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Abstract—This paper presents the study of parameters affgcti

the environment protection in the printing industiffhe paper has
also compared LCA studies performed within thetprinindustry in

order to identify common practices, limitations, eas for

improvement, and opportunities for standardizatiims comparison
is focused on the data sources and methodologésksinghe printing
pollutants register. The presented concepts, metbgg and results
represent the contribution to the sustainable dgweént

management. Furthermore, the paper analyzes theét rek the

quantitative identification of hazardous substareresgited in printing

industry of Novi Sad.
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|. INTRODUCTION

Development as a process of work reproduction
permeated through all segments of society, anduitsessful
implementation requires good governance, or

certification programs, there is still a great deflincertainty
and disagreement about the interpretation of thaymaCA
studies in the printing industry.

Life cycle assessment (LCA) is a way to evaluate th

impact of various aspects associated with developnoé
product and its potential
throughout its life [2], [3]. LCA includes defindgn of goal
inventory analysis,
interpretation of results [2], [4]-[6]. The goal carscope
definition describes the underlying question (obye), the
system, its boundaries and the definition of a fiemal unit.

ITHIN the printing industry, one of the primary The flows of pollutants, materials and resourcesracorded

problems in  production is

assumptions and practices. This makes it diffictiipt
impossible, uniquely determine the lifetime of camp [1].
Printing is an ubiquitous part of our lives, rargifiom the
printing of personal documents and photos, to theuthents
we use to communicate in business and the massigiron of
advertisements, marketing, and magazines. Given
pervasiveness of print, it is not surprising tha@anm
organizations are interested in the environmentapaicts
associated with printing through its life duratiofhese
include impacts such as toxic pollution, water eaonption,
energy consumption, solid waste production, angaliution.
In the early seventies of the 20th century, a syate study
and monitoring of pollution and environmental pobiten
have begun. Nowadays, due to the development
management practice, there is a perceived needotode a
healthy living environment for future generations.
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non-standardizedn inventory analysis. These elementary flows (sioiss,

resource consumption, etc.) are characterized ggcegated
for different environmental problems in impact a&sseent
and finally conclusions are drawn in interpretatstage. LCA
applications are comparisons of different produetsd
systems, or different materials production or réogc

thods. LCA can be used as a tool to detect paterfor
improvements with the aim to reduce the impact amn
health, environment and resource depletion.

The studies that are in scope of this paper ateerdomain
of printing industry as a relatively low source Iptér of the
environment, but the presented concepts, methoyotogl
results are the authors’ contribution to the sosiale
gdevelopment management.

Il. RESEARCH BACKGROUND

The research was carried out in the printing ingust
Novi Sad, and resulted in the compilation of thédyters and
pollutants register. The basics of the procesgpegsented in
the paper.

A. Pollutants register

Register of pollutants presents a list of inforratand data
of the pollutants that are harmful to the environtand
provides the basis for their monitoring and confi@| [8]. It
contains information about contaminants, their fioca
production processes, preferences and materiahdegaof
inputs and outputs of raw materials in waste waeatment,
other types of waste and landfills [7], [8]. Themabf the
register of hazardous materials results from thednéor
obtaining quality and timely information about emvimental
pollution released from printing facilities.

broadly
speaking good management [1]. Despite the standands

impact on the environment

impact assessment an
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the emission of pollutants, monitor progress inlyn

prevention and thus, implement and carry out emvirental

+ Reducing pollution from industrial facilities andher policy, identify priorities and perform necessargtians

sources to minimum; towards integrated environmental protection, all tine

« Determination of the amount and trend monitoring ofunction ~ of ~sustainable development |

specific pollutants emission due to lower the fiskel ~Registry is an integral part of information systefor

of adverse effects; environmental protection of the Republic of Serlvidjch is

« Improvement of public access to information, aslas! in direction of the Agency for Environmental Prdten. It is

its involvement in the process of decision making oin accordance with the Law and contains data abouand

environmental issues. water pollution and waste management from pointcasias

The Register is an important database for decisiaking Well as the settlement, as diffuse sources [8].dtipanies

and provides significant basis for preventing podhi in which should make report about pollutants emis&iom their
printing industry. It allows government agenciesidentify ~facility are determined by the Fig. 1.

The started objectivesinclude:
« |dentification of individual sources of pollutants;

[s the activity of your company in the business activity register?
(Appendix 1. Column 2. of the Serbian Regulation)

No —® No report

Yes

'

Are the installed capacities greater than the marginal capacities?
(Appendix 1. Column 3. of the Serbian Regulation)

Is the average annual number of employees greater than the limits?
(Appendix 1. Column 4. of the Serbian Regulation)

Yes
l No _>

No report

Yes

|

No report

Fig. 1 Reporting of companies for the Registerafytants

The Register provides an important mechanism foeal conditions of selected printing facilities ogt@on, the
increasing company’s responsibility, pollution relon and appropriate substitution of the individual toxicbstances in
promotion of sustainable development [9]. During fitocess the mixtures of solvents are proposed with ecattig
of data collection for the Registry of pollutantsanagers in solvents, whose physical and chemical charactesigtave
many companies found that emissions were not ohfy tbenefit impact on profitability and efficiency ofhe
problem of environmental pollution, but also a #igant technological processes, as well as on the quailiying and
source of lost funds.As a result of data collecfimm source working environment [10], [11].Quantitative analgsef the
emissions, companies started different researchtalfind a presence of certain pollutants were carried out using
variety of technical and technological solutionsatth different physical and chemical methods and inseuotst

management.The

significantly decreased the level of impact of eonimental
pollution, reduced all types of emissions from #wrce by
using alternative fuel, less hazardous chemicatk rameral
resources, improved production process controlinagased
equipment efficiency.

Ill. RESULTS

A. Quantitative identification of hazard in printing industry
of Novi Sad

Based on the data collected in the field and diaskin the

mobile gas chromatograph Voyager, Photovac, Inmrtaple
ozonometer Aeroqual Series 200, Aeroqual Ltd., mass
spectrometer Perkin Elmer Elan 5000 with inductivel
coupled plasma and sound level meter TES-1358A RiBh
232 interface [12].

Real-time measurements of VOCs, isopropanol, aeeton
ozone and formaldehyde concentrations were perfdiméhe
screen printing facilities in Novi Sad, Table 1.
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TABLE |
CONCENTRATION RANGE OF SCREENPRINTING INDOOR POLLUTANTS
MAC (ppm)
Substance C (ppm OSHA NIOSH

PEL STEL REL IDLH
Acetone 0.013 t0.15C 100C 100C 25C 250(
Isopropanc 0.059t0.112 40C  50C 40C  200(
Methyl ethyl keton 0.171t00.195 200 300 200 300C
Formaldehyd 0.413t00.836 0.75 2 0.016 20
Ozone 0.839 t(2.77¢ 0.1 0.2 0.1 5
o-xylene 0.25: 10C 15C 10C 90C
Toluene 0.017t035.459 200 300 100 50C
Benzen 0.02Z 1 5 0.1 50C

Concentration levels of target VOCs are within m—8-hr
framework of the permissible exposure limit (PEt) &-hour 301 ®—24-hr
time-weighted average recommended by the Occupat A
Safety andHealth Administration (OSHA) [1]. T 254 /

The average values of formaldehyde conations g
measured in the screen printing facilities werethia range 5 204
from 0.413 to 0.836 ppm which afeelow to prescribe &

OSHA standards. Variations of formaldehyde coneeiuins §

. " . 2 15+
are related to the chemical compositions of raw enialts, S
ambient conditios, and distance from the printing machine © \
well as type of air filtration system installed the printing g1 ° ° ¢ ¢ ¢
machind 12]. 2 — . -

Experimental results showed that ambient oz § 054
concentrations raise with the increase of totahti@ organic < "
compounds (TVOCs) concentration [12According to the 0,0 r r r r r

1 2 3 4 5

Serbian Regulation the maximum allowed concentne
(MAC) of ozone emission in workplace is 0.05 ppnut
measured ozone concentrations (0.832.%Y8 ppm) is much
more above prescribed MAC value, Fj13].

The liqud waste of printing industry contains large amol
of organic compounds. The problem of printing wester
pollution is solved with adsorption on natural -cost
adsorbents such as zeolinoptilolite (NZ), activated carbo
(AC) and their mixture (NZ+AC), Tablé [14].

Sampling point

Fig. 2 Average ozone concentrations duri-hr and 24-hr
measurements [1

The efficiency of printing wastewater purificatiors
accompanied by immobilization of metal ions duritfte
contact time. The results showed the effici¢ of adsorbents
in the following order: AC > NZ > NZ+A(

TABLE Il
CONCENTRATIONLEVELS OFZN(I1) IONS INPRINTING DEVELOPERBEFORE ANDAFTERADSORPTION
Before adsorptic After adsorptio
Fresh developer  Spent develop: ACt Nzt NZ+ACt
1.278+ 0.064 17.30z+ 0.865 6.233+ 0.312 7.624 0.381 9.567+0.478

OSpent printing developer after adsorption on AC,ahd NZ+AC

The level of noise, as psychological and physicdiupant,
was measured in theffset printing facility. It was observe
that the highest level of noise is produced bye printing
machines and folding units [IL5but does not exceed t
permitted level according to the Regulation of theel of
noise in environment of 75 dBA.

IV. CONCLUSION

Starting from the importance and role of sustaia
development in human life, and bearing in mind thatmade
the research that resulted in the process of agdttabase (
hazardous substances in the printing industry ofi I$ad as

bakground of sustainable development management,
thus, Novi Sad and the Republic of Serbia succhgs
satisfied a part of the imposed conditions for Fean
integration. Based on the obtained experimentah,d#ie
Register of pollutants of printingacilities on the territory of
Novi Sad was drawn up.

A great deal of activity is occurring in environnser
impact assessment within the printing industrys Itlear tha
a great deal of effort and expense has been patthese
assessments. While eashthese analyses has served spe
purposes, the printing industry has expressed égel no be
able to make meaningful comparisons across studibe
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analysis performed in this work has not only canéd the
inability to make cross-comparisons across studies, has
also identified sources of discrepancies and viitiab
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