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be in error due to problems associated with the choice of the risk
assessment eriteria, both environmental and economie. The
need to introduce additional criteria in the risk assessment
proceduresis stressed.

INTRODUCTION

Risk assessment has become accepted practice in developed
countries. Aectivities ranging from construction of power plants
to remediation of contaminated sites require risk analysis. It is
generally assumed that a risk analysis will make it possible to
use financial resources more rationally and, thus, risk analysis
has beeome an important tool in regulatory decision making.
The inereased interest in risk analysis has brought with it a
concurrent increase in the number of risk experts. Inthe Czech
Republie, with only 10 million inhabitants, there are almost
1,000 registered risk analysts, or 1 for every 100,000
mmhabitants!

This paper attempts to generalize some experience with the
hydroenvironmental aspects of risk analysis and ealls attention
to some conceptual problems.

SHORT HISTORY

Interest in risk analysis increased following passage of the
“Superfund Act” [1] in the U.S. Cleanup of CERCLA sites is
detailed in the National Contingency Plan which requires
ground water cleanup goals to meet chemical-specifie
applicable or relevant and appropriate requirements (ARARS).
If no standard exists for a particular chemical, then a site-
speeific risk assessment is the basis for eleanup. Cleanup goals
are based on a risk level of 10" to 10" for carcinogens and a



hazardous index of less than one for nancarcinogens.

Risk analysis has become a visible and often controversial part
of environmental decision making. However, risk analysis is
also used as a decision making tool in other areas where the
benefitis alife saved, e.g. in highway safety[13].

Vesilind [2] lists the analysis method used in engineering
decision making as: technical analvsis, cost effectiveness
analysis, benefit/cost analysis, risk analysis, environmental
impact analysis and ethical analysis. In this sense, risk ana lysis
is only one of the tools available for decision analyzing
alternatives|[14].

PARADIGM

In determining risk, a set of terms, definitions, aims, rouls,
equations and methodologies are applied. The elements have
not yet been fully unified or agreed upon. As for the terms, the
current paradigm uses expressions such as visk, cumuldive
risk, individual risk, hazard, hazard assessment. risk
assessment, risk management, risk communication, risk
perception and so on. Risk assessment is a process of defining
and describing unfavourable effects caused hy certain factors
(herein called “impulses™) in a given situation. Tt includes o
description of the system, factors influencing it, and their
expected individual, cumulative or subsequent influences at all
levels | 15].

Generally, the paradigm proceeds from heliefs that-

o The entire environmental system (hereafter the
system), including allits elements, can be fully defined at



all scales (e.g. micro, mezzo and macro),

B All influences of the anthropogenic activity (building
construction, introduetion of new technologies affecting
the system, hereafter anthropogenic impulses) can be
defined and quantified in advance. Atthe same time, itis
assumed that these influences can be purposefully
controlled so as to minimize any negative influence on
the environment [ 13],

- All effeets of inereasing the anthropogenic impulses in
the environmental system (hereafter reactions) are
known beforehand, and ean be mathematically, or
otherwise, adequately defined,

. The level of knowledge of the system, impulses, and
reactions is suflficient to determine the extent and
quantity of the necessary information,

. The technology for obtaining this information, its
evaluation and subsequent utilization for prognostie
calculationsis available,

° The risk analysis methodology is able to quantify with
sufficient accuracy all elements of the system, affecting
impulses, and the expected reactions and to define
appropriate direct and indireet positive or negative
CONSEUences,

o Simple, sufficiently representative and reproducible
criteria (standard functions) exist so that consequences
an be expressed in a standardized way,



. On the basis of the risk analysis it is possible to select at
least one optimal solution from many possible no-
action solutions which will not damage the environment.

Risk expresses the probability of occurrence of a certain action
harmful to humans. Risk may be defined as the probability that
an injury, illness or death will result from a specific condition. It
may also be defined as the probability that, under certain
conditions, a specified change in a system will or will not. occur;
for example, aliner or monitoring system may fail.

The degree of risk is usually described by qualitative,
quantitative or semi-quantitative scales. A qualitative
evaluation uses terms such as high, medium, low and extremely
low risk. A quantitative evaluation deseribes the degree of risk
as a probability that under previously defined conditions [15]
certain event may or may not occur. The probahility is
expressed as a dimensionless quantity varying from 0 to 1
where 1 means that the event will certainly occur; and 0 that it
will not oceur. Risk is assessed in many ways [3]. For example.
the probahility (p) or risk of a cancer occurring due 1o
consumption of a carcinogenic substance over a life time can he
calculated as[4].
p = CDIxSF

where CDI is the daily intake (mg/kg/day) of the substance for
an individual over 70 years old and SF is the carcinogenic slope
factor (mg/kg/day)’. This equation is valid only at low risk
levels[14].

Risk is also assessed by means of carious semi-quantitative
scales. For example, NATO uses a procedure |5] where (he
assessment is calculated by scaling various “investigation



forms”. The semi-quantitative approach is favoured by many
for ity simplicity.  Its main disadvantage is that the
“investigation forms” may be at variance with actual physical
conditions. For example, when estimating the risk of ground
water pollution, the existence of a thick impermeable clay layer
(scaling () = zero risk) at a certain location may be “outweighed”
by the possible existence of ground water observed at the same
location (sealing 5 =very high risk). Incontrast, inthe case of a
permeable zone of aeration (scaling 5 = very high risk), where
ground water is not observed (sealing 0 = zero risk) due Lo a
long or ghort term decline in the ground water level, the risk
may be incorrectly estimated as negligible.

Risk analysis based on probability eriteria alone cannot be used
for comparing alternate solutions. To compare solutions, not
only the probability of the event occurring but also its
consequences are needed [10]. In such cases, it is convenient to
1se 4 measure such as the Total Risk Value (TRV) which can be
expressed as
TRV = p*N

where p is the probability of occurrence of a certain response to
the tested activity, and N (expressed in any currency) are the
damages (losses) or positive changes {(contributions, returns)
due to the reaction.

These and similar paradigms have serious shortcomings and
often lead to contradictory and even paradoxical conclusions.

POSSIBILITIES OF THE CURRENT PARADIGM

Description of Environmental System
The majority of the real or assumed cffects (“impulses”™) of an



anthropogenic activity can be defined and quantified
beforehand. Forexample, we are able to determine, inadvance,
gquantities of ground water to be pumped, ground water levelsin
remediation systems, and with some limitations quantitics of
pollution emissions from waste dumps, and so on. However,
problems can arise since many of the site conditions can change
regularly or incidentally with time.

Theoretical basis for spreading of “impulses”

To perform a risk assessment it is necessary to perform d serics
of ealculations using mathematical models. In fact, in the
course of a hydroenvironmental risk assessment, a complex of
working hypotheses is assessed with the aim of answering
certain questions (Table 1).



Element Variables Assessed Hypothesis
A solrce of « Polutant e apollution source exists?
paliuticon o conceniration o isita pallitant?

B lraiispor!

s houndary conditions (BG)
« hime

e spatidl chamctedstics

o finances

s lechinology

= gadmelne chafaclerlstics
of the zone

« hydrogeophysical fields

e lime

» linances

e lechrology

o BC van be chanyed?

o concentration is
dangerous?

« financlal means and
techinologies are
avatllable ?

« pollution may be
prevented?

« whatis orcould be the
axtent of 4 pollution
pluma?

« can il be hmitedor
elimnated?

e are lhere the inancial
means and technologies
to do it?

C receplor

o Type of roceptors

o b of receptors

= sersflivenses of
receplors

e cancenlration {dosa)

e can they be impacted?

o gan hey be moved?

* Can protechve measilres
he provided?

» cah conlrol conditions be
‘pslablished”

« are the financa’ means
and echnologics
avallable ?

Table 1: Working Hypothesis.

Based on model caleulations, a series of questions must be
answered. Forexample, what is the probability that [12]:
a harmful material emanating from a potential pollution
source will pollute soil, ground water or air?
A pollution plume will spread to a certain loeality and

what will be the eoncentrations?

A harmful material from a polluted zone will contact
living organisms?




. The level ol a harmful constituent in ground witer will
exceed regulatory standards at certain localitios (o
certain times?

As for the remediation activities, it is necessary to answer
questions such as:

B Isit necessary to performany remediation?

° What will be the most effective, cheapest, quickost.
technically feasible and practical technology?

B What will be the linal result, or how great will be the

reduction in potential environmental damages, including
monitoring and remediation work, penaltiesand visk?

The theoretical basiz for analyzing hydrogeoenvironimental
fields makes it possible to madel, mathematically orotherwize,
the spreading of anthropogenic “impulses™ in an envivomuental
“system” only for very simplified conditions. So far, modeline i
limited to simple subsystems; for example, cerfain pronps of
hydrogeoenviornmental fields ground water, imsaturated zon

and so on.

Acquisition of Information

A hydrogeoenviornmental risk analysis requires w cortimn

minimum amount of information on (modilied from [6]) | 16 ]

@ the environmental space (e.g. rock media, ground waten
surface water, air, living organisms) where the
“Impulses” are spreading,

B the impulses (initial and boundary conditions) and any
changes in time and space,

D The receptors and their locations in the environmaental
space.



Since the reliability of the risk assessment depends first of all on
the reliability of the information and the prognostic methods
used, we can differentiate as follows:

. Qualified risk estimation (QRE) based only on judgment
and background information (analogy, experience, site
visit) on hydrogeoenvironemntal conditions for pollutant
transport. At the same time, the so- -called zero
hypothesis is defined, i.e., the conditions under which the
expected event could not occur,

. Orientation risk calculation (ORC) based on evaluation
of archive materials, orientation soil gas and geophysical
measurements, rapid hydrodynamic and transport
tests, and limited water and or soil sampling.
Subsequent calculations are performed using anal ytical
models. Procedures based on scaling and testing
extreme conditions by mathematical modeling are used
to test the “sensitivity of a solution”, e.g. estimation of
errors and economic losses expected under an
assumption of insufficient information availability.

. Expert risk caleulation (ERC) based on a good
knowledge of the assessed locality obtained by long-
term monitoring and detailed hydrogeological and
geophysical measurements where the information on
the processes is at the mexo-and macrolevels.

From the theory of information acquisition it can be concluded
that for normal hydrogeoenvironmental surveys it is possible to
fully define systems at the smaller scales, but not at the larger
scale due to the effect of system non-additivity. For this reason,
information obtained at that small scale can only be
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extrapolated to the large scales. In addition, extrapolation may
be impeded by factors such as instrumental, financial,
organizational, personal, social, psychological and other
barriers to obtaining representative and reproducible
information.

Generally, it is true that:
. The more reliable the survey information reburied, {he
longer and more expensive the survey must he,

o The more testing that is done, the greater the risk that
an aquifer might be aceidentally interconnected or
pollution spreading intensified, resulting in a
subsequent remediation activity that is more expengive.

Under normal hydrogeoenviornmental conditions, it is not
possible to determine in advance the nature and extent of the
necessary information nor the locations where such
information should be collected. As a vule, the amount of dats
collected is determined by the amount a client or owner is
willing or able to pay. Unfortunately, whether the duata are
useful or not is usually not known until the risk analysis is
completed.

Technology of Information Collection

Some information on hydrogeoenviornmental fields cannot bhe
determined at all due to the effect of “the Schrodinger cat”,
This means that the more something is investigated, the more
the parameters are influenced by the measurements and., 1=
result, false results are obtained. Insuch eases, nondestructive
or geophysical methods seem to be the only solution [ 15].



Definitions of Effects

In complicated cases, il may not be possible to determine
complete relationships for a1l the divect and indirect effects in
individual system clements and even for the gystem as a whole.
Those effectsmay include camulative and multiplicative effects,
or offects where apparently positive effects have negative
congequences, or where harmful daughter products are
produced from decay of harmless chemicals. Experience with
production and migration of harmful chemicals in the
coviranment indicates only limited possibilities for prognostic
methods. This is in estimating health risks, which is presently
the most developed ared of risk analysis[11].

Ac 4 result of the health focus of current risk procedures,
standards  (limit values) apply primarily to humans arnd
domestic livestock. For example, allowable levels of pesticides
in soil for wildlife are not fixed. Coneepls such as Loxicity,
mutagenity and eavcl nogenicity are only employed to estimate
n effect of a pollutant on lower organisms as an indicator of a
possible human heulth effect [14].

Toxicity

The criterion for estimating acute toxicity of a chemical or
mixture of chemicals in amedium (waler, foodstulfl, aiv) is either
{he dying out or on the contrary the resistance of a certain
homogencous group of aliving organisms exposed to the effeets
of the concentration of the chemical for a tixed time interval.
These effects have a statistical character due to a certain
unrentovable inhomogeneity of the tested population [ 14].

Lethal Dose
The lethal dose (LDg,) corresponds ta the concentration of a
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chemical where 50% of the exposed organisms from the tested
population die within a certain time interval typically 1 hours,
The dose is in fact a so-called average Limiting concentiation

(TL,).

Safe Concentration

A number of relations can be used for determining the sale

concentration (C,). Forexample, the relation
Cy=03A/(A,/Am

(where A, and A  are the valued TLm at 24 and 48 hours and s

-a safety factor varying from 2 to 3) has been used.  Other

analogous relations; which can be regarded as empirical, are

available. They differ from the above according to th

conditions forwhich they were derived.

Standardized functions

To make it possible lo compare several variants, to develop
working hypotheses, to classity objects according to their
importance, to estimate the advantage and usefulness of the
tested anthropogenie activities, il is necessury to Cxpress ri=k
analysis results in the form of a so-called standardized
funetions. The most frequent way ol standardization i= 1o use
an expression incorporating cost.  Sometimes  suchoan
expression is not applicable, e.g. il we compare the value ol
human life with the value of r_rt.hel elements in 1l ecosy=tom,
Use of cost, a monetary eriterion, is problematic in cases where
the value of wildlife or wetland loses must beassossod.

Irrespective of Schopenhauner's statement that “money is o
materialized common good”, it is recognized that there are
qases where another measure should be used for quantifving



risk. The eriteria should be base on an understanding that
continuous changes in individual elements of an environmental
system can lead to uncontrolled change in relations between
these elements which upset the environmental balance.
Ultimately, this ean lead to 4 condition where the system seeks a
new equilibrium between the new or remaining environmental
elements at a lower level. Tnsuch cases, either the instability of
the relations between the elements of a system at a higher level,
or the newly introduced stability of the system at a lower level,
an lead to a significant reduetion in human activities in the
[rame of these elements. In any case, economic considerations
should not eliminate certain elements of an environmental
system. However, it may be found that protection of some
elements in an environmental system could be groundless [12].

Currently human health considerations are the sole basis for
most risk analyses; that is, the measure of most, if not all,
environmental values is man. This approach seems to embody
what we call the paradox of anthropocentrism where human
health or economic interests are much more valued than the loss
of any element in the ecosystem irrespective of the possibility
that such a loss could - secondarvily jeopardize many more
humans at a future time.

Non-zero solutions

Non-zero solutions in risk analysis assume that the
anthropogenie activities analyzed will be realized. Due to the
uneritical principle of anthropocentrism, it is assumed that
Nature must serve humans and that an extensive
transformation of nature is progress. Our experience suggests
that risk analysis should also consider elements of the
environment irrespective of whether the tested events are or
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are not directly related to humans. Anthropocentrism leads to
the use of risk analysis to justify human activities, mainly
economie. There appear to be few, il any, eases where a risk
analysis admits that a human risk is higher than the risk to
other animal species. Many economic analyses are hased
effectively on exhaustion of natural resources. In such cases
the risk analysis can not include the zero solution since the
activity would then not be realized. Instead, the least impact
variant is selected from all bad ones! Efforts toward sustainable
development assume some reduction in negative environmental
effects but not their complete elimination.

Except for revitalization, remediation, sanitative and
protective measures, all anthropogenic activity inits primary or
secondary consequences has and will have some negative
influence on the environment. However, it is not known what
effects are at last “safe” for the general population.

Significance of risk analysis

In practice, decisions are made and aclions are taken
regardless of risk analysis results. The most important factors
in making these decisions are typically political and social. This
is why actions can be agreed upon even when such actions are
not supported by the risk analysis. A risk analysis may be
necessary, but it is not sufficient Tor acceptance ol certain
environmental decisions [11].

Engineers and scientists may view risk analysis as potentially
the most objective decision-making tool. However, as Jasanoff
[7] explains, there are in fact “two cultures of risk analysis™
Realistically, risk analysis is not the ultimate decision making
tool but only another tool. In particular, in adversarial settings,



the opinions of experts may not be convineing [15].

Analysis of the environmental impacts of a project is typically a

component of an economic analysis. Therefore, an

environmental risk analyses (ERA should always be done to
define):

» risks and economic consequences if, e.g., a certain
project. will not be realized (its influence on taxes,
unemployment and so on), or if & non-environmental
activity will be eancelled.

° Risks and environmental consequences of the
environmental impact.

[n the United States this may be done as a benelit/cost analysis,
an environmental impact analysis or as a risk/benefit/cost
analysis.

Eithical Aspects

Decision making is criticized when it is perceived to ignore
social and environmental values. In ethies, traditional
benefit/cost analysis is essentially a utilitarian concept hased
primarily on money [8], whereas risk analysis is based primaril v
an health impacts and enviromnental impaet analysis on long-
termeffects on the environment [3].

The ethical systems that guide current engineering and
hydrogeological practice are anthropocentric [16]. Whether
the system considered in ethical decisions should be expanded
to include “the land”, as advocated by Leopold [9], is a topic for
debate but is not seriously being considered, at least not in the
United States.



Risks of the risk Analysis

We conelude that at each stage ol a visk analysis, an estimate of
the uncertainty of the approach should be included. T the visk
of financial failure due to an erroncous risk analysis exists, then
it should be included as an uncertainty of the risk analysis | 10].
Therefore, every risk analysis should include at least a
qualitative expression of the reliability of the conclusions and
perhaps even an estimate of the losses which could ocenr due to
an incorrect risk analysis. Tt would be ideal to ealenlate a cozl
for the risk dispersion of the visk analysis, i.e. the dispersion of
the possible negative consequences if the reconimended action
is followed.

CONCLUSION

Environmental concerns lead to the conclusion that it would be
desirable to modify the basie paradigm for visk analysis. This is
so hecanse it is not possible to quantify all influenees in an
environmental systen, or eveninits subsystems, inan analysis.
Many of the processes are transient and will continue even
when their eauses are eliminated. Even the cumulative elfeet s
ol small seattered (diffuse) sources which we are able to veliably
analyze al the micro and mezosgcales, are not analyzable at the
marcroseale, e.g., at the global seale and for long times. 17 the
expected changes at a global seale are already ocenrring, then
normal protective, revitalization and remediation measures
hecome inappropriate from a short-term point ol view
Therefore, we argue that a new paradigm for risk analysis is
needed which is based on the entire ecosystem.  In any case,
risk analvsis results should not he a substitute for good common
sernse!
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