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Abstract 

The Co-construction of resources integrating health education (HE) in teacher training in Mali, concerning chemistry aspects of 

natural water resources, is the objective of this work. Generally, biomedical aspects predominate in health education. However, 

heavy metals elimination and organoleptic characteristics of drinking water will be given priority. The results of our survey of 80 

primary school teachers and master’s trainees, an analysis of iron(II) ions in water samples from 30 wells and a discussion of 40 

preparation sheets for trainees on natural water, showed respectively: the predominance of hygiene and microbiological aspects 

(89.4%) against chemicals aspects (17.5%); the problem-situations (PS) texts appeared either as an introduction or as an 

evaluation question; and 80% of the well water samples had iron levels in excess of the standard value of 0.3mg/L, giving an 

objectionable reddish-brown colour to the water. As drinking water treatment is part of the teacher training institute “IFM” 

programme (limited to turbidity treatment and chlorination), we co-constructed PS in line with current curricula and official 

recommendations on competency-based approach (CBA). We used innovative pedagogical model combining Peirce’s semiotics 

as an intermediary between the organoleptic characteristic’s representations of water and Johnstone's triplet, for the 

conceptualization of chemistry as a curriculum requirement. Due to the proliferation of boreholes in Mali and in Sub-Saharan 

Africa countries, participants agree that chemical aspects of drinking water must be prioritized in health education and they are 

confidents to contextualize chemistry with real problems for a better adequation between official curriculum and real curriculum. 
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1. Introduction 

The prevention of diseases and traffic accidents, the various 

addictions of young people (including exciting and new 

technologies), and the hygiene of the human body, food and 

homes are themes in health education, as are a healthy mind in 

a healthy body and ultraviolet radiation and sun protection 

measures [1-4]. These issues are transversal and involve 

multiple disciplines in school curricula in which health edu-

cation is not a covered subject. In these disciplines, biology 

makes a significant contribution, as do civic and moral edu-

cation [5-7]. However, chemistry is rarely included even 
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though it is used by health specialists for analysis, research 

and treatment. Indeed, many authors note that teachers still 

have a biomedical conception of health (i.e., biological and 

medical aspects of diseases and their prevention) [8, 9]. 

As a result, chemical aspects are virtually absent from the 

examples of health education modelling cited by many au-

thors, which are generally related to behavioural change [10, 

11]. The expected results may not be achieved by these ap-

proaches when chemical aspects, particularly those related to 

drinking water, are not taken into account in health education. 

The quality of drinking water becomes a public health 

problem when large-scale infections caused by waterborne 

diseases, such as diarrhoeal diseases, occur [12]. In chemistry, 

the issue of health education appears specifically in laboratory 

work [13]. Chemistry also contributes to the identification and 

resolution of many public health problems, such as those 

related to drinking water quality [14]. Water and natural water 

resources are major themes in health education. In fact, water 

is essential to life, but it is also a vector for diseases and toxic 

substances (e.g., arsenic) or substances that cause intoxication 

with excessive exposure (e.g., fluoride). 

Health education is not part of the chemistry syllabus at the 

general secondary level in Mali. The study of water, from the 

primary to the general secondary level, can be an ideal place 

to address public health issues. However, this requires teacher 

training and the development of resources such as those pro-

vided for teachers at teacher training institute “IFM”, where 

natural water and drinking water treatment are included in the 

curriculum. This is the aim of this work, in line with current 

curricula and official recommendations on competency-based 

approach (CBA). 

2. Issues and Theoretical Framework 

2.1. Co-construction of HE Resources in 

General Secondary Education 

Authors defined health as a state of complete physical, so-

cial and mental well-being that enables people to lead indi-

vidually, socially and economically productive lives [15]. 

Health education contributes to well-being by preventing 

water-borne diseases, including those linked to the chemical 

aspects of water quality. However, there are several obstacles 

to health education, including a lack of teaching resources or 

learning, teaching and research materials in all formats and 

types of media [16, 17]. The advantage of resources for 

teachers is that they fit into the official curriculum in the 

context of the instrumentalization process from a documen-

tational approach [18]. Hence, there is a need for the 

co-construction of resources. 

IFM specialists and generalists are intended for teaching in 

grades 1-6 and 7--9, respectively. With regard to natural water, 

treatment methods are used to obtain drinking water (3rd 

class). Treatment depends on raw water characteristics, such 

as (1) turbidity or microorganisms (suspended) and (2) metal 

ions (dissolved). The first and second are referred to as the 

external and internal determinants of health, respectively [15]. 

Previous authors suggest that health can be influenced inter-

actively by three determinants: endogenous determinants; 

exogenous determinants and the system of health care. The 

third group of determinants is related to water treatment 

methods. 

The health concerns associated with the chemical constit-

uents of drinking water differ from those associated with 

microbial contamination and arise primarily from the ability 

of chemical constituents to cause adverse health effects after 

prolonged periods of exposure [14]. The World Health Or-

ganisation regularly publishes drinking water quality guide-

lines. 

2.2. Chemical Aspects of Drinking Water 

Quality 

Directives include guide values for several of these con-

stituents. A guide value is the concentration of a constituent 

for which the risk to the consumer, assuming lifetime con-

sumption of the water, does not exceed the tolerable health 

risk [14]. When drinking water contains toxic constituents in 

small doses, these may be tasteless, odourless and colourless 

beyond the imperative value that would normally lead to 

rejection of the water. Poisoning occurs as a result of regular 

and prolonged exposure to high levels of fluoride or arsenic in 

drinking water. Fluoride in low levels strengthens tooth 

enamel and contributes to the prevention of dental caries. 

However, excess fluoride leads to dental fluorosis when milk 

teeth are replaced by the transformation of the calcium hy-

droxyapatite (𝐶𝑎10(𝑃𝑂4)6(𝑂𝐻)2 ) of the enamel into fluo-

rapatite (𝐶𝑎5(𝑃𝑂4)3𝐹) [19]. This is also the case for the ox-

idation of As(III) to As(V) under physiological conditions; 

this produces hydrogen peroxide (H2O2), which oxidises 

iron(II) ions to iron(III) ions and generates hydroxyl radicals 

(𝑂𝐻•) [20]. These compounds, in turn, react with DNA. Ex-

cess exposure to arsenic in drinking water may result in a 

significant risk of cancer, skin lesions, and peripheral vascular 

disease [14]. Fluoride and arsenic are found in Europe, Africa, 

Asia and America at especially high concentrations in 

groundwater [21-24]. This is why fluoride and arsenic are 

health concerns, with guide values of 1.5mg/L and 10μg/L, 

respectively. Metals also have a negative impact on health and 

are found at high levels in groundwater [25, 26]. 

Anaerobic groundwater may contain ferrous iron at high 

levels without discolouration or turbidity in the water when it 

is pumped directly from a well. Upon exposure to the at-

mosphere, however, ferrous iron(II) oxidises to hydroxide 

ferric iron(III) ( Fe(OH)3 ), giving an objectionable red-

dish-brown colour to the water. 

There is usually no noticeable taste at iron concentrations 

below 0.3mg/L, although turbidity and colour may develop 

[14]. In general, biomedical aspects rather than chemical 
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aspects are favoured in teaching practices at the general ed-

ucation level. With respect to teacher training, as a lever for 

HE, some authors suggest using teacher’s conceptions. 

2.3. Teachers' Perceptions of Health Education 

On the one hand, these representations are related to 

teachers' subjects of investigation. For example, Soumahoro 

et al., interviewed 448 students (age 16) on the Ivory Coast 

about their food hygiene practices. The results revealed that 

94.9% of the participants systematically washed their hands 

before each meal, but 53.6% had fallen ill after eating street 

food [7]. This biomedical aspect has also been described by 

other authors. Assimi et al., conducted a survey of 200 Mo-

roccan schoolchildren (aged 6-12) and their mothers [5]. The 

results revealed that toothbrush use in this population was low 

and that the brushing method used was ineffective. Similarly, 

Koelen & Van den Ban suggested that a person cannot 

maintain good teeth simply by visiting a dentist on a regular 

basis; toothbrushing and eating less sugar are equally im-

portant [15]. 

On the other hand, these representations are related to the 

results of teacher surveys. Calas et al., focused on an analysis 

of 39 schoolteachers [8]. Of these, 83% said that they con-

ducted health education in their classrooms via the biomedical 

model, and 34% considered health education to be the re-

sponsibility of medical staff. The results of a survey con-

ducted by Clément and Carvalho with 11312 teachers in 31 

countries in Africa and Europe as well as in Brazil and Aus-

tralia showed that 50% had biomedical conceptions [9]. Re-

cently, Lipták & Tarkó came to the same conclusion in their 

survey of 68 future teachers in Hungary [27]. When asked the 

open-ended question, ‘What do you think when you hear the 

word health?’, 95.2% of the respondents mentioned the 

physical aspect. 

These results do not consider chemical aspects, including 

those linked to the organoleptic characteristics of drinking 

water. Hence, our research questions are as follows: Are the 

chemical aspects of drinking water quality addressed at the 

IFM level? How do master's student teachers understand these 

issues? How can chemistry contribute to health education 

based on drinking water in general secondary education? 

As health education is not part of the chemistry syllabus at 

the general secondary level, it is expected that biomedical 

aspects will be given priority over chemical aspects. The 

integration of health education into chemistry courses can be 

achieved through the co-construction of resources that com-

pare the determinants of health with the presence or absence 

of a drinking-water non-potability index. With regard to the 

conceptualisation of chemistry as a curriculum requirement, 

we use Peirce's semiotics as an intermediary between the 

organoleptic characteristics of water and Johnstone's triplet 

[28]. 

2.4. Peirce's Semiotics 

Peirce defines a sign as ‘something, A, which denotes some 

fact or object, B, to some interpreting thought, C’ [28]. In 

Peirce's semiotics, a sign says something about the object; it 

may be real, imaginable or unimaginable, but the interpreter 

to whom the sign refers is not the object. The sign can be an 

icon (which maintains a resemblance relationship between the 

interpreter and the object), an index (which maintains a 

cause‒effect relationship between the interpreter and the 

object), or a symbol (which maintains an arbitrary or con-

ventional relationship between the interpreter and the object) 

(Fig. 1) [29, 30]. 

 
Figure 1. Sequence of the Sign (a word visual image (or sound) like molecule), Object (referent), Interpreter (mental image associated with or 

without a word (particle or atom), (SOI), highlighting the semiotic process of the development of knowledge according to Peirce [29]. 

Changes in the organoleptic characteristics of water are 

indices or physical symptoms in Peirce's sense, but the ab-

sence of indexical signs is not synonymous with potable water, 

just as the absence of pathological signs does not guarantee 

the absence of pathology itself. Hence, chemical testing and 

analysis are important for diagnosis before and after water 

treatment. 

3. Methodology 

To link chemistry to health education, we opted for the 

co-construction of resources: (1) a survey of 40 trainees 

(master's degree) in chemistry and physics and 40 phys-

ics-chemistry teachers (for grades 7-9) who had previously 
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passed through the IFMs (Table 1) and (2) the co-construction 

of problem situations (PSs) in accordance with the official 

curriculum (Table 2). Our survey instruments are paper/pencil 

questionnaires. All questions are closed-ended, "Yes" or "No" 

(Table 1). The survey was carried out using the resources 

available: the forms handed in on site were collected three 

days later, while those sent by electronically were received a 

week after they had been sent. Well water samples had col-

lected in plastic bottles. We used Hanna instruments for 

measuring iron(II) at the laboratory of “Ecole Normale Su-

périeure”, and the co-construction of problem situations (PSs) 

which involved 30 lessons plan took place in the same estab-

lishment (Table 2). Chemical and biomedical aspects were the 

dependent variables. The data were processed qualitatively 

and quantitatively. 

Table 1. Questions addressed to teachers and preservice teachers. 

Question 1: To maintain good teeth, is it necessary for children to: 

Q1.1. Eat less sugar? yes  no  

Q1.2. Brush their teeth regularly? yes  no  

Q1.3. Drink potable water? yes  no  

Question 2: To avoid skeletal deformation, is it necessary for chil-

dren to: 

Q2.1. Adopt good sitting posture? yes  no  

Q2.2. Drink potable water? yes  no  

Question 3: Does a healthy diet include the following: 

Q3.1. Cooking food properly? yes  no  

Q3.2. Keeping food clean? yes  no  

Question 4 is about the content analysis of lesson plans. Are the 

following points included: 

Q4.1 Problem situations? 

Q4.2 Operational educational objectives? 

Q4.3 Hypothetical experiments? 

Q4.4 Chemical aspects of pollution? 

Q4.5 Indications that water is not potable? 

Q4.6 Do these indicators relate to chemical aspects of drinking 

water quality? 

Table 2. Stages of resource co-construction. 

Steps and process for each stage 

Sampling 

1) Involved 30 wells, by master's students 

2) Samples taken the day before and stored in 1.5 L flasks 

3) - Ferrous ions levels of samples: 0.00 to 4.5mg/L (guide value of 

0.2mg/L) 

Lesson plan preparation 

1) Number: 30 

2) Conception: by 30 master's students over 7 days 

3) Theme: natural waters in the 3rd-year IFM class 

4) Subject area: material sciences 

5) Speciality: physics-chemistry 

6) - Content: definition, composition, potability treatments 

Elaboration of problem-solving strategy 

1) Participants: searcher and 30 master’s trainees 

2) Presentation of problem-solving strategies by each group 

3) Pooling and discussion of the results 

4) Validation 

5) Proposal of hypothetical experiments by each group 

6) Choice of Hanna instruments (fast, compact, reliable and inex-

pensive) 

7) Didactic transposition of treatment practices 

8) - Presentation of images of people affected 

4. Results and Discussion 

4.1. Results 

The results of the water analyses revealed that 80% of the 

well water samples had iron levels in excess of the standard 

value of 0.3mg/L. Precipitates formed a few days later fol-

lowing aeration of four liters stored in plastic bottles. The 

participants attested to the disadvantages of ferruginous water 

in their area. 

The results of the survey revealed that hygiene and micro-

biological aspects predominated, with 87.6% (Q1.1), 100% 

(Q1.2), 80% (Q3.1) and 90% (Q3.2) for yes, unlike the 

chemical aspects of drinking water, with 5% (Q1.3) and 30% 

(Q2.2). However, some teachers and preservice teachers 

(master’s degree) were aware of the importance of potable 

water (Q2.2). For results that were not expected, further in-

vestigations are necessary to justify the negative impact of 

non-potable water. 

The results for the 30 lesson plans were as follows: 100% 

(Q4.1; Q4.2 and Q4.5), 90% (Q4.3) and 67.5% (Q4.4). The PS 

texts appeared either as an introduction or as an evaluation 

question (Q4.1), such as ‘drinking-water definition’, ‘natural 

water composition’, ‘how to obtain drinkable water’, or ‘the 

representation of the distillation process’. The planned ex-

periments were based on the composition of natural water as a 

mixture, mineral removal by distillation and particle removal 

by decantation and filtration (Q4.3). Indications that water is 

non-potable relate only to suspended particles (Q4.5) and not 

to chemical aspects (Q4.6). The results related to 

co-construction are presented below (Figure 2 and Table 3). 
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Figure 2. Iconic representations of: hydrated iron(II) ions, 

[𝐹𝑒(𝑂𝐻2)6]2+ , and oxygen molecules (left); iron(II) hydroxide, 

𝐹𝑒(𝑂𝐻)3, and water molecules, 𝐻2𝑂 (right), used to construct a 

stoichiometric relationship. 

Table 3. Generating resources related to HE. 

Problem situation 

Q1. What is drinking water? 

Q2. This is a sample of limpid groundwater (beaker 1). Can it 

contain iron(II) ions? Justify your answe? 

Q3. This water, on exposure to the atmosphere, has become red-

dish-brown due to the formation of ferric hydroxide, Fe(OH)3 

(beaker 2). How do you explain this precipitate formation? Is it 

potable water? 

4.2. Discussion 

The results of the surveys of teachers and preservice 

teachers confirmed the importance of the biomedical aspects 

compared with the chemical aspects of drinking water. In 

West Bengal, Chowdhury et al., reported a maximum arsenic 

increase of 205% in samples of rice grains steamed with 

groundwater containing arsenic [31]. Saeed et al., established 

a link between excess fluoride and tooth decay and high-

lighted its impact on the intelligence of children aged 6 to 14 

years [32]. In terms of health, the absence of signs is not 

synonymous with the absence of pathology [15]. Hygiene 

rules are not sufficient under these conditions. 

The equations are as follows for the phenomenon of iron(III) 

precipitation, formed: 

4Fe2+(aq)  + O2(aq) + 2H2O(𝑙)  →  4𝐹3+(𝑎𝑞) + 4

OH−(𝑎𝑞)           (1) 

4Fe3+(aq)  + 4OH−(𝑎𝑞) + 8H2O(𝑙)  →

  4Fe(OH)3(s) + 8H+(aq)           (2) 

Either: 4Fe3+(aq) + O2(aq) + 10H2O(𝑙) →

4Fe(OH)3(s) + 8H+(aq)          (3) 

−d[Fe(II)]

dt
= 𝑘[Fe(II)]𝑝𝑂2

[𝑂𝐻−]2        (4) 

In practice, water acidification (1) reduces the rate of pre-

cipitate formation (4), which becomes significant above pH 7. 

Recent studies on this law of kinetics (Stumm and Lee law) 

show the catalytic role of the iron(III) ions formed, i.e., a 

heterogeneous mixture. 

The method of identifying and measuring iron(II) ions in 

our experiment, like engineering practices in teacher educa-

tion, was used by students to identify and measure nitrate ions 

in water [33, 34]. In the body, nitrate ions produce nitrite ions, 

which cause methemoglobinemia in infants. 

Lesson planning and group discussions about promote the 

development of pre-service teachers' skills [35, 36]. With 

respect to sequence plans, difficulties arise in formulating 

problem situations because the presence of operational edu-

cational objectives leads to inductivism [37, 38]. This makes 

it impossible to anticipate the formulation of hypotheses and 

their validation by experience. Hence, there is a need for 

training in these aspects [39, 40]. 

The student teachers used dots as signs of turbidity to rep-

resent non-potable water. Turbidity is a source of bacterial 

proliferation and hides microbes from disinfection. This 

phenomenon is exacerbated by the sale of water sachets [41]. 

The chemical treatment methods used in practice have ad-

vantages, disadvantages, and limitations. Although ozonation 

and chlorination were mentioned, the trainees did not associ-

ate these methods with the chemical reactions that precipitate 

metal ions. However, due to public health problems, bore-

holes have been abandoned in Mali and other countries be-

cause of high levels of manganese, iron or arsenic. Çalış ob-

tained the same results in his survey of 60 preservice physics 

and chemistry teachers [42]. The latter had difficulty formu-

lating and integrating real-life problems into secondary school 

lesson plans. 

We used iconic signs in the form of simplified molecular 

models (mental constructions) to represent iron(II) ions, hy-

drated counterions and oxygen molecules (Figure 2). The 

hydrated ion representation is a simplification of the Stern 

double layer. It is related to limpid ferruginous water that may 

or may not be drinkable depending on the guide value. For 

reddish-brown, nondrinkable ferruginous water, we used 

crosses to avoid confusing them (visible particles) with gas 

particles (mental constructions). The relationships among the 

macroscopic iron(III) hydroxide precipitate, as an index or 

physical symptom in Peirce's sense, the rearrangement of 

atoms (microscopic interpretation) and the chemical equation 

(symbolic level) were established. According to Johnstone's 

triplet, these interrelations promote an understanding of 

chemistry [28]. Savec et al., described the interrelationship of 

the three levels of chemistry using a real-life problem: the 

softening of hard water that forms a grey deposit at the bottom 

of containers after boiling [43]. In this case, our work on 

health education focuses on preventing kidney stones caused 

by hard water. 

We did not multiply the PS in accordance with instrumen-

talisation rather than instrumentation [18]. The dissolution of 

metal oxides is due to oxygen gas depletion and excess carbon 

dioxide in groundwater (Q1). The possible confusion between 

crystallisation (a physical phenomenon) and the precipitation 

of ferric hydroxide (a chemical transformation) (Q2) are ob-

stacles to be overcome [44]. It is possible to go further in the 
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PS by imagining or evoking (in the sense of Peirce), for safety 

reasons, the presence of As(III) ions instead of iron(II) ions. 

5. Conclusion 

This research has shown that it is possible to integrate 

health education into IFM chemistry courses. The 

co-constructed and proposed PS must be implemented by 

volunteer teachers in classroom situations. This study could 

be extended to an analysis of the resources used by teachers. 

The use of both Peirce's triadic model and Johnstone's triplet 

as well as model images (iconic signs) shows that such inte-

gration is not without difficulties. Cirkony & Kenny used 

cross signs to designate molecules in a study of molar con-

centrations to lead to chemical reaction equations [45]. 

Teachers must keep in mind that these signs, as well as mo-

lecular models, are only representations and supports. 

In-service teacher training and the development of resources 

for instrumentation and instrumentalization are therefore 

essential [16, 18]. This methodology of didactic engineering 

can be used in teacher training and for teachers, the chemistry 

contextualization using real-life problems and Peirce’s and 

Johnstone’s models. 
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