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Streszczenie

Pracownicy przemystu chemicznego odgryaiiotrs rolg w ochroniesrodowiska. Aby rozwizaé problemy
srodowiskowe jest koniecznym, aby popréawsh wiedz; na temat wptywu narodowisko substancji chemicz-
nych, z ktdrymi maj oni styczné¢. Celem bada jest analiza wiedzy eko-chemicznej pracownikéwepngstu
nawozOow mineralnych w regionie Nowego Sadu (Serbia§reslenie zakresu wiedzy, ktéry powinien zdsta
przez nich przyswojony w przysz@. Uzyto metod analitycznych i deskryptywnych. Zastosoyva narz-
dziem byt oryginalny kwestionariusz. Rezultaty &@aghokazuj, ze pracownicy posiadajwprawdzie pew:n
wiedz o wplywie nasrodowisko zwazkOw chemicznych, jednak nie jest ona wystargzaj W celu poprawy
sytuacji zaproponowano model znicowanej eko-chemicznej edukacji przygotowany aab dorostych, pra-
cujacych zawodowo.

Stowa kluczowe wptyw substancji chemicznych seodowisko, przemyst nawozéw mineralnych, pracownicy
srodowisko, wiedza

Abstract

Employees of chemical industry play a significaoier in environmental protection. In order to solve
environmental problems it is necessary for thenmprove knowledge on environmental impact of chetsic
which they come in contact with. The aim of reshascthe analysis of the ecochemical knowledgerpleyees

of the fertilizer industry in the Novi Sad regidBefbia), and structuring of chemical contents tothier increase
of their knowledge. Analytical and descriptive neath were used. The research instrument was a gueatire,
specially designed for the purpose of this reseaf@thniques of research were: field investigatiaction
investigation and combined techniques. It was shtvah workers have certain, but insufficient knodge of
environmental effect of chemical pollutants. Thépwdd improve the existing and acquire new knowtedy
model of differentiated eco-chemical education wr@sted for permanent adult professional education.

Key words: effect of chemicals on the environemnt, minemttilizer industry, employees, environment,
knowledge

Introduction vi¢, 1996). Thus improvement of technical and
Development of chemical industry is followed technological processes must be accompanied by
by the incresed environmental pollution (Djukano- the adequate protection measures (Markovic, 1995).



54 Cuyijeti¢anin, Segedinac, Adamov/Problemy Ekorozwoju/Problemsof Sustainable Development 1/2010, 53-58

One of the most significant factors in pollutiomtb
also in environmental protection, are workers
employed in various branches of chemical industry.

Most employees of the fertilizer plants in
Serbia have completed secondary education, lasting
three or four years. Ecochemical content in three-
year program in secondary professional schools
comprizes environmental protection, pollution
sources and damage sanation, and are being studied
through the courseEcology and environmental
protection (1 class per week during one school
year). These topics are also studied within one
educational theme in aChemistry course.
Ecochemical content in four-year program
comprizes very few classes withBiology course
and, indirectly, througlGeographyand Chemistry
courses. In high schools, ecochemical contenttis no
studied as the separate course, but are incorporate
in Biology course.

Modern technology, as well as new scientific
discoveries in the field of ecochemistry, requive
workers to possess additional knowledge
(Andevski, 1997), which includes improvement of
ecochemical knowledge of effects of chemicals on
living organisms, environment, objects etc. (White,
2004). Industry of mineral fertilizers is one okth
most important branches of chemical industry in
Novi Sad (Vojvodina, Serbia). It has a great impact
on the level of environmental pollution and the
quality of life. Production of fertilizers is a sae
of significant environmental pollution (Markovic,
1996), which imposes the need to additionaly
educate workers employed in this branch of
chemical industry (Matijevic, 2008). Motivation of
workers for continuing education is greatly
influenced by previous knowledge, age, working
conditions, possibilities to them for further
education and numerous other factors (Schmidt,
2007).

In the Republic of Serbia, there is an ongoing
reform of education at all levels. It also includes
development of new programs for continual
professional development of workers. Mechanisms
of accreditation of the programs of professional

development are still being created in all
educational fileds, including improvement and
development of courses in the field of

environmental protection. The industry of mineral
fertilizers imposes the need to design programs for
specialized courses, and the purpose of this
investigation is to analyze the existing level of
ecochemical knowledge in workers with secondary
education, with an aim to create models for
permanent ecochemical education of workers in
chemical industry.

Experimental Section
Object of research

The object of this research is developed from
the need to analyze the level and quality of knowl-
edge in workers employed by the fertilizer industry
on environmental impact of chemicals, especially
mineral fertilizers, in order to suggest a model fo
their further professional development.

Aims and tasks of the research

The aim of this research is the analysis of the
ecochemical knowledge in workers employed by
the fertilizer industry in the region of Novi Saak
well as structuring of chemical contents for furthe
increase of their knowledge. This content should
become a vital part of the model of differentiated
adult ecochemical education.

The following tasks were set
investigation:

* Analysis of workers’ knowledge on environ-
mental impact of pollutants,

* Analysis of knowledge level of employees on
effects of mineral fertilizers on the environ-
ment.

for this

Research hypotheses

The main hypothesis is defined as follows:
Employees of the mineral fertilizer industry in
region of Novi Sad have certain, but insufficient
knowledge on environmental impact of chemical
pollutants.

Specific hypotheses:

»  Workers with high school/university education
are more familiar with environmental impact of
chemical pollutants in general than workers
with secondary education.

»  Workers with high school/university education
are more familiar with environmental impact of
mineral fertilizers than workers with secondary
education.

Research methods and techniques

In this investigation, analytical and descriptive
methods were used. The research instrument was a
guestionnairre which was specially designed for the
purpose of this research. Techniques of research
were: field investigation, action investigation and
combined techniques.
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Table 1. Level of knowledge of chemical workersamerse environmental effects of chemical contan@an

High school/university education Secondary education

Completely Partially No Completely Partially No
(%) (%) (%) (%) (%) (%)
Do you know
which the ad-
verse environ- 66.67 33.33 0 91.3 8.7 0
mental effects of
pesticides are?

Do you know

which the ad-

verse environ- 66.67 33.33 0 82.61 17.39 0
mental effects of

solvents are?

Do you know
which the ad-
verse environ-
mental effects of 44 .44 44 .44 11.11 30.43 60.87 8.7
aldehydes and
ketones are?

Do you know
which the ad-
verse environ-
mental effects of 44.44 44.44 11.11 26.09 65.21 8.70
aromatic com-
pounds are?

Do you know
which the ad- 66.67 11.11 22.22 69.57 30.43 0
verse environ-
mental effects of
heavy metals
are?
Do you know
which the ad-
verse environ-
mental effects of 77.78 22.22 0 73.91 26.09 0
nitrogen com-
pounds are?

Do you know

which the ad-

verse effects of 77.78 22.22 0 60.87 39.13 0
chemicals on
objects are?

Sample Results and discussion

Investigation included 141 workers, employed Most workers of all education levels believe
in the mineral fertilizer plant in Novi Sad, of vehi that they know the environmental impact of
89 workers had secondary education and 52 pesticides, solvents, heavy metals, and nitrogen
workers had high school or university education. compounds. However, the percentage of workers

who think that they know these facts only palitial
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Table 2. Level of knowledge of chemical workersaoiverse environmental effects of mineral ferili
ARE THESE STATEMENTS CORRECT?

High school/university education Secondary education
Yes No | don’t know Yes No | don’t know
(%) (%) (%) (%) (%) (%)

Ammonia, accumulated in soil,
and its salts formed in 100 0 0 73.91 17.39 8.70
transformation of nitrogen
fertilizers, increase pH of soil.

Nitric acid is formed in soil by
oxidation of ammonium salts, tht 77,78 22.22 0 69.56 30.44 0
reducing pH of soil.

Phosphates from phosphoric
fertilizers penetrate deeper layel
of soil and are transformed into ~ 77.78 22.22 0 69.56 8.70 21.74
thermodinamically most stable
compounds with low solubility
products, which plants can’t
absorb.

Diffusion of phosphates into
deeper layers of soil causes in-
creased concentrations of phos  88.89 11.11 0 69.56 8.70 21.75
phates in soil and environmenta
pollution.

Transformation of phosphates in
insoluble compounds and their
reaction with soil components 100 0 0 60.87 4.35 34.78
(which yields more soluble
compounds) causes their low
mobility.
Nitrogen fertilizers contributes tc
the natural water pollution more  77.78 11.11 11.11 26.09 43.48 30.43
than phosphoric fertilizers.

Content of nitrogen fertilizers in
surface and groundwater is
increased with the increased 100 0 0 100 0 0
application of these fertilizers in
soil.

Increased application of nitrates
mineral fertilizers leads to their  88.89 11.11 0 69.56 8.70 21.74
increased content in water.

Nitrates in water cause the disea
called methemoglobinaemia ?  44.44 0 55.56 34.78 0 65.22

Components of mineral fertilizer:
are accumulated in plants and
agricultural products. 100 0 0 61.40 38.6 0

cannot be neglected (Table 1). According to the effects of aldehydes, ketones and aromatic
obtained results, workers with secondary education compounds is not very well known to most
have better knowledge of effects of pesticides, workers. All workers claim that they have a
solvents, heavy metals, and nitrogen compounds on complete knowledge of impact of chemicals on
the environment, then workers with higher objects.

education. Adverse health and environmental
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When asked to specify the specific knowledge

of effects of mineral fertilizers (Table 2), worker

stated that they are completely acquainted with the

adverse effects of the following:

1.

Effects of ammonia and ammonium salts,
which are produced in transformation of
nitrogen fertilizers in soil on pH of saill;
Production of nitric acid in soil in reaction
of oxidation of ammonium salts and its ef-
fect on pH of soil;

Transformation of phosphoric fertilizers in
deeper soil layers into thermodynamically
most stable compounds with low solubility
products, which plants cannot absorb; Dif-

fusion process of phosphoric fertilizers,
which causes the increase in phosphorous
content in soil, and their environmental
impact;

4. Transformation of phosphates into insolu-
ble compounds and their reaction with soil
components;

5. Transformation of phosphates into insolu-
ble compounds and their reaction with soil
components;

6. Consequences of increased content of ni-
trates in water as a result of frequent appli-
cation of mineral fertilizers that contain ni-
trate ion as a basic component;

Table 3. Proposal of content for additional edwratf workers with high/school/university diploma

| General content

1.1. Basic consequences of
chemical pollution of atmosphere,
hydrosphere and soil

1.2. Basic consequences of effects
chemicals on living organisms

1.3. Effects of pesticides on organ-|
isms and the environment

1.4. Effects of polychlorinated bi-
phenyls

1.5. Effects of contaminants on
aquatic biocenose

1.5.1. Effects of heavy metals
1.5.1.1. Effects of silver

1.5.1.2. Effects of cadmium
1.5.1.3. Effects of chromium
1.5.1.4. Effects of copper

1.5.1.5. Effects of lead

1.5.1.6. Effects of mercury
1.5.1.7. Effects of nickel

1.6. Contamination of food pollution by
chemicals

1.6.1. Mycotoxins

1.6.2. Toxic metals

df.6.3. Halogen compounds

1.6.4. Pesticides

1.6.5. Antibiotics, hormones and additives
1.6.6. Synthetic substances

1.7. Environmental effects of chemical con
taminants originated from agricultural pro-
duction

1.8. Effects of acidic oxides

1.8.1 Oxides of sulfur

1.8.2. Nitric oxides

1.9. Effects of fluorides

1.10.Environmental effects of aerial precipit
tion

1.11. Pollution of troposphere with oxidants
1.12. Environmental effects of emissions of
basic pollutants

1.14. Environmental effects of pollutants on

1.15. Effects of reduced content of strato-

1.5.1.8. Effects of iron 1.13. Greenhouse effect
1.5.1.9. Effects of manganese

1.5.2. Effects of oil objects

1.5.3. Effects of surfactants

1.5.4. Effects of pesticides spheric ozone

1.55.
1.5.6.
1.5.7.

Effects of phenol
Effects of chlorine
Effects of ammonia

Il Special content

2. Mineral fertilizers as pollutants

2.1. Effects of mineral fertilizers on water
pollution

2.1.1. Effects of nitrogen fertilizers

2.1.2. Effects of phosphoric fertilizers

soil pollution

2.3. Effects of mineral fertilizers o

air pollution

2.4. Application of fertilizers that

contain microelements

2.5. Transformation of mineral

fertilizers in soil

2.5.1. Transformation of nitrogen

fertilizers

2.5.2. Transformation of phosphg

ric fertilizers

2.5.3. «Big nitrogen pump»

2.6. Effects of mineral fertilizers o

pH of soll
a?2.7. Pathways for reducing mineral

fertilizer content in soil

2.8. Environmental effects of ni-

trates as fertilizers

2.9. Accumulation of fertilizers in

plants

2.9.1. Transformations in plants

caused by fertilizers

2.10. Problem of partial exhaustion

of fertilizers

2.11. Effects of mineral fertilizers

on humans and animals

3. Environmental effects of pesti-

cides

3.1. Accumulation of pesticides in

plants

3.2. Effects of pesticides on flora

and fauna

2.2. Effects of mineral fertilizers OI

7. Accumulation of mineral

fertilizers in .

effects of nitrates in fertilizers on their in-

plants and their implementation into tro-

phical chains.

It should be emphasized the significant per-
centage of workers who think that they have insuf-

ficient knowledge of the following facts:

« processes of transformation and diffusion of
phosphates in soil and their environmental im-

pact;

creased content in water.

Participants have exhibited excellent knowl-
edge on relationship between content of nitrogen
fertilizers in soil and in water, but most tifem
don’t know the adverse health effects of nitrates,
such as methemoglobinaemia. In contrast to work-
ers with university education, most workerghwi
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Table 4. Proposal of content for additional edwsatf workers with secondary school diploma

| General content

1.1. Basic consequences of chemical pollution of
atmosphere, hydrosphere and soil

1.2. Basic consequences of effects of chemicals on
living organisms

1.3. Effects of pesticides on organisms and thé enyv
ronment

1.4. Effects of phenols and polychlorinated bipheny
1.5. Effects of contaminants on aquatic biocenose
1.6. Environmental effects of chemical contamisant
1.7. Environmental effects of chemical contamisant
originated from agricultural production

1.8. Effects of acidic oxides

1.8.1 Oxides of sulfur

1.8.2. Nitric oxides

1.9. Effects of fluorides

1.10.Environmental effects of aerial precipitation
1.11. Pollution of troposphere with oxidants

1.12. Environmental effects of emissions of basic
pollutants

1.13. Greenhouse effect

1.14. Environmental effects of pollutants on olgect
1.15. Effects of reduced content of stratosphezane

Il Special content

2. Mineral fertilizers as pollutants

2.1. Application of fertilizers that contain mictee
ments

2.2. Transformation of mineral fertilizers in soil
2.2.1. «Big nitrogen pump»

2.3. Effects of mineral fertilizers on pH of soil
2.4. Pathways for reducing mineral fertilizer cartte
in soil

2.5. Effects of mineral fertilizers on water poidurt
2.6. Effects of mineral fertilizers on soil polloti
2.7. Effects of mineral fertilizers on air pollutio
3. Environmental effects fertilizers

3.1. Environmental effects of nitrates as fertilize
3.2. Accumulation of fertilizers in plants

3.3. Problem of partial exhaustion of fertilizers
3.4. Effects of mineral fertilizers on humans and
animals

4. Environmental effects of pesticides

4.1. Accumulation of pesticides in plants

4.2. Effects of pesticides on flora and fauna

secondary education don't have sufficient knowl-
edge on effects of nitrogen and phosphoric fertiliz
ers on pollution of natural waters.

Model of additional education of workers in
mineral fertilizers industry in the field of
environmental effect of chemicals

Analysis of the questionaire has revealed the
fact that present knowledge of participants should
be improved and that workers should be further
educated on effects of chemical substances on the
environment, and especially of mineral fertilizers
which they come in contact with. Educational
content is differentiated according to the previous
academic level of workers:

« content for additional education of workers
with  high school/university education
(Table3),

* content for additional education of workers
with secondary education (Table 4).

Content is also divided into general and
specific. General content includes knowledge on
environmental impact of different chemical
contaminants, while specific content includes
knowledge on effects of mineral fertilizers and
pesticides on the environment.

Workers with high shool/university education
should be offered wider ecochemical content since
they are more interested in learning than workers
with secondary education. Educational process
should include various teaching methods:
monologue and dialogue, discussion, textual
method, demonstration, method of written essays

and graphics, film projections, laboratory method,
projects, case-study etc. (Oljaca, 1997)

On the basis of the obtained results it can be
concluded that the workers who participated in the
survey, employed in the industry of mineral
fertilizers in the region of Novi Sad (Vojvodina,
Serbia) have sufficient knowledge on enviro-
nmental effect of various chemical pollutants,
including mineral fertilizers, but they also should
improve the existing and acquire new knowledge,
which confirms the main research hypothesis.

Workers with high school/university diploma
have in many fields better knowledge than workers
with secondary education, except in case of
environmental effects of pesticides, solvents, keav
metals and nitrogen compounds. This means that
the specific hypothesis of this research has been
only partially confirmed.

In order to provide workers with additional
ecochemical knowledge, it is necessary to design
the model of permanent ecochemical education of
workers in mineral fertilizer industry, in whicheh
important part would be information on
environmental impact of various chemical
contaminants, and especially effects of mineral
fertilizers and pesticides. This content should be
differentiated according to the academic level of
employees and should be divided into general
content (data on environmental effects of various
pollutants) and specific content (data on imact of
fertilizers and pesticides).

Additional knowledge of these facts not only
improves the professional position of workers, but
also develops their correct attitude towards the



environment, which reduces the risk of further
environmental pollution. Permanent ecochemical
education of the workers in chemical industry is of
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a great significance

pollution and sanation of existing environmental

problems.
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