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ABSTRACT 
This paper challenges geo-environmental practitioners to consider uncertainties when developing sampling plans 
and interpreting chemical analyses data even though environmental assessment and remediation guidelines are 
presented as single-valued threshold levels that define limits between “acceptable” and “unacceptable” contaminant 
concentrations in soil, groundwater and air. This paper also summarizes the uncertainties encountered in an 
environmental site assessment and discusses how analytical and sampling uncertainties can be addressed using 
statistical and probabilistic techniques.  
 
RÉSUMÉ 
A l’heure actuelle, les directives concernant les évaluations et remédiations environnementales ne reposent 
uniquement que sur une valeur seuil, définissant la limite entre une concentration “acceptable” et “non acceptable”, 
pour un contaminant présent dans le sol, l’air ou les nappes d’eau souterraine. Cet article a pour objectif de pousser 
les géo-environnementalistes à cependant prendre en considération les incertitudes lors de l’interprétation de 
données d’analyses chimiques ou du développement  d’un planning d’échantillonnage. Il présente d’une part un 
résumé des différentes incertitudes rencontrées lors d’une évaluation environnementale, et d’autre part comment 
les incertitudes de calcul et de mesure peuvent être prises en compte en utilisant des outils statistiques et 
probabilistes.�
 
 
1 INTRODUCTION 
 
The basic concepts behind environmental assessment 
can be stated as (Cotton and Emond 1981): “(1) early 
identification and evaluation of all potential 
environmental consequences of a proposed 
undertaking;” and “(2) decision making that both 
guarantees the adequacy of this process and reconciles 
to the greatest extent possible, the proponent’s 
development desires with environmental protection and 
preservation”. 

These concepts are further explained in a recent 
Federal Court judgement (Decisions of the Federal 
Court 2008 FC 302) as follows: 

“The Canadian Environmental Assessment Act 
(CEAA)… mandates early assessment of adverse 
environmental consequences as well as mitigation 
measures, coupled with the flexibility of follow-up 
processes capable of adapting to new information and 
changed circumstances. The dynamic and fluid nature 
of the process means that perfect certainty regarding 
environmental effects is not required”. 

The CEAA “calls for an informed decision by a 
responsible authority” and “there is a requirement to 
provide a rationale for its recommendations”. 
It would appear that, by law, some degree of 
uncertainty is allowed in environmental assessments; 
however, an environmental practitioner (from hereon, 
practitioner) is required to provide a rationale for the 
handling of uncertainties. 

At present, the concept of uncertainty is rarely 
publicized by regulatory agencies. As a result, 
remediation guidelines are presented as single-valued 
threshold levels that define limits between “acceptable” 
and “unacceptable” contaminant concentrations in soil, 
groundwater and air. Correspondingly, practitioners 
commonly use a deterministic approach in 
environmental site assessment (ESA) and remediation. 
Discussions in this paper are limited to Phase II ESAs, 
i.e., investigations involving the collection of soil, 
groundwater or air samples to analyze for 
concentrations of potential contaminants of concern. In 
the following sections, uncertainties inherent in site 
investigations and remediation guideline development 
are summarized. Methods that a practitioner may use to 
quantify some of the uncertainties in environmental 
sampling are also described. 
 
2 UNCERTAINTIES IN ENVIRONMENTAL SITE 

INVESTIGATIONS 
 
The two major uncertainties in environmental site 
investigations are (a) uncertainty related to obtaining 
measurements within sampling units and (b) uncertainty 
associated with the variability and/or bias between 
sampling units (USEPA 2001). A sampling unit, also 
referred to as a unit of analysis, can be defined as the 
portion of the environmental population from which one 
or more samples are taken and then measured to yield 
test results appropriate for a specific use. The most 
common sampling unit would be the physical sample 
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