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APPLICATION OF COMPUTER-AIDED DECISION TOOLS 
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In recent years a large number of pharmaceutical residues have been 
reported to occur in the aquatic environment. Due to their pharmacological 
activity, their determination and understanding of their behavior and fate in 
the environment are important. Environmetrical and chemometrical studies 
should be applied to improve the assessment of environmental risks that these 
chemicals may pose. Here a literature study was performed comprising the 
subject of 12 pharmaceuticals which have been detected in seven 
environmental media. 75 relevant articles have been found in 29 different 
scientific joumals. This means that a 75 objects (publications) x 7 attributes 
(environmental media) data-matrix is looked upon. Furthermore a deeper 
look at the attributes (environmental media) will be performed. As an evolving 
data-analysis method the Hasse Diagram Technique (HDT) is introduced. 
This is a multi-criteria data-analysis method derived from discrete 
mathematics. The HDT is suitable and applicable as a multi-criteria decision 
tool. This method has been widety elaborated by the second author, the 
corresponding software ProRank is commercialized by the third author. 
Applying the Hasse Diagram Techniąue Method on theconsideration of the 
drugs in environmental media in publications the most important publications 
are revealed as well as the least important ones. Furthermore the application 
of the evaluation by the results of the dissimilarity matrix are exemplified. 

Keywords: Hasse Diagram Technique, multi-criteria 
environmetrics, chemometrics, pharmaceuticals in 
environmental pollution. 

decision support, 
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1. Introduction Pharmaceuticals in the Environment 

During the past three decades, research on the impact of chemical pollution 
has focused almost exclusively on the conventional priority pollutants, i.e. persistent 
organie pollutants (POPs). Today these substances are less relevant for many first 
world countries because emissions have been substantially reduced through the 
adoption of appropriate !egal measures and the elimination of many of the dominant 
pollution sources. The focus has consequently switched to compounds present in 
!ower concentrations but which nevertheless might have the ability to cause harm 
(Larsen et al., 2004). These substances are pharmaceutically active compounds 
(PhACs), personal care products (PPCPs) and endocrine disrupting chemicals 
(EDCs). These chemicals are introduced into sewage to a high extent by households. 
Recently their occurrence on municipal sewage treatment plants (STPs) and the 
receiving water has been reported in many countries. Since pharmaceuticals are not 
totally removed during sewage treatment they are discharged in appreciable 
quantities into receiving waters through sewage plant effluents (Temes et al., 2005). 
A recently published article gives further insight about their routes into the 
environment, their occurrence, their removal in waste water treatment plants (Temes 
et al., 2004). The problem of pharmaceutical drinking water pollution is described 
by Jones et al. (2005). As the most important foodstuff our drinking water is already 
in places contaminated with pharmaceuticals there is an increasing widespread 
consensus that this kind of contamination might require legislative action sooner or 
later (Petrovie et al., 2003). The cooperation between science and decision making is 
strongly recommended (Quevauvill et al., 2005]. 

This reveals that the topie of pharmaceuticals and endocrine disruptors in the 
environment is an evolving issue and asks for further data evaluation strategies with 
the aim to support the decision making processes. 

2. Literature study on 12 selected pharmaceuticals in environmental 
media 

That is the reason why we performed a comprehensive literature survey for 
seven environmental targets and the presence of 12 selected drugs therein. We chose 
the following 12 drugs for an intensive literature study: Bezafibrate (lipid regulator), 
Carbamazepine (anti epileptic), Clofibric acid (blood lipid regulator), Diclofenac 
(anti rheumatic), Diazepam (psychiatrie drug), Fenofibrate (lipid regulator), 
Ibuprofen (analgetic), Metoprolol (beta blocker), Phenazone (analgetic), Ethinyl 
Estradiol (sex hormone, steroid), Roxithomycine (antibiotic), Sulfamethoxazole 
(antibiotic). The contraceptive Ethinyl Estradiol proved to be an endocrine disruptor. 
We performed the literature study early 2004 looking for current, that is to say 
articles published in the time period 2000-2004. We found 75 articles in 
international scientific joumals which formed the basis for the evaluation approach. 
Attributes to be looked upon were the availability of the pharmaceuticals in the 
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media surface water (SF), groundwater (GW), drinking water (DW), sewage sludge 
(SS), wastewater (WW), soi! (SO) and sediment SE). The consideration of the 
environmental media in any publication is coded by O (not available) or l 
(available). Hence a 75 (objects) x 7 (attributes) 

data-matrix with the entries cii (i= 1, ... 75, j= 1, .. 7)) results. 

C· · = {lif thet arget j and one of the 12 drugsis discussed in the /h publicatim 
lj 

O else 

The data-matrix has already been evaluated with the main focus on the comparison 
of different multi-variate evaluation methods (Voigt et al., 2005). 

3. Multi-Criteria Decision Tool: Hasse Diagram Technique (HOT) 

3.1 Background and software 

One consequence of our information society is an enormous increase in 
available data, with many people attempting to gain as much information as possible 
from these data, especially for comparative evaluations and related decision 
processes. Various tools are available to support these activities. However, 
a common difficulty with the evaluation step is that many of the methods mask and 
aggregate the data, and therefore both valuable information and transparency are 
lost. This translates to potentia! impacts on acceptance of the finał decision. 
The Hasse Diagram Technique presents a rather new approach based on partia! 
ordered sets that can be used to avoid the merging of data and thus preserve 
important elements of the evaluation and decision-making processes (Criterion, 
2005). 

The Hasse Diagram Technique is well explained in a variety of different 
environmental and chernical as well as statistical joumals. A rather comprehensive 
description can be found in (Bri.iggemann, Welzl, 2002). A comparison of the Hasse 
Diagram Technique with multi-variate statistical methods is given by Voigt et al. 
(2004a). Therefore only some aspects are picked out, which will be useful in the 
subsequent application. Hasse Diagrams visualize the order relations within objects: 
Two objects, also called elements (if the aspect of belonging !O sets is important) x, 
y of an object set are considered as being ordered, e.g. x ~ y, if all scores of x are 
less or equal than those of y. Hasse Diagrams are acyclic digraphs and objects are 
drawn as small circles together with an appropriate identifier. The edges of this 
graph are the cover-relations; that means, edges which express simply the 
transitivity are ornitted, as they bear redundant information. In our applications the 
circles near the top of the page (of the Hasse Diagram) indicate objects that are the 
"better" objects according to the criteria used to rank them: The objects not 
"covered" by other objects are called maxima! objects. Objects which do not cover 
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other objects are called minimal objects. In some diagrams there exist also isolated 
objects which can be considered as maxima! and minimal objects at the same time. 
Sometimes it is useful to call those elements as 'proper', which are not at the same 
time both, maximal and minimal elements. 

The WHasse program is developed, improved and updated by Rainer 
Brtiggemann (a brief technical information about the WHasse-program, written in 
DELPHI, can be found in a publication from the second author (Brtiggemann et al., 
1999) and is available for non-commercial use from the second author. 
The mathematical basis is described in Brtiggemann et al. (2001).The commercial 
software is called ProRank Software for multi-criteria evaluation and decision 
support. For commercial applications it is recommended to contact the company 
Criterion - Evaluation and Information Management (Criterion, 2005). 

Further theoretical developments conceming order theoretical tools in 
environmental sciences and their applications are discussed in regularly held 
workshops. For further information and for obtaining proceedings volumes please 
contact one of the authors. 

3.2 Basse Diagrams as mathematical objects 

The basis of the Hasse Diagram technique (named HOT for short) is the assumption 
that a ranking can be performed while avoiding the use of an ordering index (Halfon 
and Reggiani, 1986). For an evaluation of the objects they must be compared. The 
comparison is done by examining characteristic properties (attributes, descriptors) of 
these objects. If the evaluation is aimed to assess criteria, then the attributes or 
(synonyms: descriptors) are thought of as measures, how well a criterion is fulfilled. 
Note that the concepts "criterion" and an assigned measure "attribute"' should kept 
well separated. Attributes are -in the case of the object "x" denoted as q(l,x), 
q(2,x), ... ,q(m,x) and often written as a tupie q(x). We avoid the term vector, because 
the properties of a linear space are not needed in the HOT. Often the properties are 
gathered to a set without reference to actual values realized by the objects. This set 
of properties is called an information base IB. Often subsets of IB are needed. 
Consider now two objects x and y, then we say y ;::: x (with respect to the m 
properties of interest) if 
q(i,x) $; q(i,y) for all i =l ,2, .. ,m and there is at least one i*, for which q(i*,x) < 
q(i*,y) (because of the demand "for all" this definition is denoted as "generality 
principle") 
If q(i,x) $; q(i,y) for all i= 1, .. ,m then the objects x and y are comparable. The mere 
fact that x is comparable with y is often denoted as x .l y. 
Often however one finds 
q(i,x) < q(i,y) for one index set I' and 
q(i,x) > q(i,y) for another index set/" with I' n/" == 0 . 
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In that case, the objects x and y are incomparable and one writes: x li y. However, 
the order relation defined here is known as product order. There are many other 
ways to define order relations. 

The main frame of HDT is therefore (the four-point-program): 

l. Selecting a set of elements of interest which are to be compared, E. The so­
called ground set. 

2. Selecting a set of properties, by which the comparison is performed, called 
the information base IB. 

3. Find a common orientation for all properties, according to the criteria they 
are assigned. 

4. Analysing x,y E E whether one of the following relations is valid: 

• x - y (equivalence, we call the corresponding equivalence relation R, the 
equality of two tuples q(x), q(y)) 

• x ~ y or x ~ y (comparability) 

• x li y (incomparability, there is a "contradiction in the data of x and y") 

The relation defined above among all objects is indeed an order relation, 
because it fulfills the axioms of order, namely 

reflexivity (one can compare each object with itself) 

antisymmetry (if x is preferred to y then the reverse is only true, if the two 
objects are equal (or equivalent) 

transitivity (if x is better than y, and y is better than z, then x is better than z). 

A set E equipped with an order relation ~- is said to be an ordered set ( or 
partially ordered set) or briefly "poset" and is denoted as (Ę, ~). 

We note: A set E equipped with a partia! order is often written as (E, ~). 
Because the $;-comparison depends on the selection of the information base (and of 
the data representation (classified or not, rounded, etc.) we also write (E, IB) to 
denote this important influence of the 18 for any rankings (Bri.iggemann and Welzl, 
2002). 

Sometimes it is useful to refer to the quotient set, which is induced by the 
equivalence relation of equality, R (see for details: Bri.iggemann and Bartel, 1999). 
As usual we write E/R for the quotient set, and (EIR, 18) for the partially ordered 
quotient set. 

If empirical posets are to be examined it is important to establish orientation 
rules, i.e. which value of attributes is considered to contribute to "badness" and 
which values to "goodness"Concerning the evaluation of the ecotoxicity of 
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environmental chemicals by lethal concentrations i.e. LC50 values for example, the 
orientation is the other way round. Here the following situation arises: 

small values: "good", relatively unhazardous. 

large values: "bad", relatively hazardous. 

Concerning the evaluation of publications on pharmaceuticals with respect to 
environmental media the value 1 means available information, hence "good", the 
value O means information unavailable, hence "bad". 

The total number of comparabilities I and incomparabilities U and their !ocal 
analogues (i.e. the no of comparabilities V(x) and incomparabilities U(x) of a certain 
element x are useful quantities for the documentation of the Hasse Diagram and for 
the estimation of ranking uncertainties (Bri.iggemann and Welzl, 2002). 

3.3 W-matrix: Dissimilarity-matrix 

The W-matrix: describes the influence of the attributes on the Hasse Diagram. 
The entries of the W-matrix are a measure for the metric distance among posets, 
based on the same ground set of objects, but induced by different subsets of IB of m­
l attributes, i.e. subset generated by IB - { q;}, i= I, ... , m. The definitions of the 
entries of the W-matrix: depend on the actual selected subset of elements of E. 
Mostly the full ground set E is used. For further reading we refer to background 
publications by Bri.iggemann (2002, 1999). 

4. Evaluation of the Publications Comprising lnformation on 
Environmental Contamination of Selected Pharmaceuticals 

4.1 Evaluation by Hasse Diagram Technique (Complete Data-matrix) 

The Hasse Diagram for the 75x:7 data-matrix is calculated with the 
commercial program package ProRank (Criterion, 2005) and is shown in Fig. 1. 

The Hasse Diagram in Figure 1 is structured into six levels. Some objects are 
denoted by K which means they comprise severa! objects (so-called equivalence 
classes) and other objects are called P which means publication number x. 
By equivalence relations there is a considerable reduction of the size of the set of 
objects: From 75 publications the evaluation by the criteria mentioned above 
a quotient set results, which has only 28 elements (classes). The organization into 
six levels shows that a rather good separation into different degrees of occurrences 
in the publications appears. 

Furthermore the diagram shows one maxima! object Kl OE E/R which means 
that there areno publications dominating the equivalent publications P26, P3 l, P38, 
P74. As KlO is connected with all other objects, this implies that these four 
publications have more information than all other objects. These articles are review 
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articles which cover many environmental media. We can detect the following six 
minimal objects Kl, KS, Kl 1, Kl 2, P35 and P49; four of them form equivalence 
classes. The information in these articles is very small and/or specialized. Taking 
a look at all objects (quotient set) 258 incomparabilities, 120 comparabilities are 
counted, this means that there are more than twice as many incomparabilities than 
comparabilities. 

, P21 
~P'.32 

I 
I 
I 
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re,,) / 
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/\ 
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Kl „ jPC3:P04;P12:P15:P 18 :P34;P41 :P54;~3:PM:P69} 
k1 = \P05:P06:Pt6:P2Q :'328 :P40:P~:P50:P52:Pl!-O} 
KJ "' (P07:P:!!5:P43:P-le} 
K-+" {P08;P24:P46} 
1-'6 :z {P09:P10:P23:P29:P-la:P61 :P7 I} 
KG • {P11:PJ0 :Pł:17) 

Ki = (P13;P56:P08} 
KS " (P1 7:PCO) 
hQ = {P22 :P33:P~;P44:?58:Pi0:Pi~) 
K 10 = {P26:P31 ;P38:Pi 4} 
k.1 1 " {P37 :P7::'.) 

ltv,1 14 

K12: {P51 ;P62} levtl 3 
K13 " {P~J:P7J} 

lt·•·tl2 

1, v, 11 

Figure l. Hasse Diagram of 75 publications comprising pharmaceuticals evaluated 
by 7 environmental media 

Although some important ranking information can be drawn out of the 
diagram, the figure calls for further data-analysis methods in order to draw more 
comprehensive conclusions from the data-matrix. In a recent publication the data 
reduction methods, Partially Ordered Scalogram Analysis with Coordinates 



142 Kristina VOIGT, Rainer BRUGGEMANN, Stefan PUDENZ 

(POSAC) and Principle Component Analysis (PCA) were applied (Voigt et al., 
2005). In this paper we follow the methodologies which comprise partial order tools 
like the W-Matrix and the consequentely followed reduction of attributes. 

4.2 Study of the Influence of Attributes: W-Matrix 

The dissimilarity matrix, also called the W-matrics Dissimilarity-matrix 
describes the influences of the attributes on the Hasse diagram. lt is an important 
aspect of the data analysis by partial ordered sets. It contains the mutual 
comparisons of all Hasse diagrams. The larger the matrix-entries are, the greater is 
the difference between the Hasse diagrams. The W-matrix is calculated for all 
objects. The rsults are given in Table l. 

Table 1. W-Matrix entries for 75x7 data-matrix 

NO. LEA VlNG OUT A TTRIBUTE NUMBER OF CHAN GES 

1 Drinking water 301 

2 Ground water 558 

3 Waste water 507 

I "&Jl ., • 
5 Soil 123 

6 Sewage sludge 275 

7 Suńace water 622 

lt can be demonstrated that many differences exist between leaving out one 
or the other criterion. If we leave out the attribute "surface water" 622 changes in the 
corresponding diagram can be found. The other extreme is the criterion "sediment". 
lts omission leads to only 42 changes in the diagram. This means that the criterion 
surface water is the most important one whereas the attribute sediment is relatively 
unimportant for this applied data-analysis method. This fact that the omission of the 
attribute "surface water" leads to significant changes in the diagram is proven in 
Figure 2. 

Comparing this diagram where the attribute "surface water" is left out with 
Figure 1 which shows the complete information base IB, one can immediately see 
many differences in the diagrams. First of all only one minimal object K2 (again an 
equivalence class) is given in Figure 2. The original diagram showed 6 minimal 
objects. Taking a look at the comparabilities and incomparabilities of the quotient 
set we have 109 incomparabilities and 81 comparabilities now. 
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P32 

I 

levela 

level5 

ltvtl 4 

K1 • {P01:P55) 
Kl • (P03:P04: P 1l:P15:P 18:PJ4:P41 :P54:P03:PM:P69) 
11.1 = {PQ5 ;M6: POQ :P 1 O:P 16 ;P20:P23;P29: P29 :P4!; P42: P48 :P50:P52 ;P61 :Pd6:P71} 
K-ł = {P07:r25:P43;P46:P51:P62} 
K5 • (P08: Pl4:P45} 
e; • (P11:P30:P4! ;P~7} 
Ki = {P1 3:P37:P5~;~8:P72} 
k8 • (P14:P41l) 
K9 = {P 17:P53;Pf3/J;P73} 
K10 • (l'l l:P27:Pl3:P39:P44:P59:P70:?;5) 
k11 • (P26:Pl 1:P38:P74) 

leve1 3 

level 2 

Figure 2. Hasse Diagram of 75 publications comprising pharmaceuticals evaluated 
by 6 environmental media (leaving out "surface water" 

The attńbutes "soi!" and "sediment" also indicate a special position in the 
dissimilańty matrix analysis . So it is of interest to take a look upon the publication 
situation for these two environmental targets. The ProRank program can easily omit 
attributes (as well as objects). In this case we set up a Hasse diagram for the two 
attributes only; hence we take a look at a 75x2 data-matrix. In Figure 3 the bar 
diagram of this procedure is shown. In such a diagram the attributes are shown so 
one can easily explain the partia! order. 
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\ 

\ 

Figure 3. Hasse Diagram of 75 publications comprising pharmaceuticals evaluated 
by the media "sediment" and "soi!" 

The result is given in this very concise diagram. Only 4 objects are shown, all 
of them are equivalence classes. The equivalence class K4 is the maxima! object 
P26,P31,P32,P38,P74. 

It can easily be seen that this object has entńes in both attńbutes; this means 
that the artibles compńsed in K4 contain information on pharmaceuticals in soi! and 
in sediment. The equivalence class K2 is the minimal object. It compńses the the 
following publications: P02, P03, P04, P05, P06, P07, P08, P09, PIO, Pl 1, Pl 2, Pl 3, 
Pl5, Pl6, Pl7, Pl8, P20, P22, P23, P24, P25, P27, P28, P29, P30, P33, P34, P35, 
P36, P37, P39, P40, P41, P42, P43, P44, P45, P46, P47, P48, P50, PSI, P52, P53, 
P54, P56, P57, P58, P59. The equivalence class Kl compńses an entry in soi!, 
whereas K3 has an entry in sediment. This means that they are comparable to K4 but 
incomparable to each other. The equivalence class K2 has no entry at all. Most of 
the set of 75 publications, namely 49 have neither information on the selected 
pharmaceuticals in soi! nor in sediment. This is a very simple example which is 
mainly used to explain the partia! ordered set background. 
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4. Conclusions and Outlook 

In the paper the subject of the occurrence of pharrnaceuticals in 
environmental media is envisaged. Although there is a great deal of uncertainty 
conceming possible detrimental effects on the aquatic ecosystems and soil 
ecosystems, the precautionary principle - or possibly new scientific evidence - may 
give rise to more stringent demands on wastewater treatment in the future (Larsen et 
al., 2004). In order to support the enlightenment about this subject we performed 
a mult-criteria evaluation analysis - called Hasse Diagram Technique - which 
derives from Discrete Mathematics on a data-matrix elaborated in an intensive 
literature study. The partia! order ranking method Hasse Diagram Technique reveals 
among other aspects the maxima! and minimal objects, that is to say the most and 
least important publications for the occurrence and detection of 12 pharrnaceuticals 
in different environmental media. In a further evaluation study, the dissimilarity 
matrix is introduced. The media "surface water" and "soi! and sediment" have 
a special position. The data-matrix is reduced in two ways, first the most important 
attribute "surface water" is left out. In a second diagram only the attributes 
"sediment" and "soi!" are looked upon. To conclude, we can state among other 
aspects that the evaluation of the literature study revealed the most and least 
encompassing publications conceming drugs and their presence/absence in 
7 menvironmental media in the recent time period. Additionally, it revealed the lack 
of data in the media "sediment" and "soi!". Further research should be initiated in 
these fields. The applied Hasse Diagram Technique proved to be used as a multi­
criteria decision support tool. The user can not only find out the most and least 
important objects. The possibility is given to leave out attributes (as demonstrated in 
this paper) or objects. Furthermore the possibility for weighting attributes is 
provided. This method is named Method of Evaluation by Order Theory 
(METEOR). In a recent publication Voigt et al. (2004b) demonstrated the method on 
the evaluation of environmental and chemicals databases with environmental 
parameters. 

Conceming our future research we want to take a deeper look at the medium 
"drinking water". By applying the Method of Evaluation by Order Theory 
(METEOR) we can weigh attributes, in this case drinking water. So far, 
comparatively little study on the potentia! of pharmaceuticals to enter potable 
supplies was initiated and/ or published (Jones, 2005). Furthermore we believe that 
is is absolutely necessary to scrutinize the data availability on the chosen 
pharmaceuticals in Internet databases in order to enlarge the knowledge about the 
important subject We already began with the evaluation of Internet databases 
conceming their availability on environmental data on the chosen 12 
pharmaceuticals and endocrine disruptors. 
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