1 Introduction

As defined by the Medical Waste Tracking Act of 1988, clinical solid waste consists of solid
waste materials which are generated during diagnosis, treatment, vaccination, research or in
the production or testing of biological products for humans and animals, including syringes,
live vaccines, blood and other waste contaminated with bodily fluids and removed body or-
gans, among others. This class of waste is now recognized as a potencially hazardous agent
affecting both the environment and the human being, due to the labor intensive operations
entailed in its collection, segregation and disposal, which involve many possibilities of direct
contact with the waste and therefore increase the risk of infections for health care workers,
the general public and waste handlers in particular [1,2]. Focusing on the latter, poor man-
agement practices and improper precautions taken by clinical waste workers during these
operations are quoted as being the main reason of the spread of infectious diseases among
clinical waste handlers [3,4], which raises the additional need for adequate risk management
strategies ensuring assessment, control, review and identification of risk. Nevertheless, sev-
eral studies [3-6] indicate that the clinical solid waste management at healthcare facilities
is still inadequate in developed countries and that, in many situations, this class of waste
is handled and disposed together with non-clinical waste. Given this scenario, the devel-
opment of strategies for the definition of the best appropriate clinical waste management
practice towards the minimization of occupational incidents and environmental contamina-
tion is of great importance. One of the main concerns still requiring addressing is the lack
of awareness of both healthcare and clinical waste workers in what regards waste differential
classification [1].

Taking into consideration the urgent need to bridge and amend these gaps, the present
study aims at analysing and developing an artificial intelligence-driven approach for dealing
with the judgement difficulties that arise from the waste classification process, especially in
environments with defective information, based on the approach presented by Neves et. al

in [7] and selectively focusing on the clinical waste management situation in Portugal.



2 Case Study

In Portugal, the management of clinical solid waste is regulated by law, and its legal
constraints are defined within the Portuguese Legislative Decree no. 178/2006 - September
5th [8]. Particularly, this document provides a classification system for clinical solid waste
based on four distinct criteria: typology, danger, production site and treatment required [9];
which allows for a clear and objective assortment of waste samples in four main classes

(Figure 1), based on their specific combination of criteria.

(03] Equivalent to Municipal Solid Waste (MSW).
C2 Non-biohazardous hospital waste.

Cc3 Biohazardous hospital waste.

C4 Specific hospital waste.

Figure 1: Portuguese classification system for clinical solid waste.

In this study, the required treatment associated with each class was ignored, as it is
impractible to determine the most suitable treatment for a waste sample without knowing
beforehand the class it falls into, and the remainder criteria were fitted to the specific de-
scription of the classes and thus redefined as: source, type and contamination. According
to the aforementioned, a database model was constructed (Figure 3), comprising a primary
table and three secondary tables which refer to the analysed cases (Figure 2) and each of

the considered criteria, respectively.

1 Scalpel contaminated with blood, provenient from the operating room.

2 Food waste collected from the maternity services.

3 Non-contaminated plaster piece from the orthopedic services.

4 Pair of medical gloves used in waste handling, contaminated with blood, organic fluids or both.

5 Package contaminated with cytostatic agents, either provenient from the labs or medical services.
6 Non-contaminated generic package, provenient from an unknown source.

Figure 2: Description of the cases analysed in the study.
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2.1 Knowledge Representation and Reasoning

In regular Logic Programming (LP), the negative information is implicit — in other
words, it is not possible to explicity state falsity and propositions are assumed false if there
is no reason to believe otherwise. However, explicit negative information plays an impor-
tant role in natural discourse and commonsense reasoning, and so, for use in deductive
databases, knowledge representation and non-monotonic reasoning, a second kind of nega-
tion is included, giving rise to the Extended Logic Programming (ELP) paradigm [10]. An
extended logic program is a finite set of clauses in the form:

q < Q1A ppnot g1 A ... A not gy,

?P1 A ... A PnA DOt Q1 A ... A DOt Py (n,m = 0)

where ? is a domain denoting falsity, p;, q; and q represent classical ground literals
— either positive atoms or atoms preceeded by the classical negation sign [11]. In this
representation formalism, every program is associated with a set of abducibles [12,13], given
here in the form of exceptions to the extensions of the predicates that compose the program.

In order to reason about the body of knowledge presented through the analysed cases,
the relations defined in the database model were first rewriten in terms of the following

predicates:

waste: ID_Waste x Class x ID_Source x ID_Type x ID_Contamination

source: ID_Source x GS x SS x WS x HS x LS x MS

type: ID_Type x GP x FW x CP x OM x DP x OM x IP x MW x NB x SW x IB x MD x CH x AC x CO
contamination: ID_Contamination x BL x OF x IA x CA

Subsequently, the extension of the predicates was set in the form of four programs.

2.1.1 Extended Logic Programs

Program 1: Extended logic program for the predicate waste.

{

— waste (ID, CL, SR, TY, CT) <«
not (waste (ID, CL, SR, TY, CT)),
not (abducible,qse (ID, CL, SR, TY, CT)).
waste(1,C,6,1,1).
waste(2,C,4,2,5).
waste(3,C,6,4,5).
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waste(4,C,3,6,{2,3}).
waste(5,C,{5,6},3,4).
waste(6,C,1,1,5).

abducibleyuse (4, C, 3, 6, 2).
abducible,qqe (4, C, 3, 6, 3).
abducibleyuse (5, C, 5, 3, 4).
abducible e (5, C, 6, 3, 4).

?7((abducible,qge (ID, CL, SRy, TY, CT)

Vv

abducibleyesie (ID, CL, SRo, TY, CT))
VAN

— (abducibleyqse (ID, CL, SRy, TY, CT)
AN

abducible,gse (ID, CL, SRy, TY, CT)))
abducibleyqqe (6, C, L, 1, 5).
abducible,ge (ID, CL, SR, TY, CT) <« waste (ID, CL, L, TY, CT).

}

Program 2: Extended logic program for the predicate source.

{

— source (ID,GS,SS,WS,HS,LS,MS) <«
not (source (ID,GS,SS,WS,HS,LS,MS)),
not (abduciblegpyrece (ID,GS,SS,WS,HS,LS,MS)).
source(1,1,0,0,0,0,0).

source(2,0,1,0,0,0,0).
(3,0,0,1,0,0,0).
(4,0,0,0,1,0,0).
( )
( )

source
source
source(5,0,0,0,0,1,0).
source(6,0,0,0,0,0,1).

}

Program 3: Extended logic program for the predicate type.

{

— type (ID, GP, FW, CP, OM, DP, IP, MW, NB, SW, IB, MD, CH, AC, CO) <«
not(type (ID, GP, FW, CP, OM, DP, IP, MW, NB, SW, IB, MD, CH, AC, C0)),
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not (abducibley,. (ID, GP, Fw, CP, OM, DP, IP, MW, NB, SW, IB, MD, CH, AC,

}

C0)).

type(1,1,0,0,0,0,0,0,0,0,0,0,0,0,0).
type(2,0,1,0,0,0,0,0,0,0,0,0,0,0,0).
type(3,0,0,1,0,0,0,0,0,0,0,0,0,0,0).
type(4,0,0,0,1,0,0,0,0,0,0,0,0,0,0).
type(5,0,0,0,0,1,0,0,0,0,0,0,0,0,0).

type(10,0,0,0,0,0,0,0,0,0,1,0,0,0,0).
type(11,0,0,0,0,0,0,0,0,0,0,1,0,0,0).
type(12,0,0,0,0,0,0,0,0,0,0,0,1,0,0).
type(13,0,0,0,0,0,0,0,0,0,0,0,0,1,0).
type(14,0,0,0,0,0,0,0,0,0,0,0,0,0,1).

Program 4: Extended logic program for the predicate contamination.

{

— contamination (ID, BL, OF, IA, CA) «
not (contamination (ID, BL, OF, IA, CA),
not (abducible onigmination (ID, BL, OF, IA, CA)).

contamination(1,1,0,0,0).
contamination(2,0,1,0,0).
contamination(3,0,0,1,0).
contamination(4,0,0,0,1).
contamination(5,0,0,0,0).
contamination(12,1,1,1,0).
contamination(13,1,0,1,1).

( )
( )
contamination(14,0,1,1,1).
contamination(15,1,1,0,1).

( )

contamination(16,1,1,1,1).
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2.1.2 Classification

clauses responsible for the waste classification.

every clause has the following representation:

Condition

l

Action

As mencioned above, somewhere, there are four possible classes that will be now repre-
sented.
Class 1:

[waste (ID, Class, SR, TY, CT), SR < 3, TY < 3, CT = 5]

l
[retract(waste(ID, Class, SR, T, CT)), assert(waste(ID, C1, SR, TY, CT))].

Class 2:

[waste (ID, Class, SR, TY, CT), SR =6,2 < TY < 7, CT = 5]

l
[retract(waste(ID, Class, SR, TY, CT)), assert(waste(ID, C2, SR, TY, CT))].

Class 3:

[waste (ID, Class, SR, TY, CT), SR > 2,3 < TY < 10, CT < 4]

l
[retract(waste(ID, Class, SR, TY, CT)), assert(waste(ID, C3, SR, TY, CT))].

Class 4:

[waste (ID, Class, SR, TY, CT), SR > 4, TY > 9, CT = 4]

l
[retract(waste(ID, Class, SR, TY, CT)), assert(waste(ID, C4, SR, TY, CT))].

Stopping Condition:

[waste (ID, Class, SR, TY, CT)] — [print(Class),stop].
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Figure 3: Database model.



