and Health and Welfare Canada as Secretariat.

’ 

i=1
i



\ 

V 

_o . provide an up-to-date information ‘base of these» criteria 

.\ 

In July 1990, the Secretariat» retained Angus Environmental Limited to"undertal<e the following 
tasks: 

A 

. 
.

- 

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

-0 recommend a set of interim criteria 

0 recommend amethod for establishing consistent and scientifically—based environmental 
quality criteria suitable for-assessing and remediating contaminated sites in Canada

1 

. 1.2 PURPOSE 015 THIS REPORT 
This.report presentsa 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 
Conptaminated Sites, an approach is ‘recommended for establishing interim environmental criteria 

_

- 

. for contaminated sites in Canada. Because water quality criteria are relatively well developed, 
', emphasis of the current review is on soil quality criteria.

’ 

V 

V 
V 

The recommended assessment and remediation criteria from this reportwhich were approved 
by the CCME Subcommittee on Environmental Quality Criteria for Contaminated Sites _-are 

- reported in a separate CCME document entitled Interim Canadian.‘Environmental Quality 
Criteria for Contaminated Sites‘(appended). ' 

‘ ‘

. 

41.3 DEFINITIONS ANl)'ABBREVIATIONS 

Several terms,definitions_ and abbreviations used in this report are intended. to convey particular» 
meanings." Key terms are defined in the list below. Some of the definitions have been adopted 

' from other CCME publications. ' 
S 

' 

- 

S

. 

aesthetics - the qualifies of a site thatif adversely affected can result in noticeable" and 
\ 

d 
.. 

V 

_ 

disagreeable perceptions bythe,senses. These .include sight (for example,_ visibly stained 
‘ 

soil or a film on water), taste (in water, fish flesh, or agricultural products), and odour 
. (in air, water, or soil). 

, 

S 

« i I. t 
-

I 

’ 

approach - the philosophy and procedures used by a regulatory agency to establish criteria. The 
' components of an approach can- include the types of inpformationconsidered, the goal of 

setting criteria (for example, -protecting human health and ‘the environment), the relative 

V) 
l 
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priorities assigned to various types of inforrnation, and the way(s) -that information are 
combined to set the criteria. A

’ 

assessment criteria‘ 4 concentrations of substances in soil and ground water which canbe 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‘ 

‘V remediation. As such, the assessment criteria are analogous to the de minimus, "trigger" - 

and "threshold" criteria/that some agencies have established. 

background ‘concentration — the concentration ofa chemical substanceoccurring in a media 
removed from the influence of industrial activity at a specific site andin an area. 
considered to be relatively unaffected by industrial activity (Monenco, 1989). . 

contaminant"-' any chemical substance whose concentration exceeds background concentrations
V 

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

criteria _— generic. numerical limits or narrative statements intended as general guidance for the 
protection, maintenance and improvement of specified uses of soil and water. 

~ 
’ 

/ 

' 
’ 

‘

. 

Environmental Quality Criteria for Contaminated Sites — the assessment- criteria and remediation 
V 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 publications prepared for CCME -(i.e. 
Energy Pathways,.l9,90: Monenco .1989). ' 

C. 
i 

’ 

r3 
'

' 

factors - the types of information that are considered or used in an approach. Examples include 
- background concentrations, human health, phytotoxicity, aesthetics, and analytical 

' _ca‘p‘abilities.~Factors not considered in establishing Environmental Quality Criteria for 
Contaminated Sites‘ in this report include costs and the capabilities of remedial 
technologies. 3 

- 
-

l 

interim criteria - the criteria recommended in this report have been adopted directly from 
existing criteria currently in use in jurisdictions in Canada, and are referred to as interim

a 

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

multi-functionality -. the principle that a11.'possible future uses of soil and water should be 
protected whenever possible. 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, technological, and practical considerations may 
influence how the "cleanest possible situation?‘ is determined. .

’ 

. 
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‘ 

objectives - 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 co_ndi_tions_. 

orplian site - a contaminated site for which "a responsible party can not be identified or where 
_the responsible party appears to ‘be incapable or unwilling to initiate clean-up efforts. 

' 

polluteralpays» - .the principle that the polluter is responsible ‘for correcting or re_mediating_ 
whatever environmental degradation 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. 

remediation — the management of a contaminant at a site so as to prevent, minimize, or mitigate 
’ damage to-human health or the environment. Remediation is a_b_roade_1_' term than clean-up 
in that remediation options can include physical actions such asvremoval, destr’u‘ction,‘and 
containment, as well as -the use of institutional controls such as zoning designations or 

. orders. ’ ‘ ‘ ’ 

— 

'

- 

remediation criteria - concentrations of substances in soil or ground water which are intended 
as general guidance to protect and maintain specified uses of soi_l and -water at 

, contaminated sites. At concentrations greater.th_an these criteria, the need for remediation 
is indicated. Remediation criteria can vary according to ‘land use and- have been 
recommended for ‘agricultural, residential/park land, and commercial/industrial land uses; 

secondary agency - a iregulatory agency that Ihasestablished an approach ‘or criteria. that 
addresses relatively» few situations or contaminants or-that has established an approach V 

or criteria ~s_irnilar to that of one of the primary-agencies. .- 

standard - numerical limits or narrative statements adopted ‘from criteriaor objectives in a 
legally enforceable form, such as in aregulajtion, 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 

. lcriteria are. not available or the partyresponsible for remediation feels that Tier 1 
criteria are inappropriate because they dolnot adequately take into account local site 
conditions. It is anticipated that some form of risk management study typically would be 
used to set these crite‘ria.~Other factors such as technology and ‘costs ‘might needto be 
considered. 

ll-4



ABC levels
V 

AG 
AG/R/P 

pANZEC 

CCME 
N 

CCREM' 

C/I_ 

CWQG 

DEP 

DHS 
IAC 

ICRCLC 

V 

ISAL 

‘MEG’ 

MENVIQ 
MOE 
N CSRP 
NHMRC 
NJ 

Various abbreviations are used throughout the report. These include:
/ 

the three-value format to guidelines recommended by British Columbia,‘
‘ 

MENVIQ, and The Netherlands 

i 

(agricultural land use 

agricultural, residential, and/or park land 

_ Australian and New Zealand Environmental Council 
l 

C 

Canadian Council of Ministers of the Environment ~ 

Canadian Council of , 
Resource 

(predecessor of the 

-commercial and/or industrial land use 

Canadian Water Quality Guidelines; CCREM/CCME document published 
’ 

in 1987 and updated in 1989 and 1990 

V New Jersey Department of Environmental Protection 

(California) Department of Health Services F 

interim action (recommended by the Victoria Environmental Protection 
‘‘ Agénsy) ‘

C 

lnter-Departmental Committee on the Redevelopment of. "Contaminated. 
Land (United Kingdom)_ — l 

. 
l

- 

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

multimedia environmental goal 

Ministere de l’Envi‘rol'lnement du Quebec 

Ontario Mi_n_i_stry of the Environment or B§C._ Ministry of Environment ' 

National Contaminated Sites Remediation Program. 

National Health and Medical Research Council (Australia) 

New Jersey 

V and Environment Ministers.



PAHS — polycyclic aromatic hydrocarbons 

PCBs 
H 

V ‘ 

-u- 
'_ 

* ;po1ych1_orinatedbiphe'ny1s 

R/P i . - residential land use and/or park land 
V 

- V toxicity equivalency factor 

TEQ’ -it ~ 
toxic equiyalent of 2,Ii,7,—8-_TCDD.' 

TSCP 
. 

— 
A 

California DH$ Toxic Substances Control Program 
ULN I "V 

_ 

- upper limit of normal (as defined by the ‘Ontario MOE)
‘ 

U.'S. EPA 
‘ 

’ Iinited States_Environmenta1‘ProtectionVAgency 
i

I 

- 
y 

United Kingdom . 

'

V 

~/i



2.0 OF APPROACHES 

2.1 AN HISTORICAL OVERVIEW
g 

V 

Establishing soil quality ‘criteria is a relatively recent undertaking‘ forregulatory agencies in 
Canada (and other countries); Prior to the r’n‘id—l970s, 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 selenosis 
(blindqstaggers) ingrazing animals or copper toxicity in plants. l 

T 

-

' 

One of thefirst published accounts of a systematic approach to identifying numerical guidelines
A 

for substances in soil was developed by an office of the United States Environmental Protection 
Agency in the mid-'l970s (Cleland and Kingsbury, 1977). "Multimedia. Environmental Goals" 
‘(‘MEGs) 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 _leve1s'for‘ 
assessing environmentalyconditions and were not presented as absolute thresholds. Many of the 
MEGs were based on very limited information. The MEGs methodology 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.

'

l 

' Efforts to establish soil criteria in the United Kingdom began’ thelate-;l9i7_Os (ICRCL, 1980). _ 

During the 1980s,‘-"trigger concentrations" for contaminants in _soil evolved from the efforts of
' 

"A 
a_ federal, inter-departmental committee (ICRCL, 1980; 1983‘; 1987). Two types of trigger 
concentrations are identified»: thresholdand 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 belowgthe action. level, further investigation and 
assessment is needed to determine if remedial action is necessary. If concentrations are greater 
than action levels, remedial action is required, or -the proposed form of development should be -' 

altered. 
_ 

' 
‘ 

. 

' 

‘ 

l

8 

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 V fields) are assigned to the trigger concentrations. The authors also urged ‘that’ 
decisions about specific sites must consider site-specific conditions. 

_

' 

By the 1930s, many regulatory. agencies increasingly were being_ 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 

2-1



I 

of .Housing, Planning the Environment issued one of " the most frequently cited efforts 
concerning soil quality and ground water quality guidelines -* the "ABC" approach for assessing 
the severity of contamination andthe urgency for further investigation or remediation (Moen, 
1988). 

I 

t 

-.

\ 

Under that approach, 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 concentrationsabove 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 siteaspecific information be used to assess 
specific situations-. " 

I 

_ 

5 
I 

_ 

~\ ' 

‘ 

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 developedthat took into account 
information about soil charac/ten'sti_cs(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 concentrations.‘ 
in 

In Canada, one of the earliost p'ublished.,acco,unts’of cleanrup criteria appeared 1984 witht_he_ 
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 criteria. Some 
(cadmium, lead, and mercury) reflected concerns for humanhealth. 7 ' 

In‘ 1986, ‘the Ministere de1’Enviro_nnementdu Quebec (MENVIQ) issued a draft document that 
described soil and ground water guidelines modelled after the ABC format of The Netherlands 

IQ, 1986). In the MENVIQ approach, the A Value represents background concentrations 
‘for naturally.-occurring substances’ and the analytical detection limit for man-made, organic 
-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 environmental conditions and not be. regarded as standards. A 

" .i In 1987, the Canadian . Council of Resource and’: Environment 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 meatand dairy products (Clarke et al_. , 1987). The following year, the C_CREM]is‘sued' 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 

~ 2.2



same 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 "contaminated sites- 

rehabilitation policy" (MENVIQ, 1988). 

In _l989, the Ontario MOE issned the final version of ‘its siteldecommissioning guidelines_ (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'definiti‘ons assigned to the three values _are different. 

By 1989, several U.S. states (including Arizona, California, 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 "leach_abi1ity"_ of the material from soil, ambient, 
or background levels, and ground water quality concems._ 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 comprehensive 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‘pre1iminary 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 

I 

. efforts to develop guidelines for assessing-and managing contaminated sites (ANZEC, 1990; 
NSWPCC, 1990). Options currently are being considered in the UK. to expand and/orrevise 
the current sets of criteria in use (ICRCL, 1990) and in The Netherlands to revise its approach 
to setting 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 
regionalapplication (as opposed to developing site-specific objectives only).‘Nume'rical 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 establish nationalor 
regional criteria. . 

. ~ -
T 

’ Conversely, numerical criteria that are intended for broad application are insensitive tolsite- 
specific conditions and often imply a level of under's‘ta‘ndi‘ng 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 altemative, these agencies 
have chosen to establish procedures that intend to determine site-‘specif1c' objectives only. The 

_ 
procedures typically involve .some form of risk assessment in whichthe exposuresl doses/health 

‘ risks that hypothetical site users, visitors‘ or neighbours can experience are estimated. Examples 
‘of agencies that have selected this approach inc1ude_‘th_e United States Environmental Protection 

I 

9 New York Department of Environmental Conservation. V 

Agency (for the "Superfund'3'- program), the California-Department of -Health Services,» and the 

The approach of the United States Environmental 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 will not result‘ in. 
exceeding an assumed maximum desired health risk. 

California has been at the forefront in developing "approaches: to setting environm'ental quality 
criteria for many years. The "California "Site Mitigation Tree" was designed in the mid~l980s 

b

t 

to . calculate action levels for substances 
' 

in spa:i_fic.media including soil (Siegrist, 1989); 
however, in 1990 that approach was replaced with a series of "technical standard". documents. 
The document that addresses’ soilremediation levels describes the equations to be used to 
estimate doses by various pathways. For many of the parameters usedhin‘ the equations, default _ 

values are suggested (California Department‘ of Health, 
' 

1990). 

In New York, site background conditions often have been -.used__ to set cleanaup objectives. 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 estimates 
do not exceed desired levels (‘I-Iarrinton‘, 1990). - 

' 

- « 

‘
' 

I 

While there are differences in -the approachesolf the three agencies noted above, there also are ,

/ some common elements of interest to this review: 

9 The ‘regulatory agencies have decided against establishing numerical criteria for broad
A 

application. 

‘0 It isassumed that in most instances, human health concerns require concentrations of 
contaminants sufficiently low to avoid other types of adverse effects; -

.

/
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0 Procedures, typically consisting of a series of mathematical equations are described for 2 

estimating exposures/doses to critical receptors. Where needed, simple procedures for 
estimating environmen_ta_l_ behaviour of contaminants are also provided. 

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

A
- 

~ 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 suchas 
inherent uncertainties in interpreting toxicological information and assigning a definition to 

' "acceptable" risk levels be addressed. Establishing objectives by following such procedures can 
' 

take protracted periods of time. V 

E 

' 

'
— 

Given that many agencies have established national or regional numerical criteria e(inclu_ding 
federal"and provincial agencies in Canada), that regional and national criteria (for soiland 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 two4tierec_l approach endorsed by 
the NCSRP'a1lo_ws for site-‘specific considerations to be taken intoaccount 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 forcontaminated sites. 

2.3 AGENCIES SELECTED FOR STUDY 
Based on discussions with individuals knowledgable about approaches currently in use or being. 
developed, and an examination of several recently published reviewsfof criteria from agencies. 
of many countries (Beaulieu, 1989; Bell et al., 1989; Siegrist, 1989; Fitchko, 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 tarsites and those for 
polychlorinated biphenyls (PCBs). Provincial initiatives include those by the environmental 
ministries of British Columbia, Alberta, Ontario, and Quebec. 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.



A_ Primary Agencies
A 

United States:
N 

A 

Secondary Agencies 

A 

Table 1 V‘
— 

I ‘REGULATORY A_GENClES s'TUr)11:1')i 
.1 . 

_ 

‘ -- \ 

Canada: .
_ 

- Alberta Environment 
’

» 

British Columbia Ministry of Environment V 

Canadian Council of Ministers, of the Environment 
Ontario‘ of the Environment 
Quebec Ministry of the Environment 

California Department of Public Health
y 

New Jersey Department of Environmental Protection 

Other Jurisdictions: i 

' 

. 

_ 

'

- 

Netherlands Ministry of Housing, Physical Planning and Environment 1 

United Kingdomrlnterdepartmental Committee on the Redevelopment of ‘ 

Contaminated Land ‘ 

' 

. 
. 

e

V 

Australia and'New Zealand Environment Council 
Environment Canada, Atlantic Region ' 

France’ (as reported in Beaulieu, 1989) - 
C 

m

- 

Massachusetts Department of Environmental Protection _ 
. 

_ _

“ 

Minnesota (as reported in Siegrist, M1989) _

' 

National Health and Medical Research Council of Australia 
New South ‘Wales, Australia ' 

V . 

' 

: . 

New York’Department of Environmenta1‘Conservati‘on 
U.S. Environmental Protection Agency (for Superfund program) 
U.S. Environmental Protection Agency (for RCRA_program) 

' 

Victoria, Australia . 

1 

.

’ 

West Germany (as reported in Siegriste, 1989) 

2-6



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 substantially to those of the primary agencies. For example, the Atlantic region of 
Environment Canada, in conjunction with‘ Nova Scotia, has set a sediment c1ean—up guideline for 
PAHs to be used at one location in Nova Scotia (Travers, 1990). 

I 

Efforts to date in several U.S. statesfall 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 

i conditions around underground storage tanks (Bell et al., 1989). 

Several agencies in Australia have begun to develop criteria for contaminated sites (ANZEC, 
1990; NSWPCC, 1990; NHMRC-, .1989; Victoria, 1989). Efforts to date have focused on 
determinin_g the ranges of concentrations typically found in Australian environments and 
investigating the possible suitability of criteria from other jurisdictions (most of those being" the - 

’ 

"primary agencies" listed. in Table l). 
' 

‘ 
~ " ' 

The recently" publi_shed reviews noted above also identify several jurisdictions which are actively 
V pursuing soil criteria buthave not yet published any original work relevant to this report. These 
‘include Norway, Sweden, Finland, and Denmark (Siegrist, l989)_. . 

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 underlyingrationale, 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 asthe _numb_er of agencies that have established the 

4 

criteria. The profiles presented, in Appendix A describe these facets of criteria use for each of 
the primary agencies; however, it is also possible’ to reduce all ofthese 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 foreach 
contaminant. The agencies that have been reviewed for this project have established between one 
and four numerical criteria for each contaminant. -(These numbers reflect criteria for soil only.) 

Agencies that have established just one numerical criteria per contaminant include Alberta, New
A 

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

_ 

\ 
. 

'\/ 
b 2-7



should be thoroughly characterized. Remedial action may beineeded depending on the outcome 
’ 

of the characterization. Co_ncen_trations~.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). - 

‘ 

B 

. 

v 

' 
A 

' 

. 

.

A 

-Theapproach of the Ontario has the appearance of is_sui'ng 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 s_o’i1s,. 

Concentrations above a threshold ‘are generally interpreted to tha_t_ 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 p

. 

for agencies using just one number. 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 remedialaction is necessary. Different pairs of criteria can be established for different 
land uses.

V 

Agencies that have established three numerical 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 .u_se. The A 
Levels or" "reference values" represent soilof - good quality. Further investigation or remedial 
action is not 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 environmentand 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. 

The ABC values of the MENVIQ, British Columbia, and CCREM haverelatively stronger ties 
to land use. The definitions assigned to the values by MENVIQ and CCREM are similar to those _ 

,
. 

of The Netherlands ‘but also mentions 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 bythe B,C. 
MOE explicitly mention landuse. For residential, recreational, and agricultural land uses, Level 

. A is the threshold for investigation and Level Bzis 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. _ 
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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 con_sidered 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'f (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 notfexceeded, 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 criteria". Separate 
values are needed for three categories of land use: agricultural, residential/park land, and 
commercial/industrial; 

‘ 

A 

' 
A 

‘
' 

2.5 FACTORS CONSIDERED WHEN SETTING CRITERIA. 
2.5.1 Overview.

I 

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 pf 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 environmental fate modelling, exposure 
pathways analysis, and risk assessment. ' 

' 

A

' 

A review of the approaches of the regulatory agencies listed in Table 1 reveals eight factors that I 

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 considered if documentation shows this being done explicitly-. The 
’\ 
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ways that the factors are considered in the approachesof the primaryagencies are described in.
K 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 contaminants 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 constructioncodes 
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 animcals 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 provinciall 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 thisfactor was to be incorporated into an approach for establishing criteria . 

for contaminated sites.“ / T 

. 

« 
-

' 

i'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, _c_op'pe'r and selenium). 
A 

- For this project, informationab‘out background concentrations ‘of substances in soil has been 
assembled for Ontario, New Jersey, Michigan, Canada, the United States, West:Germany, 
Australia, and The Netherlands, Typical global values have also been collected. The specific 

. parameters addressed from jurisdiction to jurisdiction." 

Information about background concentrations provides little guidance for compounds that are 
-solely anthropogenic since the background concentration is zero. Another- limitation of this factor j 

is defining ‘what e"background" means and whether it is necessary to differentiate between 
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Table 2 

.SLlMMAFlY OF FACTORS USED ‘BY PRIMARY AGENCIES _ 

AGENCY , back- mobility!‘ Water 3 terr. human iaesth-i. DLs land 
ground‘ fate quality‘ 3 p&a -health etics A 

' 
- 

V 
use 

‘CCME lnterim'PAlflGiJid_elines (CCREiM,:1988)« A — 
V 

, 
— — Y _: - 

. lccME lmenm PCBAGuide'lines (Clarkeet al.. .1987) 

Netherlands Soil Guidelines (Moen, 1988) 

‘New Jersey ¥lnterim Soil Action Levelsi(NJlDEP,' 1990) 

ggontario Soil C;Iean—up Guidelines (Ontario MOE. 1a989a)' 
' 

Quebec‘ ABC _l.e\’_Iels (MENVlQ,. 1988) 

Alberta Draft Ti’er1 Guidelines (1990) ' 

J Y ~ — I - 
.

Y 

British CelumbialandRCriteria(B.C.MOE. 1989a) 
*. ' 

3 Y - — Y . 

:
- 

California Technical Standard (DHS, 1990) . 

‘ ~ 
- > 

- - 
A
- I I 

-< 

-< 

-<

< 

-<-<t-<-<'-<~-< 

I 

-< 

-<

I 

u 

-< 

-<-<i-<-<-—<-<<-<-<~—<

I I 

-<-<.-<-< 

- United Kingdom Trigger Concentrations (ICRCL, l;987) 

. Notes: 

Y = Yes 
terr l= ‘terrestrial 

p & a = plants and animals 
DL =- analytical detection limits



_/ 

' 

background concentrations in various types of areas such as urban and rural areas. A previous 
CCME projectassigned a definition. to background concentration (see Section .1-.4)_but does not 
differentiate between types'_of areas. . 

V‘ 
‘ 

1 . . 

. 2.5.3 Environmental Mobility
' 

Environmental mobiiity refers to the ability and/or way(s) with which a substance 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 substancesare more likely 
\ 
to move off-site and/or come into contact with’variou’s types of receptors.

V 

Mobility is not explicitly considered 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 range. The “reference values" from The 
Netherlands take into account clay content and ‘organic matter content of soils. 

I 

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 Water Quality 

The ‘relationship between soil conditions and those of local ground water is" an_ obviousone 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 detection limits. 

’ 

' 
l - 

.. 

Recently, environmentalpartitioning of substances between soils and ground water has been used 
to set the reference values in The Netherlands. This and other environmental fate modelling _. 
techniques are expected to come into wider use as noted. in Section» 2.5.2. 

One possible reason for ground -water not being addressed all agencies may be the view that
, 

contamination often originates with materials in thevsoil and that addressing soil conditions will 
usually improve ground water conditions as well. Another reason may .be't,hat, 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 provides a way for contaminants to move in the]

1 

environment,
_ 

' '

> 

l 

" 
l 
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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 agencies 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 Canadian Drinking Water Quality and Welfare Canada, 1989). 

2.5.5 Health of‘ Terrestrial Plants and 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 
animals. — 

' ’ 

« ~

' 

Information about the concentrations of substances in soil capable of adversely. affecting 
_ _ 

vegetation is available in the scientific literature for selected inorganic substances and organic 
_ 
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 agricultural crops 
and the contaminants of concern typically'in_c1ude 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 consideration (MOE-, 1989a). 

. Information about the concentrationsof-substanees in soil capable of adversely affecting grazing 
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 
res‘ult"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 typefor organic compounds. 

2.5.6 Human Health 

Human health considerations, usually in the formof assessments of health risks, have been used 
increasingly over the past few ‘years todevelop remediation criteria. In some of the recently 
developed methodologies, human healthtconsiderations are theprimary factor in setting. criteria. 
This philosophy is often predicated onthe 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 esters 
(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. tainti'ng—locally grown produce. -



I 

‘ 

account. in air and water quality criteria_ orguidelines where appropriate. 

Risk assessments» require‘ numerous assumptions to be made regarding the people being exposed, ' 

the pathwayslof exposure, _the reIa_ti_on'ship 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 are the additional prerequisites of defining "acceptable" risk. Each 
of ‘these aspects» is accompanied" by uncertainties and, in some instances, thereis considerable . 

V 

debateasi to pjropier'pro'cedures.- 
' 

' 

r e 
l

' 

27.5;75 ‘Aesthetics’ 

Contaminants in the environment befsonrces‘ of odours, staining of discolou-zration, l 

or foams..on?watei?.,_and--impart disagreeable tastes to w_ate1'~,. plants, and the that live’ in 
such. environments-. ‘Many odours‘ or tastes’ can be detected at concentrations: lower than those: 
needed to‘ cause other types‘. of’ adverse ef_l:-'e'ets. Criteria. on ‘aesthetic considerations: A 

intendedrto avoid such effects- '_ _ , 

. 

»

. 

While those? contaminants most likely to‘ cause‘ aesthetic. concerns are well lgnown, the 
concentrationesr in soil at which those effects occur not well. documented and thereforel this 
factor‘ has not: been considered often" in» setting. criteria. _Much of the inform-atione' that been 

. published. regardinggaesthetic effects concerns: concentrations. in, 'airand water (usually inathe 
form: of taste: and odour: thresholds). In‘. many jurisdictions, aesthetic effects are taken into

H 

The .-limited" information that is avail'able_restri'cts the ability todevelop numerical. criteria for 
aesthetics. As-.a result, some agencies have used qualitative guidelines. For example, the Ontario 
.MOE has used appearance and odours: to assess soil quality during the decommissioning of 
industrial sites. These guidelines have included (Rejades, _l_989): 

O absolutelyno remaining refinery-related odours in the ‘soil 
0 no discolouration or staining of soil“ , 

. 
l

V 

. 0 no hydrocarbon _laye_r or sheen present if a soil sample is placed inwater 

2.5.8 Analytical Capabilities 

Analytical detection limits have been used ‘by several agencies in setting ‘remediationcriteria; 
most often when other types of information are lacking for substances. For some anthropogenic 
substances, it has been assumed that any measurable co'ncent‘ration,is unacceptable for relatively __ _ 

sensitive land_ uses (such *as residential or 
_ 

agricultural) and that a maximum acceptable 

concentration ‘for less sensitive land use could be defined as a multiple of the detection limit. 

The role er using analytical capabilities in setting criteria likely will diminish as other factors a 

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 

analytical detection limits have steadily improved over thepast several decades, thus providing 
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a constantly. changing target. A third limitation is that the detection ‘limit achieved on soil 
samples: is a function of interfering compounds or conditions that may be present in samples. 

_ Fin_al,ly, analytical. detection limits are sensitive to the procedures followed during sample 
collection, transportation to the lab, handling, and preparation. ’ 

A 

- 

'

. 

Analytical capabilities can not be used as a factor for‘ many naturally-occurring substances (both 
organic and inorganic) which typically are presentat: 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 (forresidential/park land), ’respectively.. 

Among the. agencies that d-ifferentiate according; to land use, virtually all advocate lower criteria 
for AG: and R/‘P than C/I. It,is=. generallyi that C‘/I lands pose less opportunity for site 
users: to be. exposed to soil contaminants, that users. of CH’ sites typically do not include children, 
that: siite users typically spend less time: at C/‘I sites. at AG or R/P sites, and that conditions 
at CIT sites (such. as large’ portions being‘ covered by asphalt or concrete) tend to reduce or 
inhibit environmental mobility. .

A 

‘, ‘Among agencies that differentiate between AG RIP land uses, there is a tendency to set 
AG’_levels either equal to orislightly 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) lead to -’ 

the transfer of contaminants to non—'site users in agricultural products. Some agencies combine ' 

the AG and RIP land uses. .

‘ 

While many agencies findit 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 level_s for the same 
parametersrange from 1.6 to 6. T1,1e"MENVIQ C:B ratios for most monocyclic and polycyclic 
aromatic hydrocarbons are all 10. For various PAHS associated with former coal tar ‘sites, the 
ratios for U.K. trigger concentrations range from 1 to .20. 

' 

'
' 

The principle of "multi-functionality" advocatedppby The -Netherlands is another way of 
I

I 

considering various landguses in setting. criteria. This principle 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 

3 
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‘ 

animals (Moen, 198$). Conversely, the United Kingdom Department of the Environment has 
‘rejected the concept of .multi-ftmctionality 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 E’nvir’onm_ent,— 1990). 
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3.0 ‘EVALUATION OF EXISTING APPROACHES ' 

3.1 

c 

DESIRED ¢HARAC'l‘ERISTICS FOR NCSRP APPROACH 
As many regulatory agencies around the world have discovered, developing sofl criteria poses 
several challenges, The approach/criteria must? be perceived as appropriate and adequately 
protectiveof‘ 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. 
' 

_ 
i 

A

\ 

Ideally, the approach should be scientifically defensible and ‘consider a broad spectrum. of 

challenge ‘in this regard is the inadequacy of the information available for many contaminants. 

and be able to" accommodate or integrate the criteria that have already been recommended by 
various regulatory agencies in Canada.

\ 

Based on discussions 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 following attributes: '- 

- 0 be applicable to awide range of sites, site conditions, and contaminants 

« 
. 

, 
0 consider all environmental. mediaor compartments 

1
I 

0 consider various‘ exposure pathways, resulting doses that receptors may receive, and the
' 

risks that those doses pose. _ 

A

' 

~ 0 be able to adapt to inadequate or missing data 

0 . consider present and: future land use(s) and consider the uses of ‘neighbouring properties . 

0 ‘place equal emphasis on protecting the environment andhuman health 

o_ consider concerns such as aesthetics and_ phytotoxicity 

O consider’backgr'o1'md or ambient concentrations of contaminants 

0 
V 

consider the current capabilities of analytical detection techniques 

_ 

There also are certain practicallconstraints or conditionsthat do not influence‘ho'wthe approach 
is structured but whichwill influence its viability. When establi_shing criteria. that may be applied ‘ 

broadly (and not take site-specific conditions into account), there is a tendency to be somewhat 

3-1
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information types but avoid being hamstrung by information requirements. An additional ' 

For the NCSRP, the approach and criteria also should be applicable to sites across the country '



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 unduly conservative, Ingthe event of the latter, there wouldbe a 
' 

tendency to ignore the criteria and pursue -the site-specific objective option.
' 

i 

As noted in Section 2.4; an objective of this project is toidentify two "assessment. criteria". for 
each contaminant (one for soil_ and one for ground water) that 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- 

I 

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 wouldcorrespond to . 

values considered protectivefor specified uses of soil_ and water at contaminated sites. 

_3.2 EVALUATION METHOD AND F11~1D11¥_IGs . 

_ 
The approach of each primary agency was judged according to the desired characteristics noted 

_ 

. in Table 3. Each of the desired characteristics were deemed of equal importance for the purposes 
of this exercise. Four. outcomes were possible when each characteristic was considered: 

0 . yes - if the approach clearly possesses the characteristic 
‘ 

. 

i

T 

O no.—'if the approach clearly does _not possess the characteristic _or disregards" the intent 
‘ of the characteristic _ 

' 

. 

' 

_ 

— -

" 

O T 

’ limitede 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

' 

. 

O uncertain - if it is uncertain whether, the characteristic is present 

, The results of the evaluation aredisplayed in Table 3. Based on this evaluation several findings 
I

4 

are evident:
’ 

0’ Many of the app_roaches_ 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, 
V 

United Kingdom, and MENVIQ. The approaches with the 
lowest are those from the CCME (for P'AH,s at abandoned coal tar sites) and New Jersey. 

0 
_ 

The. desired characteristics most often present in the approaches . include ‘wide 
applicability_,'considerati_on of several land uses, and background concentrations.’ The 
characteristics most often absent include considering all environmental ‘media, the ability

i 

to_ adapt to "inadequate or missing data’, and the ability to consider site_ neighbours; 

O The ability to, determine "if some approaches have desired characteristics is limited 
because the approach either is not wel1—documented or A-not publicly available. . 
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V 

- Table 3 — ' 

EVALUATION OF CHARACTERISTICS OF APPROACHES USED BY PRIMARY AGENCIES 

AGENCY . 

A 

widely all all routes various missing various. ~ neigh- .env;= aesth- tphyto- §back- :iDlLs’ 

applied media of exposure receptors 'data 
A 

land :uses bors health etics tox lground 

Alberta Draft Tier «1 Guidelines (1990) L - N N N L_ 1. N_ L_, ? 
‘ Y Y 

‘

Y 

‘British Columbia I and R Criteria (B~.C. MOE, vl989a)~ «\ 
. 

Y « L ‘L L L Y N L ? 
' 

'? ‘Y Y 

. 

california Technical Standard (nus, 1990) 
A 

Y 
‘ 

L Y Y r. Y N Y 
A 

N 
V 

-N 

A 

N N 
:C_CME Interim PAH Guidelines (’CCRE/M, 1988) N - L N N - N L 

A 

N 
I 

N N 
I 

N L IN 

CCME Interim PCB ‘Guidelines (Clarkeet al.,» 1987) . N 
I 

"Y 
i 

p 

N Y ’ -N 
V 

N ‘N 
I 

N L .N." 

A 

‘Netherlands Soil.Guidelines (Moen, 1988) Y L N N Y N ? ? N Q Y 
V

Y 

{New Jersey lnterimi_Soil Action Levels (NJDl3P, ’1-990) 
_ 

L- N- \ 
I 

L N L N ? ‘N N. Y N’ 

i(.)ntario Soil Clean-up Guidelines (Ontario_MGE, 1989a) ' L 
L 

N N 
_ N N 

_ 

Y N ‘Y _ 

L . 
/ Y 

“Quebec ABC Levels.(MENVlQ, 1988) Y L N L L "Yv N i? 
C 

N. Y Y 

'Unitedtl(ingdom Trigger Concentrations (lCRCL, I987) 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 ~



0 Because of their narrow focus, some of the approaches’ do not ‘consider 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. ' 

.

v 

While all of the approaches offer some" guidance with regard to settiné; national ‘environmental 
quality criteria for contaminated sites, it is apparent from this evaluation that none are ideally 
suited (in their current. forms) to developing 

_ 

NCSRP criteria. _none of the 
approaches (or the associated criteria) canlbe recommended for immediate adoption by the . 

‘NCSRP. ' 
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4.0 OPTIONS FOR SETTING NCSRP CRITERIA 

4.1 ovmmw i 

Because none of. the approaches of the agencies reviewed in Chapter 3 possess of the 
characteristics desired to be present in the NCSRP approach-, it will be necessary todevelop 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 Subcommittee on Environmental Quality Criteria for Contaminated Sites, 
these goals can only be achieved by deliberate actions. As ‘indicated in fSe'ction 2.1, some 
regulatory" agencies have been pursuing‘ similar goals for many years (for example, The 
Netherlands). Such time frames, however, clash with the pressing needfor criteria faced by the 
‘NC-SRP. To respond‘ to two such disparate goals, it is recommended that the CCM__E 
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. 

V 4.2 DEVELOPING c 

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 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 is also, referred to as the "mosaic" 
option . 

’ 

' 

'

' 

O ' identify the most appropriate approach from among those evaluated and adopt those 
criteria as the interim criteria; this is referred to as the "best-fit" option 

Both options avoid the extensive time and data requirements‘ that developing 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. ‘ 

‘ 
- r r -— A

‘ 

While the emphasis of this project is to .develop,i_n'teri_m assessment and remediation criteria for
V 

soil, interim criteria for water have also been proposed. The options for deriving these values 
are si‘milar.in context to those for soil. . 

' 

‘ ’ 
- 

‘ 

A 
-

. 
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4.3 MosAIC OPTION" - 

4.3.1 Approach 
Ad‘ 

This option involves selecting criteria from among those that have been established, Each 
substance is considered individually and it is possible that the selected criteria can include values - 

fromjmany agencies (hence the name "mosaic" option), - 

The key elements of this option are the types of information considered and the rules used to‘ 
I 

evaluate the information and select the criteria. Appendix B presents in detail» theinformation 
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 
i illustrate the option. V » 

All of the numerical criteria that have been .-issued by Canadian regulatory. agencies are 
considered to_ be equally valid and appropriate as candidates except as noted below or in the

r 
‘details presented in Appendix B. Preference is given to Canadian values on the assumption that 
some foreign criteria may reflect conditions inappropriate in the Canadian context; _, 

' 

4.3.2 Methodology for Selecting Interim As_sess_ment.Criteria 
-8 

I 

Asinoted in Section '2.4., the interim 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‘h'ea.1t,hy soil system. Further 
investigations or site remediation would not be needed if the assessment criteria are not- 

exceeded. « 

V 
_ 

_. 
_ 

»\ 

The assessment criteria should lie toward the upper end of background ranges to reduce the 
possibility of incorrectly interpreting natural conditions as requiring furtherinvestigation 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 _.thr'esholds or triggers or identified as representing background conditions, These 
include British Columbia A criteria (B.C.rMOE, l989a), MENVIQA values (MI/-_3NVIQ, 1988), A 

France thresholds for anomalies and investigations (Beaulieu, 1989), Netherlands A values C 

(Moen, 1988), NHMRC investigation thresholds (NHMRC, 1990), and Victoria IACs (Victoria . 

Environmental Protection Agency, 1989)., - 

The second broad category the "supporting information" that concerns background or ambient 
I 

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

; 

A‘ 

A 
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I . 

' 

, \ 

(NJDEP, 1990)", the United States (Dragun, 1988), the-ANZEC A range (ANZEC, 1990), and 
West Germany‘ (Siegrist, 1989). It is assumed that all of thedata have the potential to -represent 
upper background concentrations in various Canadian environments. V 

.

‘ 

The rules outlined in Appendix B are designed to identify assessment criteria 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 remediation criterion for that substance '(see Section 4.33). 
4.3.3 Methodology for Selecting Interim Remediation Criteria 

The interim remediation criteria correspond to concentrations of substances in soiland water 
considered to be protective for specificland uses. Remediation criteria are intended to prevent 
or avoid various types‘ of adverse effects to the environment or human health. The possible types V 

of adverse .ef_fects are strongly influenced by the way(s) that a site is used. As noted in Section 
2.4, three categories of land useare of interest in this project: agricultural (AG), residential‘/park 
land (R/P), and commercial/industrial (C/I). " . 

' 

A V
~ 

Interim remediation criteria for AG intended "to prevent or avoid ‘adverse effects on ‘plant. 
growth or grazing livestock at agricultural facilities (as opposed to‘ backyard gardens). The 
"ca-ndidates"v ‘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, 198921), CCME'interi_m value for PCBs for commercial gardens, U.K.. 
thresholds if identified as applicable to "anywhere plants are to be grown" (ICRCL, 1987), and 

A 

_the interim values recommended by the_Ontario MOE~for dioxins and furans (Ontario MOE, v 

1990a and 1990b). . 

"Supporting information” sourcesiinclude the CWQG‘ document (CCREM, 1987 and updates) V_ 

whichpdescribes concentrations in soil associated with adverse effects on crops and livestock and 
U.K. triggers for minespoil soilwhich include ‘maximum concentrationsfor growing plants and 
grazing livestock (ICRCL, 1990). " 

- = ~ 
. 

V - 

— The rules’ outlined.in Appendix B aredesigned to identify ‘remediation criteria “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 worldng value ‘is reduced "V 

"A 

, 
_ b 

if necessary to ensure that the final AG‘criterion does_ not exceed concentrations associated with I 

» 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 criterion can -be set equal to the soil assessment criterion for that substance (see 
Section 4_.3.2).p 
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Interim remediation criteria for R/P are intended to prevent or avoid adverse effects to people 
who_ live. on~or frequently visit such sites. In addition -to habitation, site uses include 

backyard gardens, play areas, parks, etc. 
V 

i

' 

"Candidatesf for inte‘rilm'R/P remediationcriteria include British‘ Columbia B criteria, Ontario 
’ AG/R/P guidelines (except those based on grazing animals). and interim ‘guidelines for dioxins 
and furans, MENVIQ B values, CCME B values for PAHs, CCME interim value for PCBs for 
R/P sites, New. Jersey lSALs, Netherla_nds B values, and U.K. thresholds for residential or - 

public lands (including domestic rgardens, allotments, parks, open spaces, and playing.-fields); 

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

Interim remediation criteria for C/I are intended to prevent or avoid adverse effects to people 
-who work at_ or use such sites. Opportunities for exposureceto contaminants in soil are generally 
“regarded as much less than at R/P sites because the soil at C/I. sites often islargely covered by 
buildings or other hard surfaces. 

. "Candidates" for interim C/I remediation criteria include iBrit;ish Columbia criteria, Ontario 
~C/I 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 

commercialilsites, Netherlands C values, and U.K. thresholds for C/I lands. 

Interim, remediation criteria for C/I_ were selected according to rules thatare preferential 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 -setthe same criteria for R/P and C3/I 
land use combinations since this seems inconsistent given the scenarios and opportunities for 
exposuretypically envisioned for these two land usecategories, 

V

' 

4.3.4 Results Produced by the_Mosaic Option - 

‘Appendix B presents the. results of‘ using the mosaic option. The c1iteria._a.re Sllmmafized in 
Table 4 for a collection of 

‘ 20 parameters that includes inorganic substances and organic 
compounds. Table .5 identifies’ the agencies of origin for each ‘value in Table 4. 

\ . . 

" ’ 

C 

While this option can respond to the urgency for criteria, it is not without 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 Ne’ther1ands, which are very similar and 
reflect 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 
typical detection limits and some implicit understanding of the relative degree of toxicological 
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Table4 

SUMMARY 0FiINTERi1VI~CRI'I“ERIAA DEVELOPED USING THE ‘MOSAIC OPTION ~ 

Assessment Criteria Remediation Criteria 
Soil 0 Water AG - R/P‘ 

. AC/I 

- Inorganic Parameters . - 

_
n 

V 

"arsenic 
' 

. 10 5 10 30 
y 

50 
barium , 

5 

0 

200 50 200 500 2000 
beryllium '5. 

' -- 
0 
5 4 

H 

. 10 
cadmium 3 _ 1 1 1 0 5 . 

' 20 
chromium, 6+ . 0 

. 
5 -_, 5’ 10 0 

:25 = 

chromium. total _~ 1000 
V 

15 100 ’ 600 800 
cobalt 

_ 

20 10 20- 0 50 “ 300» 
copper _ 50 _’ 25 80 ‘ 

1.00‘ 500 
lead 

_ 

0 , 50 10 n 50 '- 5000 "1000 
mercury 

' 
' 

0.2 
A 

0.1, 0.2 2 10 
molybdenum 

j 
4 5 4 f 10 - 40 

‘ 

nickel 
. 

0 V 40 ‘ 10 0 

‘ 40 100 500 
selenium ‘1 c’ 1 -1 f . '3 

0 510 
zinc 

, 

‘ 

0 

' 

120 __ 50 120 ' 500 1500 

cyanide, total I 5 40 5 . 50 . 

' 
' 500_ 

fluoride, free 200. .-.- 200 ' 400 , 

’ 2000 

Organic Parameters ‘ 
0 

0 

- - 

- benzene « 

V 

* 0.05 0.5 1 0.05 ' 0.5 ~ 5 - 

PCBs . 
~ 0.1 ,,0.1 

‘ 

0.1 - 

1 
00 25

_ 

benzo(a)py'rene . 

' O 1 0.01 
. 

0 1 1 
0 

0 
' 10 

PCDDs and PCDFS 
‘ 

o:0o01 o:ooo1 0.001 0.001 

ote 

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



Table 5 
N 

M A 

ORIGINATING AGENCIES or CRITERIA ‘FOR THE MOSAIC oPr1oN 

Assessment Criteria 
_ 

, 

Remediation Criteria 
Soil . Water v AG A 

R/P - 

' C/I 

Inorganic Parameters» : . 
. 

.‘ 
‘ 

_ 

. 
-~ 

' 

- 

-v 

’ 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 . 

~ — AL ' ON 
V 

« ON 
.‘ cadmium 

_ 

' 

A BC/VA ‘ BC/PQ V AL . ~BC/PQ/NE .BC/POQ/NB" 
chromium, *6 A AL . 

--. - AL , A 
ON ' UK V 3 

chromium, total 
. 

NE/VA .BC/PQ AL UK ‘ 

‘ BC/PQ/NE" - 

cobalt 
’ 

_ 

. NENA BC/PQ « 
~ AL BC/ON_/PQ/NE BC-/PQ/NE .

’ 

copper _ g 

r_ PQ. BC/PQ 7 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 ‘ BCIPQ 
molybdenum BC/FR ' 

_ BC,/PQ/NE AL A- BC/PQ (BC/ON/PQ 
nickelv . 

» AL 
b 

BC/PQ 
V 

’ AL BC/PQ/NJ/NE BC/PQ/NE 
selenium . PQ ‘ 

' 

BC/PQ_ i 

‘ AL BC/PQ/UK BCIONIPQ 
. 
zinc 

" 
A 

PQ _ 

-BC/PQ ‘ 

A 

‘AL BC/PQ/NE BC/PQ 

cya_I.1ide_,it.otal' 
A 

BC/PQ/NE 
A BC/PQ - 

. AL BC/PQ/NE * BC/PQ/NE 
fluoride", free BC/PQ- 

' 

, 

:.. 
_ 

AL BC/PQ - ‘BC/PQ/NE 

Organic Parameters " 

. 

~ 
— 

L . 

- 

é

. 

benzene . , BC/PQ BC/PQ . AL BC/PQ/NE BC/PQ/NE-‘ 
PCBsr ~ BC/PQ L 

' 

BC/PQ . 
- 

A CC‘ ‘ PQ/NE/NJ - ON 
benzo(a)pyrene BC/PQ , 1 BC/NE - AL BC/CC/PQ/N1§ 
PCDDs and PCDFs ON _. 

. 

‘ 
» 

g 

ON ‘ON 
4 

A ON 

Notes: 

AL — Alberta v 
- NJ - New Jersey 

' BC A-_B_r'i_t_i_sh Columbia V 

' 
' 

V 
ON -' Ontario 

‘ cc -.-CCME. ’ J APQ-Quebec 
g 

- 

. _ f 

_ UK -"United Kingdom VA - Victoria, Australia - 

' I
K 

‘ NE — Netherlands 
« 

- France ' 

.

J

I 

” 
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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 similar weaknessesin the remediation criteria for most 
organic compounds. ' 

’ 
’ 

A 
‘ ’ 

‘
‘ 

The extensive‘di’s,cussio'n 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 inorganic substances the basis. for recommending 
a value is largely judgemental. 

‘ 

‘ 
I 

’

- 

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 o1rrIoN . 

Ideally it would be possible to identify 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 criteria and three 

A 

remediation criteria identifiedin.‘Sectio'n 2.4. .- 

While the essence of_ the mosaic option concerns how specific pieces of information influence , 

the establishment of criteria, thefocus 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 understandaspects of guidelines that are ‘not. generally available. In addition, draft 
versions of the results produced by both options were presented at the N CSRP Workshop held 
in November 1990. Based on comments received during and after the workshop, additional rules 
were established "for the best-fit option. 

' 

- '

‘ 

Based on these consider'ations, it was determined that the best-fit option should bea hybrid that 
would include: - 

‘ 

-

‘ 

0. 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 

i .> 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; . 

no: 
A 

e 

Interim ground water assessment criteria should be equal to the B.C. AA criteria. 
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0 ' Interim AG reme/diationcriteria should be set equal to the Ontario. AG/ll/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. 

0 
I 

Interim R/P and C/I remediation "criteria should be 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/I values for coarse soils should be used unless the C/I value equals the RIP value. 

. 0 " The dioxin furan values recommended by the Ontario MOE for the interim soil 
assessment criterion and all three interim remediation criteria. . 

6 
V 

The'CCME values for PCBs for the interim soil assessment criterion and all three interim 
remediation criteria. 

Some of the agencies noted above have established guidelines for num'ero_us organic parameters;
’ 

l 

however,*in many cases these guidelines are based on little more than analytical detection limits-. 
Since their scientific basis isso 1in_1ited_, it was decidedtthat many-of those parameters should not 
be included in the bestefit option. Eliminated were: PAHs other than the nine for which the 
CCME. has established. guidelines’, numerous pesticides‘, and numerous" parameters expressed as 1 

3 2 . 

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

-Like- the mosaic-option,'the best-‘fit option 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 confusion 
since the criteria‘ of fewer agencies would be involved. 

‘ 

, 

'

s 

'‘ 

_4.s RECOMMENDED INTERIM ACTION 
It is recommended that the best-fit option be used -to establish the interim environmentialquality 
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 displayed‘ in" 
-Tables 6, 7, and 8. ' ' 

t 

_ 

' ' 

‘lioth the interim nature of the criteria and the intention of the N CSRP toeventually replace the 
interim criteria with revised criteria must be made -evident to users of the interim’ criteria.
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‘Table 6 ' 

INTERIM ASSESSMENT‘ CRITERIA DEVELOPED USING THE BEST-FIT OPTION 
"(A1l._values in ug/g dry weight or pg/L unless otherwise stated) 

Soil Water 

General Parameters . 

pH ' 
' 

- 6 to --- 

conductivity ' 

_ 

‘ 

A _ 

2 dS/m -E-— 

sodium adsorption ratio ‘ 

/ 
5 

_ 

--- 

Inorganic Parameters ~‘ 

antimony » 

' 

_ 

20‘ 
A 

— 

-S 

2 

. 
—.-:- 

arsenic 
' 

’ 

5 ‘ 5 
barium ' 

« 

f 7 
200 

' 50 
beryllium '. 

E 

_ 
. 

‘ 

‘ 

y 
_4 

' 

a:-:- 

boron ‘(hot water soluble) . 

V 

1 
_ 

' 

--.- 

cadmium W _- 
'— O-.5 V 

1‘. 

chromium, *6 - 

A 

. 2.5 ‘ -:-— 

chromium, total _ 
. 

‘ 20 
_ 

'15 

cobalt 
_ 

' 

. 

‘ 

. 
, 

" 10 
_ 

V 

. 10 
copper ‘ 

' 

« 30 
_ 

' 

~ 25 
V

. 

lead V 

V 

V 

S 

‘ 

» 
« 25 E10 

mercury 7 ‘ 0.1 
2 

“ 

. 
- 0.1 

molybdenum ‘ ' 2 - 

‘ 

5 . 

nickel 
' 

V 

- 

, 
'20 ' 10’ 

selenium, 
' 

. 

2 

. 1 - 1 

silver V 

. 

_ 

-A2 
_ 

. 

_

5 
I I I 

' 0.5 
i 

. 

‘ .1..- 

tin 
. 

5 ' 10 7 

vanadium 
’ 

. '25 
A 

‘ 

. -:e- 

zinc ' 
' 60 

' 

_ 

50 

cyanide, free 
_ 

‘ ‘ 0.25 ‘ 40 
cyanide, total ' 

- 
V ‘ 

. 

- 2-.5 
' 40 

fluoride, free 
_ 

- 200 
2 

-,-- 

rsulphur, elemental . 
, 

S _250 ---

I
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6 (continued) 
(Interim Assessment-Criteria Developed Using’ ‘the Best-Fit Option) 

~ "Soil i 
~ 

~ Water 

Monocyclic Aromatic‘ Hydrocarbonfi V 

y

‘ 

benzene 
A 

‘ 

_ 
' 

- 0.05 _0.5 
ethylbenzene 0.1 . 0.5‘ ' 

_to1uene 0.1 . 

- ~_0.5' ” 
_ch1orobenzene 

_ 

0.1 0.1 
1,2-dichlorobenzene ' 011 0.2 
1,3-dichlorobenzene 0.1 0.2 
1,4-Vdichlorobenzene ~ 

r .0.1 0.2
V 

styrene 
_ 

” -0.1 0.5 
xylene — 0.1 0.5 

‘Phenolic Compounds ' 

non-chlorinated’ (each) 0.1 V ‘0.1_ 
0. chlorophenols3 (each) 0.05 1.0 

Polycyclic- Aromatic Hydrocarbons (PAHS) 0 

__ 

benzo(a)anthracene ’ ‘ W 0..1 . 0.01 
benzo(_a=)pyre‘ne ' 

~ 
' 0.1 0.01 

.benzo(b)fluoranthene 0.1 0.01" 
benzo(k)fl'uoranthene' " 0.1 

_ 

‘0.01 
dibenz(a,‘h)anthr’acene' - 

V 
’ 0.-1 0.01’ 

indeno(1.,2,3-.c,d)pyre_ne- 0 

' 0.1 0.1
' 

knaphthalene 
V 

. 
f 

‘ 0.1 - 0.2 
phenanthrene 0.1 0.2

, 

pyrene ' 7' ‘0.1 0.2 

Chlorinated Hydrocarbons ' ~ r r 

aliphatics‘ (each) T 
. 

' 

_ 

"0.1 ‘ ' 0.1 
chlorobenzenes’ (each) , 

’ 

n 

' ' 

- 0.05 f . 0.3 
hexachlorobenzene ‘ 

0 

y 

0, 1 
V 

0. 1 

'hex'~ach1orocyclohexane . 

V 

_ 

‘0.01 - 

_ 

- --- 

PCBS‘ . 
~ 

0. 
. 

0.1 
_ 

’ 0.1 
PCDDs and PCDFs7 . 

n . 
y 

o_.ooo01 . 

~

'-



\ 

. 
. 

Ta.ble.6 (conti_nued)' 
. 

' 

. 

’

- 

(Interim Assessment Criteria Developed Using the Best-Fit Option) 

Soil ' - 

f Water 

Miscellaneous organic parameters 
non-chlorinated ‘ 

- 
v 

. 

_ 

‘

A 

‘ 

aliphatics (each) 
' 

. 0.3 t 

A 

---+ 

phthalic acid esters (each) 
i 

§O‘ 
‘ --- 

quinoline 0.1 
I 

—r—:..- 

thiophene O-.1 
' 

_ 

=-= - 

V 

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. 

_ 

--l valuexnot established
I 

(1). Set eoual ‘to the Agricultural Remediation Criteria value"(see Table 2)_'. 

(2) Non—chlon'nated phenolic compounds include: 
, 2,4—dimethylpheno1t 

_

' 

2,4-dinitrophenol 
2-methyl 4‘,6-dinitrophenol‘ 
nitrophenol (2-, 4-) 
phenol

‘ 

— cresol 

(3) Clhlorophenols include:
‘ 

chlorophenol isomers (oi-tho, ‘meta, para)‘ 
dichloropheno1s(2,6- -2,54 2,45 3,5- 2,3- 3,4—) . 

tfichlorophenols (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 . 

“ 
, 

'

.

1 
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_ 
Table 6 (continued) 

(Iriterim Assessment Criteria Developed Using the Best—FVit' Option) 

(4) Aliphatic chlorinatedhydrocarbons include: 
. chloroforin 

A 

2

4 

dichloroethane (l,l- 1,2-), dichloroethene (1,1- 1',-2-) 
‘ pdichloromethane 

_ 

1

p 

A 

1,2-dichl'oropropane,. 1,2-fdichloropropene (cis and trans). 
1., 1,2,2-tetrachloroethane, tetiachloroethene 
carbon tetrachloride 

‘ 

A 
1 . 

tri'ch1oroethane(1,1,l- l,l,2—4),trich1Oi1-oethene u 
, 2 _ 

.-,
_ 

(5) Cihlorobenzenes include all trichlorohenzene isomers, all tetfachlorobenzene isomers_, 
L 

and 
pentachlorobenzene. 

' ' 

'

- 

‘ 

. (6) .PCBs include mixtures 1242, 1248, 1254 and-1.260.. 

h(7) PCDDs and PCDFs expressed in 2»,—3,7,8,-TCDD equivalents. NATO International 
Toxicity" Equivalency Factors (I-TEF s) for congeners and isomers of PC‘DDs and PCDFs 
are as follows: ' I — A 

. 

' 

'

’ 

1 
hp 

_Cp_ngg£ TEF 
- 2e,3p,7,8-T4CDD l‘.0 

l,2,'3,7,8'_-cP5CDD 0,5 
1,2,3,4,7,8-H6CDD' 0.1 K 

. l,2,~3,7,'8,‘9-HGCDD 0..1 
V 

1,2,3-,6,7;8-H5CDD 0.1 
1.,2,3v,4V,6,7,8-H7CDD 

_ 

0.1 
‘ O8C-DD 

A 
' 0,001’ . 

2,3,—7,h8,-T4CDF 1 -0.1 ‘ 

2’,3,4,7,8,-P5CDFp 0.5- 
1,2,3,7,8,-P5CDF ' 0.05 

I 

l,2,3‘,4,»7,18,-H6C>DF 0.1 
V 

1. 

1,2,3,7,8,9,-H6CDF 0.1 
1,2,3,6,7,8-H6CDF 

A 

0.1 
2,3-,4,6,7,8-H5CDF . 0.1 
l,2,3,4.,6,7,'8-H_7CDF T 0.1 
l,2,3,4,7,8,9-H7CVDF ' 0.01‘ 

‘ 

' O,CDFv » 0.001 

‘.4.



* ‘Table 7’ 

INTERIM REMEDIATION CRITERIA FOR s‘oIL 0 

DEVELOPED USING THE BEST—FIT OPTION 
(All values in pg/g dry weight unless otherwise noted.) 

' Agricultural ,R_esideln,tial/ 
V 

1 - Park Land 

General Parameters . 

. 

-

. 

pH ‘ 

- 6to8_ '6to8 
_ ,5 

conductivity 
' 

' 
' 

. 2 _ 2_ 
b

* 

sodium adsorption ratio ' 

V 

5 _ . 5 

; 

' 

Inorganic, Parameters _ 

. ,, antimony < 20 ’ 

A 20 
- arsenic L 20 

_ 

A 

30
_ 

0 

barium 
' 

750 ' 500 
. 

' 

. beryllium - 

_ 

4 . 1 

" 

4 A 

boron ‘(hot water soluble) 
' 

_ 

_ 

\2‘ 
_

- 
cadmium 3 E 

' 

» 5 
chromium, +6 

_ 

8 8' 
0

. 

c_hro.mium., total - 750 250 
’ cobalt 

' 

- 40 . 

‘ 

_ 
50. 

' 

' 

copper ' W150 100 
lead , 

. 

. 375 » A 500 
* mercury 

‘ 

-_ . 

- 0.8 
'

2 
molybdenum — 

' 5 
y 

‘10
_ 

nickel - 

_ 
_ 

y 

' 

_ 
150 100 

, 

selenium _, . 2 
4 

‘V 3 - 

A 

silver ' 

. 20 20 
thallium 

’ 

1_' 
' 

‘ 

. 

--- ‘ 

tin 
, 

’ 

5 
' 50 

1 

vanadium 
V 

200 -200 
b 

zinc 600 500 

cyanide, free 
_ 
0.5 . 

- 

‘ 10 

sulphur, elemental 
_ 

"500 ' ---’ 

- cyanide, total 
a 

e 5 ’ 

. 50 
_ fluoride, free : ‘200 - 

‘ 

' 400 

' 

(4-13 

— 800 

‘ Commerciall 
Industrial 

"6to 8
4 
.12

A 

40 
50 
2000
s 

20 ' 

._. 7 l 

300 
500- ' 

1000 
10 '40 
500 

is 10 
40 

300 
7. 

1500 

500 
2000..



(Interim \Remediat.ion‘ Crite 

\/ 

ethylbenzene 
toluene 
chlorobenzene 
1 ,2—dieh1orobenzene 
1 ,3-dichhlorobenzene 

' 1,‘4—dich1orobenzene 
styrene 
xylene 

Phenolic Compounds 
_ 

non-chlorinated‘ (each) 
chlorophenolsz (each) < 

Polycyclic Aromatic Hydro 
benzo(a)anthracene .

' 

benzo(a)py'rene 
benzo(b)fluoranthene 
benzo(k)fluoranthene 
.dibe‘n'z(a/,h)anthracene

' 

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

phenanthrene
. 

pyrene 

Ch,lorinated Hydrocarbons 
ta1iphatics3 (each) 
chlorobenzenes‘ (each) 
hexachlorobenzene ' 

hexachlorocyclohexane 
PCB's5 

‘

‘ 

PCDDs and _PCDFs° 

(Monocyclic Aromatic. Hydrocarb 
- benzene 

‘ 

A

‘ 

Table 7 (continued) 

Agricultural‘ 
I» 

0.05 
0.1

* 

'.°.°.°.°.°.°.° 

>—->—-v—-i—A->—r-—-v-- 

carbons 

P.°.°~.°-.°.°.°'.° 

0.1 
98 
(PAHs)

'

P o— 

0.05 
0.05 
0.01 - 

0 5 
* 0200001 

4-14 

Residential‘/I 

Park Land 

UI 

_©—- 

9'' 

(mum-g

I 

0.001 

_ri'a For Soil- Developed Using the Best—fit Option) 
0 V 

1 Conmierciall 
Industrial 

' 50 
V30 * 

10
“ 

10 
10 

_I0 
50 
'50 

50 
1 10 
10 
__..

50



/‘ 

) 

Table 7 (continued) a 

i

- 

(Interim Remediation Criteria For Soil Developed ‘Using the Best-fit" Option) 
i 

Residentiall 
Park Land. 

Agricultural V Commerciall 

-Miscellaneous organicparameters 
non-chlorinated 

03 '1 aliphatics (each) 
I 

. 
--- --- 

phthalic acid esters (each) ~ 
3 30 --- --- 

quinoline 
' 

' 

0.1_ -r- -.-- 

thiophene O. --- ' --.- 

Notes:
' 

V 

_--— values not established 

(1) Non-ichlorinated phenolic compounds includefi 
2-,4-dimethylphenol 
2,4-dinitrophenol 
2—methyl 4-,6-dinitrophenol 

' nitrophenol (25, 4-) 
phenol 

’ 

cresol 

(2) _Ch1orophenols include: 

_ 

' 

pentachlorophenol 

chlorophenol isomers (ortho, meta, para) _
, 

.dich1oropheno1s(2,6— 2,5- 2,4- 3,5.- ‘2,3- 3,4=) . 
t

. 

trich1orophenols_(2,4,6— 2,3,6- 2,4,5‘- 2,3,5- 2,3,4- 3j,4,_5a) 

tetrach1orophenols(2,3,5,6- ’2,3,4,.5- 2,3,A4,6-)
' 

./ 

(3) Aliphatic chlorinated hydrocarbons include:
* 

dichloroethane(,~(1,1.,-. Vl;,2-),- dichloroethene (1,1¢ 1,2.-)4 

dichloromethane . 
._ 

I 
, _ 

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 

4-15. 
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Table *7 (continued) 
(Interim’Rernediation Criteria For- Soil ‘Developed Using the Best-fit Option) 

_ 

(4) Chlorobenzenes include all trichlorobenzene’ isomers, all tetrachlorobenzene isomers and 
pentachlorobenzene. 

. 

\
' 

(5), PCBS include mixtures 1242,1248, 1254 'a.nd~126.0.v 
‘ 

(6)f PCl)Ds and PCDFs expressed in t2,3,7,8-TCHDD equivalents‘, NATO International 
- Toxicity Equivalency Factors (I—TEFs) for congeners and isomers of PCDDs and PCDFs 
areas follows: ‘ 

- .- 
i . 

E. 

'11 Con _ener 
' 

2,3,7,8-T4CDD 
1:,2,3,7,8-P5CDD 
1,2,3,-4,7,8-’H6CDD 
1,2,3,7,8,9'H6CDD 
l,2,3,6,'7y,8-H6CDD 
1,2,3,4-,-6,7,8-H7CDD _ 

‘ 

Og_CDD [ 

_9999¢9& 

8»-:--:-u-U19 

_2,3,7,8,—T.,CDF 
"2-i,»3,4v,7,8,-PSCDF 
1,2,3,7,8,-P5CDF . 

1,2,3,4,7,8,v-H6CDF - 

‘ 

1,2,3,7,8,9,—.H.;cD1=
_ 

.1,2,3,6,7,8-HGCDF 
2,3,4.,’6,7,s-H6cD1=‘ 

, 
V 

1,2,3,,4,6,7',8A-H7_C_DF . « 

1,.2,3,4,..7.,8,9-H,CD1= 
i 

O3CDF 

.°.°9r.°.°.°.°.°'.°.° 

pg,

. 

,. 

('7) . criteria not recommended for CornmercialHn_dustrial.. One possible _recou‘rse’isgto nusethe, 
_ 

‘Residential/Park Land _v!alu'e. ' 

V 

'

T
‘



INTERIM REMEDIATION FOR WATER’ 
Table 8' a 

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

General Parameters ' 

pH (unitless) 
_ p

a 

Total Dissolved Solids 
(mg/L) 

Inorganic Parameters 
antimony 

. arsenic 
barium 
beryllium 
boron (ho_t water soluble) ' 

boron gtotal) ' 

cadmium ’ 

7 chromium», *6 
0

‘ 

-chromium, total 
cobalt 
copper 
lead 
mercury 
molybdenum 
nickel 
selenium , 

silver 
thallium 
t_in 

vanadium 
zinc (total) . 

cyanide, free 
cyanide, total 
fluoride, free 
fluoride, total - 

' sulphur, total 

' 

A 
Freshwater 
Aquatic Life 

25-150‘ 

Irrigation‘
' Livestock 
Watering 

3000 

' 0500-5000 

100 

5000" 
.20 

Dolog 
water 

6.5 to 8.5 
5002 -



Tablet 8. (continued) 
(Interim Remediation Criteria for Water) 

Monocyclic Aromatic Hydrocarbons 
. benzene 

_ 

' 
'

. 

ethylbenzene 
toluene. 

‘ ‘ 

chlorobenzene 
1 ,2-dichlorobenzene 
1,3-dichlorobenzene 
1 ,4-dichlorobenzene 
styrene -;

' 

xylene ' -’ 

Phenolic Compounds
_ 

non’-ichlorinated (each)7 
A 
chlorophenols (ea_ch)‘ 

Polycyclic‘ Aromatic Hydrocarb 
b_enzo(a)anthrace_ne 

_

V 

benzo(a)pyrene 
. benzo(b)fluoranthe'ne 
be'n'zo(k)fluoranthene 
dibenz(a,11)antth:acene‘

i 

indeno(1,2,3-c,dV) pyrene ' 

naphthalene
‘ 

phenanthrene 
. pyrenc 

chlorinated Hydrocarbons 
‘aliphatics 

_ 

(each)’ 
ch1orobe.nze.n’es (¢ach)‘° 
hexachlorobenzene 
hcxachlordcyclohexane 

‘- 

_ PCBs“ 
PCDDS afid PCDFS” 

.300‘ 
700‘

_ 

.300 
15‘ 

”2._5°
I 

2.5‘
i 

46 
I

. 

ons (PAHS)
A 

4-18 

’Fres'hwat_er Iri'igation_‘ 
Aquatic ‘Life '

t 

Livestock 
Watering ‘

"



_ 

Table 8 (continued) . 

(Interim Ruemedi/ation Criteria’ for Water) 

; 

Freshwater Irrigation‘ Livestock ’ ‘Drinking " 

Aquatic Life - Watering ' i Water‘ 

Pestieides .

_ 

Aldrin and Dieldrin 
A 

V 

4 ‘ng/L -- --- ' 0.173 ‘
- 

. Chlordane 6ing/L --- --- 0-7 
DDT - 1_ng/L 

' _'3o'3 

E_nd_rin 2.3 ng/L --- --- --i-‘ 

. Heptachlor 0.01 
v 

-- -3- A 33 

, 

' 

- 
- (+ metabolite) ‘

' 

Lindane --v -=- -t-- 4 
Methoxychlor --- --- --- 900 
Carbaryl. m -- '90, i

v 

‘Carbofuran 
‘ 

-2- -'+- --- ""90 

2,4-D 4.0‘ -on 1003 
v- Diazinon --- --- -- 20 
Parathion --- --- --- -50 

g Diquat- -2- -'~- —‘-— 70 
Paraquat 

' 

--- --- -4- 10 

Notes : 

7-- value not established 

.k‘.» 
- *4 - Canadian WaterQualilty Guidelines have been also recommended for recreational uses and 

several specific industrial uses not included in this table. 

. (1) Applies to all soils; for "details on neutral to alkaline soils, refer to ‘the CWQG document. 
"(2) 

I 

The Total Dissolved Solids concentration of 500 mg/L is approximately equal to a 
conductivity of l dS/m. p 

'

V 

I 

_ 
(3) Guideline under review _for possible changes to thecurrent value. Refer -to the Canadian 

Water. Quality Guidelines. 
' 

. . 

(4) Guideline changes with hardness. . 

A 

' 

i 

A 

‘ 

_ p 
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e 

<s>e 

a (6) 

<7) 

(8). 

i 

<9) 

‘(-10) Chlorobenzenes -include all trichloro 
._ 
pentachlorobenzene. 

‘ 2,'4—dinitrophenol . 

a 
Tab1e8 (cdntinued) i 

(Interim Remediation Criteria for Water) 

Guideline changes with pH. 

Tentative water quality guideline; because of insufficient.evidence. 

Nomchlorinated phenolic compounds include: 
2,4-dirnethylphenol 

2-methyl 4,6-dinitrophc.no1 
.

_ 

nitrophenol‘ (2-,'4=.) ‘ 

phenol . « 

cresol 

Chlorophenols include:
a 

chlorophenol isomers. (ortho, meta, para) 
,-_dich1oropheno1s- (2,6— 2,5- 2,4- 3,5- 2,3- 3,4-)" 
‘trich1oro'phenols(2,4,6-.. 2,3,6. 2,4,5_— 2,3,5- 2,3,4- 3,4,5—) 
btetrachlorophenols (2,3,5,6- 2,3,4,5- 2,3,4,6-V) 
'p‘e'ntachl_orophenol '-

« 

Aliphafic chlorinated hydrocarbons include:
V 

chloroform 
_ 

' 

'

. 

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

dichloromethane 7 

1,2-dichloropropane, 1,2-dichloropropejne (cis and trans) 
.1,1,‘2,2-tctrachloroethane, tetrachloroethene 

' 
' 

V 
.

9 

carbon tetrachloride ._ 

trichloroethane (1,1-,»l- 1,1,2-), tricheloroethene »
V 

(11) Total PCB analysis ‘o‘nlA'y for .Freshwater Aquatic Life Guideline, 
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V 

T§b1e.s (continued) 
a

l 

(Interim Remediation Criteria for Water) 

(12) ‘Quoted as 2l,3,7,8h-TCDD eiiuivalents. Pcbns and PCDFs expressed in 2,3,7,8sTCDD 
‘ equivalents. NATO International Toxicity Equivalency Factors (I-TEFs) for congeners 

V 

l and isomers of PCDDs and PCDFs.are as follows: I

‘ 

Qgngener 
' 

I

' 

2,_3,7,8-T,_,CDD 
1,2,3,7,8-P5CDD

’ 

1,2,3,4,7,8-HSCDD 
1,.2,3,7,8’,9-H6c_DD 

. e1,2,3,6,7,8V-HGCDD . 

‘ 

_ 

1,2A,-’3,4,6,7~_,8c-H7CDD»
' 

’ om» 

9!" UIC 

99959 

8|-r-tr-r‘—I' 

F-‘ 

2,3,7.,8,-T4CDF 
2,3,4-.,7,8‘,-_P5CDF 
1J;2,3_,7,8,-P5'CDF ' 

1v,2,3,4»,7,8,-H6CDF 
" 1,2,'3,7,8,9,-’H6CDF 

'2,3,4,6‘,7,8-H6CDF /
- 

1,2,3,4-,6,A7,8-H7CDF 
l,i2,3,4,7,8,9-H-,CDF _ 

I 

’ 

' 0g_CDF - 

V’.°.°.°.°.°.°.°.°.°.° 

0-‘ 

UI

.

' 

v—- 

(13) Drinlcing Water Guideline includes DDT. metabolites. 
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4.6 _I_)EVELOPING A NEW APPROACH AND-CRITERIA 
:'As. noted in Section 4.1, ‘developing a‘ newapproach and ._using that approach to ‘generate V. 

' 

environmental‘ qualitycriteria .for contaminated sites will- take considerable effort. Challenges that 
must be met include: A 

0’ 
a lack of consensus as to how, the various desir'ed.characte'ristic_s should and can be 
incorporated into the approach .

' 

g 

0 a general lack _of data for many substances withregard to one or more of the factors 
' 

described in Section 2.5 
' 

‘ 

‘
‘ 

O‘ the need for agreement among various stakeholders as methods to consider specific pieces 
_.of information are developed a ~ " ' 

’

- 

0 the desire to use various scientific concepts and tools that have been recently developed or: 
are emerging such as environmental fate "modelling 

0:‘ the desire and need to‘ interweave several disciplines. (including, soil chemistry, 
phytotoxicology, toxicology, ground water chemistry, -‘pathways analysis, and risk 
assessment) into the process of setting criteria A ~ 

. 

A - 

Whereas it is not known what form the new ,approach maytake, it ispossible to speculate as to 
the types of information that should be considered. These aIe;_out1in_ed in Table 9. 

T The new approach should borrow from the ‘desirable attributes, by -those reviewed and 
take into account those characteristics that typically are missing. Assuming that it was done '- 

properly, this option should result in thegreatest number of ‘desired ' characteristics being 
"incorporated into the approach. Once defined, the approach also could be used todevelop criteria 
for new substances as the need arises._ _ 
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Table 9 

TYPES: or INFORMATION LIKELY NEEDED FOR‘ THE ‘NEW APPROACH 

Physical-chemical data for ‘each substance 
—, molecular weight « 

. 

- aqueous 
- vapour pressure 

V 
g b 

_ 

A 

_

_ 

+ octanol-'w‘ater,partition coefficient and/or organic carbon partition coefficient for organics 
-» distribution coefficient for inorganics (pH dependent) 
- half-life in soil for organics 

' ' ‘ ' 

Environmental information relevant to the Canadian context A
_ 

— 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_ modelthat allows one to be predicted from the other 
- background data for plants; tryto establish correlations between soil and plants or develop 

a model that allows one to be predicted from the other .- 

’ Human toxicological information for each substance - 

K 

.

i 

- acceptable'do's_es' 
— bioavailability factors 
- Ibackground"exposures/doses (may be inferred from environmental information) 
- acceptable risks levels 

'b
‘ 

Aesthetic information for each substance 
— odour threshold in

A 

-. taste threshold in water 
‘ V 

- detectable (via taste) concentrations in plant or animal products 

Pathway‘ information. for each receptor of interest 
— need to select receptors for each land use of interest. 

A‘ 
A

x 

r- assign physical characteristics to each receptor (weight, breathing rate, soil ingestion rate, 
ingestion rates for locally-grown produce, ingestion of ground water) '

- 

- assign behavioral characteristics (time spent on-site, of-f—site, indoors, outdoors) 
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’ Table 9 (continued) 

Phytotoxicological information for each_ substance 
V 

- e \ 

-» concentration thresholds in various plant-species at which adverse effects occur; relate those 
V back to soil or water concentrations. 

A 

» 

' 

V 

- 
. 

’

- 

- acceptable concentrations in plants with respect to consumers; could include’ maximum 
- 

. concentrations in forage for animals or in produce to be consumed by people 

Toxicological information for soil organisms and processes V

. 

- concentration thresholds at which adverse effects occur in soil organisms or soilinutrient 
cycling processes - 

‘ ' 

Guidelines/criteria established for other environmental compartments 
= air quality and water quality guidelines/criteria; _meth_ods that relate a concentrationgin one 

compartment with concentrations in other compartments v 

Other considerations - 

/ 

A V 

~ ~ 

_

. 

- destructive effects on buildings and other sitriictures (i.'e. corrosivity) 
- generation of hazardous vapours (i.e. methane," hydrogen sulphide) 
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5.0 CONCLUSIONS 

ln response_ to.the needtto 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 ideally suited to 
developing criteria for the NCSRP; ' 

' ' 

I 

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 has many. of the desired characteristics as possible and to establish. 
criteriaxfor 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. A 

- 
-

A

0 

regulatory’ agencies. . .

t 

‘It is recommended that the best-.fit option be used to establish the interim environmental 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 guidelines. The resulting sets of criteria are shown in Tables 6, 7, 
and 8 in Chapter 4. -_

- 

Developing a new approach and using that approach to generate environmental quality criteria 
for contaminated sites will takeconsiderable ‘effort. Thenew approach should borrow from the 
desirable attributes displayed by those reviewed and take into-account those characteristics that 
typically are missing. Assuming that it wasdone 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. 

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 identified to date by other
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APPENDIX A at 1>1ioFIL1:s"o1«"’ LI1\ID‘Iv\iID‘UAiL-‘AIi’PlV{OACHES 

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 ’jndividua_1(s) contacted, desc_ribes- 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‘t‘able(s)*of numerical values‘ that have been 
recommended. \, 

The primary agencies include: 

Aiberta 

I 

’ 

» 

‘ 

- 

' 

,AA 

A 

W Av‘? 

Briti'sh‘.Co1umbia 
A‘ 

_. _‘ to 4. 

g‘ ‘A-6 

California 
_ 

. 
I 

‘ 

’ 

. 

' ‘ 
~ 

‘ 

; 
p 

I 

‘ A -14 
K

K 

Canadian Council of Ministers of the Environment A'(CCME)‘ 
i 

A‘ — i7 __ 

TheIfIetherlands- . 

- 

J , 
- " 

4‘ . t 

I 

(A — ’ 

New Jersey 
I 

; . C » 

i. 

i 

. . 

i 

' 

e 

. 'A’»§‘3.0
_ 

iOn_tario 
o _ .' ." to "A-A33. 

iquébec 
" 

i s +3-39 
United Kingdom 

I 

A 

.. 
- 

r 

' 

_ 
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ALBERTA 

DOCUMENT(S) REVIEWED" _. 

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

OTHER" 

' C ° sC01N'TAC‘TS_ 

V 

Personal communication with H. Reg'ier_(princi'pal author of the document -noted above), Alberta 

_D'ES('5IRIPT'ION on APPROACH 

Environment. ~ < 

Personal communication with R. Chandler, Alberta Environment.

/ 

Some previously published reviews of soil guidelines for.A1berta mention "acceptable levels" 
for selected inorganic contaminants (metals) in acidic soils (Siegrist, A1989); however, those 
values wereintended to serve -only as. a starting point for selecting clean-.up levels. Alberta E 

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

Proponents can use the Tierl criteria to assess site conditions or have the option to suggest site-
I 

specific (Tier 2) criteriaif 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 documentation that presents. the draft criteria does not describe the methodology used to 
'

A 

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 curre_n_t documentation but 

. 
there appears to be a strong orientation toward agricultural land use, specifically the growing 

V 

of crops (and possibly the grazing of livestock). 
'

. 

The Tier 1 numbers that have been sugges'ted_ are intended to represent the upper limits of -a
E 

"healthy soil system". For some parameters, the various types of infonnation, that were reviewed 
all suggest similar numerical values, while for other parameters the information is less consistent 
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i 

or missing. In general, the values forinorganic compounds have stronger foundations than those 
. 

' 

/ 
_

s for organic compounds. e 

Alberta Environment recognizes that the Tier 1 guidelines arennot irrefutable and that challenges 
to the numerical values can be made ‘via the Tier 2 option. 

NCSRP ATPLICABILITY T 

F 7 
_' ._

e 

The Tier 1 criteria are similar in- intent to the assessment criteria forsoil and/or remediation . 

criteria for agriculturelbeing investigated by this project. Their applicability is limited in that 
they apparently are influenced by agricultural considerations. They do not take hluman health into

n 

' 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 criteria 

i 

‘for other land uses or for substances‘ not linqluded in Table A. 1.
\



Table ' 

DRAFI‘ TIER 1 SOIL PROPOSED BY ALBERTA 

Parameter 
A 

Z. 

I 

, 

I 

. 

V 

_ 

:Cr'ite’ria' 

GENERAL 
_ 

» 

' 

_ 

_

‘ 

pH '- 

_ 

6.5 to 8.5 
conductivity _ 2 dS/m 
sodium adsorption ratio 7 

l 

’ 

V

6 

INORGANICS (in, pgl g) 
V 

arsenic . 10 
‘ barium 

_ 

‘ 

. 

' 

_ 

400 
beryllium V 

' 

_ 

‘ 
' 5 

bromide, water soluble 
_ 

. 20 
boron, hot water soluble . 

' 
V 2 

cadmium 
A 

_ 

' 

. 

W - l~ 
chromium, hexavalent 

_ 

. 

V 

5 . 

chromium, total » 

' 
' 

100 = 

cobalt l 

l 

A 
_ _ 

20 
cyanide, water soluble 

V 

V 

- 

' 0.5 
'cyanide,'tota1 » 

7 

‘ 5 
fluoride 

' 

— 200 
. 
lead - V 

‘ 
' 

‘ 

V 

‘ 50 
mercury 

. 

' ' 
‘ 0.2 

molybdenum 
O 

~ 
‘ 4 

nickel 
A 

. 

— 

' 

(. 
40 

selenium » 

V 

' 

. 2 
sulfur, elemental ' 

V 
l 

V 

500 
thallium V 

‘ 

I 

.1 

vanadium . 50 
zinc. 

b 

. .b 
'. 

_ 
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Tab1eA.1 (continued) 
(Draft Tier 1 Soil Criteria Proposed by Alberta Environment) 

Pafleter - 

ORG-ANICS (in pg/g)" 
nonchlorinated aliphatics .

_ 

(individual or total) ' 

chlorinated aliphatics 
(individual or total) 

benzene 
(

' 

ethylbenzene -

I 

‘toluene 
n 

’

/ 

xylenes” 
' 

styrene 
é

_ 

chlorobenzenes 
(individual or total) 

phthalic. acid esters 
.(individual or total) . 

polychlorinated biphenyls 
._ nonchlorinated PAHs (individual) 

a nonchlorinated PAHs (total) 
dioxins "

- 

ch1orodibenzo—p-dioxin 
furans 
thiophene 
quinoline . 

chlorinated phenolics 
(individual or total) 

nonchlorinated phenolics 
(individual or total except phenol) 

phenol 0 

pesticides + metabolites 
endrin -+ metabolites

, 

heptachlor + metabolitfis. 
‘ 

s hexachlorocyclohexane 
(all isomers) .

- 

total extractable hydrocarbons 

,’ 

' ‘Notes 

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

A-'5' 

Qriterig \ 

03‘ 
‘0.1 

0.05 . 

0.5 
1.0 
1.0’ 

0 1 
. 0:05

. 

30’ 

0.1 
0.1-» 
1.0 
0.001 ‘(TCDD equivalents) 
{0_..O03 - 

0.01 
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BRITISH COLUMBIA 

r)ocUMENT(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

T 

British Columbia Ministry of Environment, 1989. "Criteria. for Managing Contaminated. Sites 
in British Columbia" - Prepared by the Waste Management Program, 21 
November 1989. B 

' 

. 

' 

. 

‘ 

j 
-

' 

British Columbia Ministryof Environment, 1989. "Developing_ Criteria and Objectives for 
Managing Contaminated Sites in British Columbia" - DRAFT. Prepared by the Waste 
_Management Branch, 21 November 1989. . 

- r ~ 

OTHER CONTACTS 
Personal conununication with Dr. J. Ward, B.C. Ministry‘ of‘ Environment. 

PDESCRIPTION or 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 tobe used to develop siteéspecific objectives for contaminants in soil, water, 
sediments, and air-, where chemical contaminants from spills and industrial discharges have 
caused _contamination and pose. risks to human health and the environment. r 

The B.C. defines criteria as concentrations which must not‘ be exceeded to prevent 
specifiedsdetrimental effects from occurring. They are applicable provinceewide; If criteria are 
adopted for specific sites, they are referred to as objectives.‘ ' 

The soil criteria issued by the B.C. MOE have two primary functions or applications: as
' 

investigation criteria, which when exceeded require detailed investigation "at a site, and as 
. remediation criteria, which when exceeded'require action. 

t The criteria use the ‘ABC--‘format first advocated by The Netherlands but the definitions assigned 
toeach value are different than‘ those used by other agencies: 
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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 
residential, ‘recreational, and agricultural land uses, Level A is the investigation criterion. 
For soils with contaminant concentrations betweenlevel A and B, the soil is considered to 
be slightly contaminated, but remedial measures are not required.

' 

Level )3 represent contaminant concentrations approximately 5_ ‘to 10 times those found in 
Level A. For residential, recreational and agricultural land uses this levelis the remediation 
(criterion. For land use that is exclusively commercial and/or industrial ‘it is. the 
investigation criterion. 

' ~ ' 

For residential, recreational or agricultural land uses, soils containing contaminant 
concentrations between Levels B and C, are considered‘ contaminated, and require 
remediation to levels lessxthan Level B,. Remediation is not required if the land is used. 

' 

exclusively for commercial or industrial activities- 

Level C represents significant soil contamination, This level is the remediation criterion for 
commercial or industrial land use. All uses of the land will be restricted pending the 
application of appropriate remedial measures for soils containing‘ contaminants exceeding 
this level; - - 

‘ 
’ ' 

A 
V - 

"V 

One exception to the above interpretation concerns soilsucontamminated with PCl3s, in which case 
contamination» is to becleaned 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, 

e remediation is required. 

_ and B55 (see Table A_.2) and should be interpreted in the following manner: 

Level A represents the approximate -analytical detection limits and/ornatural background 
levels of inorganic_ and organic tsubstances in ground water. -For water with contamination 
less than or equal to this concentration, the water is considered uncontaminated._ Level A . 

is the investigation criterion." 

For water containing coneentrationslof contaminants between Level.A, and Levels" BDW or 
Bus, the water is- considered to be slightly. contaminated, and investigation but not 

‘Level ‘Bfiw represents the .remediati_on criteria. for water that is intended for human 
consumption. For water containing concentrations of contaminants less than BDW no 

; 
remediation is required if the wateris used solely as drinking water, otherwise remediation 
is required.

1 
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0 Level B53 is referred to as de minimus criterion for water—based discharges used to protect» 
aquatic life. For discharges with contaminant concentrations below BBS, no remediation is 
required provided that the receiving water is solely habitat for aquatic life. Concentrations 
exceeding Level BDS require‘ further work to assess the relative impact of these substances 
and to determine appropriate action." . 

« 
_. 

. A

‘ 

The Mini_stry_ of Environment also indicates thata 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 risk that are considered 
publicly acceptable. - 

- 

‘ 

. 

- 

‘ 

v 

‘
' 

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

’ 

, 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. 

'

' 

A 

Many of the values were adopted from other agencies, with modifications taking into account" 
ambiguities in definitions, and adopting’ "abettervalues" from otheragencies when they _are 

V 

appropriate; : 
_ 

_

- 

For the soil criteria the MENVIQ ABC levels were adopted in the interim as the most 
appropriate and modified in the followingmanner»: ‘ 

-
V 

o‘ The definitions of theABC levels, were changed to remove ambiguities. 

9 For. me PCB soil contamination criteria, athe CCME PCB guidelines were adopted.‘ Clean 
up concentrations should also be less than the level required for the land use identified. 

0 The MENVIQ B and C values for lead were considered to he too_ stringentand changed , 

' to 500 and" 1000 ppm, respectively. 

0 The guidelines for 2-‘,3,7,8—tetrachlorodibenzo—p—dioxin and its toxic equivalents of 
chlorinated dioxins and furans be changed‘ to the proposed ‘federal guideline of 1 ppb. 

For ground and surface waters, provincial policies and objectives for water quality were adapted 
to ‘the ABC format. - 

~ 
-

’ 
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NCSRPAAPP'_LICA_BILITY-w '_ 
_. 

_ 

‘ Q- 

Many of the desired characteristics 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 offcontaminants-; however; it 
remains unclear in some instances, which characteristics wereconsidefed or their relative ' 

importance in setting‘ crite_ria.— r 

The A Levels‘ provide candidates for assessrnent criteria. while the B and C Levels are 
candidates for R/P and" (ill remediation criteria,- respectively. _ Although B.C. MOE 
documentation clearly shows from where most of the criteria come from, it does not outline a" 
‘method or process that can-easily be used to derive other criteria. .-

F‘
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CLEAN~U1’ CRITERIA PROPOSED FOR BRITISH COLUMBIA 
Table A.2 

_ 

I‘ 

soil (mg/kg) 2 

1 

Gro_und ‘Water (_,.g/L) - 

. .I — HEAVYVMETALS . 

-

_ V arsenic — 

’ '5 30 
_ 

' 50 5 <50 50 
barium . 200 1000 ‘2000 50 - ‘1000 » 1000 
cadmium, * 1 

' 

5. - 20 T 

‘ 

1 5 5 
Chromium (total) 

0 

20 
, 

"250 800 ' 15- 50' 50. 
cobalt 

' 1 

» 15 50 300 10 —- 50 
copper ' 

A 

30 
V 

100 500 25 1000 100 
lead '_ 50 500 

i 1000 10 50 
_ 

~50 
mercury 

' 

0.1 2 - 10 0.1 1.0 -1.0 
' molybdenum 4 10 ’40 5 -- 500 , 

nickel V 20 100 500 10 -— ' 500 
selenium 2 3 10 1 - 1 10 . 10 
silver V 

. 

4‘ .2 
, 
20 40 5' 50 50 

tin 5 } 50 300 - 10 —- — 

. 500 
zinc ' 

v 

‘ 

' 80 500 1500 
_ 

50 ‘S000 5200 

H - OTHER INORGANICS - 

' 

» 
-

. 

Br (free) . 

_ 

.20 50 300 4 
-- -2- -- 

CN (free) ‘ 1 10 100 '40_ 200 —-- 

CN (total) 
_ 

_ ‘ 

5 50 ‘S00 - 40 . 

-2- 
. .100 

F (free) 
_ 

‘200 400 2000 - 

‘ 

-- - -2- A j --
< 

S (total) . 

‘ 

. 

~ 500 1000 2000 g -_— -.- -- 

_IlI - MONOCYCLIC AROMATIC HYDROCARBONS - 
0

’ 

benzene V 0.1 0.5 5 0.5 - 0.5 
ethylbenzene 0,1 5 50 ' 

. 

0.5 7- -.--~ 

toluene. 0.1 
' 

3 30 0.5 ' "-2- "-2- 

chlorobenzene 0.1 1 
' 10 0.1 '-- -- 

1,2—dich1orobenzene 0. 1 * 1 10 0.2 -- - 
1,3—dich1orobenzeI_1e I 0.1 1 10 0.2 

’ 

-- » -;— 

' 1,4-dichlorobenzene 0.1 1 10 . 0.2 ' -- -- 
xylene 0; 1 5 50 - 

_ 0,5 
' 

-- -- 

styrene 0.1 5 so - 
0.5; _.‘ 
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(C1.€«'t1flfUP C 

.non-chlorinated‘ (each) 
‘chlorophenolsz (each) ~- 

chlorophenols (total) 

/ 
Soil (mg/kg)

_ 

IV - PHENOLIC COMPOUNDS 

Table A.2 (continued) 
riteria Proposed for 'Brit_ish Columbia) ’ 

v - POLYCYCLIC AROMATIC 11YnRocARBoNs (PAHs) 
acenaphthene 
acenaphthylene 
anthiracene

‘ 

benzo(a)anthracene 
benzo(a)py-_rene 
benzo(b)fluoranthene 

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

_V 

' 

benzo(i)fluora._nthene 
benzo(k)fluoranthene

V 

chrysene 
dibenzo(a_,h)anthracene 
dibenzo(a,h)pyrene 
dibenzo(a,i)pyrene 

1 dibenzo(a,j)pyrene
' 

7,1.2-d.i.methy1 
benz(a)anthracene 

flnoranthene
' 

fluorene. 1 

A 

b.
' 

,indeno(1,2,3-c,d)pyrene 
3-methylcholanthrenie 
naphthalene 
phenanthrene 
hpyrene

' 

PAHs (total) 

~99999999 

999¢9cooooooooo 

A B c 

0.1 1 10 
0.1 10.5 '51 

0.1 1 10 

1 10 ~ 100 
1' 10 100 
1 10 100 
1 1 5 101 
1 1 1.0 

1 1 1 10 
1 1 1 10) 
1 1 10 1 

1 1- 1o 
1 .. 1- 10)

1 

1 1 . 10
1 

1 1 10 
1 1 10 
1 1 5 1o 
1 1‘ 10 

1 - .1, 10 
1 10 100 
1... 10 100 
1 1 

V 
10 

1 1 101 
1 5 i 50 
1_1 5 50 
1 I '10 100 

20 200 

Ground Water (fig/VL_)‘ 
_ 

- 

. A. Bnw.A



- Table A.»2 (continued) 
(‘Clean-_Up Criteria Proposed for British Columbia) 

Soil (mg/kg) Ground Water .(pgzL) 

light aliphatics 100 

A B - C A B9“, 

VI - CHLORINATED HYDROCARBONS ‘ 

aliphatics3 (each) "0.3 5 50 0.1 -- 

aliphatics (total) 0.3 7 
‘ 

70 . 

' 

0.1 - 
chlorobenzenes‘ (each) 0.1 2 » 

. 10 0.3 -- 
chlorobenzenes (total) 3 0.1 4 20 0.3 -- 

hexachlorobenzene 0.1 2 . 10 0.1 -- 

PCBS5 0. 1 
' 5 50 O. 1 -- 

VII - PESTICIDES 
aldrin . 

- -' - 0.05 --0.7 
- 

_ 
dieldrin 9 -" - - 0.05 A 0.7 
chlordane 

V 

' - 
- 

- 0.05» 0.7 
DDT 

_ 

- - — 30 
Endrin 

. 

- - - 0.05 0.2 
Heptachlor Epoxide - - - 0.05 3 
Lindane . 

' 

— ‘j 
. 

- - 0.05 ‘4, 

Methoxychlor .- - - 
A 

0.05 I 100 
Carbaryl 

' 

— 
- - - 

b 

0.05 
i 

70 
Carbofuran 

' 
h 

' - ~ - 0.05 -- ' 

2,4-:D ' 
' 

, 

' 

. 
- 

- 
- 0.05 100 

2,4,5-TP ' - — - 0.05 10 
Diazinon ._ _ 

' 

- - - 0.05 14 
Fenitrothin' 

. 

- — - 0.05 V -- 

Parathion » - — - 0-.05 35 
Parathion-‘methyl - - - 0.05 7 
Diquat 

' 
' 

‘ 

- - ~— 0.05" -- 
' 

Paraquat ‘ - - - 0.05 -- 

I 

_ 

Picloram . 

A 

— 
. 

- - 0."-05 -- 

Pesticides (total) 
' 

0.1 2 20 0.05 100 _ 

VIII - GROSS PARAMETERS . 

, 

>

v 

mineral oil and grease 100 
_ 

1000 5000 A 

_ 
100 1000 

150 800 -l 1000 --



. Table A.21(c_onti'n’ued) 
. (Clean-‘Up Criteria Proposed for British Columbia) 

Notes 
I. 

na - .no_t: applicable 
.- i 

valueslnot established 

' 

1 -: none-chlorinated phenolic compounds include: 
2,4-_dim'ethy1p'henol l

. 

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

, 

nitrophenol. (2.—, 4-) 
phenol, and criesol 

2 -‘ chlorophenols include: ' 

I -

’ 

chlorophenol iesomers (ortho, meta, para) . 

dich1orophenols(2,—_6- 2,5-'2,4- 3,5- 2,3-’ 3,4—.) .

‘ 

trichlorophenols (2,4,6-g2,3_,6- 2,4,5- 2,3,5.- 2,3,4-:- 3,4,5—) it 

tetrachlorophenols (2,3,5,6— 2,3,4,S- 2,3,4,6-) V 

pentachlorophenol ' 

'

‘ 

3 - aliphatic chlorinated hydrocarbons include: 
chloroform '

. 

dich1oroethane(1,1- 1,2—) 
dichloroethene (1 , 1- 1 , 2-) 
dichloromethane 
1V,2—dich1oropropa_n.e 
1,2-:dich1oropropene' (cis and trans) 
1 , 1 ,2,'2-tetrachloroethane 

' 

tetrachloroethene. 4 

a 
carbon tetrachloride . 

trichloroethane (1,1) 1-: 1,1,2-) 
trichloroethene \ 

4 — chlorobenzenes include: 
_ 

i all trichlorobenzene isomers. 
-all tetrachlorobenzene isomers 
pentachlorobenzene» 

A 

- PCB_s include: 
- i,so,r_ners 1242, 1248, 1254 and 1260
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document noted above), DHS. V 

C 

CALIFORNIA 

DOCUIVIF-NT(S) REVIEWED 
California 

" 

Department‘ of Health Services . (DHS), 1990.. "Technical 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 principal author of the 

DESCRIPTION OF APPROACH 
In the mid-l9_80s, 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, »AALs could be developed for substances in soil those values could be used- 
as a basis for” setting soil quality guidelines. 

Over the last few years, the'Ca1ifornia Site Mitigation Tree has been included in various reviews 
of approaches for establishing soil clean-up goals (for example, Kostecki et al., 1989; Siegrist, 
1989’)'and was generally perceived to beoneof 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 being used to develop soil guidelines, 

In response to the apparent limitations of the California Site Mitigation Tree, DHS initiated the . 

’ development of a replacement. In 1990, the Toxic "Substances Control Program (TSCP) of the 
I 

DHS began to ‘release "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 Site Mitigation Tree. 

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

, 

pathways: dermal‘ contact with soil, ingestion of soil, inhalation of vapours, inhalation of 

‘A-1_4.



I

1 

particles, ingestion of water, dermal contact with water, ingestion of water while swimming, 
ingestion of fruits and vegetables,‘ ‘ingestion of aquatic organismsmingestion of meat, eggs, and 
dairy products. The doses from each pathway can be combined to evaluate total doses. 

C‘ 

1 Default values are. provided’ for many of the parameters used in the equations if'7site-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 
adjacent» to contaminated soil and that chronic exposure occurs in and around the home 
environment. ‘ 

- 

r
« 

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

_ 

that describe A behavioural 
” characteristics of the exposed population; and, -a variable which 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 pattems. It may not be necessary to consider a1l‘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.. 

it
' 

As noted in the technical document_v,h the equations can be rearranged to back-calculate 
concentration of a substance in soil that would lead to aipotential 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-protective soil concentrations to sites without significant ground water of 
food contamination. 

’ 
T

' 

DHS‘ is developing. additional technical standards to relate soil concentration of toxic pollutants 
tog-round water concentrations. 

_ 

A 

_ r _

' 

‘ The computatiotls described in the technical standard document are based solely on human intake. 
and the potential human health effects. The document notes that this approach will not - 

necessarily ensure that concentrations of. contaminants in surface or ground water, ambientair, 
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 thosebeing promoted by other agencies in the United States’ including 
the US. 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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O describing equations for‘ estimating exposures,/doses to critical receptors 

Oi combining exposure/dose estimates with toxicological information to back calculate clean- 
up criteria 

’ 

V » 

0 declining to establish numerical criteria for broad application 

0‘ assurning 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. 

'

//



DOCUMENT(S) REVIEWED 

I 

f CANAl)IAN COUNCIL or MINISTERS 
or THE ENVIRONMENT

\ 

Clarke. 'J.D., Richardson, M., I-Ianna Thorpe B., and Beaulieu, M., 1987. 4"Interim‘AGuidelines 
for PCBs‘ in Soil". Prepared for the'Canadi'an Council of‘ Resource and Environmental 
Ministers. September. 

' 

‘ * '~ 

Ad Hoc Federal—Provincial Working Group on Interim PAH Guidelines, 1988. "Proposed 
Interim Guidelines for PAH Contamination at Abandoned Coal Tar Sites". Prepared for the 
Waste Management Committee, -Toxic Substances Advisory Committee of the CCREM. 
27 May. 

’ 

' 
‘ 

A ' 

’ 
I

‘

/ 

CTHER CONTACTS» 
None (although there was communication with M. Richardson and M. Beaulieu during this

‘ 

project); 
_ 

’ 

- 

l
’ 

DESCRIPTION or APPROACH A 

‘Both of the documents noted above were prepared by federal-provinlciali committees onbehalf 
' ofthe 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 interim guidelines are distinctly 
different. 

' 

' 

V 

' 

I 

'

A 

‘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/parldand, 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 theconflict 

. between a desirable level of zero and the ubiquitous nature of PCBs in soil. .

- 

A MAC values are intendedito provide assistance in determining 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 stringent requirements where feasible. 
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presence of such wastes. 

.\ 

Like the PCB document, the document conceming 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 severalcoal‘ 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 

The task of-recommending interim guidelines was approached on the basis of using information i 

and guidelines developed elsewhere. A modified 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 Organization. The guidelines are 

A 

summarized iniTable A.4. 
,

. 

The following definitions were established for the three types of "values: 

0- "Value A represents the approximate ac,hieva_,ble_ detection li_mit in soil. For ground water,- 
Value A isbased on drinking water criteria. 

'0 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 theland is toredeveloped for sensitive purposes such as agriculture or 
residential, it may be necessary to implement certain measures such as providing a clean 
upper layer of soil, . 

* 

' 

A

‘ 

0 Value B is iap_proximately_ five to ten times Value A. 

0 "Concentrations 
, 

between Value B and Value C indicates contaminated conditions. 
Restoration may be necessary before the land is to be used for agriculturalor residential 
purposes.. Commercial or industrial uses may be contemplated without clean-‘up being 

'

A 

conducted. 

.0 Value C is considered to be the level at which contamination is significant." 
0 Concentrations above Value C indicates that ground water should not be used for drinking. ’

I 

Unless decontaminated, it should be monitored closely, -Where-the soil is contaminated, all 
» uses need to be restricted. Restoration likely is nee_ded_before redevelopment occurs. 

The PAH document also describes how the ABC values can ibeiused as "investigative" criteria A 

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 investigative criteria -are the B Values. The remedial criteria are the C Values. 
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' {Welfare Canada. 

Where concentrations investigative criteria, detailed investigation is required to assess 
the extent of contamination and determine if remedial action is necessary. Where concentrations 

A 

exceed remedial criteria, action is required to reduce e'xposure's._Ac_tion can include clean-up, 
other mitigation, or change in land use. 

' The authors cautioned that the recommended guidelines are based on extremely limited 
toxicological inforfnationi; are in largemeasure based on a best—gues‘s, 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 adultsand ‘small children). For agricultural sites, it is assumed that site 
users can come into contact with PCBs originating from the soil via the contaminationof meat 
and dairy "products. For residential" land use, the pathways included consumptionof PCBs from 

» home—grown produce, direct ingestion of soil, inhalation of vapours and particles, ingestion of 
local water, and dermal contact. . 

The MAC values correspond to the concentrations of PCl_3s in soil that would not generate doses 
that exceed the tolerable daily- intake of 1 pg/kg body weight/day recommended by Health and\ 

Exposures via pathways such. as inhalation ‘oftvapoursiiand ingestion of fwater- are based on 
' concentrations of PCBs measured in Ontario. In some cases, crude methods are used to estimate 

concentrations in produce as a function of the Concentration in soil. 

Consideration is also given to the guidelines of other jurisdictions. The MAC for 
commercial/industrial land use reflectsi the findings of a study by the U.S. EPA (1987) as 
compared to the pathways analysis and risk assessment procedure used for the other two land

1 

use categories.‘ ’ 

, _ 
V 

. 

.- . 

A review of existing guidelines was the major component of the rationale used for the PAH 
guidelines. 'It was determined that the MENVIQ approach was most suitable for adoption because 

. 

,"'these‘guide1ines were found to be comprehensive, with a well-documented rationale". Details. 
are not provided exceptvthat the MEN'VIQ'values are described as being ‘based ‘upon knowledge 
.of various properties including "toxicity, bioaccumulation ‘potential, solubility in water, and 

’ viscosity. 
' i 

' 

.- 
. 
Sevei'a1_aspects of setting guidelines. are discussed in the PAH document that coincide withjthe 
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 assess,m,en_t criteria and two of the 
NCSR_P.remed_iation criteria; however, in the final analysis, the A Values for. soil are merely 
analytical detection limits, the B Values are little more than-arbitrary.multiples of the A Values, 
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3 

and the C Values are multiples of the B Values. As _a result, the rationale appears to be most 
_ 

strongly influenced by the objective of trying to the match the MENVIQ values.
I 

NCSRP APPLICABILITY 
The PQB 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 pr_ovide_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. remediation criteria. 
' Conversely, it does not provide criteria candidates for other parameters nor does it incorporate’ 

I 

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



pyrene 

. Table A-3 

INTERIM PCB MAXIMUM ACCEPTABLE CONCENTRATIONS 

,.g/g for agricultural land 

2 5 pg/g for residential park land»
4 

pug/g fOr commercial and industrial land ' 

.R§feI’ence;. Clarke et al., .1987‘ 

Table 

INTERIM VGUIDELINESVFOR I>AHs IN GROUND WATER 
I 

Soil (mg/kg) 0
V

B 

A 
Groufi 1 - Caz-ci_noge_I_Iic 

benzO(a)anthracene 0.1 
' 41 10 

benzo(a)pyren_e 
0 

0,1 1 .. 10 
vbe‘AnzO'(b)fluo_ranthene, 0.1 

H 
1 10 

be'nzo(k)fluoranthene 0.1 . 1 10 
Mdi‘benz(a,h)anth’racene 0. 1 1 10 

_ 

'in'deno(1,2,3'-c',d)0pyrene 0.1. .1 10 A 

G_roup"2 - Other PAHs ‘ 

0naphthaleI1e 
I 

0.1 5 50 
’ phenanthrene 0. 1 5 50 

I 0.1 10 
I 

100 
/_ 

Reference: CCREM, _1988 

Grounti Water‘ (pg/0L)
A 

0.01 
0.01 
0.01 
0.01 
0.01. 

0.2
0 

0.2 
-0.2

B 

IQIOKQ 

p—'A‘p_Ap_Ap—Ap_Ap_n 

. 

C ' 

20 
. 20

20



NETHERLANDS 

DOCUMENT(S) REVIEWED I 

Honensius D. and Meinardi C.R.,"l98‘8. "ISO/TC 190 — Soil Quality, First Steps Towards a 

V a World-Wide Standardized‘ Approach of Soil Problems"; Prepared ‘for Technical 
Committee 190 of the International Organization for Standardization._ April.‘ 

Hortensius D. , Meinardi CR), and Baveye l989. "ISO/TC_ 190 andtthe Development of an 
International‘ Standardized Approach to Soil Qua_1ity.Prob1ems'.'. Water" plntemational, 
l4(2)89-92. 

' 

._ , 
‘

- 

Moen, J.E.T.-, 1988. "Soil Protection in the Netherlands". I_n Con_taminated Soil ’88. K. Wolf, 
J. van den Brink, and F.J. Colon (eds.).‘ 1495-1503». 'K_ul'ver' Academic Publishers, 

Molenkamp G;C., Bins-Hoefnagels I.lVI.J., 1985. "Experiences on Soil Contamination in the 
Netherlands". VOCO/ l607B/ 1. ‘ 

‘ 

to . 

5 

van den Berg, R.,» 1990. "The Implementation of Risk Assessment: of Soil Contamination inthe
T 

Dutch Soil Clean-up Guideline". ,

' 

' OTHER CONTACTS 
, 
None. 

DESCRIPTION OF APPROACH
I 

‘In 1983, the ‘federal government of The Netherlands enactedtthe Soil Clean Up (Interim) Act to I regulate the clean up of the most contaminated sites in the country. At the same time, the 
Ministry of;I-Iousing-,- 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.» Initially the three levels were assigned the following definitions:

’ 

. O The A Levels marked the boundary between contaminated and uncontaminatedlsoil. 
0 -The B Levels indicated the relative extent of contamination and potential seriousness of the 

risks that the contamination might pose. ' 

. 

'

’ 

_ 

O "The C Levels represented concentrations above which a soil was considered to be polluted ' 

to such anlextent that all potential exposure routes present an intolerable risk to man or the 
environment. A - ' 
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it contaminated and a preliminary investigation of the site is required. 

Professional judgement was an important factor ‘in setting the original levels». Levelsifor 
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 theuoutsetthat the values lacked "a thorough scientific base" (van den Berg, - 

'1990) and did not have the ability to consider siteéspecific factors such as soil characteristics. 

Experience ‘gained over the next few years indicated 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 a_ct_, 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. Fu_rther, good soil quality ‘does not 
adversely affect possible future functions including crop production, as a source-of water, or as. 
habitat -for plants and animals. Any adverse effect is interpreted as decreasing the multi- 
functionality of a soil. A" 

. 

' 

' 

.

- 

Theconcept of good soil quality also provided 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 single values were replaced with simple equations that take into 
account the clay content and organic matter content of soils. These two characteri_sticS Were » 

established for a "standard soil" but--the equations allow s_ite~specif1c 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 inorganic parameters

’ 

are shown in Table A.7.- V 

V 

-

' 

For organic compounds, a linear adsorption model is used that estimates equilibrium conditions 
between solid and liquid phases according to a compound’s octanol-water partition coefficient. ~_ 

The referencevalues’ for organic compounds are shown in Table A.8. 

The B and C Levels (and some of the original Alevels) have not yet changed and are displayed 
in Table A.6; however, it is the ‘intention of Dutch regulatory agencies to use some form of 
human andecotoxicologigcal risk assessment procedure(s) to setC 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 permi_ssible risk" levels. For carcinogens, these may 
be set at‘ an annual risk of one in one million. For non—carcino‘gens,‘.these may be set at "doses 
without effects". (This terminology is assu_med to be analogous to acceptable daily 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

/ 
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Soils with concentrations between level B and C required .further investigationto define the 
extent of contamination and the potential risks. This- may require that environmental 
compartments other than just soil and ground water be linvestigated. 

It ‘is’ expected that remediation atlcontaminated sites should be directed at achievingLA Levels 
‘in keeping with the objective of promoting and maintaining muplti-functionality. 

_ 

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 

= situations. 

‘TNCSRP APPLIC-ABILITY 

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, toxico1ogical- risk assessments, 
physico—chemica1 properties such as vapour pressure, solubility, mobility, 

‘ 

accumulation, 
' 

corrosiveness and corresponding water quality values. 

This approach provides 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 
easily be used to derive other such criteria.



Table A.6' » 

SOIL AND GROUND WA.'I.‘ERnGUIDELINES 
-RECOMMENDED BY THE 

Soil (mg/kg)" 
’ 

Ground Watei"(pg'/L) 
A B ‘- C I A0 B C 

I - METALS ' 

. 

- 

A‘ 

arsenic * 30 ' 50 * 30 \ 100 
.bariUII1 200 "400 A 

_ 
2000 5' 100 500 

cadmium 0+ 8 5 
e 

120 * 2.5 10 
chromium (to’t'a1)~ 

. 0 

* » 250 800 * 50 200' 
cobalt 

I 

I 

20 50 
I 

300 20 ‘:50 ' 

. 200 
copper “ 

0 *' 
- 100 , 

500 * 50 200 
lead- '* 150 600 -* 50 200 ~ 

mercury — 
* 2 10 . 

* 0.5 A 2.0 
molybdenum 10' 40 .200 - 

A 

5 A 

' 

. 100 
nickel * 100 500 ‘_ * 50 200, .» 

0 

tin ‘ 

V 

420 50 
V 

300 ' 1'0 
0 

030 150 
’ zinc * .500 3000 

0 0* 
_ 

200 800 

0 ‘II-INORGANICS r 0 

0

0 

’ 

NH4 (a_s.Nj - 

' 

» 

‘ 4' 
-. —- - ‘F 1000 3000» 

Br (total) 
0 

. 20 50 300 * 0500 ~ ‘1000 
CN (total free) '1 10 100 5 30 -. 100 

0 CN (total comb.) 5 50 500 0 10 so 200 
F (total) ‘ 

. 

- 

. 

* 
. 

A 

400 ’ 2000 * 1200 3000 
P0,, (as P) 4 

, 

- 
. 

-. - 
‘ 

\ * 200’ 700 
S (total) ‘ 2 ‘20 200 10’ 100 ’ 

111 - AROMATIC COMFOUNDS 
benzene . 

' -0-.05 0 5 5 0.2 1 5 
” 

ethylbenzene 
_ 

0‘ 0.05‘ 5 . 50 f 0.2 20 \60.. 

toluene ' ' 0.05 _ 
3 30. 0.2 15 v 50 

xylene f - 0.05 ’5 
V 

' 50 0._2' 20 60 
‘ phenols . 0.05 1 10 V 0.2 15 50 

0 

7 70 
0 

-_ 30 100 .total 
_ 

_ 

‘ 

0.1



_ 
) 

Table A.6 (continued)
) 

(Soil and Ground Water Guidelines Recommended by -The Netherlands) ‘ 

Soil (mg/kg) , 

' 

Ground Water'(;zg/L) 
' 

2 A B C A B C 
- — POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) - - 

anthracene 
, A 5 * ' 10 100 A 2 0.005 2_ 10 

’ben_zo(a)pyrene - * 1 . 10 
‘ 

0.005 0.2 A 1 
- benzo(a)anthracene * 5 50 0.005 0.5 A 2 
‘benzo(ghi_)p‘erylene * 

. 

0 

10 100 0.005 1 . 5 
benzo(k)fl_uoranthene * _5 - 50 0.005 0.5 '2

. 

chrysene 
0 * 

A 

5 
A 

50 ‘0.005 0.5 » 2 
fluoranthene * 10 .100 "V 

' 0.005 1 
_ 

5 ” 

indeno(1,2,3—cd)pyrene 
_ 

* ‘ 

5 50 l 
, 0.005 0.5 2 

' 

naphthalene * 05 50 _ 

' 0.2 ‘ 7 - 30 
phenanthrene’ * 10 f 100 0 0.005 ' 2 ' 10 
P_AHs_ (total) 1 20 

2 

‘200 
, 

_ 

-. 10 40 

‘ 

V - CHLORINATED HYDROCARBONS , 

‘

. 

aliphatics (each). * 5 
b 

50 
_ 

_ 

0.01 ‘ 10 .50 
aliphatics (total) 

' 
’ 

’ - 7 70 4, 0- - 15 - 

. 

A 

70 
chlorobenzenes (each) * 1 10 ‘ 

0 0.01 0 0.5 0 2 
chlorobenzenes (total) 

‘ 

—. 
_ 

-2 20 = 
' 

1 ' 5 
chlorophenols (each) 

_ 

* 0.5 5 » 0.01 0.3 1.5 
chlorophenols (total) -' 1 10 . 

- 0.5 2 5 

chlor. PAHS (total) * 
_'I 

' 

10, 
0' + 0.2 1 

PCBS (total) . 

_ 

* .'l 10 
I 

\ 
’ 0.01 0.2 1 

EOCI (total) 
. 

0.1 8. 80 
0 

I 15 70 
2 VI - PESTICIDES 

\ 

«

. 

chlorinated (each) _- 
* 0.5 5 — 

. 0.5 0.01 1 
chlorinated (total) ' 

. 

- 1 l0 ' 

- 0.5 2 
non-chlorinated (each) * 1 _ _10 » 

, 

~ 

‘ 

0.01 2 
non-chlorinated (total) - 2 20 ' 

‘ - 1 
A

5 

VII - OTHER POLLUTANT S ' 

_ 
.

. 

tetrahydrofuran -- 0.1 4 ‘ 40 
' 

0.5 
V 

V 

20. 
0 60 

pyridine 0.1 A2 20 
A 

0.5 10. 30 ‘ 

' 

tetrahydrothiophene 0.1__ 5 50 W 
‘ 0.5 ' 20 ’ 60 

’ 

cyclo_hexane- 0.1 — 6 60. 
_ ~0_.5 

_ 
15 5.0 

styrene ~ 0.1 5 50 ‘ 

l 0.5 20 60 
gasoline 

. 

' 

20 100 . -800 10 40 150 
mineral oil ~ * -

. 1000 5000 50_ a (20 __ 600



' 

_ 

_Table A.6 (continued) .

' 

(Soil and Ground Water Guidelines Recommended by The Netherlands) 

Notes
' 

_* indicates reference value; see ,Tab1e$‘A.7_ and A78 

- indicates level not established



' 

'Tab1eA,7 
I’ 

VALUES FOR INORGANIC COMPOUNDS 

For Standard 
‘Name Formula ' 

' Soil Ground Water 

chromium 
_ V 

50 + 2L 100 1 pg/L 
nickel - 10 '+ L‘ ' 35 

V 

15 ug/L 
copper 15 + 0.6 (L+H) 36’ ' 

. 

‘p 15 ug/L 
zinc 50 + 1.5 (2L+I-I) ’ 140 ’ 150 pg/L . 

cadmium 
V 

0.4+0.007 (L+3H) 
_ 

0.8 
‘ 

1.5 p.g/L. 
mercury’ 0.2+0.0017 (2L+I-LI) - 0.3 ‘~ 0.05 pg/L 
lead 50 + H + L 85 ’ 

’ 

15 ;/.g/L 
arsenic 15 + 0.4 (L+H) - 29 

V 

_ 
10 pg/L 

fluorine 175 + 1-3L A 

~ 500 ' -'—--
, 

nitrate‘ 
' 

' 

« 
L ‘p --- ’ 

_ 

- 5.6 mg/L as N , 

' 

sulphate". . 

--~ ’' 

_l50.rng/L 
bromides 

_ 

' 

--- - 300 pg/L‘ 
chlorides" 

I 

' 

_ 

-- 
_ 

_ 

‘ 

100 mg/L 
fluorides” _. 

_ _ 

. 

--—~ 4 
1 0.5 mg/L. 

ammonium compounds" -‘-- ' 

'_ 2/10 mg/L as N"’ ‘ 

total phosphate* 0 
‘ 

- 

. 

' --- - .0.4/3.0 mg/L as P"' 

Notes 

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

‘_ H = weight» percentage of-organiematter basis’ in the soil; H ‘=' 10 for ~'fstand'ardhsoil" 
L '= weight percentage of the clay‘ fraction (particles smaller than 2 gm) in the soil; L = 
25 for "standard soil" 

* Lower values can be required for protectionof nutrient poor regions.
I 

** Higher values appear ’naturally in regions with a strong marine influence (salty ground 
water); _ 

’ 

. I .

0 

*** The lower values apply to ground water in sandy regions. The higher values apply to 
ground water in regionswith clay and ‘peat soils, j - 

'

' 
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_ 

hexachlofocyclohexane, endrin, 

Table A:8 

VALUESFOR ORGANlC COMPOUNDS . 

I. Halogenated Hydrocarbons and Choline -llsterase Inhibitors 
V 

b H 

’ 

less than 1 pug/kg. 
’.

' 

tetrachloroethane, tetrachloromethane, trichloroethane, . 
.

A 

trichloroethene, trichloromethane, PCBs (IUPAC numbers 28 and 52) 

’ch1oropropene_, 'tetrach1oroethene, hexachloroethane 7 ' 

. 

' -less than 10 pglkgt / 

hexachlorobutadiene, heptachloroepoxide, dichlorobenzene, 
trichlorobenzene, tetrachlorobenzene, hexachlorobenzene, 
monochloronitrobenzene, dichloronitrobenzene, aldrin, dieldrin, 
chlordane, endosulfan-, trifluralin, azinphosemethyl, azinphos-ethyl, 
disulfoton, fenitrothion, parathion (and .-methyl),.triazophes, 
PCBs (IUPAC numbers 101, 118, 138, 153, and 180) ' 

bDDD-, DDE, pentachlorophenol 
b 

_ 

' 

' than 100-ug/lcg
I 

II. Polycyclic Aromatic Hydrocarbons. ‘ 

' 

naphthalene,=chrysene 
_ 

' 

-_ 

_ 

V 

, 

I 

'. Ilessltlian 1‘0p.g/kg‘ 

_bhen,a’nthrene, anthracene, fluoranthene,benzo(a)pyrene 
I 

' less than 100 pg/kg . 

benzo(a)anthracene 
V 

l 

V 

l 

I 

l 

. 

l 

I 

less than 1 mg/kg 

benzo(k)fluoranthene, indeno(1,2,3,c,d)pyrene, 
l 

I - 

l 

lesshethan 10 mg/kg
‘ 

benzo(ghi)DefY1ene .. 
- 

- .»
- 

III. Minex'''al0il’ , 
. 

= 
l 

I . 

total a l_ 
. 

, 

less than 50 mg/kg 
octane, » 

I I 

.V 

I 

l 

l 

‘ 16SS-tha.n‘ 1 

N—°t§ 

Detection lim’lts’ Shbuld be used if higher than any of the indicated values. . 

To evaluate specific soils, the above values should bedivided by ‘IO. and multiplied by the 
organic matter content-. For soil containing more than 30% or less than 2% organic matter, the. 
values of 30 and 2. Should be used, respectively} 

' ‘ 

- -

‘ 
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NEW JERSEY 
DOCUMENT(S) REVIEWED 
New Jersey Department of Environmental Protection (DEP),_ 1990. "13%1_Sis for NJDEP_ 

Interim. Soil ‘Action Levels". Prepared by the Division of Hazardous Site Mitigation, 
Bureau of Environmental Evaluation and Risk Assessment.» February. T 

' 
’

» 

OTHERVCONTACTS 
Personal communication with T. McNevin, Division of Hazardous Site Mitigation, Bureau of 
Environmental Evaluation and Risk Assessment», DEP.‘ 

' 

2 .r v 
'

- 

Personal communication with R. Hazen, Manager, Risk Assessment Unit, Officeof Science and 
Research, DEP. " J '

' 

DESCRIPTION or ARPROACH 
_ 
In the mid-1980s, the New Jersey Department of Environmental Protection (DEP) issued 
documentation describing "Interim Soil Action Levels". (ISALs). New para;meters‘ha‘ve 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 ISALs should have its 
horizontal and vertical extent delineated. Speoif1cclean—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, sorne.s‘urrogate parameters for organic - 

contaminants, and some ‘pesticides (see Table A.9)..Land use is generally not considered but for 
some contaminants different values have been set for. residential’ and commercial/industrial 
properties. - 

' ’ 

1- 
V 

J 

~
- 

There is no standard approachto setting ISAL values but the factors that have been considered ,
_ 

"include ambient or background conditions, npotentialhuman health effects, and the protection of » 

ground water quality. A 

The ISALS for inorganic parameters originally were set as an approximate multiple of the 
maximum reported ambient concentration in New Jersey. The magnitude of the multiple used 
‘for each parameter was determinedlby a qualitative evaluation of toxicological information. 

. One exception to this approach was lead, for which the ISAL was based on an evaluation of 
- human health concerns undertaken by the New Jersey Department of Health._ A second exception 

A-.30
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concerns total petroleum hydrocarbon for which the ISAL was originally selected to approximate 
background concentrations in industrial areas. ‘ 

- 

’ 

l
r 

The ISALs for theorganic’ surrogate parameters were developed by-consideri_ng:grou.nd water 
quality criteria and situations where contaminated soils are in contact with ground water. ISALs, 
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 vconsidered. Two exceptions to this approach are DDT and chlordane for

_ 

which ISALs have been set at concentrations that DEP feels clearly identify 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 being s'uitable‘for protecting ground water. The lower level is the result of a risk 
_ 

a_ssessn1ent- conducted by‘ DEP of potent_ial’expo_sures in residential settings. 

The approach provides candidates for NCSRP remediation criteria for residential (and 

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

V

. 

_ 
to estimate exposures and doses.

’ 

Efforts are currently underway 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 soil- The 
standards are expected to be published for public comment early in l991_.

‘ 

NCSRP APPLICABILITY
_

\ 

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 A_.’9 

NEW JERSEY INTERINI SOIL A_CTION LEVELS . 

Parameter 

INORGANICS (in pg/g.) A 

‘ antimony 10
_ 

' arsenic 
V 

20 
barium _400 
~beryI1iumv ‘V 

.1 

cadmium 4

3 
chromium A 

V 

100 
copper 170 -_ 

lead 250, 1000 
mercury 

‘ 

1 - 

molybdenum, . l 

nickel 100 
selenium 4 . 

silver 5‘
J 

thallium 1 

vanadium 100 
zinc "350

_ 

AORGANICS (in pg/g’) A 

p

A 

- 
' acid extractables case-by—case V 

" 

base neutrals ' 

A 10 
total. petroleum‘ hydrocarbons 100 
volatile organics 

_ 

< 1 

polychlorinated- biphenyls 1-, 5
_ 

DDT + metabolites 1,’ 10 
chlordane 1 

other pesticides case-by-case 

Notes 
0 

‘ 

0 

, 

0 

‘ 

/, 

_ 
When two ISALs values are listed, the former applies to residential properties, the ‘latter to 

_ 

\ 
A 

commercial and industrial properties. ’ 

_ 

«‘ - 
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I ONTARIO 

DOCUMENT(S) REVIEWED 
V

. 

Ontario Ministry. of the Environment (MOE), 1989a. “Guidelines for the Decommissioning 7 

and Cleanup of Sites in Ontario". Prepared by the Waste Management Branch. February. 

OTHERHCONTAOTA. 

_ 

Personal communication with B. Birmingham, Standards Co'ordi'nator—, Hazardous “Contaminants
I 

Coordination 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 developingznumerical clean-up guidelines above background levels. One of 
these options is to apply relevant MOE policies and guidelines. (The- others are. to use guidelines 
from other jurisdiction's and to develop site-specific guidelines.) -

' 

The has developed soil guidelines 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, 

‘ co’mmercial, and industrial». Generally, more stringent cleanéup requirements are needed for 
agricultural, residential, ‘and parkland redevelopment‘ than commer_cial and industrial land u_ses. 

' Two categories of soil texture are considered: coarse and medium/fine. More stringent cleaneup 
requirements are needed for coarse textured soils for most parameters. 

As ‘shown in Table A. 1.1., the MOE has also adopted interim soil guidelines 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 _. 

V’ 

CCME guidelines in one instance: the MOE guideline for commercial/industrial lands is 25 peg/g 
(comparedto the CCME guideline of 50 'p.g/g‘).'- t 

' 

'

V 

‘In addition: to numerical guidelines, the also mayevaluate soil quality by considering‘ 
aesthetic qualities such as appearance and odours. The aesthetic guidelines used to assess soil " 

quality during the recent decommissioning of two former petroleum refinery sites near Toronto
' 

i included (Reades, 1989): ' 

A 

- 

i 

A

‘ 

0 absolutely no remaining refinery-related odoursin the soil 
0 "no discolouration or staining of soil 

p 

_ 

‘ 

‘ ' 

,

~ 

0 no hydrocarbon layer or sheen if a soil sample is placed -in water 
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The MOE decommissioning document indicates that aesthetic parameters must be addressed. 
regardless of the other criteria that may be used to assess site conditions. 

I 

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, provincial drinking water quality 

guidelines, and sewer use b‘y'+laws._ _ 

- 

' ' 

- 

'
T 

The MOE_ decommissioning 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 thehealthi 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 guidelines were 
first recommended in 1988. . 

T 

~\ 
- 

‘

‘ 

‘ 

Criteria generally are lower for- agricultural, residential, and pa_rl<_land~ than commercial, and 
industrial ‘land "uses. Presumably, this reflects greater opportunities V for 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 ' 

mobility 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 c1ean—up criteria. The decommissioning document indicates that any 
process for developing site-specific criteria must take into account:

’ 

O environinental and human health toxicology of -the contaminants’
' 

0 environmental mobility of" the contaminants 
' 

- 

'
' 

0 the pathways by which the contaminants may impact on humanhealth or the environment V" 

with respect to the future zoning of the site 
i 

. 
V 

.

_ 

0 the physical features and environmental conditions of the site, including background 
concentrations of contaminants \ 

. . 

With regard to the last factor, the Phytotoxicology 'Section.ha‘s compiled information "concerning 
typical concentrations of some substances in Ontario soilsand developed "upper limit of normal" 
values for those substances (MOE, 1989b). It is likely that this information was considered in 
recommending some of the guidelines in Table A. 10. 

Missing tfromthe publicly available documentation are detailed descriptions of the underlying 
method(s) used to establish specific values. A report that describesthat is scheduled to be 
published presently. . 

« 

.,

» 
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NCSRPAPPLICABII.I’I'Y' 
. 

» ; 

The MOE document indicates that various types of: possible effects need to be. considered in 
establishing soil criteria and that the critical effect. or. cor.1.si.deration is substance-specific. The -, 

document provides candidates for inte1_-i_vrn_ NCSRP remediation criteria and other -MOE 
kdocuments provide candidates for interim assessmentgcriteria (Ontario MOE, 1989a) but none 
of the documents provide guidance for deriving criteria for additional substances.



5 Table A.10 

5 -MOE soil. CLEAN-UP G-UIDELINEIS 

Agricultural/Residential 
_ 

Commercial/Industrial 
and Parkland 

Type of Soil‘ 
_ 

-5 

' 

Type of Soil 
Parameter ' Medium & Fine Coarse‘ ' Medium 4& Fine Coarse 

Guidelines: A

5 

pH 5 
- 

\ 
6to8 6to8 5 

_ 

61:08?‘ 5 6to8’ 
,EC (mS/cm) 2 i ' 2 5 

V4 - 4
V 

SAR . 5. 2 5 '_ 5 . 12 
5 

2 12 
nitrogen (%)3'5 0.5 5 

’ 5 0.5 - 
V 

5 0.6 0.6 
oil & grease (%‘)“ 

V 

1 1 « 1 1 

arsenic 5 

' 

25 ' 20 5 50 ~40 
cadmium 5 4 3 

V 

' 8
_ 

chromium (VI) . 10 — 8 10 . 8 
chromiuxn (total) 1000 5 

5 750 5 

< 1000 750 
cobalt 5 

5 

‘ 

'50 
5 40 100 80 

. copper 
2 

200 
' 

, 
150 

i 

300 225 
lead 500 

.5 
375 

V 

5 

1000. 
5 

750 A 

.mercury 5 

_ 

1 . 
» 0.8 5 2 1.5

_ 

5 5 40 ' 

-450 

nickel" 200 150 5 200 5 150- 
5 

selenium 5 

. \2 5 2 10 
' 

. 

10' 

1 

5 

5 silver 
‘ 

‘25 ‘ 20 5 50 40 5 

zinc 5 800 5 

5 00 800 600 

Provisional Guidelines: . V
5 

antimony‘ 
_ 

25 5 20 - 50 
_ 

— 

' 

. 
40 

bari1'l_II“1'_ 1000 55 750 22000 ' 

- 1500 5 

beryllium 5 4‘ “- 105 5 8 
‘vanadium 250 2 200 250‘ 5 200



.1‘.T9t;s 

_ 

i 

Table: A.10 (continued) M 
' 

V 

-(MOE Soil ‘Clean-up Guidelines) 

‘ 

All 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 guidelines, the mineralization_ of the soils, should be 
evaluated. Additions of nitrogen.-based fertilizer may be counter-productive. 

Guideline is for fresh oil; for weathered oil (minimum of 2 yearsexposed on site), the ' 

'. guideline is 2%. - »

' 
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Table A.lI 

MOE-INTERIM SOIL QUALITY GUIDELINES 

Polychlorinated Ditbenzo-p-dioxins and Polychlorinated Dibenzofurans: 

(i) g . 1 ug TEQ/kg (l ‘partpper billion) I

A 

0 Where the\TEQ»(toxic equivalent for 2,'3,7,8+TCDD) of dioxins and furans in soil is the 
_ 

sum of the concentrations of eachvisomer group times the toxic equivalency factor_(TEF) 
.for each“gr'oup. TEF'values range from 1 for 2,3,7,8-tetrachlorodibenzo-p-dioxin to 
0.001 for octachlorodibenzo-p-dioxin‘ and octachlorodibenzofuran. 

A

. 

0 assumed to apply to all types of" soil and land use 

Reference: MOE 1990a,'not dated; 
'

\ 

(ii) 
' 

b 

I 

0.01 pg TEQ/kg (10 parts per trillion) I

I 

" O assumed to apply for agricu_ltura1 land use only for all soil types 

Reference; 
0 MOE l_990b, not dated". 

_' 

Polychlorinated Biphenyls (FCBS): 

Q ,O.5 ug/g for'agricult'ural land
y 

'5 pg./g for residential and park land ‘_ 

25 pg/g for commercial and industrial



_ 
DOCUMENT(S) REVIEWED 

QUEBEC

\ 

Ministere de l’Environnement Québec (MENVIQ), 1986. "Approach to Contaminated 
Soil Management" - DRAFT. Prepared by the Hazardous Substances Branch. January. 

Ministerer ‘d_e l-’Environnemen‘t du Quebec‘ (MEN‘vIQ),‘ 1988. "Contaminated - Sites 
‘- 

rRehabilitation Policy". -V Prepared by -the ‘Direction’ des Substances Dangereuseis. 
February. 

OTHERCONTACT 
_ 

‘H 

r 

‘ 
t

, 

-Personalcommunication with M, Beaulieu, Direction des Substances" Dan_gereuses,_ MENVIQ. 
I
\

\ 

DEsc1zrm~roN .oF APPROACH 
‘In .the midi-.l980s, the Minjistere de l’Environnement du Quebec.’ (MENVIQ) issued 

L documentation that proposed a way to determine when soils were suitable for.various land uses.
‘ 

Based on avreview of approaches ‘promoted by ‘regulatory’ agencies from several countries, the 
decision was made to adopt the ABC formatoriginally developed in" The Netherlands. 

The current version of the soil and ground water guidelines was issued in 19188‘. Three levels of 
nu_merical values (presented in Table A. 12) haveibeeh establishedfor more than 90 substances. 

i 

To interpret the three levels, the following definitions were established: 

5 The A Value represents background concentrations for naturally-.occu/rring substances and 
the analytical detection limit for man-made. organic sub'sta__n'c'es~. 

‘

t 

V 

O ' Concentrations between A and B are considered to be "slightly contaminated". Remedial 
action will not usually be necessary for soil; For sensitive land uses such as agriculture 
or residential development, m_easures_ such as excavation of surface soils or the addition 
of a. layer of clean soil may b_e- needed. For ground water, drinking water standards or 
criteria are not satisfied. - 

0 
. The B Value marks the threshold above which a thorough site investigation ‘is necessaryy

' 

0 Concentrations between B and C are considered to be "contaminated". Ground water 
should not be used for drinking. Restrictions on land use may be necessary. Uses such 
as commercial and industrial may nobrequigre remedial action. A 

‘-

2

_



O The C Value marks the threshold above which it" may be necessary to. take prompt 
remedial action-. ’ 

f . 

O 
. Concentrations above C indicate "serious contamination". All uses of theland will be 

. restricted. Some form of restoration likely is needed. '

I 

' MENVIQ clearly‘ states that these values should be usedstrictly as indicators of environmental 
conditionsand should not be regarded as standards (MENVIQ, 1988). ‘It also warns that before 
decisions are made concerning the need or extent of clean-up, various si_te-specific conditions 
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 soi_1s and ground water.- 

The MENVIQ approach considers numerous factors: The type of landtuse is identified as the V 

'Ymain criterion" (MENVIQ, 1986). Relative tofthet ABC values_of The Netherlands for soils, 
MENVIQ chose to add two metals, revise two others 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’(C1e1and and 
Kingsbury, 1977). Some PAHs were assigned the same ABC values as those of other PAHs with 
the same level of toxicity. Hexachlo'r'o‘benZene was added becauseit is a potential carcinogen. - 

For ground water‘ values, MENVIQ adopted'The Netherlands A values for most metals, buti 
- replaced the B values with drinldng 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 compoundswere revised downwards based on 
drinking water guidelines and storm sewer disposal criteria. Several PAHs were added and the 
ABC values based upon the toxicity indices '8 

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 guidelines. 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 environments). 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 documentation 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 been 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 widerange of relative toxicities posed by V 

members of this chemical'class._ -
V 

The”ABC values "for" metals and" some mineral pollutants are likely based on relatively large 
information bases; however,_' for many organic compounds the information base is undoubtedly 

' 

“smaller and incapable of allowing all of thecharacteristics ‘attributed to the rationale to be 
considered. 

The MENVIQ values provide candidates for NCSRP assessr_nent_ 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 RECO'M1\/IENDED. BY MENVIQ 
Soil (mg/kg) 

1 

_ 
Ground Water (pg/L) 

AA . B C ' A B . C 1 

— I - HEAVY METALS 1

- 

arsenic‘ 
' 

v 10 30 50 5 - 

‘ 50 100 
barium ‘ 200 500 2000 50 1000 ,2000 
cadmium 

/ 
. 

1 1.5 
1 5 20 1 5 20 

chromium (total) 75 250 (800 ‘_ 15 40 500 
cobalt — 

1 

0 15 50 300. 
' 10 50 5 200. ‘

. 

copper 
A 

- 

. 50 100 500 _ 425 500 -‘1000 - 

lead 5 

5 

1 V 50 200 600' 10 so 1005 

mercury 0.2 ‘ 2 ' 10 0.1‘ 0.5 1.0 
molybdenum 2 10_ _ 

40 A 5 20 100 
nickel 50 _100 1 500 10 250.. 
selenium" 

, 

0 

, 1 - 2 3 ’10 1 

1 

1 . 10 50 
silver 

' 

' " 2 20 40 v 5 50 200 
tin 15 50 300 

b 

10 30 150 
zinc 100 500 1500 50 5000 10000 

II - POLLUTANTS . 

5 

‘

. 

NH4 . 

‘ 

' na na na - 200 1 500' . 51500‘ ' 

Br (dissolved) 
‘ 

na' 
1 na na 

V 

100 500. - 2000 
Br (free) _ 

' 
' 

20 50 . 300 na na na 
: CN (free) . 

1 

1 10 
5 100 40 200 400 

‘ C-N (total) j 
5 50 500, 

' 40 -200 400 
. F (dissolved) * 

, na na na » _’ 300 1500 4000 V 

. F (free) -"200 ' 400 2000 na .na ha 
P04 

' 

K 
~ na na na‘ 50 

’ 

1 100 700' 
N03 (as N) na na na - 10 10000 — 

NO, (as N) 1 j na 
0 

na. na _ 

' 20 . 1000 
‘ 

-‘ 

H28 ‘ 

_ 

* na na 'na 10 50 500 1 

S (total) 
. 

‘-500 1000 2000 " - - 1- 

III - MONOCYCLIC AROMATIC HYDROCARBONS. 
benzene v 0.1 » 0.5 5 0.5 1' 

_ 
5_ 

eihylbenizene 0.1 5 so . 

~ 0.5 
I 

~ 50 150 
toluene» 

. 0.1 
b 

3 -30. ' 0.5 50 100. 
chlorobenzene 

’ 

» 0.1 1 10 v 0.1 2. 
V 

5‘ 5 

- l,2—dich1orobenzene 
' 

0.1 1 10 0.1 2 5 
0.1 

1 

1 2 5 . 

_ 

1,3.-dichlorobenzene ~ 10 
, 

0.1



_ 

Table A.12 (continued)
A 

(Soil and ‘Ground Water Guidelines Recommended by MENVIQ) 
Soil (mng/kg) 

2 

Ground Water (pg/L) A 
y 

B C = -.A' B ' C - 

' 

1,4-dichlorobenzene _1 
' 

10 ‘ 0.1 2 
V

5 
xylenex - 0.1 5 ' 50 ‘ 

0.5 20 60 ‘. 
.

‘ 

styrene 0.1 
’ 

5 50 “ 0.52 40 ' 120 ‘ 

" COMPOUNDS 2 

y 

«H. V’ 

non-chlorinated‘ (each) . 1 0.1 1 1 10 
. 

1 3 20 
ch1orophen_o1s’ (each) 

‘ 

0.1 0.5 5« 2 

‘ 

~ 1 
, 2 5

, 

chlorophenols (total) 0.1 1 10 V 1 
" 4 10'

\ 

V - POLYCYCHC AROMATIC IWDROCARBONS (f’AHs) 
'

2 

G 
V‘ 

acenaphthene ‘ 0.1 10 100 0.5 
_ 

20 
acenaphthylene 0,1 10 100’ 2 ‘0.5 10 20‘ 

. anthracene ' 

0.1 10 
' 

100 0.2 7 20. 
benzo(a)an'thracene 20.1,. 1 10 0.1 

_ 

0.5 2 
benzo(a)pyrene 

4 
0.1 1 10 0.1 0.2 1 ’ 

benzo(_b)fluoranthene 
" 

0.1 1 10 0.1 
’ 

0.2 1 
benzo(c)phenanthrene . 0.1 1, 10 0.1 0.5 2 
benzo(g,h,i)pefylene\ 

_ 
0.1 

y 

1' 10 0..1 0.22 1
‘ 

benzo(j)fluoranthene' 0,1 1 10 ‘0.1 p.2 1 2 

‘ ben_zo(k)fluoranthene _ 0.1 1/ 10 ‘0.1 0.2 1 \ 

chrysene 
y 

. 0.1 1 
' 

10 
_ 

0.1 - 1 5 
’ 

dibenzo(a,h)anthracene. 0.1 1 10’ 0.1_ 0.2. 1 , 

dibenzo_(a,h)pyrene 0.1 ' 

1 . 10 
_ 

0.1 V1 5 
dibenzo(a,i)pyrene 0-.1 1 » 10 0.1 1 

4 

5~ 
dibenzo(a,j)pyrene 0.1’ 1 10 0.1 

_ 
1 

A 5 
} 
7,12-dirnethyl 

V 

~ 

2 

2 

2

2 

benz(a)anthracene‘ -0,1 '1’ 10 -V 0.1 0.2 1 

flfiolfanthenfl 0. 1 10 100 O. 1 2 10 
fluorene ’ 

0.1 
' 

10 100 0.1 2 
A 

10 
indeno(1,2,3—c,d)pyrene 0,1 1 10 0. 1 1 '5 

3-methylcholanthrene- 0.1 ' 

1 10 .'0.1- 0.2 1 
“ 

naphthalene 0.1 5 so 2 :0.2 10 30 
phenanthréne ~ 

, 0.1 5 so 0.1 1’ ~ 
2' 

5
y 

pyrene 
' 

0.1 '10 ~ 

2 

0.2 7 30 
PAH_s (totai) 1 V 

20 200 0.2 ' 10 50' '



. Table A.12_ (continued) 
0 

2 

.

2 

(Soil and Ground Water Guidelines Recommended by MENVIQ) 

Soil (mglkg) . 
Ground Water (pg/L)’ 

A, B . 

C- ‘As A B — C 

VI. - CHLORiNATED HYDROCARBON S V 

50 ‘aliphatics’ (each) 
I 

. 
0.3 5 

V 50 1 10
I 

aliphatics (total) 0.3 7 70 - 15» 70 
chlorobenzenes‘ (each) 

V 

0.1 2- " 10 0.3‘ 2 
" _ 

5. 

chlorobenzenes (total) 0.1 4 * 20 0.3" 4 10 
hexachlorobenzene 0.1 2 10 0.1 0.5 ' 2 
PCBS5 0.1 1 10 0.1 . 0.2 1 

VII - PESTICIDES 
_ 

v. 

0 

. 

2
2 

aldrin + dieldrin . 
T - 0' 

.- - - 
_ 

_0.05 0.7 2
' 

gchlordane ' ~, _— - - 
_ 

' 
h 

0.05 0.7 2 . 

DDT 
. 

0 

- 
1 

0.05 \30 60 
Endrin - ' - 7 

v 
0-’ 0.05 0.2 0.5 

Hep'tachlor Epoxide‘ 
. 

" - 
b 

—. 
_ 

- '- 0.05 
_ 
3 5 

Lindane - - ' - 0.05 4 A 

. 
010 

Methoxychlor -. 
, 

- - 0.05 100 200 
Carbaryl - - -- -_ 0.05 . 70 150

, 

Carbofuran - -, - 
_ _ 

0.05 70 0. .150 
2,44) 

‘ 

- 
0 

- 2 - 0 

0.05 100 200 
2,4,5-TP ' - - - ' 0.05 10 420 

_ 

Diazinon 
_ 

‘ - - v 

( 

4 \ 
. 0.05 14 30 V 

Fenitrothin 
I 

- * - - 0.05 7 20 ‘. 

Parathion 
_ 

. . 
- 

. 

'- 
. "0.05 35 ‘ 70 

Parathion-_methy1 . 

_ 

- 0' ' - ‘ - -0.05 7 20 
Diquat ' - 

I -, - u 2 - 0,05 50 100 
Paraquat 

0 

,- ' - 
‘_ 

- « 0.05 -7 20 
Picloram +. -, '- 

- 00.05 1 
’ 

2 A 

Pesticides (total) 0.1 ’ 2 20 0.05 100) 200 i 

VIII -' PARAMETERS 
phenolics‘ (colorimetric) 7 0.1, 

' 

1 
” 10 ‘ 

1 2 5 
gasoline 

0 

0 

' 

100 150 ‘800 “ 
1000 1500 3000 

mineral oil and grease" 100 1000 5000 
V 

100 1000 5000



Table A.12 (continued) 
‘(Soil and Ground Water Guidelines Recommended by‘ MENVIQ) 

I 

Notes 

nna-notaplllicablel 
I 

' 

In i 

/‘ 

"- ‘values not established 

. 1 - non»-chlorinated phenolic compounds include: 
2,4-dimethylphenol 
2,4-dinitrophenol 

'

. 

2-methy14,6-dinitrophen,ol_ I 

nitrophenol (2-,- 4-) 
"phenol 
cresol 

2 - chlorophenols include: '

W 
' 

_chl_oropheno1 isomers (ortho, meta, para) .

- 

dichlorophenols (2,6-' 2,5- 2,4- 3,5- 2=,'3- ’3,4+) 
t1'ic_h1orophenO1s(2,4,6- 2,3,6? 2,4,5- 2,3,5- 2,3,4- 3,4,5-) .

' 

tetrachlorophenols (2,3,5i_,6- 2,3,4,5- 2,3,4,6—) 
A 

pentachlorophenol —

‘ 

3' - aliphatic chlorinated hydrocarbons include: 
‘chloroform _' ' 

' dichloroethane (:1,1‘- 1,2-s) 

dich1oroethene.(l,1- 1 2-) 3 

dichloromethane 
'1n,2-dichloropropane 

_

' 

. 1,2—dich1o,ropropen'e-(cis and trans) " 

1,1,2,2-tetrachloroethane 
‘ '

' 

tetrachloroethene _ 

carbon tetrachloride : 
_

- 

‘trichloroethane (1,.l.,1- 1,1,2-)‘
' 

trichloroethenev -

_

9 

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

5 - PCBs 
isomers 1242, 1248, 1254 and 126%) . 

A-4:5



UNITED KINGDOM 

DOCUMENT(S) 

Interdepartmental Committee ‘on the Redevelopment of Contaminated (ICRCL), 1980. 
"Redevelopment of Contaminated Land: Tentative Guidelines for AcceptableLevels of 
Selected Elements in Soils". ICRCL 38/80. 

Interdepartmental "Committee on the Redevelopment of Contaminated Land (ICRCL), 1987. 
- 

' "Guidance on the Assessment and‘ Redevelopment of Contaminated Land"._ ICRCL 
.59/83, Second Edition July. V 

I 

" '

' 

Simms, D.L. and Beckett, M.J_., 1987.. "Contaminated Land: Setting Trig‘ger'Concentrations". 
The Science of the Total Environment; 65,121-134.. '

' 

Interdepartmental Committee on the Redevelopment of C.ontam’ina'ted Land (ICRCL). 1990». 

"Notes on the Restoration and Aftercare of Metalliferous Mining Sites for Pasture and 
Grazing". ICRCL Guidance Note 70/90, First Edition. A 

Department of the Environment, 1990'. 
V 

"Contaminated Land: The Government’s Response 
to the First Report from the House of Commonsgselect Committee on the Environment". 
July 1990. 

_ it 
« 

L 

’
' 

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

Q 

DCESCRIPTIONCOF APPROACH 
In 1980,. the Interdepartmental Committee on the Redevelopment of Contaminated 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 consideration 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 andtaction triggers) for contaminants in



soil; The threshold. action triggers define three zones in which concentrations at a site will 
_ 

fall: a - 

’o 
V 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 uncontaminated. . 

-' 

' O 
V 

' 

In the second "zone, the concentration of thecontaminant is between the thresholdand 
' 

-action trigger concentrzitionns. In thiszone, the -significance. of the risk depends on the 
intended use and the form of development;- thus, professional 

, 

judgement-is required to 
decide whether action is needed. . 

_ 

' 

. 
I

h 

To In the third zone, the concentration of the eontaminant'—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-requiredto. clean up the site 
or otherwise reduce the risks to an "acceptable level". ' 

_- 
,

» 

_’ The. ICRCL values (see Table vA.13) are based primarily on human health considerations and 
phytotoxic effects where human health is not-’ normally at: .ri_sk from the‘ metals. The three 
principle 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 I 

i 

soil ,(particu_1arly by small children); and Contact with skin irritants and substances‘ likely to be 
absorbed through the skin. - 

, 

~ 

, J _ 

-

V 

For the inorganic values listed, consideration was also given to chemical attack on building 
materials by acids and compounds such as sulphates, and explosive hazards eaused by gases such 
as methane. _. .

— 

The intent of the two trigger concentrations is very similar to the assessment and remediation 
‘ 

criteria being investigated in this project. There does not seem to be a standard approach to 4 

setting trigger concentrations’ but the factors that have been considered include ambient or 
background conditions, human health effects, phytotoxicity, chemical attack on building - 

' materials and hazards such as explosions. .

. 

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

N CSRP APPLICABILITY "A 

. This approach provides candidates for N CSRP criteria but it does not provide a mechanism that 
ean easily be used to derive other such criteria.



Table A-.013 

U.K. TRIGGER CONCENTRATIONS 

\ 
arsenic domestic gardens, allotments. . 10 - 

t 

-- 

_ 
_ 

parks, playing fields, open space 40 -- 

boron (soluble)(3) anywhere _plants are grown 3 
l 

--2. 

cadmium domestic gardens, allotments ‘ 

: 

3 - -- 

< 

' 

parks, playingfields, open space i 15 - -- 

chromium (he‘x.)(l)' all uses 
_ 

25 
_ 

“-- 

-chromium . domestic gardens, allotments 600 
_ 

‘ -- 

_ 
(total) 

‘ 

parks, playing fields, open space 
' 

1000 -- 

copper(4,5) ' anywhere plants are ‘grown 130 -- 

lead '~ domestic gardens,-allotments. 
' 500 

_ 

.. 

' -- 

- parks, playing fields, open space . 2000 . 

' ‘ -- 

mercury domestic gardens, allotments l . 
. 

-- 
' 

-parks',.playing fields, open _space .20 -r-'
‘ 

nicke1(4,5)V - 

\ 

anywhere plants aregrown 70 . 
-- 

selenium 1 domestic gardens, allotments 3 
_ 

--
_ 

- parks, playing fields, open space 6 . 
-- 

zinc(4,5) - anywhere plants are grown . 300 - 

' 

-- 

PAHs(7,8) _ 
domestic gardens, allotments, play areas 50 500 

' landscapes, buildings, covered areas 
_ 

1000 10000 
phenols domestic gardens, allotments, play areas 5 , 200,

' 

- 

' 

landscapes, ‘buildings, covered areas ‘ 5 V 

' 
* 1000 

cyanide (free) 
_ 

domestic gardens-, allotments," play areas 25 . 

, 

' 

_ 
. 500 

. 

' 

‘ 

buildings, covered areas 2 1001 
. 

' 500 
complex cyanides domestic gardens, allotments‘ 250 - 1,000 _ 

. landscapes 
V 

V 

, 

. 250 ' _5000. 
~ buildings, covered’ areas — 

' 

- 250 NL . 

sulphate 
, _ 

dom. gardens, allotments, landscapes 2000 ' 

buildings(9) 
_ 

' 2000 ~ 50000 
' 

. 
covered areas . 

_ 

2000 NL 
sulphide all uses ' 

V 

0 250 .- 1000 
sulphur all uses 

_ 

. 

_ 

' 5000 - 

. 20000 
thiocyanate(8') all uses . 

V 

\ 

' 50 
' NL 

. 

V 
- 

. \
0 

- acidity (pH) - dom. gardens, allotments, landscapes’ 5 v 

_

3 
_ 

A 

covered areas ’ 

. 
_ 

v NL 

A - 48

\/
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Table A.l_3 (cont’d)
p 

(U .K. 
_ 

Trigger Concentrations) V" 

"This table isfinvalid if reproducedwithout the following conditions and footnotes; 

All values are fornconcentrations 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. 
V 

_ 

-\j . 
- » 

.

' 

The lower values in Group A are simjilarto thelists for metal content of sewage sludge applied 
to ‘agricultural land.- The values in Group"B are those above which phytotoxicity is possible. 

Many of these values are preliminary and will require updating-. They should not be applied 
. without reference to the current edition of the report "Problems Ajrising from the Development 
of Gas Works and Similar Sites". ~ 

T 

~ 

.

T 

If all sample values are below the threshold concentrations then the site" may be regarded as 
V 

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 

A contaifnination is still continuing.’ Above the action concentration, -remedial action will be 

_ 
Notes 

required or the form of "development changed. 

values are cited in mgi/kg weight. 

_Action concentrations willibe specifiedin the next edition of ICRCL 59/83.
K 

No limit set as the contaminant does not pose a particular hazard for this use. 

1. Soluble hexavalent chromium extracted by O.1M'IlC1 at 37°C;- solution adjusted to pH 

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

1.0 if alkaline substances present. 

A2. 
. Soil pH value is assumed to be about 6.5 and should be maintained at this value. If the A 

’pH falls, the toxic effects and the uptake of these elements will beincreased. 

'4. 
' 

Total concentration (extractable bybHNO3/HCIO4). 

A.—49i



. 
Table A.13(cont’d).

_ 

(U .K~..~.*l"rig_ger 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. 

_ 

' 

_ 
_ 

‘ 

V

‘ 

Grass is more resistant to phytotoxic effects than are most other ‘plants 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 Similar ,Sites"' for_ 

details of analytical methods. .

‘ 

See. also l;REvDigest 250: Concrete in sulphate-bearing soils and ground water.-



\
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APPENDIX B it 

C SUGGESTED APPROACH FOR MOSAIC OPTION
9 

i 

13.1‘ MOSAIC APPROACH. : 

. r 

B. 1.1 Objectives 

' 

The mosaic option involves selecting the mos'tappr,opria_te criteria from among those that have been 
established. 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 
usés)._ - 

‘ 

- 

'

. 

All of the numerical criteria that have been issued by Canadian regulatory agenciesi are considered 
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 assumption that some foreign 

B.1.2 Methodology for Developing Assessment Criteria
_ 

criteria may reflectt conditions inappropriate inthe Canadian context.
4 

The assessment c"riteria‘a're' intended to identify concentrations in soil and ground water that typify 
uncontaminatedgor 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. 

' 

. 

' 

»

' 

_'Th'e assessrnent criteria should lietoward the upper end of 
T 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 considered for assessment 
criteria. ' 

' 
' 

t

- 

The types of information used for tsettirig assessment _criteri‘a"include values recommended by 
agencies as investigation thresholdsor triggers or identified as representing background conditions. 
Candidates for a_sses‘sme'nt criteria include: 

‘ 

. 

' r 
‘

- 

-A British Columbia A criteria (B.C. ‘MOE, 1989a) 
- - MENVIQ A values (MLENVIQ, 1988) _

. 

— France thresholds for anomalies, and investigations (Beaulieu,_ V1989) 
- Netherlandcs A values (Moen, 1988) .

’ 

—, 
. 

’ NHMRC investigation thresholds (NHMRC. 1990), and
_ 

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

/



- Published sources of supporting’ information concerning background concentrations of substances . 

in soil and/or ground water include -the Ontario ULN",va1ues (Ontario MOE, l989b), Canadian 
Water Quality Guidelines (CCM/E, 1987) and background data from Michigan (de Montgomery, _ 

(ANZEC, 1990), and West Germany (Siegrist, 1989). 
V

. 

‘1987), New Jersey (NJDEP, 1990), the United States (Dragun, 1988), the ANZEC A range . 

'Asse_ssment'criteria were selected according to.the following’ set‘ of rules: 

0 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 thatall 
of the data have the potential to represent upper background concentrations in various 
Canadian environments.)

' 

9 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 becomeithe 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 themedian or most frequently cited value eliminates from 
further consideration candidates at either end of the range of candidate criteria.) 

0 The working value is checked againstall of the candidates for remediation criterion. To 
minimize the possibility of any adverse effects being associated with an assessment criterion, 
the working’ value is adjusteddownward so as not to. exceed any of the ‘candidates for " ’ 

remediation criteria but should not be adjusted to the extent that it is less thanreported
‘ 

‘global or national average concentrations. (If thistoccurs, the candidate criteria nearest the 
national or global average should, be selected as the assessment criterion.)

' 

- 01 If there is insufficient information for setting a soil assessment criterion," the assessment 
’ I 

criterion can beset equal to the AG remediation criterion for that substance. 

13.1.3 Methodology for Developing Remediation Criteria 

The remediation criteria correspond .to maximum tolerable concentrations of substances in soil.
A 

Remediation criteria are intended to prevent or avoid‘ various types of adverse effects to _the 
environment or human health. The possible types of adverse effeotsare 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 

V 

this project-: agricultural (AG), residential/park land (R/P‘), and commercial/industrial (C/I).



Remediation _criteria fo_r,AG, are intended to prevent or "avoid 
A 
adverse effects on plant growthéor‘ 

grazingrlivestock at agricultural. facilities (as opposed to backyard gardens). Candidates for AG 
remediation criteria include: A 

A 

' 

. 

A 
A 

' 

A 

A 

. 

A 
,_ U 

. Alberta Tier 1 guidelines (Alberta Environment,. 1990), for soils ,> 10% clay content
' 

Ontario AG/R/P guidelines if expli_ci.tl1y identified as based on the health of grazing animals 
9 

(MOE. 1989a) . 

’ 

A 

V l 

A A 'CCME interim valuefor PCBs for commercial gardens 
U.K, ‘thresholds if, identified as applicable to "any where plants are to be grown" (ICRCL, 
1987), and , 

e 

A 

» 

- . 

for dioxins and furans only,-the interim values recommended by the Ontario 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 which include maximum concentrations for growing plants and grazing 

‘ 

livestock (ICRCL-, 1990). 
A 

- 

. 
.

' 

Remediation criteria for AG were selected according to the following set of" rules: 
' A range is produced from the criteria-_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 bytwo 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 candidate criteria.) 

If agencies have set different criteria according to factors such-as soil texture, type, or pH‘, ~ 

greater importance is assigned, to the lower ‘value to broaden the -applicability of the 
criterion.- 

A

‘ 

The supporting information is checked-and the initial working value is reduced if necessary 

agricultural effects. 
to ensure that the final AG criterion‘ does not exceed concentrations associated with adverse V

A 

Beforehbeing finalized, the AG remediation c‘rit'erio,n 
’ 

for soil is checked against the 
background s_oil data gathered for the soil. assessment criterion. If the preferred candidate 
is less‘ than reported naational or global average concentrations, the candidate criterion ' 

nearest the reported average should be selected as the AG remediation" criterion.
\ 

A 

If there-is insufficient information for setting an AG remediation. criterion, the remediation
I 

A 

criterion can be set equal to the soil assessment criterion for that substance. '



~

~ 

. 
Remediation criteria for R/P are intended 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 remediation criteria include: ' 

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

0
. 

, 
British Colu_mbia‘B criteria a 

Ontario AG/R/P guidelines (except those based on grazing animals) ; 

MENVIQ B values . 
. . 

CCME B values for PAPI-_I,s - N , 

CCME interim value for PCBs for RI sites 
’ New Jersey, ISALs r 

Netherlands B values, and 
_ 

A

. 

U._K. thresholds for residential or public lands (including domestic gardens, allotments, 
parks, open spaces, and playing fields)". 

'\ 

A range is producedifrom 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 relatively high degree of 
appropriateness and supportability.) - 

A 
A - 

K . 

If no candidateis cited 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 
' middleof the range eliminates from further_ consideration candidates. at either end of the" ‘ 

range.) 
c

' 

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 varegenerally regarded as 
much less than at R/P sites because, the soil at C/I sites often is largely covered byrbuildings or 
other hard surfaces. 

' 

-- 

' 

' 

,x 

‘ Candidates for C/I remediation criteria _include:' 

British Co1u_mbiaC criteria 
Ontario C/I guidelines 
MENVIQ C values " ' 

. _ 

CCME C values for PAHs ’ 

‘A 

i 

A

' 

CCME interim value for PCBs for C/I sites 
New Jersey ISALs for commercial sites 
Netherlands C va1ues,:and 
U.K. thresholds for’C/I lands.



V 

' Remediation criteria fort}/I were selected according to the following set of rules‘: 

0__ _ 
A range is produced from the criteria. candidates. The initial. workingvalue is .the candidate 
criteria cited most often. 

‘ ' 

0 
T 

If no candidate is cited 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 working value is

‘ 

adjusted to become the candidate criteria nearest the middle of the range.
' 

_ 

0' 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 .re_mediation criterion. (Assigning . 

the same criteria for R/P and C/I seems inconsistent given the scenarios and opportunities '
' 

for exposure typically envisioned for these two land use. categories.) 
'

' 

V 9 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). , 

~ ~ - 

‘ 

..

' 

_ 

B. 1.4 Results 

Appendix B presents the results of using the mosaic option. The criteria are summarized in Table 
B.l ‘for a collection of 20 parameters. The collection includes inorganic substances and Organic 
compounds. 

‘ 

— 

’ ‘ 

- 

' 

~ 

’

- 

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

‘



Table 13.1 
'' 

SUMNIARY or INTERIM CRITERIA USING THE MOSAIC OPTION
5 

Assessment Criteria. 
1 

Remediation Criteria . 

vSoil 
_ 

Water AG 
A 

R/P _ V, 
C,/I 

Inorganic Parameters 
' 

. 

. 

- 

V 
V 

y 

'

A 

arsenic 
‘ 10 

’ 

- 

. 5. 
' 10 

1 

30 50
_ 

barium ~ 
‘ 200 - 50 ' 400’ I 500 2000 

beryllium 5 -- 
, 

5 4 ) 1_0 

cadmium _' 1 V1‘ 
‘ 

.1 5 ' 20 
chromium, 6+ - 5 -- 5 10 25 
chromium, total ‘ 100' 15 100 

_ 

600 800, V 

cobalt 
4 

‘ ‘_20 10 . 20 - 50 . 

— 

, 

300' 
copper 

‘ 50 ' 25 V 

_ 

' 

. 80 100 500 
lead ’ ~ 

' 50 
V 

10. 
_ 

50 ' 500 1000 . 

_ 

mercury’. 0.2 0.1 
_ 

0.2 2 . 

‘ 10 
molybdenum . 

V 

' 

4 ' 5 4 ' 10 ' 40 
nickel . 40 V 10 40 

' 

100 ' 500 
V selenium 1 1 1 

_ 

3 
' 

.10 
zinc A - 

I 120 ' 

_ 

50 A 120 I 500 V 1500 

cyanide, tbtal. , 
V 5 V 

I 

V 40 V’ 5 so .500 
fluoride, free 200 

’ 

. 
. 

I -- ~ 100 400. I 2ooo_ .

V 

I Organic Parameters ~ I 

, 

- 
V - 

benzene 0.05 
1 

. V0.5 0.05 1 0.5 5 
PCBS ‘ 

0.-1 . 0.1 0.1 1 
, 

25 .

- 

benzo(a)pyrene 0. 1 
A V 

0.01 0.1 1 10 
PCDDS and PCDFS 0.0001 -- ;V 

' 

0.0001 . 0.001 '0.001



13.2 ~ DEVELOPING FOR INORGANIC SUBSTANCES USING MOSAIC 
~ I APPROACH ‘ 

I 
. 

y 

2 I 

~ 

-
R 

§gil Assesgmgint 'Qriterig_.n - 1Q gg/g 

Information Summary: .
V 

B.C_. A criteria ’_ 5 - 

.

9 

Ontario ULNs . 20 for urban areas « 

. 

I -- 
\ 

' loforruralareas " 

MENVIQ A value - 10 
global average 

V 

1.8 (CCREM, 1987) 
Michigan (typical range) 0.7 to 15.9 ’ 

‘ New Jersey (typical range) 4.5 to 7.2 
A

. 

U_.S. (typical range) 1 to 40 (Dragun, 1988)
V 

ANZEC A range i 

_' 

A 

» A. 0.2 to 8 . 
t

g 

France 
_ ( 

"'20 (anomaly threshold)
_ 

. g 
A 

40 (investigation threshold) 
Netherlands A value - 

. 

' 29 (reference value for standard" soil) 
NHMRC investigation threshold 50. 

’ ‘

I 

Victoria IAC . 20
V 

.W. Germany (normal range) 0.1 to 20 

Rationale: The range for upper background data is 5 to 40 with a median (and the initial working 
value) of 15.9. The range ‘of candidate criteria is .5"to 50 with a ‘median 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 i_s 10. I A 

’ Grou'nd»Water'Asse§sment‘Criterion - 5 4; g/L - 

Information Summary: 
B.C. A criteria ,5 

_ 

. , 

MENVIQ A value a 5 1 
‘ 

. 

I 

I 

A

, 

global range - 1 to 50; 90% <8'ug/L (CCREM, 1987 andgupdates) 
U.S. (typical range) ;_ C 

<1 to 30 (Dragun, 1988) 8 

I 

l

1 

»Netherlands A value 
V 

‘ 10 T -

I 

Rationale: Based on the global range data, 10 pg/L _is chosen, as the initial working value. The
A 

-range of criteria candidates is5 to 10 with ‘a median "of 5. This is also the most frequently cited 
I 

’ 

value. As a result, the working value is adjusted to 5. There 4is no need to- adjust for rernediatiori
' 

criteria candidates. 

/T"



. Information Summary-'.:_ 

A Remediati n Crit rion - 10 / 

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 . 

A 

10 (plant, growth reduced) 
U.K. minespoil soil trigger 500 (for grazing livestock) 

' 1000 (for crop growth) 

Rationale: The initial working value is 10. The supporting information indicates no need to adjust 
the initial value. Thesoil assessment criterion poses no need to adjust the initial value. Therefore, 
the recommended value is 10. 

_. 

- 

' ‘ 

R/P Remediation Criterion — :30 gglg 

Information Summary: — 
,

. 

B.cC. B criteria / 30 . 

Ontario AG/R/P guidelines 25 for medium & fine textured soil 
' 

A 20ifor coarse textured soil
’ 

MENVIQB value . 

p 

30 ’ 
’ 

'

A 

New Jersey ISAL : . 

- 

. 

' 20 
Netherlands B value A 

30 ‘- 

’ 
I

‘ 

U.K. threshold 
' 

' 

. 

i 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...Thefithree agencies that 
have cited 30 may share a common origin. This may skew the recommended value upward slightly. 

C/I Remediation Criterign — so gg/g 

Information Summary: 
_B.C. C criteria ' 

A 
50. 

Ontario C/I guidelines 40 formedium and fine textured soils 
0 

‘ 
' 50 for coarse textured soils 

MENVIQ C value ' 

A 

, 
, 50 .

- 

New Jersey ISAL .0‘ no data - - 
. 

_

. 

Netherlands C value ' 

50 . ‘_ 

U.K. threshold 
A 

no data 

Rationale; The range is 40 to 50 and the ;most frequently cited value is 50.’ The initial worki_ng 
value is _50; The R/P‘ criterion poses no need to adjust the working value. Therefore, the 
recommended value is 50,.‘ 

' 

I 

'
V 

B J8



BJJ2 Barium 

Information Summary: 
i‘B.C. A criteria 

V 

. 200 
‘Ontario ULNS ’ 

_ 

- 

V 

' no data 
MENVIQ A value ’ 

_ 

- 200 
globalaverage no data 
Michigan (typical range). -~ 6.5 to 95.9 

v New Jersey (typical range) . 

‘no data ‘

V ‘ 

U.S. (typical range) 
“ 

100 to 3500 (D‘ragunV', 1933) 
ANZEC A range . 

20 to 200 '- 

France 
_ 

‘ 200 (anomaly threshold) 
V A 

' ’ 

V 

v (investigation threshold)‘ 
Netherlands A value ' 

. .200 . 

NHMRC investigation threshold 
_ 

400 ' 

l Victoria IAC T 

V 

9 ' 200
. 

W. Germany (normal range) V 

no‘ data 

Rationale: The range for upper background data is 95 to 3500 with a median (and the initial 
working value) of 200.‘ The range of candidate. criteria i's 200 to 400‘ with a median of 200 which 
is also the most frequently cited value. As a result, the'working value does not need to be adjusted. 
The lowest remediation criteria candidates do not pos'e“an'y~need to adjust the working value. 
Therefore, the recommended value is 200. - 

‘ 
' ‘ 

giro. Wat_er'A§§e§§ment .§§rit§rign - 5Q gg [L 

A criteria . 

; 
50 

MENVIQVA value a 

. 
50 

V
. 

' 

V 

global range » 
V 

no data V 

' ’

i 

U.S. (typical range)» - = 

' 

T 10 to 500 (Dragun, 1988) 
Netherlands A value 

_ 

50 

Rationale: There is insufficient background data ujion whichto set an initial working value-. The 
only candidate criteria value is 50 (this is the initial working ‘value). There is no need to adjust for 
remediation criteria candidates. Therefore, the recommended value is 50._ "



AG Rgmfiiatjgn Critg rig__n>- 2m fig’ /lg 

Information Summary: — 

Alberta Tier 1 guidelines V 400 for soils containing > 10% clay 
Ontario AG./R/P guidelines no data; see "R/P v 

U.K.‘ threshold ,_ 

v no data 
CWQG information -» no data 
U.K. minespoil soil trigger A no data 

' Rationale: The initial workingvalue is 400: 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 400. 

Information Summary: 
I

. 

B.-C. B criteria‘ . 

~ 500 
I 

- 
— 

.

- 

Ontario AG/R/P guideline 1000 for rned_iur_n' &_ fine textured soil 
- 

A 

x . 750 for coarse textured soil. ‘ 

MENVIQ Bvalue 
_ 

‘ 

500 ' 

V

’ 

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 approximately 620 and the closet candidate is 500. Therefore, the recommended value

' 

‘is 500-..
V 

/1 Remedie i0f1e;_C_I_1'.t.*°~I..‘1°I1-;7: 2000 /
t ~ ~ 

Information Summary: 
B.C. C criteria 

. 
2000 

Ontario C/I guidelines - 2000 for ‘medium and fine textured soils 
A 

. 

‘ 

1500 for coarse-textured soils 
MENVIQ C value 

_ 

2000 ‘ 

New Jersey ISAL 
_ a 

i‘ 

no data 
Netherlands C value - 2000\ 
U.K. threshold ' 

, no data 

Rationalei The rangelins 1500 to 2000 and the most frequently cited value‘ is ‘2000. The initial 
working value is 2000. The R/P criterion poses no need to adjust the working value. Therefore, ~ 

the recommended value is 2000. ' 
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A 

3.2.3 Berylliuni 

son Assessment Criterion — ,5 ggzg 

Information Summary: ‘. 

.B.C. A criteria . no data 
Ontario ULNs ' 

. . no data 
MENVIQ A value ' 

‘ 
~ no data

' 

global average . 2.5 ' ’ 

' 

Michigan (typical range) 
' 

no data 
’ New Jersey (typical range) » 

; , 

A 1.38_to 1.43 
' U.S. (typical range) » - 

. ~0.1‘to 40 (Dragun, 1988) 
ANZEC A range ’ 

* no data
. 

Francie . 

' ~ no data 
Netherlands A value _ , 

-’ no data 
investigation threshold no data 

Victoria IAC V no data
_ 

W. G_erman'y\(nor'r’nal'range) 0.1 to 5 

Rationale: There is insufficient data reported above; however, the lowest remediation criteria 
candidate is 5 (see AG remediation criteria). Therefore, the recommended value ‘is 5. i

~ A 

r nnd W t‘ r As essm n Cri erion -. ‘no recommendati ng 

. Information. .sumrnary.:’- . 

A’ 

B.C. Acriteria ’ 

A 

i- 

no data. 
_MENVIQ A.va1ue ‘ 

‘ ‘no data .
. 

global range R 
. 

a <1.o pg/IL(CCREM, 1987)
( 

U.S. (typical range) 
‘ ‘ < 10 (Dragun, 1988) 

V

" 

Netherlands -A value ' no data .. 
' 

.1
< 

' Rationale: There is insufficient information upon which to base a criterion.



AG Remediation Crigrion - 5 gg /g 
Information Summary: 

_ _ 

t 

N 

‘x 
i 

»V " 
_’ 

Alberta Tier 1 guidelines 
‘ 

. 5 for soils containing > 1_0% 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 

H 

Rationaleze The initial 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. 

R/P Remediation _Cri erion — 4 / 

Information Sumhmaryzt 
’ 

' 

- 

t

M 
B.C. B criteria 

_ 
no"data 

, 
A

- 

Ontario AG/R/P guidelines 5 for medium‘ & fine textured soil 
. 

‘ 

t 

b 

4 for coarse textured soil - 

MENVIQ B value no data‘ “e 

New Jersey ISAL 
_ 

e

1 

Netherlands B value no data ‘ 

.. 

_ 
U.K.. thrcsho1d- 

' 

. 

‘ 

_ . no data ~ 

Rationale: The range is l to 5'. There-is no most frequently cited value._ The average is 3 and the
‘ 

closest candidate is 4. Therefore, the recommended value is 4. 

Q/I Remediation Criterion - 10 gg/gr
e 

Informationsummaryz 
_ 

. 

-

_ 

B.C. C criteria - no data / 

V‘ 

Ontario ‘C/I guidelines . 10 for medium and fine textured soils 
p 

‘ 

T 

' 8 for coarse textured soils 
MENVIQ C value ’ 

' 

4 no data ‘ ' 

New Jersey ISAL ' 
~ no data 

Netherlands C value A 

‘ 

. no data ' 

U.K. threshold V 4 
A 

no data 

Rationale: The range 8 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 fo_'r C/I 
land uses, the recommended R/P criterion is 10. 
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Information Su_mrn_a_ry:_ . 

B.C. A criteria , 

1.0
_ 

Ontario ULNs A 

g 

"4 for urban areas 
, 

_ 

‘i H 

3 to 4 for rural areas 
MENVIQ A value ' 

1.5 a 

global average ' 
’ 

’ 

A _ 

- 0.2 
Michigan (typical range) 

a 

11.0 to 1.55 
New Jersey (typical range) 0.24 to 0.37 
U.S. (typical range). 

_ 

. 0.01 to 7 (Dragun, 1988) 
ANZEC A range ~ 0.04 to 2 A 

France .' 

A 

V 

’ 

2.0 (anomaly threshold) 
' 

' 4.0 (investigation threshold) 
Netherlands A value. . 

7 

0.8 (reference value for standard soil) 
NHMRC investigation threshold 5 . . .. 

7 

’ 

~ 

,

V 

Victoria IAC n 

' 

- 1~ 
. 

‘ V * 

= 
.

- 

W. Germany (normal range) 0.01 to 1
' 

Rationale: The range for upper background data is 0.4 to 7 "with a median (and the initial working 
value) "of 1.5‘. The range of candidate criteria is 0.8 to 5 with a median of 1.5. Themost frequently 

‘ 

cited value is 1. Since the median equals the initial working value, the working value doesnot need 
to be adjusted. Therefore, the recommended value is 1. 

' 

, 

' 

y , 

Ground Water Assessment 'Cri_terion’- 1 ggl/L 

Information Su_mmary: 
.B.C. A criteria 

,

1 

MENVIQ A value . 1
' 

global 131189 , 
V 

0.1 to«10,, average <1.0 pg/L (CCREM, 1987) 
U.S. (typical range) ‘ 7 < 1.0 (Dragun, 1988 ' 

'

‘ 

Netherlands A value 1.5 '

_ 

Rationale: While in_forma_t_ion isscarce, the global range data suggests that the initial working value 
should be" approximately 1_-. The range of criteria candidates is 1 to 1.5 with a median of I._ This. 
is also the most frequently cited value. As a result, theworking value is set at 1.‘There is no need’ 
to adjust for remediation criteria candidates. Therefore, the recommended value is 

V 

1..



Information 
Alberta Tier lguidelines . 

_ 

t 

1 for soilscontaining > 10% clay. 
. Ontario AG/R/P guidelines - no data; see R/P e 

’ 

A

V 

U.K. threshold - 

‘ 

~ 

V 
no data 

_ 

i 

V 

'

~ 

CWQG information 1, 2.5, 50 (first symptoms of plant toxicity) 
U.K. rninespoil soil trigger. - 30, (for grazing livestock) ' 

«' 
V 

50 (for crop growth) a 

Rationale: The initial working value is 1. The supporting information indicates no. toacljust 
the initial value. The soil assessment criterion poses no need to adj‘u‘s't the initial value. Therefore, 
.therrecor_nm_ended value is 1. 

R/P Remediation‘ Criterion -/5 gg/g 
" 

. /- 

Information Summary:
I 

B.-C. B criteria. - 
* 

_ 

' 

' 

' 5 " 
t T 

Ontario AG/R/P guidelines‘ 4 for medium & fine textured soil -. 

' 

' 

t 

, 
._ 3 for coarse .textur_ed soil 

MENVIQ B value 5 ' 

.

‘ 

New Jersey ISAL 
_ ,

3 
Netherlands B value V 

‘ 5 
F for domestic gardens and allotments U.K. threshold

_ 

' 

* 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 K 

approximately 5 . Therefore, the recommended value is 5. 
_ 

.

. 

C/I Remediation Criterion = 20 g/g 

Information Summary:. .

- 

B.C. C criteria 
V V 

20 
Ontario C/I guidelines‘ 8 for medium and finetextured soils 

. 

" 6 for coarse textured soils
‘ 

MENVIQ C value 
_ 

20 — 

"New Jersey ‘IS-AL 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. 1



B.2.-5 Chromium (hexavalent, 6+) 

’ 

Information . 

B.C. A criteria ~ 

_ 

' 
' no data 

Ontario ULNs -' ’ 

' 

no data 
A. value no data 

global average 
I 

no data 
Michigan (typical range) 

' 

' 

a 
no data 

New Jersey (typical range) no data 
Uv.S.- (typical range) ~ no data 
ANZEC; A range 

a 

. no data 
France \ 

‘ 

— 
. no data 

‘Netherlands A value t no data 
NHMRC investigation threshold 

V 

25 
Victoria‘IAC no data 
W.Germany (normal range) ' no data 

e 

Rationalezl There is insufficient data reported above: however, the lowest remediation criteria 
-A candidate is 54 (see AGremediati‘on criteria). Therefore, the recommended valueis . 

ground Wagr Agggssment Criterion — no recommendation ' 

H 

Information Summary‘: 
B.C. A criteria a 

_ 

_ no data 
'M_ENVIQ A‘val1_1e 

’ 

no data 
_ 

' 

global _range 
' 

_ no data 
A U.-S. (typical range) . 

» no data 
Netherlands A value‘ . A. no data 

Rationale: There is insufficient information upon which to base a criterion.



AG Remg iatign Crite_riQn 4 5 ng/g 
Information Summary: 
Alberta Tier 1 guidelines ' 

' 

5 for soils containing .> 10% clay
' 

Ontario AG/R/P guidelines 
, 

no data; see R/P V 

'

‘ 

U.K.‘ threshold no data ’

. 

CWQG information‘ i 

' 

5 to 500 (for effects: on plants) 
Uv.K., minespoil soil trigger no data . . 

Rationale: The initial working value is 5. The supporting information indicates no needfto adjust_ 
the initial value. The soil assessment criterion poses no need to adjust the- initial value. Therefore, 
the recommended value is 5. ' ' 

~'

» 

R/P Remediati n C'_ri_"erion_. .-. 1_ .~ 
Information Summary:

’ 

B.C. B criteria . 

_ 

s 

_ no data - 

Ontario AG/R/P guidelines 10 for medium & fine textured soil 
' 

‘ 

. 

v 

V 

8 for coarse textured soil 
MENVIQ B value . 

~ no data a 

New Jersey ISAL no data
_ 

Netherlands B value ‘ 

- 
A 

i 

no data - 

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/I Remediation Criterion e 25 gg" 
/g 

Informationsummaryz - 

B.C-. C criteria ’ no data 
Ontario C/I guidelines 10 for medium and fine textured soils 

’ 

. 

~ - 

' 

— 

o 

' 

8 for coarse textured soils 
MENVIQ-C value ’ no data ‘ v 

. New Jersey ISAL no data
' 

' Netherlands C value « no data‘ 
U.K. threshold 

' 

25 for all uses 
'.,. 

Rationale: The range is 8 to 25. There is no most frequently cited value. All of the criteria 
candidates are repeated from the _lR/P assessment. Assuming that there are fewer exposure 
opportunities in C/I scenarios than R/P scenarios and therefore t'he_C/I criterion should be higher

p 

_ 

than the R/P criterion, the recommended value is 20. 
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B~i2,.6 Cnrrimium (total) 
' 

~ 

2 

‘ Q 
j 

V 

J. 

Soil Asgessmentigriteurigvn 4 IQQ gglg 
I 

Information Summary-: 
AB.C. A criteria 

, 

. 

j 

20 i i 

h 

— 

; .. 

Ontario ULNs ’ 

r 

' 50 for urban areas 
_

J 

<4 
- 

0 

_ 

- 

p 

50 for rural areas -

' 

MENVIQ‘ A value ‘ 

p 

75 
global average‘ 1 A no data- 
Michigan (typical range) » 

_. 3»._0; to 24.5 ,. 
New Jersey (typical range) ‘ 

T 9.8 to 19.9 
U.S.‘ (typical range) 

' 

' 5.0 to 3000 (Dragun .1988) 
ANZEC A range l 

0.5’ to 17 — 

' France . 
~ 

V 

A 150 (anomaly threshold) . 

. 

' 300 (investigation threshold) 
Netherlands A value 100 (reference value for standard soil) 
NHMRC investigation threshold’ 600 
Victoria IAC 

_ 

— .100 
_ 

W. Germany (normal range) ~ 2 to 50 

Rationale: The range for upper background data is 17 to 50 with a median (and the initi__al worldng 
value) of 24.5. (The U.S. value of 3000 is _discountecl. 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

4 

initial working value is adjusted to 100. The remediation criteria candidates pose no need toadjust 
the working value. Therefore, the recommended value is 100.

/ 

- Ground Water Assessment\Criterion ’— 15 gg/L’ 

Information Summary: ‘ 

B.C. A criteria _ 
\ 

15 
MENVIQ A value ' 

i 15 
V.

. 

global range 
A 

2.0 to44 (CCREM, 1987) 
U.S. (typical range)’ - 2 < 1.0 to 5.0 (Dragun, 1988) 
Netherlands A value 

_ 

. l 

Rationale: While information is scarce, the global range data suggests that the initial working value 
, should be approximately 30 to 40. The range of criteria candidates is lto 15 with a median of 15. 
This is also the ‘most frequently cited value. As a result, the working valueis adjusted to 15. There 
is no need to adjust for remediation criteria candidates. Therefore, the recommended ‘value’ is 15. «



Information Summary: _ 
‘ 

’ 
’ ‘ 

.

‘ 

AlbertaTier 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 initial worlcing value is‘ 100. 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—_l0O-. ' 

' 

~ 
'

- 

R/P Remediati n.Crit_erionr-V 600 / 

Info_rma_tion Summary: 
/ 

-

' 

' B.C. B criteria ‘ 250 
Ontario AG/R/P guidelines 1000 for medium'& fine textured soil 

‘ 

. 750 for coarse textured soil
N 

MENVIQ B value ' 

.250 
' ' 

»
. 

New Jersey ISAL ' 

A 

100 
Netherlands B value ‘ 250 , 

' 
‘ 

' 

g

‘ 

N U.K. threshold A 

_ 

600'for domestic gardensand allotments 
1000 for parks and public spaces" 

Rationale: The range is. 1.00 to 1000. The range has a span greater than 5, The average is
' 

approximately 650 and the closet candidate is 600. Therefore, therecommended value is 600, 

C11 Remediation Criterion -- 800 gg/g 

Information Summary: 
B.C. C criteria ‘ 

V 800 
Ontario C/I guidelines 1000 for medium and fine textured soils 

V 

' 

’ 

h 

- 
v 

' 

T 750 for coarse textured soils 
MENVIQ C value 7 

. 
800 .

- 

'0 New Jersey ISAL j no data V. 
-

( 

_ 
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 working value. Therefore, the 
recommended value is 800. 

' 

- -
- 
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B.'2.7 
I 

Cobalt » 

S i1As'sessmen Crit rion -- 2 
A

I 

1 

Information Summary: 
B.C. Acriteria 155 2 . 2. 

Ontario ULNs " 
I, 

. 25 for urban areas 
- 

_ 
_ _ 

g 

7 25 for rural areas- 
) MENVIQ A value ‘ 

I 
h 

15 
global average 5 

V 

' 

, 325 (CCREM, -1987) 
Michigan (typical range) ~ 

- ,no data — 

New Jersey (typical range) . 

‘ 

no. data_
_ 

U._S. (typical range) . 
.1 to 40 (Dragun, 1988)‘ 

ANZEC A range, V 
- 2 to I70 

_

‘ 

"France 1 
» 

- - 30 (anomaly threshold) 
' 

g 

V 

. 60 (investigation threshold) 
Netherlands A value - 20 - 

NHMRC investigation threshold 50 
5

; 

Victoria IAC ‘ 20 ' 

Germany (normal range). 1 to 10 

Rationale: The range; for upper background‘ data is. 10 to 170 with a median (and thevinitial working 
value) of 25.‘ The range of candidate criteria is 15 to 60 with a median of A20. The most frequently 
cited values are 15 and 20. The worlcingvalue is'adju_s'ted to be-20$» This is slightly below the global 

. average of 25 butequal to the AG remediation criteria. Therefore, the recommended value is .20. 

’ 

h 

Groun‘ W er’-A ses’ m n't- Criterion -. 10 /L 
~ ~ 
Information Summary: 

, 

B-.-C. A criteria ' 

' 
‘ 

g 10 ‘ 

MENVIQ A value 10
_ 

global range (Can) “ 
o 

1 to 47 (CCREM, 1987) 
U'.S. (typical range) <10 (Dragun, 1988) 
Netherlands A value 1 

' 

, 
20 ‘r

_ 

I 

V 

Rationale: While information is scarce, the global range ldatasuggests 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 recommendedvalue is 10. ._



. 
U.K. minespoilsoil trigger no data 4 

AG _.Re'mQiation Criterion -A 

29 ug /g 

Information Summary: 
Alberta Tier 1 guidelines I 20 for soils containing _> 10% clay 
On'_tario.AG/R/P guidelines ’ no data; see R/P -

. 

U.K.— threshold no data ‘
' 

CWQG information _no data
_ 

V/.

\ 

Rationale: The-initial working value is 20. The supporting information 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. ‘ 

. 

' .'
V 

R/P Remediation Criterion - 5Q ug/g ' 

Information “Summary: ' 

B.C. B critefia , 50 
Ontario AG/R/P guidelines 50 for fine & medium texture soil - 

’ " 

A 

40 for coarse texture soil 
MENVIQ B value - 

' 

50
A 

New Jersey ISAL ~ 
_ 

no data 
Netherlands B value \ 50 
U.K.thre'sho1df. 

_ 

- 

T 

- no data 

Rationale: There are only two candidates 4 40 and 50. The most frequently citedvalue is 50. 
Therefore, the recommended value is 50. - 

V 
.

' 

C/I Remediation Criterion n - 3(_)g gg/g . 

Information Summary: 
B.C. C criteria ' 300 ' 

Ontario C/I guidelines . 100 for medium and fine textured soils 
r ‘ 

j 
x‘ 80 for coarse textured soils. 

’
I 

C:-value - 

I 300 
I

. 

NewAJersey~ ISAL- no data in 
Netherlands C value . 

- 

. 

~ 

; .300 
U.K. threshold ~ 

. 

- no data 

Rationale: The range is '80 to 300 and the most frequently cited value is 300. The initial working 
- value is 300. The R/P criterion poses no need. to adjust the working value. Therefore, the 
recommended value is 300-. 
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A 

B.2.8 1 Copper 

Information Summary: 1 

.B.C. A :crite1,'ia . 
. 30 

Ontario ULNs ' 

* 

_ 

100 for, urban areas » 

' 

/ 

2 
» 

' 

‘ 60 for rural areas‘ 
MENVIQ A value ' " 50 

y

- 

global average 
‘ 

. 4 to 55 
_ 

, 

'

. 

’ 

- Michigan (typical range) _ 
5.7 to 19 

' 

I New Jersey (typical range) a 15.6 -to 17.9 1 

\

‘ 

U‘.-S. (typical range)’ 
' 

2.0 to 100-(Dragun 1988) 
V ANZEC A range a 

. 1 to 190 
France 

' 

A 

' 

100 (anomaly threshold) 
200 (investigation threshold) 

Netherlands A value ' 

v 36 (reference ‘value for standard soil) 
V 

.investigation threshold no data '

. 

Victoria'IAC 
A 

~. 

9 
no data V 

W. Germany (norinal range) 
A 

1to20 1 fi ‘ 

. 
(.- 

The range for upper -background data is 17.9 to 190 with a "median (and the initial’ 
' 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 adju_sted 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 ;g/L 

Information Summary: 
B.C. A criteria. , 

~ .25 

MENVIQ A value ’ 
25 > 

~ 

_
_ 

- global range 
' 

’_ 

\ 

’ 

1» to 80, average of <20 pg/L_(CCME, 1987) 
U.~S.l (typical range) 

‘ 

' < 1.0 to 30 (Dr‘agun,- 1988)‘ 
Netherlands A value 

p 

' 15 ' 

Rationale: While information is scarce, the global range data suggests that the initial working value 
should be in the range of approximately 30 to §0. The range of criteria candidates is 15 to 25 with 
.a median of 25. is also the most frequently cited value-. As a result, the working value is set ' 

A 

to 25. There is no need to adjust for remediation criteria candidates. Therefore,. the recommended 
value is 25. V

'



AG_Remedi@'gn Criterion - so ggfg : 

. Information Summary: 
Alberta Tier 1 guidelines 80 for soils containing. > 10% clay - 

.

‘ 

Ontario AG/R/1? guidelines 200 for grazing animals, medium and fine textured soils ,

. 

e 

’ 

_ 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) 

_ 
. 

. 

‘ 

V 

150 to 400 (first symptoms of plant toxicity) 
U.K. minespoil soil trigger 500 (for grazing livestock) 

,

' 

250 (for crop gr_ow'th)l 

closest candidate is 130.4 The initial working value is 130. The supporting information indicates that 
' the initial value shouldvbe adjusted to 25‘; however the soil assessment‘ criterion and global average 

data indicates that the working value should be adjusted upward. The closest candidate is 80.. 

Therefore, the recommended value is 80. . 

' 
i ‘ 

R/P Remgiiafign Criterion a IQQ gglg
’ 

Information Summary: » 

B.C._ B criteria — "100 — 

Ontario AG/R/P guidelines ' 

no data; see AG 
MENVIQ B value 100 
New Jersey ISAL ' 

. 170 
Netherlands B value ‘ 

i 

100 ‘V 

' U.K. threshold no data; see‘ AG ’

_ 

Rationale: There are only "two candidates -' l00_ and 170. The most frequently cited value is 100. 
Therefore, the recommended value is 100, 

_ 

* 

, 

’ 

. 

V

* 

Q11 Remediation lCriterign — gg/gs 
.

Q 

Information Summary: ‘ 

i _ 

A 13'.C. C cxiteria. V 500 ‘ 

Ontario C/I guidelines » 300 for rnedium and fine textured soils 
’ ‘225 for coarse, textured soils 

MENVIQ C value‘ Q ' 500 
y 

New Jersey ISAL no data 
Netherlands C value ‘ 5.00 
-U.K. threshold 

' 

no data 

Rationale: The range is 80 to 200. There is no most cited-candidate, The average is T140 and the



Rationale: The range ‘is 225 to" 500 :'and the most frequentlfcited vahie is The initial workix_ig 
value is‘ 500. The R/P criterion poses noineed to adjust the working‘ value. Therefore, the 
recommended value is -500. A 

- 
‘ ~

'



B.2..9 Lead 
A 

i1iAsses_sm_ n NCpriterio_n - A0 
A 

_[ 

Information Summary: 
.B.C_. A criteria ' 50 

i

, 

Ontario ULNs . 
500 forurban areas 

' 

' 

~ 
. 150 for rural areas 

' 

V MENVIQ A value ' ~ 50 e

. 

global average 7 to 20 ‘

. 

Michigan (typical range) a 8,5 to 23.4 ‘
- 

New Jersey (typical range) "V 

-28.6 to 63.2 A 

US. (typical range) 
_ 

- 2.0 to 200 (Dragun, 1988) 
ANZEC A range 2 to 200 _ A

' 

France. 
_ 

' 

V 

_ 100 (anomaly threshold) ’ 

- 

V 

_ 

I’ 

' 

x 
' 200 (investigation threshold) . , 

Netherlands A value_ 85 (reference valuelfor standard s_oi1)
’ 

. NHMRC investigation threshold 500 
b 

- 

'
' 

Victoria IAC " 
_- 500 

W. Germany (normal range) - 

V 

O-.1 to 20 

Rationale: The range for upper background data is 20 to 500 with a median (andthe initial working v 

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 require an adjustment. Therefore, the 
recommended value is 50. " —

— 

Ground Water Assessment Criterion — 10’gg/L 

Information Summary: 
B.C. A criteria 10 ' 

l .

- 

MENVIQ A value 10 A 
.

’ 

global -range 
' 

_ 

' 
A 1 to 10 (CCME, 1987) 

U.S. (typical range) ' 

_ 
__ 

. <15 (Dragun, 1988) 
Netherlands A value ' 

. 

- 15 -

- 

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 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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Information Summary: 
Alberta Tier 1 guidelines 
Ontario AGIR/P guidelines 

’ 

U.K. threshold
0 

CWQG information
_ 

U.K. minespoilsoil trigger 

Information Summary: 
B.C. B criteria ' 

.. 

A Ontario AG/R/P guidelines 

. MENVIQ B value, 
New Jersey ISAL ' 

Netherlands B value 
U.K. threshold “I

- 

50 for soils containing 5 10%ic1ay 
no‘_data; see R/P . 

’,no data A 

125 (first symptoms of reduced plant growth) 
1000 (for grazing livestock) 

Rationale; The initial working value is 50. The supporting information indicates no need to adjust 
. the initial value. Therefore, the recommended value is 50. ’

-

l 

500 
I 500 for medium & fine textured soil 
375 for «coarse textured soil ‘ 

_ 

' 

S 

I 

\
_ 

200 i 

‘V ' 

250
_ 

150 ‘ 

I

_ 

500 for domestic gardens and «allotments 
2000 for_parks and open spaces 

Rationale: The range is 150 to The range has a span greater than 5. The average is 

approximately 4560 and the closet candidate is 500. .(It also is‘ the most frequently cited value.) 
Therefore, the recommended value is 500. '

’ 

_C[I Remeg iat_ion Criterion - 1000 g /g 
Information Summary: 
B.C. C criteria 

V V 

O/ntario C/I g-uidel-ines 

I MENVIQ c value 
I

I 

Newlersey ISAL 
Netherlands C ‘value 
U_.K. threshold 

Rationale: The range is 600 te 1000 and_ the- most frequ/e/ntly cited value is 1000.0 The .in_i_tia1 0 

working value is 1000. The R/P criterion poses no need to adjust the working value- Therefore, _ 

the recommended value is 1000. '
' 

1000., . 

’ 

. I 

1000 for medium and fine textured soils 
750 -for coarse textured soils

0 

600 
1000 
600._ 
no data

1 
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13.2.10 Mercury _

p 

§ gil Assessment Criterion - 0,2 gg/g
H 

Information Summary‘: 
1 B.C. A criteria . 

. 

e 

' 

0.1 
O'ntario‘ULNs 0.5 for urban areas 

’ 

. 

' 
A 

- 

_ 

0.15 for rural areas . 

MENVIQ A value v 0.2. 
global average 0.05 -

_ 

Michigan (typical range) - 0.04 to 0.12. 
. New Jersey (typical range) 0.18. to 0.46 

A 

.

, 

U.S. (typical range) . 0.01 to 0.08 (Dragun, 1988) 
ANZEC A range ' 

' 0.001 ‘to 0.1 . 

France ‘ 

5 1 (anomaly threshold) 
_ 

_ 
2 (investigation threshold) I. 

Netherlands A value 1 

_ 
0.3 (reference value forstandard soil) 

NHMRC investigation threshold 1 l 

_ 
_ 

—

' 

Victoria IAC ‘ 

1 

1 0.5 
W. Germany (normal range) — 

_ ‘0.01 to 1 

Rationale: The range for upper background data is 0.08 to 1 with a median (and theinitial working 
value) of 0.1.5. 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 accordingly. Therefore, the recommended value is» 0.2. 

Ground Water _Assessment Criterion .- 0.1 gg/L
1 

Information Summary: - 

_

. 

B.C. A criteria ‘ 

. 0.1 
MENVIQ A value . 

_ 

' 0.1 
g 

'

' 

' 

global range 
I 

0.005 to 0.1 (CCME, 1987) 
U.S.‘(typical~1'ange) <=1.0 (Dragun/, 1988) 
‘Netherlands A value. 0.05 

Rationale: While information is scarce, the global range data suggests that the initial working value 
should be less than/1. The range of criteria candidates is 0.05 to 0.1 with a median. of 0.1. This 
is also the most frequently cited value.‘ As a result, the workingvalue is set to 0.1. There is no 
need to adjust for remediation criteria candidates. Therefore, the recommended value is 0.1.



AG Remfliatjgn Qriterign » 9,2 gg/g 
A 

l 
'

* 

Information Summary: 
‘ 

' ' 

_‘ 
. . .

_ 

Alberta Tier 1- guidelines . 0.2 for_ soiglcs./‘cofiaining > 10% clay 
Ontario AG/R/P guidelines no data; s R/P T

. 

U.K. threshold no data ’ ' ’ 

.

- 

. CWQG information. - » no data 
U.K. minespoil soil ‘trigger 

‘ 

_ 

no data ' 

Rationale:_ The initial working value is 0.2. The supporting information indicates no need to adjust 
the initial value. The soil assessment criterion and background -data indicate no need to adjust the 

. 

working value. Therefore, _the recommended value is 0.2. 
' 2‘ 

~ ~

2 

1‘ PRemwi.ionC'teri n22 /1 

’Information Summaxyi _ 
-_ 

_ 
t

— 

B.C.Bcriteria . 
2 - 

- V 
Ontario AG/R/P guidelines 1 for medium & fine textured soil 

V 

’ 

_ 

0.8 for coarse textured soil
‘ MENVIQ B value ‘ 

' 2 “ 
~ -

' 

.- 
. New Jersey ISAL ‘ 

. 

' 

‘

1 

Netherlands B value. ' 

- 

’ ‘ no data 2

. 

U.K. threshold 
4 

' 
' 

. 1 for domestic gardens and allotments «T ‘ 

p 

20 for parks and ‘open spaces 

Rationale: ‘The range is‘ 0.8 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.) 
r 

_ 
_

2 

Therefore, the recommended value is 2. 

“Ci[I>_Remediation Criterion -‘ 10 gg/gu _ 

Information Summary:‘ . 

‘ 

, 

-

. 

_ 
10 A B.C-. C criteria ' 

. 
_ _ 

Ontario C/I guidelines 
‘ 

2 for medium and fine textured soils 
' 

1.5 for coarse textured soils 
MENVIQ C value - 10 
New Jersey ISAL-' ’ no data

' 

Netherlands C value ’ 

. 

V 

nodata 
U.K. threshold 

_ p 

/ 

‘ 

_ no data 

Rationale: The range is 1.75 to 10. The range 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 criterion is 2, the initial working value is 10. Therefore, the recommended 
value is 1000.

' 
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A 

13.2.11 Molybdenum 

Soil Assessment Criterion - 4 gg/_g 

-13.0. A criteria 
2

4 
Ontario ULNs . 3 for urban 

.1 , A 

a 

.. - Zforruralareas 
MENVIQ A value - 2 ' 

global average: _' 
. ‘nodata 

(typical range) 
i 

no data 
_

_ 

New Jersey (typical range) no data . 

‘ ’ 

U.S. (typical range) 0.2 toi5 (Dragun, 1988) 
’ ANZEC A ‘range ' 

1 to 20 
_

l 

' France \ 4 (anomaly threshold)
‘ 

' ' 8 (investigation threshold) 
Netherlands A value I 10 

. 

‘ 

. 

'

~ 

NHMRC investigation threshold ' 3 no data » 

.. t

‘ 

Victoria IAC n 

' 

5 
'

T 

W. Germany (normal range) 1 . 0.2 to 5 

Rationale: The range for upper background data is 2 to 2O4with 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 
A

5 
MENVIQ A value 5 . . 

global range 
_ 

. 

' 

I 

0.03 to 10 (CCME, 1987) 
U.S. (typical range) < 1.0 to'3O (Dragun, 1988) 
Netherlands A value » 

_ 

- 
- 5 . 

.' Rationale-:, ‘The most frequently cited value among criteria candidates is 5. This is also close to the 
-global average of 5 reported by the CCME. ' '

’



Alherta Tier 1 guidelines 4 

_ 

Ontario AG/R/P guidelines 

U.K. threshold 
WQG information

i 

U.K. minespoil soil trigger 

4 for soils containing > 10% c1ay- - 

, A 

5 for grazing animals, mediumand fine textured soils , 

5 for grazing animals, course textured soi1_s « 

no data V 
r - - 

i

_ 

20 pg/g in plants 'or'_1.5. to 5 pg/g in soil can cause 
. molybdenosis in grazing’ animals 
no data 

Rationale: The range of candidate criteria is 4 to 5, and the initial working, value is 5 (median value
‘ 

and most often cited). The supporting WQG information ‘indicates that the wor_k_ing value be ' 

i
A 

lowered to 4. This is also consistent with the soil assessment criterion ._ Therefore, the recommended 
value is 4. 

R/P Remediag‘ ‘on Qriterion — 10gg/gr 

B.C, B criteria \ 

.

. 

Ontario -AG/R/P guidelines ' 

MENVIQ B value 
New Jersey ISAL 
Netherlands B value 

_ U.K. threshold 

10 ' 

no data»; see AG 
10. . 

‘l 

40 ' 

no data
V 

Rationale: The range is 10'to 40. The recommended value corresponds to the B_.C. and MENVIQ 
B valuesand is the most frequently cited value among the criteria candidates. 

' 

'. Q11 Remediatign Criterion — 4o gglg 

VB.C. C criteria 
Ontario C/I guidelines 

MENVIQ C value? 
New Jersey ISAL" 
Netherlands C value 
U.K. threshold 

I 

Rationale: The rangeis 40- to 200. The recommended value correspon 
value among the candidate criteria. 

40 e 
4 

it 

4

~ 

4.0 for medium and fine- textured soils 
40 for coarse textured. soils 
40 V 

- no data 
200 ' 

no data 

ds to the most frequently cited
A



I 

13.2.12 Nickel 

Soil Assessment Criterion -.40 gig‘ 

_B.C. A criteria 20 - 

Ontario ULNs ' 

. 60 for urban areas 
' 

‘ 60 for rural areas " 

MENVIQ A value ' 

50 ' 

global average 
0 75 

Michigan (typical range) 3.2 to 33.6 
New Jersey (typical range) 10.2 to 20.9 , 

U.S. (typical range) 
' 

5 to 1000 (Dragun, 1988)
A ANZEC A range 

. 

2 to 50 7 

France i 

' 

A 

50 (anomaly threshold) _

‘ 

. 

' 

— 

i 
' ‘100 (investigation threshold) . 

Netherlands A value 35 . 

NHMRC. investigation threshold 100 
Victoria IAC '_ 50 
W. Germany (normal range) 2 to 50

a 

Rationale: The range for upper background data is 20 to ‘I000, with a median (and an initial 
— 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 wo_rking value is adjusted to 40. The recommended value is 40. 

( 

I

, 

Ground Water Assessment Criterion — 10 
g_ 

g/L 

. B.C. Acriteria 
) 

' 

10 
_ MENVIQAvalue -_ »10 
global range (Canadian) \ . l to 280 (CCME, 1987)‘, 
U.S. (typical range) <10 to 50 (Dragun, 1988) 
Netherlands A value 15 , a 

Rationale: Based on the global range data, 10 pg/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 cited ’ 

value. There is no need to adjust for remediation criteria candidates.) .

”



AG Rgmgiatjgn Criterion -‘ 4Q gg/g\ 
Alberta Tier 

.1 
guidelines 

' 

for soils_ containing >_ 10% clay 
Ontario AG/R/lg? guidelines - _no data; see R/P 
U.K. threshold A 

_ 
70 for anywhere plants are to be grown 

WQG infonnation ' 

‘ "‘ 50 (first symptoms -of reduced plant yield)" 
U.K. minespoil soil trigger 

_ 
no data ‘ 

Rationale: The -initial ‘working value is 40;V"1‘he supporting information indicates no need to adjust 
the initial value. The soil assessment criterion 

A 

poses no need to adjust ‘the initial value. Therefore, 
the recommended value is 10. . 

‘ ‘

~ 

yi/ 

MP Remediatign Criterion - IQ) gg/g 
B.C. B criteria 

‘ 

‘ 100 
Ontario AG/R/P" guidelines 200 for medium & fine ‘textured. soil 
1 . 

_ 

— 
t _150 for coarse textured soil 

MENVIQ B value ' 

_ 
‘ 100 

'
‘ 

New Jersey ISAL V 100 
Netherlands ‘B value . 

= 
‘ 

‘ 100' 
» UQK, threshold t 

‘ 

_ 
': no data 

Rationale: The recommended value corresponds "to the most frequently cited value among candidate 
agencies; . 

V 

. 

g 

g 
_ 

' 

V 

— — < 

V Remediation Criterion 

B.C."C criteria 
O 

500 
T 

V 

'' 

Ontario C1/I guidelines 
' 200 for medium and fine textured soils p 

‘ 
- 

, 

150 -for coarse textured soils ' x 
MENVIQ C value = 

\ 
500' 

' 

v
' 

New Jersey ISAL no data 
Netherlands 

_ 
C value‘ 500’ 

U.K. threshold . 

V ‘no data » 

Recom;m_e_nd_ed C/I criterion: 500 fig/g 
I 

Rationale: The recommended value corresponds to the most frequent1y_cited~ value of the candidate 
.‘

‘ 

agencies. The Ontario values are slightly lower but given less importance as_ they are the same as « 

. ; the Ontario R/P values». 
' 

_ 

» 

‘

r

I



'B.2.13 Selenium 

Soi1.A§sessmeng". Criterion -' l 
gg/gt 

B.C. A criteria ‘2 

Ontario ULNs '_ 
A 

_ 

v 

. 
. 2 for urban areas 

. 

' 

'. 
- 

' 

2 for rural areas ~r —
' 

‘A value 
_ 

' '

1 

global average . 

' " r 0.09 
Michigan (typical range) . 

’ 
‘ 

T 0.46 
New Jersey (typical range)‘ 

V 

t 

' 

0-.07 to 0.08
_ 

U.S. (typical range) A 

. 

‘0.1 to 2 (Dragun, 1988)7 
ANZEC "A range A 

. no data
_ 

France . 
_ 

A 10 (anomaly threshold) \ =1 

_ 
V 

’ 

V 

l 

' 20 (investigation threshold) 
Netherlands A value v 

‘ no data 
’ 

NHMRCinvestigat_ion threshold 20 
Victoria IAC - 

A 

A 20 
W. Germany (normal range) . 0.01 to 5 

Rationale: The range for upper background data is 0.08. to .5 with a median (and the initial working. 
value) of 2. ‘The range of candidate criteriaéis 1; to 20ewith a median of 10«. The working value is ’ 

therefore adjusted to 10. The lowest remediation candidate criteria is 1 (see AG remediation‘ ' 

criteria). Therefore, the recommended ‘value is 1. A 

Ground Water Assessment-Criteriori,.g_l: /L 

B.C. A criteria 
_ 

‘ 

2 
,

1 

MENVIQ A value ' 

,
1 

global range (Canada) 
' 

_ 

. 0..l to 4 — 

U.S. (typical range) 
0 < 1.0 to 10 (Dragun, 1988) 

Netherlands A value 
p 

y 

no data 

Rationale»: The range of ‘criteria values is 0.1 to 10, with a most frequently cited criteria value of 
1. The recommended valuefis therefore 1.



Alberta Tier 1 guidelines . 

' 2 for soils containing _> -10% clay 
Ontario AG/R/P guidelines A 2 for grazing animals; all‘ soils 

_ 

U.K. threshold 
_ 

‘N no data ’

. 

WQG information ‘ 

<9 1 (to avoid livestock toxicity)
‘ 

_ 

U.K. minespoil soil trigger 
_ 

no data ' 

Rationale: The initial worldng value is 2. The supporting information indicates a need to adjust the t

- 

initial value to 1. -Therefore, the recommended value is ‘1. This is also consistent with thesoil 
assessment criterion. 

3[PRemg1ia'tion Qriterion-3 gg/g_ ~ 

. 

I 

‘ 
n 

3 \

V

3 
_ 

criteria 
_ 

A ~ 
_ 

: , 

_. Ontario AG/R/VP" 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‘ 

- 

* 

A 

6 for parks and open spaces 

Rationale: The range is 3 to 6, and the most frequently‘ cited value» is 3.» Therefore-, the 
recommended value is. 3. 

‘ 

. . 

‘C/It Remediation Criterion — 10 
gg/gi 

B.c. c criteria 3- 
. 

1o .. 

Ontario C/I guidelines 
A 

10 for all soils 
MENVIQ C value ’ ’ 

10 r V

’ 

New Jersey ISAL _ no data" . 
_ 

_
. 

Netherlands C value 
n 

no data A 

' 

V
, 

threshold 
' 

7 . no data ‘ 

’ 
- ~ 

Rationale: The recommended value of '10 is the sole value cited by the candidate agencies.



' 

. 

13.2.14 Zinc 

~ ~ i1Assessm‘n Crit ri n e ‘12 [\ 

B.C.Acriteria r 
r so '— t 

Ontario ULNs ‘ 
- 500 for urban areas

_ 

y p 

v 500 forprural areas 
MENVIQ A value . 

A 

A 

“ '

‘ 

global average 
_ 

70 . 

‘Michigan (typical range) 
. 

40.6 to 51 
New Jersey (typical range) 

A 

'_ 58.8 _to 73.4 
_. U.S. (typical range) 

’ 

» 

.. 10 to 300 (Dragun, 1988) . 

ANZEC- ‘A_ range ‘ 

_ 

p 
_ 

2.to 180 ‘
A 

France A 300 (anomaly threshold) ' 

- 

_ 

600 (investigation threshold) 
iNetherla’nds.A value 140 - 

NHMRC investigation threshold 500
4 

Victoria I_AC 200 
W. Germany (normal range) ' 3 to 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 criteriaindicates theneed to 
adjust the , orking value to 120 (see AG remediation criteria). The recommended value is therefore 
l_20. ’ 

Ground) Water Assessment Qriterion e SQ gg /L . 

B.C. A criteria a 

> 

by 
y 

- so u 

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 

p

a 

Rationale: The recommended value‘ is the most frequently cited value among the candidate agencies.
)



AG Re‘ mg iantign riterign - 129 gg/g 

Alberta Tier 1 guidelines 120 for soils containing > 10% =c1ay_ 
Ontario AG/R/P guidelines . 

' no data; se’e’R/P 
U.K. threshold ' 

~ 300 any where plants are to be grown _ 

WQG» information . 

' 

A > 5 (to avoid deficiencies in plants) - 

' 585 (toxic to plants) .

~ 

U.K. minespoil soiltrigger ' 
' 3000 (for grazing livestock) 

' 

_ 

A. 1000 (for crop growth) 

Rationale-': Theinitial working value is 300, the median of the candidate comparisonto
, 

the soil assessment criterion indicates that the working.-value should be adjusted to 120. Therefore 
the recommended value is 120. . 

' 

« 

' I - 

' ‘- 

~ ~ P Remedi lion Criterion. :_ V5 __ 
iB.c. Bcriteria 

‘ 
T 500 i

H 

' OntarioAG/R/P guidelines 
_ 

800 for medium & fine textured soil / 

K 

' 
‘ 600 for coarse textured soil 

MENVIQ B value . 

-_ ‘500 ’ ‘ 

. 

~- 

New Jersey ISAL 
. 

4 
350 ’ 

‘Netherlands B value ' 

V 

t 500 
U.K. threshold . . 

. 

_ 

‘ no data; see ZAG 

Rationale: The recomrnendedyvalue correspon_d_s to the most frequently cited value. 

I TC/I Remediation Criterion)-, 1§_oor gg[g 

lB.C~. C criteria r -1500 . 

_

. 

Ontario C"/I guidelines ‘ 800 for medium and fine texturedisoils 
' 

0 

, . 

‘ 

_=': 600 for coarse textured soils 
MENVIQ C value 1500 

V

. 

New Jersey ISAL no data a’ 

. 

V

. 

‘ Netherlands C value . 

' ‘3000 ’ 

_ 

A 

-.
4 

U.K. threshold 1 

y 

no data. 
‘I 

Rationale: The recommended value corresponds to the most fretluently cited value. 
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B.2.15 Cyanide (total) 

B.C. Acriteria 
4 

T 

.5 

Ontario ULNs . no‘da'ta 
vMENVIQAvalue - 

" V 5 V 

global average 2 ~ 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 

V 

' 5 (anomaly threshold) 
. 

_ 

' 

T 

’ 

' ' 

t 50 (investigation threshold) 
' Netherlands A value V 

" 

5 . . 

' ’ 

NI-IMRC ,inve_stigation threshold 50 
Victoria IAC )_ 

~ 

\ 
.5 

-’ W. Germany‘ (normal range) no data
_ 

Rationale: The and most frequently cited value for all candidate criteriafljs . This also 
_ 

-corresponds to the lowest rejmediation criteria value (see AG remediation -- criteria). The 
recommended value is therefore 5, 

y 

‘ 

‘Ground Water Assessment Clriterion -A49 gg/L 

B.C. A criteria ‘ 40 
- MENVIQ A value ' '40 

global range 
’ 

A. 

‘ < 2 to_370 (CCME, 1987)_ 
U.S. (typicalfimge) no data ., 

Netherlands A value - V A 10 

llationalez The most frequently cited value among the candidate criteria is 40. This value lies within 
the range of global background levels. The recommended value is therefore 40.



A.'.lbe._rta Tier 1 guidelines 
' 

Ontario AG/R/P guidefines 
’_ U.K. threshold 

g 
WQG information 
U.K. tnitnespoil soil trigger 

.5 for soils containing > 10% clay 
no data 
no data 
no data 
'no_Vdata 

Rationale: The recommended value corresponds to the sole value recommended by Alberta. 

B.Ct. "B criteria
‘ 

Ontario AG/R/P guidelines 
MENVIQ 13 value 

' 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 

Rationale: The recommended value. corresponds to the most frequently cited value among the. 
' 

candidate criteria. ‘ 

it 

’ 

- 

' "
-

l 

r so 
no data 
50 ' 

no data 
a 50 
250 for domestic gardens and allotments 

’ 

Rationale: The recommended value corresponds to the most frequently cited value of 50-. 

500 A 

no data 
500 
no data 

’ 

_ 500 . 
I 

.

- 

‘250 for areas covered by buildings or hardcover



' 

B.2.16__ Fluoride (free) 

Soil Assessment‘ Qriterion -‘>200 ,L_tg[g *- 2 "
_ 

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) V no data .

' 

U'.S. (typical range) - 30 to 300 (Dragun, 198.8) 
ANZEC A range g - no data _4 

France a 

A 

200 (anomaly threshold) 
. 

n 

‘ 

, 400 (investigation threshold) 
Netherlands A value 

n 

‘ 

500 .
. 

NHMRC investigation threshold no data 
'

‘ 

Victoria'IAC no data 
_ W W. Germany (normal range) 50 to 200 ‘ ’ 

Rationale: The range for unper background data is 200 to 500, with a median (andrnost frequently 
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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 
Councfi of Ministers of the Environment (CCME) has 
initiated the National Contaminated Sites Remediation 
Program (NCSRP) for remediation of high priority 
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. ~



lnterim 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- 
tiavparkland, and commercialfindustrial 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 
concern 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- 
governmental 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, 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 narrative 
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 interim 
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 
detennined 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 
(1991). 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 Assessment Criteria 

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. 4 

Remediation criteria for soil are presented in the 
context of three land uses: agricultural. resitin- 

tiavparkland, and commercialflndustrial. 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 infomiation, 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: 

o indicators of the environmental quality of a site 

0 guidance for determining when further investigation 
of a site is necessary 

0 guidance for determining when site remediation, 
risk assessment, or risk management are 
necessary 

0 guidance for determining when site remediation is 
. performed to acceptable levels, i.e., verification of 
the adequacy of site cleanup 

0 the basis for the establishment of site-specific 
objectives 

0 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 determine 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 SIT E-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 
particular contaminated site. Only the criteria-based 
approach directly uses the national environmental 
quality criteria. 

At the second multi-stakeholder Contaminated Sites 
Consufiation Workshop (November 1990), participants 
emphasized the need for significant national guid- 
ance in both the risk-assessment and criteria-based 
approaches to setting 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 orthe 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 fi.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 Criteria Tables 

Table A-1. Interim Assessment Criteria for Soil and Water 

Soil Water 

General Parameters 
pH 6 to 8 -.-— 

conductivity 
' 

2 dS/m -- 
sodium adsorption ratio 5 — 
Inorganic Parameters 
antimony 20‘ -- 
arsenic 5 5 
barium 200 50 
beryllitun 4 — 
boron (hot water soluble) 1 - 
cadmium 0.5 1 

chromium (‘6) 2.5 -- 
chromium (total) 20 15 
cobalt 10 10 
copper 30 25 

cyanide (free) 0.25 40 
cyanide (total) 2.5 40 
fluoride (total) 200 A--» 

lead 25 10 
mercury 0.1 0.1 

molybdenum 2 
'

5 
nickel 20 10 
selenium l 1 

Notes: All values in yg/g dry weight or pg/L unless otherwise stated. 

Interim assessment a'i_teria are largely based on ambient or background concentration for 
most general and inorganic parametas and on analytical detection limits for most crganic 
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 l0 
vanadium 25 -- 
zinc 60 50 

Monocyclic Aromatic Hydrocarbons 
benzene 0.05 0.5 
chlorobenzene 0.1 0.1 
1,2-dichlorobenzene 0. l 0.2 
1,3-dichlorobenzene 0.1 0.2 
1,4-dichlorobenzene 0. l 0.2 

ethylbenzene 0.1 0.5 
styrene 0.1 0.5 
toluene 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 Aromatic Hydrocarbons (PAHs) 
benzo(a)anthracene 0.1 0.01 
benzo(a)pyrene 0.1 0.01 
benzo(b)fluou'anthene 0. 1 0.01 
benzo(k)fluoranthene 0.1 0.01 
dibenz(a,h)anthracene 0.1 0.01 

indeno(l,2,3-c,d)pyrene 0.1 0.1 
naphthalene 0.1 0.2 
phenanthrene 0.1 0.2 
pyrene 0.1 0.2 

Chlorinated Hydrocarbons 
chlorinated aliphatics‘ (each) 0.1 0.1 
chlorobenzenes’ (each) 0.05 0.3 
hexachlorobenzene 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) 0.3 --- 

phthalic acid esters (each) 30 --- 

quinoline 0.1 -- 
thiophene 0.1 --- 

Table A-1 footnotes. 

‘Set equal to the Agricultural Remediation Criteria value (see Table A-2). 

’Non—chlorinated phenolic compounds include 
2.4—dimethylphenol 
2.4-dinitrophenol 
2-methyl 4.6-dinitrophenol 
nittophenol (2-. 4—) 
phenol 
cresol 

’Chloroplienols include 
chlorophenol isomers (ortho. meta. para) 
dichlotqahenols (2.6- 2.5- 2.4- 3.5- 2.3- 3.4-) 
tticlilcrophenols (2.4.6- 2.3,6- 2.4.5- 2.3.5- 2.3.4— 3.4.5-) 
teuaclrlorophenols (2.3.5.6 2.3.4.5- 2.3.4.6-) 
pentachlororhenol 

‘Aliphatic chlorinated hydrocarbons include 
chloroform 
dichloroethane (1.1- 1.2-). dichloroethene (1.1- 1_.2-) 

dichlorornethane . 

1.2-dicltloroptopane. 1.2-didtloropopene (cis and trans) 
1.1.2.2-tetrachloroethane. tetrachloroethene 
carbon tetrachloride 
trichloroethane‘(1.l.1- 1.1.2-). trichlcroethene 

’Q1lorobenzenes include 
all trichlorobenzene isomers 
all tetrachlorobenzene isomers 
pentachlorobenzene 

‘PCB: include mixtures 1242. 1248. 1254. and 1260. 

7PCDDs and PCDFs expressed in 2.3.7.8.-TCDD equivalents. NATO International Toxicity 
Equivalency Factors (I-TEFS) for congeners and isomers of PCDDs and l’CDFs are as follows: 

Congener TEF Congener TEF 

2.3.7.8-T,CDD 1.0 2.3.7.8-T,CDF 0.1 
12.3.7.8-P,CDD 0.5 2.3.4.7,8-P,CDF 0.5 
l.2,3.4,7.8-l-l,CDD 0.1 1.2.17.8-P,CDF 0.05 
1.2.3.7.8.9-H.CDD 0.1 l.2.3.4.7.8-H¢CDF 0.1 
1.2.3.6.7.8-H,CDD 0.1 l.2.3.7.8.9-l-l‘CDF 0.1 
l.2.3,4.6.7.8—H,CDD 0.1 l.2.3,6.'I.8-H‘CDF 0.1 

O,CDD 0.(X)1 2.3,4.6.7.8-l-LCDF 0.1 
l.2.~3.4,6.7.8-l-l«,CDF 0.1 
l .2..3.4.7.8.9-H,CDF 0.01 

O,CDF 0.(X)l



Table A-2. Interim Remediation Criteria for Soil 

Residential! Commercial! 
Agricultural Parkland Industrial 

General Parameters 
pH 6 to 8 6 to 8 6 to 8 
conductivity 

H 

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 --- --- 

cadmium 3 5 20 
chromium (*6) 8 8 --- ' 

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 ---‘ 

zinc 600 500 1500 

Notes: All values in 113/; 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 
chlorobmzene 0.1 1 10 
1,2-dichlorobenzene 0. l 1 10 
1,3-dichlombenzene 0.l 1 

V 

10 
1.4-dichlombenzene 0.1 1 10 

ethylbenzene - 0.1 5 50 
styrene 0.1 5 50 
toluene 0.1 3 30 
xylene 0.1 5 50 

Phenolic Compounds 
non-chlorinated’ (each) 0.1 l 10 
chlorophenols’ (each) 0.05 0.5 5 

Polycyclic Aromatic 
Hydrocarbons (PAHS) 
benzo(a)anthraoene 0.1 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 l0 

indeno(l,2,3-c,d)pyrene 0.1 1 10 
naphthalene 0.1 5 50 
phenanthnene 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° 0.5 5 50 
PCDDs and PCDFs7 0.00001 0.001 -~- 

Miscellaneous Organic Parameters 
non-chlorinated 
aliphatics (each) 0.3 --- --- 

phthalic acid esters (each) 30 --- --- 

quinoline 0.1 --- «- 
thiophene ‘ 0.1 --.- ---



Table A-2 footnotes. 

'CriIerin not reoonunended fut commercial/mduslrinl. One possible recourse is to use the residential/parkland value. 

‘Non-chlorinated phenolic compounds include 
2.4-dimelhylflnenol 
2.4-diniunphenol 
2-methyl 4.6-dinitrophenol 
nitropbenol (2-. 4-) 
phenol 
aesol 

’Chloropheno!s indude 
chlotuphenol isomers (onho. meta. para) 
dichkrqabenols (2.6- 2.5- 2.4- 3.5— 2.3- 3.4-) 

uiehlaophenoL1(2.4.6- 2.3.6 2.4.5- 2.3.5- 2.3.4- 3.4.5-) 

letradllomphenols (2.3.5,6- 2.3.4.5- 2.3.4.6-) 

penuchlozqiienol 

‘Aliphatic chlorinaled hydrocarbons include 
chlotdotm 
dichloroednne (1.l- 1.2-). dichloroethene (l.l- 1.2-) 

dichlotomethue 
1.2-dichlaopropane. 1.2-didilorqxopeue (cis and trans) 
1.1.22-teuachloroelhane. letrachlmoethene ~ 

carbon tanchloride 
uichltxoednne (1.l.l- l.1.2~). u-ichloroethene 

’Qlotoba1zenes include 
all uidxlotobenzene isomer: 
all tetnchlaobenzene isomers 
penudilaobenzene 

‘PCB: include minutes 1242. 1248. 1254. and 1260. 

’PCDDs and PCDFs expressed in 2.3.7.8-TCDD equivalents. NATO International Toxicity Equivalency Factors (I-1151-‘s)fcI' congenets And 
isomer: of PCDDs and PCDFs are as follows: 

Congener TEF 

2.3.7.8~T.CDD 1.0 
l,2.3.7.8-P,CDD 0.5 
l.2.3.4.7.8-H,CDD 0.1 
l.2.3.7.8.9-H.CDD 0.1 
l.2.3.6.7.8-H.CDD 0.1 
1.2».3.4.6.7.8-H.,CDD 0.1 

0.CDD 0.(1Jl 

2.3.7.8.-'l'.CDF 0.1 
2.3.4.73.-P,CDF 0.5 
l.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 

2.3.4.6.7.8—H¢CDF 0.1 
1.2.3.4.6.7.8-H,CDF 0.1 

1.2.3.4.7.8.9-H.,CDF 0.01 
O,CDF 0.(X)l

10



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 S5(X) mg/L” 

Inorganic Parameters 
aluminum 5-100‘ 50()0 5000 ---‘ 

ammonia l.37—2.2 mg/L’ --- --- --- 

antimony -- -- --- -- 
arsenic 50 100 500-5000 25” 
barium --- --- l000‘° 

beryllimn --- 100 100“ --- 

boron (hot water soluble) --- --- --- --- 

boron (total) -- 500-6000 5000 5000‘ 
cadmium 0.2-1.8" 10 20 5 
calcium 1000 mg/L 

chloride (total) --- 100-700 mg/L --- S250 mg/L 
chloride (total residual) 2 --- -- --- 

chromium (*6) --- --~ --- --- 

chromium (total) 2-20 100 10()0 50 
cobalt --- 50 1000 --- 

copper 2-4" 200-1000” 500-5000 51000‘ 
cyanide (free) 5 --- -- ---" 

cyanide (total) 200° 
fluoride (free) --- --- --- 

. --- 

fluoxide (total) "- 1000 1000-2000 1500‘ 

iron 300 5000 --- S300” 
lead 1-7” 200“ 100 l0'° 

lithium --- 2500 --- --- 

manganese --.- 200 --- _s50'° 
mercury 0.1 --- 3 1 

molybdenum --- 10-50 500 --- 

nickel 25-150" 200 1000 -- 
niu-ate ___“ ___ ___ m I0.l$ 

nitrate and nitrite --- --- 100 mg/L 
nitrite 0.06 mg/L 10 mg/L 4,5 mg/L'°"5 

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 

dichluoethane, 1.2- 100 --- --- 5‘°'“ 

dichloromethane --- --- --- 50 
hexadilorobutadiene 0.1 -- --- --- 

hexachlorocyclohexane isomers 0.01 --- --- --- 

tetrachlomethylene 260" --- --- ---‘ 

trichloroethylenc 20 -- --- 50‘° 

chlorinated benzenes 
monochlorobenzene 15" -~- --- 80“; S30” 
dichlombenzene,l,2- 2.5“ --— -.- 200; S3 
dichlombenzene 1.3- 2.5“ --- --- --- 

dichlorobenzene, 1.4- 
V 

4" --- --- 5; S1 
trichlombenzene, 1,2,3- 0.9“ --- --- --- 

uichlombenzene, 1,2,4- 0.5" --- --- --- 

trichlombenzene, l,3,5- 0.65“ --- --- --- 

tetrachlorobenzene, 1,2,3,4- 0.1“ -- --- --- 

tetrachlombenzene, l,2,3,5- 0.1“ --- --- --- 

tetrachlorobenzene, l,2,4,5- 0.15“ --- --- --- 

pentachlorobcnzene 0.03“ --- --- --- 

hexachlorobenzene 0.0065" --- --- --- 

PCBs2’ 1 ng/L ---‘ 

PCDDS and PCDFS23 --- --- --- --- 

Halogenated Methanes 
carbon tetrachloride --- --- --- 5 
trihalomcthanes -- --- --- 350° 

Phthalate Esters 
DBP 4 
DEHP 0.6 
other phthalate esters 0.2 --- --- --- 

Pesticides 
aldicarb --- --- --- 9 
aldrin and dieldrin 4 ng/L --- --- 0.7‘ 
atrazine 2 --- --- 60” 
azinphos—methy1 --- --- --- 20 
bendiocarb -- --- --- 40

12



Table A-3. Remediation Criteria for Water (Continued) 

Inorganic Parameters (cont’d) 
selenium 
silver 
sodium 
sulphate 
sulphur (total) 

thallium 
tin 

uranium 
vanadium 
zinc (total) 

Monocydic Aromatic Hydrocarbons 
benzene 
ethylbenmne 
styrene 
toluene 
xylenes 

Phenolic Compounds 
non-chlainated" (each) 
phenols (total) 
chlorinated phenols 
monochlomphenol 
dichlomphenols 
trichlorophenols 
tetrachlorophenols 
pentachlorophenol 

Freshwater 
Aquatic Life’ 

30" 

30011 
700" 

Polycyclic Aromatic Hydrocarbons (PAHS) 
benzo(a)anthracene 
benzo(a)pyrene 
benzo(b)fluoranthene 
benzo(k)fluo1anthene 
dibenz(a,h)anthracene 

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

Irrigation“ 
Livestock 
Watering’ 

50 

1000 mg/L 

50000 

Drinking 
Water" 

égww. 50319 
520; 5.220 

100"; S1" 
60; 90
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Table A-3. Remediation Criteria for Water (Continued) 

Freshwater Livestock 
' 

Drinking 
Aquatic Life’ Irrigation” Watering’ Water" 

Pesticides (cont’d) 
bromoxynii --- --- --- 5" 
carbaryl —-- --- 90 
carbofuran 1.75 -- --- 90 
chlordane 6 ng/L --- --- 7° 
chloxpyrifos --- --- --- 90 

cyanazinc 2“ -- --- 10" 
2.4-D 4 --- --- 100‘ 
DDT 1 ng/L --- --- 30"“ 
diazinon —-- --- -- 20 
dicamba --- --- --- 120 

diclofop-methyl --- --- -- 9 
dimethoate --- --- --- 20" 
diquat --- --- --- 70 
diuron --- --- --- 150 
endosulfan 0.02 --- --- --- 

endn'n 2.3 ng/L --- --- -- 
glyphosate 65 -- -- 280“ 
heptachlor (+ metabolite) 0.01 —-- --- 3° 
lindane --- --- --- 4‘ 
malathion --- --- --- 190 

methoxychior --- --- 900 
metoiachior --- --- --- 50" 
meuibuzin 1 --- --- 80 
Pafaqllai '" "' ' "' 10" 
parathion --- —-- --- 50 

phomte --- --- --- 2" 
piclomm 

' 

291] ___ ___ 19010.11 

simazine --o --- —-- 10" 
2.4.5-T -- --- » --- 280; 520 
temephos --- —-- --- 280" 

terbufos --- --- -- 1" 
toxaphene 8 ng/L --- --- --- 

triallate --- --- 230 
trifluralin ~- -- 45”“
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Table A-3. Remediation Criteria for water (Continued) 

Freshwater Livestock ' Drinking 
Aquatic Life‘ Watering’ Water" 

Radiological Parameters 
mcesium --- -- 50 Bq/L‘ 
miodine 10 Bq/L‘ 
“radium --- --- --- 1 Bq/L‘ 
°°strontium --- --- --- 10 Bq/L‘ 
’t;ritium --- --- :-- 40 000 BqlL° 

Table A-3 footnotes. 

‘ Guidelines for freshwater aquatic 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 
includai 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 fa heavy metals and trace ions are reported as total concentrations in an unfiltered sample. 

’ Applies to all soils; fa 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 ions are expressed as total concentrations (particulate and dissolved) unless otherwise indicated. 

5 Several parameters also have aesthetic objectives; these are indicated by a "S" 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 $lm. 

' Guideline varies with pH. calcium. and dissolved organic carbon concentrations. 

’ Guideline changes with temperature and pH. 

‘°A 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 CW QG or GCDWQ. 
"Guideline dianges with hardness. 

"Guideline varies depending on crop. 

"Avoid concentrations that stimulate prolific weed growth. 

"Equivalent to 10.0 mg/L nitrate as nitrogen. Where nitrate and nitrite are detemiined separately. levels of nitrite should not exceed 4.5 mglL (1.0 mg/L 
as ninogen). 

"Refer to (IZREM (1987). 

"Guideline dianges with pH.
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Table A-3 footnotes continued. 

"Nomchlctinalcd phenolic compounds include 
2.4-dimelhylflienol 
2.4-dinitrophenol 
2-methyl 4.6-dinitrophenol 
nhrqihcaol (2-. 4-) 
phenol 
cresol 

"As 2.4—dichlaophenoL 

“As 2.4.6-tridilorophenol. 

"As 2.3.4.6-Ieumchlorophenol.
0 

“Total PCB analysis only for freshwater aquatic life guidelines. 

‘Quoted as 2.3.7.8-TCDD equivalents. PCDDs and PCDFS expressed in 2.3.7.8—'I'CDD equivalents. NATO Intenmional Toxicity 
Equivalency Factors (l-'l'EFs) for congeners and isomers of PCDDs and PCDFS are as follows: 

Congener 

2.3.7.3-T.cDD 
12.3.7.8-P,CDD 

1.2.3.4,7.s-}1.cDD 
1.2.3.7.s.9-H.cDD 
1.2.3.6.7.s.H.cDD 

1.2.3.4.6.1.s-H,cDD 
0,CDD 

~ 2.3.7.8-T.CDF 
23.4.7.8-P,CDF 
12.3.7.8-P,CDF 

1.2.3.4.7.s-H.cDI-‘ 
l.2.3.7.8.9-H.CDF 
1.2.3.6.7.s-H.cD1= 
2.3.4.6.7.x-H.cD1= 

1._2.3.4.5.7.s-H,cm= 0 
1.2.3.4.7.s.9-H,cD1= 

o.CDF 

“Includes 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 (COME) 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 
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lower of the Alberta Tier 1 criteria’ and the B.C. MOE 
"A' level‘ are used. 

Remediation criteria for ‘soil — residentiavparkland 
(R/P) and commercialfrndustrial (C/I): . 

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/I values for coarse soils’ are used. 

Assessment and remediation criteria for soil — 
dioxin and turan: 

Ontario MOE criteria‘ are used. 

Assessment and remediation criteria for soil — 
PCBs: 

B.C. MOE‘ (incorporating CCREM5) 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. Dralt.



’ Alberta Environment 1990. Alberta Trer1 Criteria for Contaminated 
Soil &essment and Remediation. Waste Mangement and 
Cherriicals Division. Soil Protection‘ Branch. Draft. 

‘Ontario Ministry of the Environment. 1990. Guidelines for the 
Decommissioning and Clean—up of Contaminated Sites in Ontario. 

‘ Joint Consultative Committee of Senior Health and Environment 
Minisbrs. 1989. Interim Apportionment of Exposure and Guidelines 
for Potychlorinated Dibenzo-p-Dioxins (PCDD) and Polychlorinated 
Dibenzolurans(PCDF). Prepared for the CCFIEM Deputy Ministers‘ 
Comrritbe. Draft. 

‘Camden Council of Resource and Environment Ministers 
(CCRELI). 1987. Guidelines for PCB in Soil and Seiment. Draft 
report 

' Canada: Council ol Resource and Environment Ministers 
(OCREM). 1987. Canadian Water Quality Guidelines. Prepared by 
the Test Force on Water Quality Guidelines. Updated September 
1989. Ihrch 1990, and April 1991. 

’ Hedth and Welfare Canada. 1989. Guidelines for Canadian 
Drirlritg Water Quality. 4th ed. Prepared by the Federal-Provincial 
Advisory Committee on Environmental and Occupational Health. 
Canefii Government 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‘ 

Environmental Quality Criteria 
Interim Environmental Quality Criteria 

Tier I Criteria 

Remediation Objectives 
(whether established by a criteria- 
based approach or risk assessment 
approach) 

Tier II Criteria 

Remediation Criteria 
(a subset of environmental quality 
criteria. The environmental quality 
criteria include, in addition, 
‘assessment criteria‘) 

Cleanup Criteria 

‘The Decommissioning Guidelines reoomrnend development oi remediation criteria using a two-tiered epproadi in which Tier I criteria are generic and based largely 
on existing standards and guidelines promulgated by regulatory agencies. Where Tier I guidelines are not avaihble or appropriate tor a particular situation. site- 
speotilc Tier II criteria an be developed using risk assessment methodology.
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