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Abstract

In spite of the importance to the use of organic solvents in the shoes industry, exposure
data of the employees at these solvents in this sector are absent in Tunisia. The objective of
this study is to establish a biotoxicological supervision of exposure in shoes manufactur-
ing companies. After the inventory of the most dominant solvents (acetone, cyclohexane,
hexane and methylethylketone, toluene) in the preparations used in shoes manufactur-
ing, 18 voluntary companies benefited from 55 dynamic atmospheric samplings realized
on a duration of 4 hours. The exposure index some mixture ranged between 0.1 and 8.8
and presented an average value superior to 1, mainly in the partly industrialized process.
These values reached, respectively, 1.7, 2.5 and 4.5 for the posts of finishing, shoes col-
lector and glues dispatcher. The atmospheric average concentrations of certain solvents
exceeded the limit value of professional exposure mainly for the hexane with a value of
214 mg/m? in certain posts. The chronic exposure to organic solvents in a shoes industry
and to establish a first report on the profiles of exposure to these solvents in this sector.
Hence, an approach of evaluation of the professional risk by the biotoxicological supervi-
sion of exposure is established in Sfax city.

Keywords: solvents, shoes, evaluation of the risk, metrology of atmosphere

1. Introduction

Organic solvents constitute a set of varied chemicals whose essential chemical properties are a
solubilizing power associated with a generally high-volatility [1]. These properties make them
products of use that are difficult to circumvent in various industrial sectors such as footwear
manufacturing [2-4]. Among the chemical agents identified in this sector in Tunisia, organic
solvents play a major role in the quantities used and the number of employees exposed.
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However, employee exposure data for organic solvents in this sector are almost absent. The
prevention of occupational risks (POR) and more particularly the chemical risk is based on the
risk assessment (RA) according to procedures established by regulatory texts [4-6]. However,
the Tunisian occupational health regulations [7, 8], did not provide any obligation for compa-
nies to perform RA requiring metrology of work environments, and biotoxicological dosages.
The study objective is to establish a biotoxicological exposure metrology for solvent mixtures,
composed mainly of acetone, cyclohexane, n-hexane, methyl ethyl ketone (MEK), and toluene
used in the shoes industry of a pilot study to generalize it in all industrial sectors of Sfax city.

2. Methods

2.1. Manufacturing processes for shoes and workstations exposed to solvents

The shoe industry, despite the mechanization, remains a labor industry with 150 operations
needed to make a pair of shoes. Three types of manufacturing techniques exist: welded,
Goodyear sewn, and direct injected [9].

We limited ourselves in our study: (i) to the “welded” manufacturing process. It is the most
widespread technique in Sfax city, and the most exposed to glue and solvent preparations
(after creation, modeling, patronage, cutting and stitching, welded is the phase during, which
the sole is fixed by gluing to a rod mounted on the base) and (ii) the three main positions
exposing the solvents, which are the tiller station (mounting and gluing), the foundry station
(display and welding), and the finishing station (cleaning, potting and packing) [10].

2.2. Sampling of shoe companies

Shoe manufacturing companies in the Sfax region have been classified and classified in three
groups according to their manufacturing processes: industrial (26 companies and 751 employ-
ees), semi-industrial (6 companies and 46 employees) and handicraft (60 companies and 350
employees). The artisanal process has been divided into two categories: type 1 (foundry post
and separate tiller station) and type 2 (the two spots are made by the same person in two
steps).

Twenty-two companies using the “welded” process: 6 industrial, 6 semi-industrial and 10
artisanal with a workforce of 122, 48 and 60 employees (230 employees in total) were selected
for this biometric study.

2.3. Selection of solvents to measure

Following a tracking of the solvents present in the composition of the products handled
(glues, thinners and paint removers) in the shoe manufacturing companies during the first
half of 2008, according to the simplified method of the National Institute for Research and
Security (INRS) chemical RA, which mainly includes three phases: (i) inventory of products
and materials used in the facility, in a workshop or workstation, (ii) prioritization of potential
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risks and (iii) RA [4]; we have identified five predominant solvents: acetone, cyclohexane,
hexane, methyl ethyl ketone and toluene [4, 11-14].

2.4. Methods

The exposure evaluation to these 5 solvents was carried out over 15 weeks from May 20 to
September 15, 2010, divided into two periods, each comprising two components [4, 5, 15, 16]:
(i) an observation of the different workstations with the help of the head of the company and
the oldest employees and (ii) ambient metrology of solvents and glues.

2.4.1. Biometric measurements

In order to measure the concentration of solvents in the atmosphere, individual and/or stationary
samples were taken (Figure 1): the sensors were placed close to the airways (personal sampling
system) or installed at medium height of the tracks. Above ground level (stationary system),
and consisted of a sampling pump (Poket Pump: Pump SKC® 210-1002 TX) with a regular flow
rate of 100 (+ 5%) cm’/min and an activated carbon trapping tube (SKC® Tube 226-16: 800 and
200 mg). The sampling was set up for a half-workstation or duration of 4 hours. The samples
were taken in the middle of the week: Wednesday or Thursday depending on the type of manu-
facturing process of the companies and their places of installation. Solvent concentrations were
determined by gas chromatography after desorption of sampled sample tubes [17-21].

(b)

Figure 1. Atmospheric metrology in a semi-industrial shoe manufacturing company. (a) Individual sampling at the
“uppers preparation workstation and (b) ambient sampling at the “finishing workstation.
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Solvent N° France USA Allemagne Sfax study
CAS! UEe? ACGIH? MAK* Values selected
VME® TLV-TWA® AEV adopted
ppm’ mgm> ppm mgm3 ppm mgm?> ppm mgm?>
Acetone 67-64-1 500 1210 500 — 500 1200 500 1200
Cyclohexane 110- 200 700 300 — 200 700 200 700
82-7
n-Hexane 110- 20 72 50 — 50 180 20 72
54-3
Methylethylketone (MEK) 78-93-3 200 600 200 — 200 600 200 600
Toluene 108- 50 192 50 — 50 190 50 190
88-3

ICAS: Chemical Abstract Service.

2UE: Union Européenne.

*ACGIH: American Conference of Governmental Industrial Hygienists.
‘MAK: Maximale Arbeitsplatz-konzentration.

*VME: Average Exaposure Value (Valeur Moyenne d’Exposition) calculated in relation to a reference period of 8 working
hours per day and 35 hours per week.

STLV-TWA: Time-Werghted Average (Valeurs Weighted average values over 8 hours per day and 40 hours per week).

"ppm: parts-per million and volume of air.

Table 1. Occupational exposure limit values [7, 8, 11, 15, 23, 25, 26].

2.4.2. Biometric exposure limit values

The measurements results were compared with the ’s (AEV) of solvents calculated for a refer-
ence period of 8 working hours/day and 39 hours/week (Table 1) [7, 9, 11, 22, 23]. In the absence
of Tunisian exposure limit values (ELV) [9, 10], we have referred to international values (French,
American and German), adopting the most restrictive values (Table 1) [11, 22, 24-26, 27].

Since glues are a mixture of solvents, we have conventionally used an exposure index (I.exp)
for individual samples that are used as a comparison with limit values [11, 28]. This Lexp. is
equal to C/AEV, + C /AEV +........ +C /AEV_(C, and AEV_being, respectively, the concen-
tration and the limit value of the pollutant n). If Lexp. is greater than 1, the limit value is con-
sidered exceeded. Calculated from a fixed-rate levy, this index is called pollution index (I.pol).

3. Results

3.1. Participating shoe companies

Eighteen companies out of the 22 companies contacted agreed to participate (participation
rate of 81.8%), including four manufacturing shoes using an industrial process, five using
a semi-industrial process, and nine using an artisanal process. They were divided into two
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groups according to the level of activity and the planning of the realization of the interven-
tions: the first period, from May 28 to July 21, 2010, was a period of average activity (end
of the preparations of the collection of summer); and the second period, from August 27 to
September 12, 2010, a period of significant activity (preparations for the winter collection, the
return to school, and the holiday season after Ramadan). A total of 55 atmospheric samplings
of which 33 individual and 22 fixed samplings: 17 industrial enterprises, 23 semi-industrial
enterprises, and 15 artisanal enterprises.

3.2. Atmospheric dosages of solvents

Employee exposures according to the industrial process show high levels of I.exp., especially
in semi-industrial and artisanal type 1 enterprises during the two periods of activity, particu-
larly during the period of high-activity (Table 2).

The atmospheric concentrations according to the workstation shows Lexp. and/or I.pol
exceedances for the exhibitor stations (tigers, foundries, and finishes) in the processes: indus-
trial, semi-industrial and artisanal type 1 (Table 3). At the silkscreen station in the industrial
process, occupied by a young woman of childbearing age, the Lexp. is equal to 9.4.

The set of atmospheric measurements carried out in the different companies shows that the
solvent exposure varies from one process to another and from one station to another (Table 4).
The average atmospheric concentrations of hexane were particularly high with exceedances of
the AEV including the position of the tiller, the melter, and the finish in all processes with the
exception of the artisanal process type 2. With the exception of MEK at the uppers preparation

Process Company  Samples
Number Individual Ambience
Exposure index (I.exp) Pollution index (I.pol)
n min- average n min- average
max max
Industrial 1 5 3 03-1.1 0.7 2 05- 0.6
0.8

Semi-Industrial 1 5 3 04-12 0.7 2 0.0- 0.1
0.3

2 5 4 05-2.0 1.0 1 — 0.4

B 4 2 0225 13 2 0.2— 0.3
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Process Company  Samples
Number Individual Ambience
Exposure index (I.exp) Pollution index (I.pol)
n min- average n min- average
max max
Artisanal Type 1 1 2 1 — 0.1 1 — 0.4
2 1 / 1 — 0.7
5 1 / 1 — 0.8
4 3 2 04-17 1.1 1 — 1.6
5 2 1 = 1.5 1 = 0.9
Type 2 8 1 / 1 — 0.5

Total =33

Total =22

First Period: May 28 to July 21, 2008.

Second Period: from August 27 to September 12, 2008.

n: number of measurements taken.

Table 2. Atmospheric exposure of employees according to the manufacturing process in the 18 companies.

Process Workplace Samples
Number Individual Ambience
Exposure index (I.exp) Pollution index (I.pol)
n’ Min-  Average n Min-  Average
Max Max
Industrial Cutting 1 / 1 — 0.0
Stitching 1 / 1 — 0.8
Uppers preparation 4 3 0.9-19.8 8.4 1 — 0.5
Founder 7 5 03-35 15 2 0.3-0.8 0.5
Finishing 3 3 09-18 12 /
Serigraphy 1 1 — 9.4 /
Semi-industrial Uppers preparation 8 4 0525 1.6 4 01-72 25
Founder 12 10 02-5.6 1.8 2 0.2-88 4.5
Finishing 3 / 3 0343 1.7
Artisanal Uppers preparation 5 2 0.1-1.6 0.9 3 09-5.1 25
Founder 8 5 04-64 2.7 3 04-0.7 0.6
Uppers preparation/ 2 / 2 0.5-0.6 0.6
founder
Total = 33 Total =22

‘Number of samples.

Table 3. Employee exposure index by workstation.



Process Workplace n’ Acetone (mg/m?) Cyclohexane (mg/  n-Hexane (mg/m?®) MEK (mg/m?) Toluene (mg/m?)
m’®)
Min-Max Average Min-Max Average Min-Max Average Min-Max Average Min-Max Average
Industrial Cutting 1 — 0.0 — 0.0 — 0.0 — 0.0 — 0.0
Stitching 1 — 0.0 — 160.5 - 36.8 — 0.0 — 6.8
Uppers preparation 4 0.0- 413.0 0.0-183.8  66.8 28.1- 300.1 0.0- 776.6 13.6— 103.5
1652.0 975.0 2656.9 321.0
Founder 7 0.0- 439.6 0.0-72.1 21.2 14.3- 51.9 0.0-121.4 173 0.0-719 213
3077.3 139.3
Finishing 3 — 0.0 0.0-342 129 53.8-86.6 66.8 0.0-165.3 108.7 56-43.7 208
Serigraphy 1 — 0,.0 — 12811  — 401.8 — 1090.8  — 38.6
Semi- Uppers preparation 8 0.0-114.3 16.1 — 118.5 0.0-204.0 57.4 0.0-509.5 113.4 4.4-500.0 106.6
industrial
Founder 12 0.0-989.1 222.0 — 94.0 0.0-214.1 58.6 0.0-622.5 134.2 4.0-6159 121.6
Finishing 3 0.0-474.3 158.1 — 3.9 0.0-116.0 43.8 0.0-350.3 136.2 10.3— 130.4
329.0
Artisanal Uppers preparation 5 0.0-217.6 43.5 — 1115 0.0-112.8 52.9 0.0-334.5 124.0 7.8-480.0 138.5
Founder 8 — 0.0 — 112.2 3.3-147.3 58.6 0.0-442.5 150.8 0.4-578.1 115.0
Uppers preparation / 2 00434 217 — 26.6 21.6-27.2 244 — 0.0 27.7-359 318
founder
Total = 55

‘Number of samples.

Table 4. Average atmospheric concentrations of the solvents dosed.
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and screen printing stations in the industrial process, the concentrations of the other solvents
measured (acetone, cyclohexane, and toluene) were relatively high without exceeding the AEVs.

4. Discussion

This study is the first active sampling approach in the field of occupational health in Tunisia.
It initiates the implementation of a structured approach in occupational toxicology and the
environment by our laboratory in the theme of the impact of hazardous substances on the
environment and human health. It required the acquisition of sampling equipment, which is
of great interest to develop this type of toxicological measures and to carry out new measure-
ment campaigns in Sfax city.

We had to experience a delay in carrying out our atmospheric sampling due to the various dif-
ficulties related to the development of the solvent analysis protocols. Indeed, we have carried
out bibliographic research and repeated laboratory tests in the absence of technology transfer
(North-South) methods of analysis [16, 29, 30].

For about 10 years the use of solvents is in full revolution, because of the constraints of PRP,
but mainly because of regulatory requirements of the protection of the environment. These
regulatory changes lead to changes in the nature of the solvents applied and in the way, they
are used [11, 23, 31]. In addition, the number of employees exposed continues to increase in
Tunisia. In France, the summer 2003 survey showed that the number of employees exposed
to solvents has increased since 1994, from 12.2 to 14.7%, mainly in the chemical industry [2].

If these atmospheric metrology and toxicological analyzes were made for the first time in the
footwear manufacturing sector in Sfax, they interested a sample of companies from the three
footwear manufacturing processes (industrial, semi-industrial and artisanal) and were pre-
ceded by a preliminary RA with a post-study and an inventory of the products handled [5, 6].
This RE could be improved by the experience we have gained and with the best knowledge
of this sector and its risks.

All samples taken from companies indicate that employee exposure to organic solvents varies
widely depending on the task performed. Exposure indices were greater than 1 with VME over-
runs, particularly at the most exhibiting positions: the tiller, the smelter, and the finish. In our
study, hexane levels were particularly high with averages ranging from 24.4 to 300.1 mg/m?;
while toluene levels were relatively high in some measurements but averages were below the
VME range of 21.3-138.5 mg/m?®. In Spain and according to Cardona [32, 33], in his studies on
the manufacture of footwear in the process the welded, by means of passive sampling (by badge)
the average atmospheric concentration of hexane and toluene at the positions of founders, and the
finish was, respectively, 47 and 86 mg/m’® with a range of 4-652 and 2-1143 mg/m?, respectively.

5. Conclusion

This study allowed us to know the chronic exposure to solvents in Tunisian shoes industry
and to establish the first report on solvent exposure profiles in this sector. This exposure is not
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constant over time and varies according to the task performed and the manufacturing process.
Therefore, the study of exposure to the workplace requires not only the average exposure to the
AEV but also to identify the polluting phases to determine the short-term exposure to the AEV.

Following the phase of identification of solvents and the demonstration of exceedances of the
limit values of certain solvents, the presence of women has increased in the shoe manufactur-
ing companies, which encourages us to explore the reprotoxic nature of certain preparations.
An approach to assess occupational risk through exposure bio-toxicological monitoring has
thus been implemented in Sfax city in various sectors exposing solvents for a better POR.

Acknowledgements

The authors thank the University of Sfax for the financial support.

Conflict of interest

The authors declare that they have no conflict of interest in relation to this article.

Author details

Imed Gargouri'* and Moncef Khadhraoui'?
*Address all correspondence to: imed.gargouri@fmsf.rnu.tn

1 Laboratory of Environmental Engineering and EcoTechnology (LR16ES19), Sfax
University, Tunisia

2 Medical School, Sfax University, Tunisia

3 Higher Institute of Biotechnology of Sfax, Sfax University, Tunisia

References

[1] Dubeau M. Vapors and gas. In: Occupational Hygiene. 4th ed. Quebec, Canada: The
Clay Griffin Inc.; 1985. pp. 415-523. ISBN 2-920210-34-3

[2] Arnaudo B, Leonard M, Sandret N, Cavet M, Coutrot T, Rivalin Thiérus L. Occupational
risks in 2010: Large differences in exposure by sector. References Health Work. 2013. TF
207:59-74

[3] Wilson MP, Katharine Hammond S, Nicas M, Hubbard AE. Worker exposure to vola-
tile organic compounds in the vehicle repair industry. Journal of Occupational and
Environmental Hygiene. 2007;4:301-310



10

Paint and Coatings Industry

[4]

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

Vincent R, Bonthoux F, Mallet G, Iparraguirre J-F, Rio S. Simplified chemical risk assess-
ment methodology. Cahier note doc. 2005;200(ND 2233):39-62

GonzalezM, Velten M, Cantineau A. Evaluation of solvent exposure in an epidemiological
study of 249 employees. Archives des Maladies Professionnelles et de I’'Environnement.
1999;60:432-434

INERIS (National Institute of Industrial Environment and Risks). Health Risk Assessment
Guide. INERIS; 2003. 152 p [Online]. Available from: http://chimie.ineris.fr/en/lespdf/
guide_ERS.pdf [Accessed: September 17, 2008]

JORT. Law n ° 94-28 of 21 February 1994 on the compensation scheme for injuries at
work and occupational diseases. JORT. 22 February 1994;15:308-18

JORT. Law No. 95-56 of 28 June 1995 on the compensation scheme for injuries at work
and occupational diseases in the public sector. JORT. July 4, 1995;53:1419-24

Technical Center Leather Shoe Leather (CTC). Secrets of Shoe Making in Comics [Online].
Available from: www.ctc.fr/fag/questions.php3?theme=1 [Accessed: February 29, 2008)

National Institute for Research and Security (INRS). Ventilation workshops gluing small
objects (shoes). Practical Guide of Ventilation (n ° 5). 1987. ED 672: 28 p

Poirot P, Hubert-Pelle G. Solvent exposure profiles and comparison with short-term
limit values. ND 2235-200-05. HST (INRS). 2005;200:83-93

French Society of Occupational Medicine. Medical surveillance of employees exposed
to toxic substances for fetal development. Archives des Maladies Professionnelles et de
I’Environnement. 2005;66:165-176

Hertsenberg S, Brouwer D, Lurvink M, Rubingh C, Rijnders E, Tielemans E. Quantitative
self-assessment of exposure to solvents among shoe repair men. The Annals of
Occupational Hygiene. 2007;51:45-51

CoccoP, GiuseppinaToccoM, IbbaA, ScanoL, Grazia Ennas M, Flore C,Sanna RandaccioF.
Trans, trans-muconic acid excretion in relation to environmental exposure to benzene.
International Archives of Occupational and Environmental Health. 2003;76:456-460

Armstrong TW, Caldwell D], Verma DK. A proposed methodology for determining
exposure limits for hydrocarbon solvents. Occupy Day About Hygiene. 2005;2:600-607

Mckee RH, Medeiros AM, Daughtrey WC. A proposed methodology for determining
exposure limits for hydrocarbon solvents. Occupy Day About Hygiene. 2005;2:524-542

Hervé-Bazin B. Guide for the evaluation of exposure to toxic risk in the workplace
by sampling the atmosphere. ND 1730-135-89. Cahiers de Notes Documentaires.
1989;135:265-288

INRS. Metrol Database [Online]. Available from: www.inrs.f [Accessed: March 20, 2006]

IRSST (Robert Sauvé Research Institute for Occupational Health and Safety)-Operations
Directorate. Sampling Guide for Air Contaminants in the Workplace. Canada: IRSST (8th
ed.). T-06: 191 p. [Online] 2005. Available from: www.irsst.qc.ca [Accessed: August 15, 2006]



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Metrology Organic Solvents in the Shoes Industry in Sfax City (Tunisia)
http://dx.doi.org/10.5772/intechopen.78316

IRSST. Substances sheet of the air contaminants sampling guide in the workplace.
[Online]. Available from: www.irsst.qc.ca/en/_listersst.html [Accessed on 20.03.2006]

SKC Inc. Air sample pumps, calibrators & accessories. Sorbent sample tubes and media
collection [Online]. Available from: http://www.skcinc.com/ [Accessed: March 15, 2006]

JORF. Decree No. 2007-1539 of 26 October 2007 setting binding occupational exposure
limit values for certain chemical agents and amending the labor code (Part 2: Decrees in
Council of State). JORF, October 28, 2007: Text 13 of 52 (NOR: TST0760893D)

PLAY. Directive 2006/15/EC of 7 February 2006 establishing a second list of indicative
occupational exposure lists under Council Directive 98/24/EC and amending directives
91/322/EC and 2000/39/EC. OF 9.2.2006: L36-L39 (EN)

Pillary F, Conso F. Biotox: A Biotoxicological Guide for Occupational Physicians. France:
INRS; September 2007. ED 791: 252 p [Online]. Available from: www.inrs.fr [Accessed:
September 15, 2007]

Triolet ]. Occupational exposure limit values for hazardous substances. Values of ACGIH
(United States) and MAK commission (Germany). ND 2114-176-99. Cahiers de Notes
Documentaires. 1999;176:59-90

Truchon G. Biological Monitoring Guide: Collection and Interpretation of Results. 6th
ed. Canada: IRSST; 2004. T-03: 92 p. [Online]. Available from: www.irsst.qc.ca [Accessed:
May 19, 2005]

Courtois B. Occupational Exposure Limits for Chemical Agents in France. France:
National Institute of Research and Security [INRS]; December 2007; ED 984: 19 p

Poirot P, Subra I, Baudin V, Hery M, Chouaniere D, Vincent R. Determination of
the medium-term exposure of house painters. ND 2125-179-00. Notebook Notes.
2000;179:5-13

Eller PM, Cassinelli ME. NIOSH Manual of Analytical Methods (NMAM). 4th ed. USA:
CDC; 1994. [Online]. Available from: www.cdc.gov/niosh/nmam [Accessed: August 15,
2006]

Soulage C, Perrin D, Berenguer P, Pequignot JM. Sub-chronic exposure to toluene at
40 ppm alters the monoamine biosynthesis rate in discrete brain areas. Toxicology.
2004;196:21-30

JOREF. Decree No. 2008-602 of 25 June 2008 on the recycling and treatment of waste prod-
ucts. JORF. No. 149 of 27 June 2008 (NOR: DEVP0772293D)

Cardona A, Marhuenda D, Marti ], Brugnone F, Roel ], Perbellini L. Biological monitor-
ing of occupational exposure to n-hexane by measurements of urinary 2,5-hexadione.
International Archives of Occupational and Environmental Health. 1993;65:71-74

Cardona A, Marhuenda D, Prieto M], Marti ], Periago J-F, Sanchez J-M. Behaviour of
urinary 2,5-hexanedione in occupational co-exposure to n-hexane and acetone. Int Arch
Occup Environ Health. 1996;68:88-93

1"



ntechOpen

ntechOpen



