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ABSTRACT

The partial orderiné ranking scheme developed in 1985 has been extended to
include data uncertainties and & number of standard chemicals. This formal
approach ranks chemicals for environmental hazard according teo test results
relevant toe their fate and/ur'fdxi;ity-using a vectorial appruqch. In this paper
we examine two interesting case studies. ‘The inclusion of wuncertainty in the
Hasse diagram and a new procedure to include standards in the Hasse diagram én
that the ranking scheme does not change when aintinnal chemicals are added. The
proposed method allows one to visually eumpare chemicals haseq en & large number
nfltest results which might otherwise be very confusing when displayed in a Table
form: The Hasse diagram is an effective graphical display of data difficult ta

understand otherwise.
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RESUME )

Le systéme de classement par ordre d'iﬁportance établi
en 1985 a &té élargi de manidre 3 inclure les données
incertaines et un certain nombre de produits chimiques
standard. Avec cette‘approche formelle, on classe les
substances chimiques en fonction de leur nocivité
pour l'environnement selon les résuitats des essais qui se
rapportent & leur &volution ou & leur toxicité& en utlllsant
une méthode vectorielle. Dans cet article, nous examinons
deux intéressantes &tudes de cas. L'inclusion de 1' incertitude
dans le diagramme de Hasse de sorte que le systéme de
classement ne change pas lorsqu'on ajoute d'autres produits
chimiques. La méthode Proposée permet de comparer
visuellement les produits ch1m1ques d& partir d4'un grand
nombre de résultats d'essais qui, autrement, pourraient
étre trés embrou1llants s' 1ls €taient présentés sous forme
de tableau : le dlagramme de Hasse est une présentation

graphique efficace de donnéesg qui seraient difficiles 3
comprendre autrement.
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MANAGEMENT PERSPECTIVE

The partial ordering ranking scheme developed in 1985 has been extended to
include data uncertainties and a number of standard chemicals. This formal
approach ranks chemicals for environmental hazard according to +test results
relevant to their fate and/or toxicity using a vectorial approach. The proposed
method allows one to visually compare the hazard posed by chemicals to the
environment based on a large number of tests results. The analysis of @he same
test results might otherwise be very confusing when data are displayed in a Table
form: The Hasse diagram is an effective graphical display of data difficult to
understand otherwise. The method also identifies test vresults which might
contradiét results from other tests and therefore introduce uncertainty in the

ranking. Elsewhere this method has also been applied to rank pesticides.
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INTRODUCTION
Ranking chemicals in terms of their environmental hazard by prespecified
criteria, ‘has been the subject‘of much research (1,2,3,4). ;n this paper we
expand on a formal procedure, based on set theory and systems analysis, developed
a few years ago (3) to rank chemicals, wusing the information available from a
Variety‘of degradation and fate tests, and to analyze the data.
Partial ordering is a vectorial approach which recognizes that not all

chemicals can be directly compared with &1l other chemicals in terms of

environmental hazard when several criteria are used. In fact, the higher the

number of criteria used, the higher the probability that contradictions exist
between the criteria so that different ranking results might originate. With the
approach presented here, contradictions are solved in a holistic way using
decision theary. Results are displayed on paper or an a‘TV monitor driven by a
desk top personal computer wusing Hasse diagrams (6,7), a useful graphic tool

cammonly used in algebra to display lattices (a genealogical tree is a special

case of a Hasse diagram). This method not only ranks tchemicals but also

identifies contradictions in the criteria used to rank the éhemicals. finaltysis
of the data used in the ranking schenme islan important part of the ranking scheme
itself. In a Hasse diagram (8) the chemicals closer tﬁ the bottom of the fiqure
are the least hazardous. The numbers in each circle are labelled (Table .1} and
the lines between the circles mean that the given <chemicals can be directly
compared with each other following any path. By definition, the chemicals on the
same level are "incomparable" (see example in Fig. 1b and explanation in the

theory sectinn for definition of incomparability).

The method stated here is based on the hypothesis that a set of numbers is -

generally necessary to create a ranking file; these numhers can be considered

the elements of a vector, the "vector performance" or “vector distance'. This




“vector approach method" is different from the "scalar'approach method", where a
single number (a3 scalar performance index) is said to be sufficient to irterpret
fate and toxicity data and to compare chemicals and rank them according to their
environmental hazard. The main point is that rather than inventing new nethods
cf decision making, i.e. to develop new indices, we make a nmore realiétic
contribution .by using existing methods borrowed from another field of science to
classify and evaluate real chemicals using large data sets. The basic premise of
this - ranking scheme is that a low numerical value on a test indicates less
environmental hazard. Therefore, if for some tests the opposite premise is
valid, i.e., a high numerical value means less environmental hazard, then the
ranking must be inverted by mﬁltiplying all values by -1. For example, & high
degradation rate indicatés less environmental hazard and therefore the reciprocal
or the negative'of any rate is used as an element of the vector distance with the
assumption that ‘the lower the value of an element of the vector distance, the
lower the enviranmental hazard. In fact high values of bicaccumulation indicate
possible environmental hazérd whereas high degradation rates indicate less

environmental hazard.

THEORY

For each chemical, a given number of tests, ‘called attributes, is performed.
Once several attributes are chosen the next step ié to assign them weighting
factors. This step can be left to the expert (9) and can be included ar bypassed
in the vectorial procedure; initially in this presentation all attributes are
aséumed to have egual importance but later a procedure to include weighting
factors is also presented. The assumption of equal weights is valid if, bhefore
the vettnrial analysis is perfo%med, we check the set .5f attributes faor

completeness; i.e. it the set is ;adequate and contains enough information
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nonredundant (to avoid double counting), to rank the chemicals for environmental
hazard).

The number of attributes should be minimal to reduce the number of experiments
required for each chemicaly this condition implies that the proberties of the
attributes should be indepenﬂent of one another. The attributes and their values
can be expressed in a'simple mathematiéal form: Each chemical is linked to a set
of numbers,‘ each nUmﬁer corresponding tol the result of a single test; the
numbers so defined are the elements of the vector distance »and the vranking 1is
defined in such a way to decreasé as the environmental hazard decreases.

The ranking procedure

The \formgl logical development of the method canp be found in (8). A BASIC
program to display results with a desk top personal computer is available from
the author. The hazard levels are determined by comparing the test data for each
chemical with all the others according to prespecified lngical' rules. These
rules are the definition of binary relations between pairs of set elements and
are based on principles of lattice and graph theory developed during the 1970's
(3-8; 10); the methodology 1is therefore well established and the procedure is
described here with an example. A compuﬁer program has been developed for easy
usage of the method, but the method is simple enocugh that calculations can be
done also by hand even if they are IEngfhy.

A set of data is partially ordered if contradictions exist in the test data
that prevent us from ranking the contaminants in a chain (Fig. 1a). 1f
contradictions'exist for the ranking of twa chemicals, then the two chemicals may
be assigned to the same hazard level (Fig. 1b) depending also on their relative

ranking with the other chemicals in the list.
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Two examples

a) Let C1 and C2 be two chemicals and VC1 and VC2 their respective vector
distances. If every component of VC1 is lower than the corresponding one of VCZ,
Ci is obviously the safer of the two. ?Should any two successive chemicals €2,
C3; C3, C4; ... of the considered set {Cl, C2, ... } behave in the same fashion
we could draw the diagram (Fig. 1ia) gnodn in set theory as the Hasse diagram.
Here C1 is better than C2; C2 better?than:CS, and sO On. The chemicals can be
ranked in a chain.’_Unfortuﬁately, guch a‘situation, s0 simple to be understood
and sketched, is seldanm vérified in reality., Consider, %nr.example, the chemical
€1 having as components for the ve;tor distance the numbers (4,41 and the
chemicals C2 and C3 characterized b? thg components [2,3] and [3,21. Both C2 and
£3 are better than €1 because they have smaller components than  Cl.
Nevertheless, they are "incomparable" to each other (C2 is better than C3 as far
as tﬁe first component is concerned, but.the cpposite 1is true for the seﬁond
component (see. Fig. ib). Under these circumstances,' it is not immediately
apparent which of -the two chémicals €2 and €3 is environmentally safer. With a
larger number of chemicals and a larger number of tests the ranking becomes even
more complicated,

b) In the general case, the formal ranking procedure can be explained by
analyzing a small set of data (Table {): the chemicals are identified as #1; #6;
#23; #24; #28; and #34. The Hasse diagram for these six chemicals can be derived
as follows: Assume that the sfx cﬁem?cals are positioned at the vertices of a
regular polygon, in this case an ﬁeXagon (see Fig 2). MNow, compare one chemical,
e.q. #! with all others (#6, #23, #24, #28, #34) one at the time. In practice
this comparison of chemicals implies the comparison of eatﬁ individual test (each

vector element) performed dn ane_chemi;al with the respective tests on all the

other chemicals, one chemical at the time. In principle, there are four possible



relationships to descrite the outcome:

#1 = #6 case A
#1 >/ #6 tase B
#1 W< #6 tase C

#1 and #6 are incomparable case D

The notation >/ {(greater or equal) of case B) means that each element of chemical
#1 is greater br equal than each element of #6, i.e #1y »/ $#6.3 #12 >/ #62; ...
with the constraint that thé sign = canAnot be valid for all elements, since this
is case A or the two chemicals occupy the same place in the ranking‘scheme. If
the symbol >/ is interpreted as a parental relation (father-son; father-grandsonj
grandfather;grandsqn, etc.) within a .family, the Hasse diagram becomes a
genealogical tree. The lines represent the direct relation féther—snn and each
two successive levels represent the passage of a generation. For example if we
compare each elemént of #1 with each element of #6 (that is each elémént on line
one in Table | with each element in line two) we find that

#1, (3B0) > #6: (b);

#lz (94) > #62 (5.1);

#ls (0.1) = $b65 (0.1)3

#la (19) > #64 (13);

#ls (.30) > #6g (.10);

#les (119) > #64 (98),
Since each element of #1 is greater than or equal to each respective element of
#6, we can draw an oriented line in Fig. 2b from #1 to #6. This example reflects
case B. Case C is the the inverse of Case B. If in the present example case C
had been true then #6 and #1 would have been connected with an oriented line froam

#6 to #1, the opposite of case BE. If by chance the results of all tests were the

same for #6 and #1 then we could say that #1 and #6 rank exactlyvthe same or #!



#6 (case A) and graphically the hexagon would then become a pentagon since #! and
#6 would occupy the same spaeé.

Case D 1is most interesting from the point of view of data analysis. In the
Hasse diagram two elements (for example #! and #23 in Fig 265 are not connected
because contradictions exist among'the different tests; these elements are called

“incbmparable“. This contradiction exists also between chemicals #24 and #28.

4Frum analysis of Table 1| we see that

#24, (2650) ¢ #28, (11500)§
5#242 (2420) > #282 (2320);
#2435 (0.1) < #283 (39.9);
#24; (63) < #284 (278);
#24= (10) > #285 {3.33);
#24, (286) ‘#286 (192) .-

fut of six experiments #24 is less hazardous than #28 (lower numerical value) in

vthree experiments and more hazardous in the other three. Therefore the results

are inconclusive and overall we cannot say whether #24 is better than #28 or
viceversa. The Hasse diagram (Fig. 2b) identifies #24 and #28 as
incomparable by nat cohnecting the two circlesy lack of connection identifies
contradiction in data. By definition all chemicals located in'the samé ranking
level in a Hasse_diagrém are incomparable. Similar contradictions exist between
#23 and #24 and between #1 and #23. The results of this énalysis show that this
method is wuseful not only for rénking but' alsa, aﬁd perhaps even more
importantl&, for data analysis to identify contradictiohs in the test results.
Continuing the analysis of the example, wé compare the pairs #1-#23, #1-$#24,

#1-#28 and #1-#34 and oriented lines are drawn accordingly following the
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Table i: Vector disfance components®: data from Freitag et al.

name of chemical algae fish rat % act. act. % €02
identification BF, BF 2 retention sludge sludge
number BFs % CO=2

(1) {2) {3) (4) {5) (&)

1 toluene 380 - 24 0.1 A19 0.3 119

& benzoic acid 6 3.1 0.1 13 0.1 78

23 biphenyl 1 540 280 0.4 26 0.6 105

24 2,2'-dichlorobiphenyl 12690 2420 0.1 63 10. 286

28 2,4,6,2° ,4°-
pentachlorobiphenyl 11500 2320 39.8 278 3.3 192

34 hexachlorobenzene 24800 2600 59.7 330 10, 6467

®The first four columns are the relative bioaccumulation rates. The
last two columns are the scaled inverse of the degradatian rates.
Inverse because higher values of degradation are preferable while high
bioaccumulation 1is not. The ranking direction must be the same in
absolute terms.
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same rules explaine&.in the previous paragraph. The next step is to compare
the pairs #6-#23, #6-%24, #6-#28 and #6-#34; and so on un;il $24-428; #24-#34
and finally #28-#34; When this analysis is completed, then we have Fig. 2b,
or the relation‘diagram..

The next step‘is‘to eliminate all.redundant oriented lines. For example
the line #34-#23 i& Fig. 2b is redundant since the lines #34-#28 and #28-#23
alreddy exist. That i1s, we know that #23 ié less hazardous than #34 since all
tests in #23 have numerical values lower than in #34 and all test values of
#23 are lower than those of #28 which in turn are lower than those of #34.
Therefore, the line between #34 and #23 becomes superfluous since this
information already is displayed in the Hasse diagram with the two lines #34-
#28 and #28-#23.

Likewise, we can eliminate #28-#4 (the information is contained in #28-#23
and $23-46); #24-86; #34-#6 and #34-%1. Figure 2c showus thé simplified
diagram after all eliminations have been done. The next step is to reorganize
the diagram so that the oriented lines are directed towards the bottom of the
page (Fig. 2d) so that.the arrows become unﬁecessary. Chemicals of greater
environmental hazard are located above those of less hazara. In the final
drawing the numﬁer of horizontal levels which contéin the incomparable
elements must bé minimized and therefore the chemicals #28 and #24 and the
chemicals #23 and #1 are presented in the same level.

As mentinnéd before we can also introduce the concept of tolerance or
weighting Ffactors +for each attribute. This option may be necessary whén'
results from labn;atory tests have same uncertainty or MEésurement errors
associated with tﬂem. For example in test example analyzed above (Table 1) we
noted thét element #242 with a value of 2420 was larger that element #28; with

a value of 2320. These experimentél results are quite similar and if we are

11
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not absolutely sure that the difference is real our interpretation of the
results might be flawed.. In this example, if we decide that 2320 and 2420 are
practically the same, compared for example with other test results of 280
(element #232) or 94 (element #12), then the sclution is tg categorize the
experimental results into classes. The total range of an attribute is
divided, or quaniiZed, into equal or nonequal parts (or categories). In this
case, the second vector element of Table 1 can be divided into three arbitrary

classes (0-100; 100-10003 1000-10000). Using this classification schene

elements #2Z42 and #2B8z2 are now equal. From a'practical point of view we have

. added weights to the data. The more confidence we have in the individual test

values, the larger the number of classes and viceversa. Thus, an attribute
which is divided into few classes (limit case is 2) is given less importance
while an attribute which is divided into an infinite number of classes (i.e.

we use the raw data), is considered very important.

UNCERTAINTY

L

The example discussed in the previous section is easily understood and the

interpretation of the Hasse diagram (Fig. 2d) is not subject to

.misunderstandings. Each chemical is ranked at a specific 1level and the

relations between chemicals are clear. The lines connecting the circles
indicate the direct comparability of two chemical. To illustrate some
problems that might exist when the relations among some chemicals are
uncertain we now add two hypothetical chemicals (#10 and #15 in Table 2) to
show more complex relationships. When we display a Hasse diagrdm we can also
use one of two conventions.

Convention 1: we‘give a chehical the benefit of doubt and rank it with

minimal risk.

iz
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Convention 2: we rank it with maximum risk (worst case situation}.

Figure 3 shows the Hasse diagram presented in Fig. 2d with the addition of
two hypothetical chemicals #10 an& #15 (Table 2) wusing each of these two
conventions. Figure 3a shows the Hasse diagram with the minimal risk (or best
case) and Fig. 3b shows the same Hasse diagram with the maximal risk (oF worst
case). From thelénalysis of figures 3a and 3b we note that the chemicals #10
and #15 are located ih'two différent positions according to the convention we
use. At this ;iage.ﬁe have two options. fine is to plot the Hasse diagram
using always théﬁ_same convention .(for example the worst case), ar
alternatively we ’can include the uncertainfy of the ranking of chemicals #10
and #15 by plotting the circles not on .any specific level but in between the
levels identified in Fig. 3a and 3b. The resulting Hasse diagfam is then
displayed in Fig. 4 where the chemicals with uncertain_rank are displayed with
a double circle around them. The reader can therefore immediately identify
the parts of the Hasse diagram which do 6ot cthange according to the convention
used and parts of the diagram which change. This information might be helpful

when real data are analyzed.



Table 2: Vector distance components=: data from Freitag et al. plus two
hypothetical compounds to explain the uncertainty principles in Hasse diagraams.

name of chemical . algae fish rat % act. act. % Cl2
identification ~  BF, BFa2 retention sludge sludge
number BFa 4 C0=z
(1) (2} {3) (4) () {61
1 toluene 380 94 0.1 19 ¢.3 | 119
6 benzoic acid b 5.1 0.1 13 0.1 78
10 chemical A 600 300 1.0 20 1.0 0
15 chemical H 10000 2500 60.0 300 0.8 300
23 biphenyl ' 340 280 0.4 26 0.6 105
24 2,2'-dichlorobiphenyl 12690 2420 0.1 63 10. 286

pentachlorobiphenyl 11500 2320 39.8 278 3.3 192

34 hexachlorobenzene 24800 2600 93.7 350 10. 667

®The first four columns are the relative bioaccumulation rates. The last two
columns are the scaled inverse of the degradation rates. Inverse because higher
values of degradation are preferable while high bicaccumulation 1is not. The

. ranking direction must be the same in absolute terms.
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ASSIBNMENT OF STANDARDS

The previous paragraph has shown one intrinsic weakness of the partial
ordering method, namely the fact that the Hasse diagram might change when new
chemicals are added to the list. For example, if we add a chemical that is
ranked between #EB‘and $23, the Hasse diagrém might show five levels instead of
four and furthermore the levéls of #24 and #1 might be become uncertain. These
problems can be solved by using a different approach to analyze the available
infaormation. As ghe reader will see, when this approach is used, the levels in
the Hasse diagram do not change when additional chemicals are added. This
approach is very useful since we have now the possibility of adding standards,
well kgnwn éhemicals, which anyone can refer to when studying new chemicals.
Furthermore, when necessary or when new knowledge is obtained, new standards can
gasily be added. This new Hasse diagram can be described using the same data set
employed up to now.

The first step is to divide the data into classes. Using this approach we can
not use the raw dafa any more, but if we are very confident in the data we can
decide to use an arbitrary large number of classes} an upper'number of 20 classes

is suggested. This classification scheme should take into consideration that the

experimental dataimight ‘contain only information from a limited number of
chemicals, or a small set of all possible results. The classes should therefore
inciude all possible results that might be expected if we included all possible
chemicals. For example, if we consider the octanol/water partition coefficient,
we might create lé classes, each including chemicals with log Kew in different
ranges, for example, 0-1i, 1-2, ..., 7-8, ...

I+ we use theifnllowing classes for the six attributes, then Table 2 becomes

Table 3:



attribute 1 [6—100; 101-1000; 1001-10000; 10001-200003 20001- )

attribute 2 [0-100; 101-1000; 1001- )

attribute 3 [0-107 10.1- )

attribute 4 [0-100; 101-)

attribute § [0-1; 1.1 - ) '

attribute & [0-100; 101-300; 301-) h
Note that we have divided attribute 1 into five classes, attributes 2 and & into
3 classes and attributes 3, 4 and 5 intb two classes. Therefore, as expiained
before, w#we have added weights to the data; we consider attribute 1 the mast
important followed by 2 and é and finally by 3,4 and 5. Of course other users of
the method might disagree and use other weights. It all attributes were divided
into the same number of classes, for example three, then all attributes would
have the éame weight.

The second step in the assignment of standards is to sum the values of the
elements for each attribute. This information is included in column 7 in Table
3. This step is équivaient'tu creating a scalar index.

The third step is to use the inforﬁation i% Table 3 to create a Hasse diagram.
The method described in the Theory section can ;e useﬁ to asseés the caonnections
between chemicals. The ranking level is assigned by the value in column 7 of
Table 3. Figure 5'5h065 this final Hasse diagranm. The vertical pésitinn of an
individual chemﬁcal in this diagram will not change as 1long as classification
does not change. By adding new chemicals only the connectivity of the circles in
the Hasse diagram will change. This connectivity map is very important since it

includes information about any contradiction of test results.

16
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Table 3: Vector distance components®: data from Freitag et al. plus two
hypothetical compounds grouped in classes as explained in text.

name of chemical . algae fish rat % act. act. %“ C0z level
identification + BF, BF 2 retention sludge sludge {scare)
number BFs * €Oz
(1) (2) {3) (4) {3) (&) A7)
1 toluene 2. 2 1 1 1 2 9
& benzoic acid i 1 { 1 1 1 &
10 chemical A 2 2 1 i 1 1 8
15 chemical B 3 3 2 2 i 3 14
23 biphenyl 2 21 1 1 2 9
24 2,2 -dichlorobiphenyl 3 3 1 1 2 2 12
28 2,48,6,2° ,4° -
pentachlorobiphenyl 4 3 2 2 2 2 15
34 hexachlorobenzene 3 3 2 2 2 3 17
" aThe first four columns are the relative bioaccumulation rates. The last two

columns are the degradation rates. The inversion used in the previous two table
is not used since this information is included in the classification schene.



‘DISCUSSION .

The proposed method allows one'to~vi5ually compare chemicals based on a large
number of test results which might otherwise be very confusing when displayed in
a Table form: The Hasse diagram is an effective graphical display of data
difficult to understand otherwise. The truth is that the reality that we wish to
represent is difficult to classify and comprehend by the human mind. When
reality is simple {elements in a chain) there are no problems of visual display.

The ranking procedure using a vectorial approach is applicable to variety of
problems in envirfonmental toxicology. Once data ﬁavé been collected, a computer
can \process them in a few seconds. A A graphical display program has béen

developed for desk top computers and is availéble an request. The number of

different <classgification levels 1is directly proportional to the number aof

chemicals and inversely proportional to the number of criteriay in fact the apore

criteria are considered at the same time, the higher is the probability of

contradictions in the data and therefore higher the prohability of having fewer

discrimination levels.

Hasse diagrams show which chemicals are the most environmentally hazardous.
When a new chemical is developed and its properties known, it éan be easily
ranked and compared with other known chemicals or any qrbitrary standards. The
availabilitylof the program in microcomputer form make routine application easy.

A final comment: The development of a suitable index for environmental risk
has been widely discussed in the literature (3,4,11). An index is a suitable
scalar function of the vector distance components with the best chémi:als having
the lowest index. Since an index is a scalar quantity, problems cancerned with
the incomparability of chemicals cannot arise since the chemicals can .always be
ranked and represented as a chain in a Hasse diagram: Uﬁfortunately, ranking

chemicals wusing an index function does not allow the identification of

18
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contradictions in the data as exemplified in this paper. We should be aveoiding
some procedures that are apparently simpler (scalar indices) because we may run

the risk that we gain simplicity by distorting the reality.

19
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‘ FIGURE LEBGENDS -

Figure 1. a) Hasse diagram of ranked chemicals Ci-C4. Ci is less hazardous than
€2, €2 less than C3, etc. b) Hagsse diagram of partially ordered chemicals., Both
C2 'and C3 are better than C1 but they are incomparable with each other. Thus, it
is not immediately clear which chemical should be chosen as the safest.

Figure 2.  The formal procedure to rank chemicals according to environmental
hazard is explained using six chemicals from Table 1. See text for additional

- explanations. a) set chemicals at vertices of regular polygon. b) rank chemical
-with one another. c) remove redundant lines d) rotate diagram and eliminate

arrows, i.e. Hasse diagranm.

Figure 3, The eight‘chemicals from Table 2 have been ordered according to the
two conventions. Figure 3a, minimal risk convention; Figure 3b, maximum risk
convention. .Circles represent the chemicals and lines indicate that these

chemicals can be directly compared. Labels are defined in Table 2. &See text for
further details. :

Figure 4. The. same eight chemicals shown'in Fig. 3 are shown in this Hasse
diagram. The two chemicals #10 and #13 occupy a position in between two levels
and are marked with double circles to indicate their uncertain rank.

Figure 5. The same eight chlorobenzenes shown in Figures 3 and 4 are ranked
according to the criteria shown in Table 3. Note that also information about the
total score is used to determine the level in this Hasse diagram.



©)

5
-
&
©

—~



! _



(b)

More Hazardous
LLess Hazardous

a)

(

i



% ;



l
I

! !

I l

' {

l l




