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Abatract--An initial model of an expert system was designed to provide quick responses for Slovenian 
river water pollution emergency situations by: identifying selected pollutants; planning immediate 
action to cope with urgent hazardous situations; identifying actual pollution source(s); and providing 
advice to reduce and prevevg pollution at the source. The model knowledge base is implemented on 
the Knowledge.Pro communication system and is derived from two relational databases using the 
Informix.Sql relational database management system. 

1. INTRODUCTION 

IN THE LAST FEW DECADES, protection of surface and 
groundwaters from pollution has received a high prior- 
ity since many countries have suffered from consid- 
erable deterioration in the quality of their water 
resources. This pollution is caused by discharges ofun- 
treated industrial and municipal wastewaters, agricul- 
tural runoffs, spills of hazardous substances, or "night 
dumpings" of industrial (haTardous) and municipal 
waste. 

Data on river water quality parameters are gathered 
by laboratories worldwide. However, an effective 
method of extracting value-added information from 
these data to facilitate decisions on the implementation 
ofcost-effective pollution prevention measurements to 
safeguard people, livestock and industrial development 
in a region remains a problem. 

While not always sufficiently recogniTed, artificial 
intelligence (AI) approaches based on inductive and 
deductive learning and pattern recognition methods, 
represent a great potential in searching for regularities/ 
patterns in larse multiparametric data setS. Commer- 
cially available AI systems (e.g., expert system shells) 
are _cl~si'gned to sul~Ort searches for solutions in various 
classes of problems, e.g., classification, based on shal- 
low, as well as deep knowledse, process design, process 
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optimization, diagnosis, analysis, planning/scheduling, 
monitoring, process control as presented by W.B. Gev- 
after (1987). 

In searching for cost-effective solutions to water and 
wastewater treatment and pollution prevention, the 
following computer-supported methods are extensively 
emerging to extract value-added information from ex- 
isting experimental data, often organized as global re- 
lational databases (lwata, 1989; Bengtson & Parsmo, 
1990): 
• Computer supported water quality modelling and 

pattern recognition approaches based on different 
classification models (James, 1984; Fu, 1985; Jur- 
icskay & Veress, 1986; Wienke & Danzer, 1986; Van 
der Voet, Coenegracht, & Hemel, 1987; Saaksjarvi 
et al., Khalighi, & Minkkinen, 1989; Tiwari & Ali, 
1989; Gao & Xu, 1989; Frank & Lanteri, 1989; 
Rump 1990); 

• Induction systems based on inference theory of 
learning (Barnwell, Brown & Marek, 1986; Hnshon, 
1990; Miller, 1989; Venkataramani, Bamopoulos, 
Forman, & Bacher, 1989; Perman, 1990; Wable, 
Brodard, Duguet, Mallevialle, & Roustan, 1990; 
Wood, Houck, & Bell, 1990; SeTs, Duran, & Sivitz, 
1989; Ouzilleau, Serodes, Beriault, & Suel, 1990). 

2. PROBLEM DEFINITION 

The elaedfication of Slovenian rivers according to their 
pollution level is defined by four categories (Yugoslav 
Federal Register, No. 6, 1978): 

Cate~ry  I (drinking water or drinking water after 
treatment), 

Category II (water that can be used for bathing, wa- 
ter sports or fish farming, and could 
be used for drinking after adequate 
treatment), 
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Category III (water that could be used for irrigation 
or for industrial purposes after ade- 
quate treatment except for the food 
industry), 

Category IV (polluted water). 

The criteria for assigning a polution category/level of 
a particular water sample at sampling site are based on 
the results of: 
• selected physical and chemical analyses, 
• specific analyses of heavy metals and selected organic 

pollutants, 
• microbiological analyses. 

The overall pollution category of water samples is 
assigned by an expert panel which includes chemists, 
biologists and hydrologists. 

Baseline data on water quality collected at 131 sam- 
pling sites for three consecutive years show that the 
quality of water in the majority of Slovenian riven is 
decreasing. In most cases this is due to uncontrolled 
discharges of untreated industrial wastewaters and 
agricultural runoffs (Research of Slovenian surface 
water quality for the year 1986). 

Thus, an attempt has been made to design an expert 
system to support a quick response to a water pollution 
emergency situation through: 
a. identification of selected pollutants with probable 

damaging effects, and ofimmediate action in a given 
environmental situation with a hierarchical se- 
quence of proposed tests to be carried out, taking 
into account the cost-benefit factor; 

b. planning immediate action to cope with an urgent 
baTardous situation; 

c. identification of the actual pollution source(s), e.g., 
individual enterprises, farms, etc.; 

d. providing advice on ways to reduce pollution at the 
source in order to prevent a recurrence of the haz- 
ardous situation. 
Such an expert system attempts to provide an effi- 

cient support of water pollution control at lower cost 
by providing sufficient reliability to define the water 
pollution levels on a reduced number of analyses 
needed. The system also attempts to provide advice 
for the most etficient wastewater treatment technology 
for a given stream. 

3. RF-qEARCH HYPOTHESIS 

Knowledge in a given domain consists of descriptions 
that characterize objects, relationships and procedures 
for manipulating these descriptions. In order to make 
expert systems useful tools to handle problems: 
• A most appropriate knowledge representation must 

be searched for in a given problem domain, 
• An effective control of the reasoning process, which 

depends on the type of the domain and knowledge 
representation, must be implemented. 
In order for a system to reason, it must be able to 

manipulate the data of a specific problem using the 
general facts of the domain (declarative knowledge) 
and the rules (procedural knowledge) until a satisfying 
solution is found or no more rules can be applied 
(Klaessens & Kateman, 1987; Levine, Drang, & Edel- 
son, 1986). 

One of the ways of representing knowledge of a do- 
main is by means of relational or semantic diagrams. 
Thus, a relational database with general facts of the 
problem domain (declarative knowledge) was de- 
signed. This relational database can be viewed as a 
template of a knowledge base of an expert system. 

4. DESIGN OF A DECLARATIVE 
KNOWLEDGE OF AN EXPERT SYSTEMm 

AS A RELATIONAL DATABASE 

4.1. Criteria for Pollutant Selection 

Water pollutants included in the relational database 
were selected from the list of 299 compounds consid- 
ered in Section 311 of the USA Water Pollution Control 
Act as compounds having a potential impact on the 
environment based on their: 
• toxicity, 
• degradability in an aqueous environment. 
Approximately 250 compounds will eventually be in- 
cluded in the database. At present the database includes 
128 compounds. 

4.2. Sources of Informtion on Selected Pollumuts 

Several computerized as well as primary literature 
sources have been used in the collection of reliable in- 
formation on: 
1. physical and chemical properties data, industrial 

occurrence and treatability data, data on biological 
effects; Ljubljana, 1989; 

2. analytical methods for pollutant determination in 
fresh and drinking water; 

3. site-specific data sources: 
• Register of  Water Bodies andMonitoring Points, The 

Slovenian Water Works Association, Hydrometeo- 
rological Institute of Slovenia; 

• Time Series Data on Chemical, Biological and Hy- 
drological Aspects of  Water Bodies, Research on 
Slovenian surface water quality, The Slovenian Wa- 
ter Works Association, Hydrometeorological Insti- 
tute of Slovenia, Biological Institute of Ljubljana 
University, Boris Kidric Chemical Institute, Institute 
for Public Health, Maribor ( 1986, 1987, 1988); 

• Register of  Slovenian Industry: Types and Location 
Coordinates, Statistical Bureau of Slovenia; Lju- 
bljana, 1989. 

4.3. Defining Entity Sets and Their Attributes 

The mathematical concept underlying the relational 
model is the set-theoretic relation, which is a subset of 
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the Cartesian product of a list of domains. A domain 
is a set of values for a given attribute. A relation is any 
set of the Cart_,~/'a~ product of one or more domains. 
In order to develop the conceptual scheme of the re- 
lational database model, first the entity-relationship 
diagrams are designed and then the real database sys- 
tems are built on them. 

The main elements of the entity-relationship dia- 
grams are" 
Entity sets~groups consisting of all "similar" objects 

(or actions, or concepts); 
Attributes---( also called variables) used for describing 

properties of entity sets; 
Relationship--a relationship among entity sets is an 

ordered list of entity sets. 
In the process of the design of the relational database 

on water pollutants, the following entity sets have been 
identified: 
• chemical substances (pollutants), 
• synonyms, 
• water quality standards, 
• reactions in water, 
• possible industrial sources of pollutants, 
• other possible sources, 
• wastewater treatment methods, 
• cell multiplication inhibition test, 
• test on acute toxicity, 
• odor test, 
• MERCK rapid tests, 
• UV and visual spectroscopy, 
• atomic absorption spectroscopy (AAS), 
• thin-layer chromatography (TLC), 
• high-performance liquid chromatography (HPLC), 
• gas chromatography (GC). 
Properties of each entity set are described with a se- 
lected set of attributes. 

4.4. Eatity-Relaflmmhip Diagram 

The conceptual structure of the relational database 
model on "water pollutants" is graphically summarized 
in the entity-relationship diagram (Fig. 1 ). Rectangles 
are used to represent entity sets, circles to represent 
attributes, and diamonds to show relationships. The 
model is designed in such a way that a series of general 
and specific questions can be answered by a proposed 
conceptual structure of the relational database: 

4.4.1. General questions: What are the probable 
sources of  the pollutants? 

What are the otnervable biological effects of pollutants 
on aquatic organisms? 

Which are the main chemical/biochemical transfor- 
mations of a par t icular  pollutant in water7 

How can dames of  pollutants be identified on the basis 
of the characteristic symptoms they cause, e.g. algal 
bloom, dead fish, odor, etc.? 

How can a hj~Jothesis on the possible cause of pollution 
be confirmed with the choice of a cost/effective an- 
alytical procedure for qualitative and quantitative 
determination of pollutants in river water?. 

How can pollution be reduced at its source? 

4.5. Desilla of a Site-Specific Database 

The conceptual scheme of the relational database on 
potential pollution sources in Slovenia, and time series 
ofdata on water bodies monitoring is designed in such 
a way that the following main questions can be an- 
swered: 
What are the levels of pollution for a particular Slo- 

venian river body? 
How does the pollution level of a particular river body 

change over time? 
Which enterprises/companies can be identified as pos- 

sible sources of pollution at a particular sampling 
site? 

How are pollution levels of Slovenian rivers distributed 
in regions/communities? 

Where has the impact ofriver water pollution in Slove- 
nian regions already caused severe damage to the 
environment and to industrial development? 

The entity-relationship diagram is presented in Fig. 2. 

5. IMPLEMENTATION OF A RELATIONAL 
DATABASE MODEL 

Commercial database management systems which will 
fully support the entity-relationship approach are still 
under development. Thus, for the implementation of 
the entity-relationship schemes for "water pollutants" 
as well as "Slovenian rivers and industries" database 
models, the relational database management system 
lnformix.Sql, version 2.10.06C was chosen. Infor- 
mix.Sqi is implemented on the industry standard def- 
inition for SQL and the proposed ANSI standard for 
relational database systems. The Informix.Sql system 
consists of usual programs or modules that perform 
data-management tasks. 

The entity-relationships diagram for the relational 
database "water pollutants" model was transformed 
with the application of lnformix.Sql system into 18 
tables. Each table corresponds to one entity set. The 
name of each column in the table represents one at- 
tribute. Tables were then joined logically into five mul- 
tiple-table screen forms for data entry and data query 
by example: 
• (PROPERTIES) properties of pollutants, potential 

industrial sources, biological effects on aquatic or- 
ganisms and possible fate of pollutants in water, 

• (ODOR) odor quality and hedonic tone, 
• (SOURCES) potential natural and man-made 

sources of pollutants in water, 
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• (ANALYST) analytical methods for pollutants de- 
termination in water, 

• (TREATMENT) wastewater treatment methods. 

6. DESIGN OF AN EXPERT SYSTEM 
KNOWLEDGE BASE 

On the expert system level, facts in the relational data- 
base represent declarative knowledge, or a global data- 

base, while relationships embedded in the model enable 
recognition of elements of the procedural part of the 
knowledge base. In interdisciplinary multiparametric 
problems, relations among parameters cannot always 
be explained by the deep knowledge of the domain. 

Thus, processing data in the relational database and 
graphical display of relationships supports the devel- 
opment of empirical rules. The level of generalization 
of the rule depends on the number and representability 
of examples in the database. 
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Generalization of the rules can be accomplished to 
a certain extent by a regular and reliable data input. 
The numeric data compilation is a limiting factor in 
quick developing relational databases. To overcome 
this problem, a subscription was made to the TDS- 
Numerica database. TDS-Numerica gives immediate 
access to up-to-date, reliable and evaluated data on 
properties of chemical substances with literature ref- 
erences. The most outstanding feature of the Numerica 
is that properties can be calculated, based on other 
known properties or molecular structure, in cases where 
experimental data are not available. 

The model of  the expert system knowledge base is 
given in (Fig. 3). The line of reasoning of an expert 
system is not yet completely fixed, but at the present 
developmental stage it enables the user to check two 
hypotheses: 
Hypothesis 1: The pollution is caused by discharges of 

untreated wastewaters from industries located along 
the river sites; 

Hypothesis 2: The pollution is caused by spills of haz- 
ardous substances, which entered the river by an 
accident or intentionally. 
The goal of the consultancy is to identify, within a 

given region of river water pollution, the most probable 
industry or industries as pollution sources and to give 
proposals for the implementation of  cost/effective 
wastewater treatment technology in order to minimiTe 
the river water pollution load. The logical relation~*.hips 
are implemented on the KnowledgePro communica- 
tion system. 

An integral part of the expert system is the cla~_~i- 
fication rule, which enables the user of the system to 
compare the baseline data of the given river pollution 
levels with the actual results of analysis based on re- 
duced number ofmeasupzments. This part is still under 
development. 

Value-added information from the existing baseline 
data on monitoring Slovenian river water bodies was 
extracted to reduce the number of measurements for 
determining water pollution levels. For achieving this 
goal, discriminant analyses were tested in order to de- 
velop a reliable cla~t~cation rule. The number of pa- 
rameters which are used normally for the assignment 
of the pollution class could be reduced from 39 to as 
few as 21 predictor variables, without significant de- 
crease in the reliability of the classification score 
(Vrtacnik, Cok, Olbina, Zupan, 1991 ). Results were 
compared with the classification rule derived from the 
inductive expert system shell Assistant.Pro. A.~i.qant 
is a member ofthe family of learnin~ systems also called 
TDIDT (Top Down Induction of Decision Trees). This 
knowledge representation is in the form of a decision 
tree. The basic algorithm was developed from Quinlan's 
ID3, but improved to handle incomplete and noisy 
data, continuous and multivalued attributes and in- 

complete domains (Cestnik, Kononenko, & Bratko, 
1987). 

The cla~/~'fication tree developed by Assitant.pro 
enables a determination of Slovenian river pollution 
levels derived from baseline data for physical-chemical 
and microbial analyses. Due to the complexity of the 
c l~Sca t ion  tree, further work is oriented towards 
tuning the major criteria for the tree development to 
simplify its structure. 

The classification rule will be evaluated and, if nec- 
essary, customize! within a group of experts. The cus- 
tomiTJ~d rlkle will be implemented on the expert system 
shell Knowledge.Pro. 

7. CONCLUSIONS 

This paper describes a prototype expert system for river 
water pollution determination and prevention. The 
declarative part of the knowledge is represented in the 
form of two relational databases "water pollutants'" 
and "Slovenian rivers and industries". The reasoning 
mechanism of the expert system user interface is de- 
sisned to analyze two hypotheses of possible causes of 
river water pollution (untreated industrial wastewater 
discharges and spills of tm~rdous substances). Further 
work is oriented towards the updating of existing re- 
lational databases and extraction of value-added in- 
formation from the existing data by the application of 
commercially available induction systems, e.g., A~si~ 
tant.Pro and Knowledge Maker. 
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