RISK PROFILE IN THE BODY SHOP SECTOR

BODY SHOP PRODUCTION CYCLE

The description of the production cycle has been agreed with the Viareggio local health authority
experts, who have already conducted similar research

The description of the production cycle has been agreed with the Viareggio local health authority
experts, who have already conducted similar research

FLOW-CHART

REMOVAL
Removal of windows
Removal of accessories
Removal of metal plates
Removal of mechanical parts

STRAIGHTENING
Straightening of metal plates
Balancing of contours

METAL PLATE ASSEMBLY
Welding
Bolting
Gluing
Milling

PREPARATION FOR PAINTING
Application of noise proofing
Application of antirust
Manual application of filler
Polishing
Cleaning of surfaces
Masking
Degreasing
Application of undercoat
Final polishing

PAINTING

Preparation of colour

Dilution
Addition of hardener

Spraying

Drying
Cleaning of aerograph

(eventual) solvent distillation solvent from
residues




INSTALLATION
Injection of antirust products
(in closed parts)
Installation of mechanical components

Greasing of window guides

Application primer and
adhesive +window sealant

installation of windows
installation of accessories

POLISHING AND WASHING




TARGETED RESEARCH

RISK PROFILES IN ARTISAN AND SMALL ENTERPRISES:

BODY SHOPS
1. SECTOR : BODY SHOPS
2. ISTAT CODE : 671.2

3. ISPESL CODE

SURVEY AREA

4. NATIONAL

5. REGIONAL

6. PROVINCIAL

7. USL : usl 7 Siena & area
8. SURVEY YEAR : 1998

9. NUMBER OF WORKERS
O9A. OFFICE WORKERS : 1 men 13 women
9B. OTHER WORKERS : 131 men 0 women

10. N. ENTERPRISES : 36

11. SURVEY FACILITY : USL 7 - Service for prevention health and

workplace

12. REFERENCE PERSON

TITLE :

NAME : FLAVIO

SURNAME : BORGOGNI

ADDRESS : STRADA DEL RUFFOLO

CAP : 53100

CITY : SIENA

PROVINCE : SI

PHONE : 0577/586670

FAX : 0577/586112

E-MAIL : medlav.siena@usl7.toscana.it

13. ACCIDENTS: TOTAL 36 (on 16 enterprises)

14. OCCUPATIONAL DISEASES

OF WHICH FATAL O

safety at the

| NAME | N. CASES | INAIL CODE
IHYPOACUSIS DUE TO NOISE | 3 | IN.50.00
IDERMATITIS FROM CONTACT | 1 | IN.42.03
CHRONIC BRONCHITIS FROM : IN24.02

ISOCYANATES




NOTES:

The occurrence of the accidents and occupational diseases refers to the 5-year period 1994-1998
and the sources are the accident registers of 16 Enterprises and the occupational disease analyses
with the first medical certificate sent to the USL as monitoring body.

* In the following paragraph 6 (N. WORKERS), the numbers marked with an asterisk (*) represent
all the workers in that phase, including those who do not do it exclusively, but are also counted in
other phases.

THE SECTOR

Introduction

The research covered car repair shops specifically dealing with bodywork. The study excludes
repair shops for the preparation of vehicle body pieces and components in various materials (metal
plate, fibreglass, moulded plastic etc.) as being outside the risk profile. It also excludes repair shops
for the construction and repair of body components for trucks and large commercial vehicles.

The artisan body shop sector is part of the category of vehicle repair personnel, which also
includes mechanics, who handle the repair of vehicle engines and of structural and functional
components (suspensions, brake systems, controls, transmission etc.); electrical repairmen, who
handle repairs to the various electrical, electronic and now computerised components of vehicles;
carburettor repairmen, who are specialised in the maintenance of equipment for engine fuel
supply, for carburettors, with or without injection or electronic dosage devices, and for diesel or
injection engines, so that they are often included among pump repairmen; tyremen, who handle all
the operations regarding the wheels, whether for the rigid components such as rims and flexible
ones such as tyres.

Some operations for the repair or modification of bodies often involve work on structural elements
(body, frame etc. which come within the sphere of the body shop) and plant and services of the
mechanical and electrical type (for example suspension, brakes, lights etc.); this implies in the
artisan sector a professional knowledge of the car as a whole and involves exposure to job risks
connected with these operations. Body shop mechanics may work in collaboration with some of the
repairmen mentioned above, sharing the job risks.

The body shops in the Siena area (i.e. the part of the province of Siena including the towns of
Asciano, Buonconvento, Castellina in Chianti, Castelnuovo Berardenga, Chiusdino, Gaiole in
Chianti, Montalcino, Monteriggioni, Monteroni d'Arbia, Monticiano, Murlo, Radda in Chianti,
Rapolano Terme, San Giovanni d'Asso, San Quirico d'Orcia, Siena and Sovicille) are mainly
located outside urban areas; some have recently been transferred outside town centres and located in
artisan areas or industrial zones. The shops are mainly recently built, with the activity started up and
complying with the structural and health standards of the standards of the commission for New
Production Areas formed by personnel of the local health authority USL7 Department of
Prevention, Siena area, and Tuscany Regional Agency for the Environment (ARPAT).

Health risks for body shop workers are described in the risk factor phase document. Harm to
persons, represented by accidents and occupational diseases, does not appear to be very significant.
With regard to accidents (see sheet) there may be an error of underestimation. Being mostly owners
or family members, it may be that they prefer to continue working despite small traumas, and that
even in case of accidents they may not make the INAIL application, preferring instead to use
(improperly) the days of absence for illness under prescription from their physician. For the
occupational diseases (see sheet), besides a similar tendency to underestimation, for more the



serious chronic pathology among those expected i.e. due to isocyanate, there may be a “health
worker” effect, since those who have suffered from job-related asthma tend to avoid subsequent
exposure to the pathogen agent and seek another job. Non-clinical effects of exposure to products
are described in the paragraph on biological monitoring, and in the chapter on chemical risk.

CHEMICAL RISK

In the operations of repair of car bodies the workers are among the ones most exposed (see risk
factor phase document), for air-borne and cutaneous contact with dust, particulate from spray paint,
solvents and isocyanates. Exposure to styrene, present in polyester stuccos, though not having the
function of a solvent, is described together with these organic compounds.

From the quality point of view, the variety of products used in Siena body shops is extremely
variable, with respect to a rather low consumption form the quantity point of view. The examination
of the safety cards fails to provide information usable to a quantify the exposure of workers to
single components, considering the extremely variable amounts used, ranging from a few grams per
year to dozens of kilograms a week. With regard to the most important dangers for health, it has
been observed that following an intensive information campaign conducted by the Functional Unit
for Prevention, Health and Safety at the Workplace for body shop workers and their category
associations, paint products containing lead and chrome in the pigments have been gradually
eliminated and replaced by corresponding colours not containing these metals. With regard to
isocyanates, all the products used had free monomer content less than 0.5%.

Unfortunately, at least in theory, we cannot exclude the risk of cancer, in the range of products used
there are still some, used as fillers, containing potassium chromate and Strontium chromate in a
concentration stated on the label and in the safety sheet R45 "may cause cancer”. Fortunately these
products are used rarely and in small amounts. Moves are under way for the replacement of these
products and the elimination of this risk.

The exposure of workers to factors of chemical risk has been assessed by the Operational Unit for
Industrial Health and Occupational Toxicology of this USL 7, using environmental monitoring and
biological monitoring.

ENVIRONMENTAL MONITORING

Seven body shops in the territory of the Siena-Siena area health authority USL7. The strategy of
assessment of the chemical risk called for the estimate of skin and inhalation exposure to pollutants
of various types, and the biological monitoring of workers.

Assessment of skin exposure to metals and estimate of potential and real doses

The assessment was made using pads place on and under clothing and by washing liquid for the
hands with ethanol made midway in the shift (before the lunch break) and at the end of the daily
shift.

The pads were in fibreglass, diameter 37 mm, secured with tape in the following positions:

1- Head (the pad was usually placed on the right or left cheek)

2- Front chest on and under clothing

3- Rear chest on and under clothing

4- Right arm on and under clothing

5- Left arm on and under clothing

The pads were exposed for the entire duration of the work shift. In case of change of protective
clothing by workers, the external pads were then placed on the new clothing.

After the sampling the pads were placed in decontaminated plastic containers and conserved at
environment temperature of to the time of analysis when were attached with nitric acid solution.
The resulting liquid was analysed by atomic absorption spectrophotometry in a graphite oven for



the dosing of total lead and chrome. The analytical limits of detectability were 0.02 and 0.09 g/pad
respectively for lead and chrome.

Hand washing liquids were submitted to analysis similar to that of the pads. The amounts of lead
and chrome found in the washing liquid represent the cutaneous dose on the hands.

For the estimate of the dose of the two metals found on the skin, represented by the skin area of the
head and neck, the concentration expressed in ng/cm?2 found on the pad at the level of the head was
multiplied by the area of this region of skin, which represents 6.9% of the total skin area (1). The
latter was in turn determined with the Du Bois formula (2).

A similar procedure has been used for the estimate of the dose at the level of the skin covered by
clothing and for the estimate of the potential dose. In particular, each of these doses obtained by the
sum total of the products for the concentration detected in the pads placed in the various skin areas
and the skin area represented by the pad. Table 1. 1 shows the cutaneous percentages represented by
the single pads. The sum of the percentages of body surface area is not 100 since it must be
considered that 6.9% of the area is represented by the hands, where contamination has been
assessed differently (using the washing technique).

Table 1. 1 - Positions of pads used for the assessment of skin exposure except for hands

Position of the pad ‘Skin area represented ;/;eszody
IFace |Head and neck |6.9
|Fron t chest Front shoulders & ‘1 1.4

chest
IRear chest |Rear shoulders & back |1 1.4
IRight arm |Arm and right forearm |8.2
ILeft arm |Arm and left forearm |8.2
|Average between pad on front &rear chest / Rest of the 470

body

Assessment of inhalation exposure to metals

The assessment of inhalation exposure to metals was conducted during tasks exposing workers to
this risk, and in particular during painting, the sanding, the polishing and the preparation of paints.

The sampling of air-borne metals as inhalable particulate was conducted by aspiration on air on
membranes made of mixed cellulose esters with a compatible flow, based on the size of the
sampling device entry cone, at an air input speed of 1.25 m/sec. (corresponding to average
respiratory air intake velocity). Since reduction cones used during the sampling showed a diameter
of 7 or 8 mm, the corresponding flows were of 2.8 or 3.0 L/min. The sampling duration was that of
the task being monitored.




The sampling of the breathable particulate, conducted only during sanding and polishing, was
conducted at a flow of 1,7 L/min membranes made of mixed cellulose esters with a diameter of 25
mm using a Dorr-Oliver nylon blower with a diameter of 10 mm. This sampling also had the
duration of the task being monitored.

The membranes obtained in both types of sampling were analysed for the dosing of lead and
chrome in a similar way to the pads. The analytical detectability limits were 0.02 g/membrane for
both metals.

Assessment of 'inhalation exposure to dust

The samples of air taken during assessment of inhalation exposure to metals were also analysed by
gravimetry for the measurement of exposure to inhalable and breathable dust.

Assessment of inhalation exposure to solvents

All the workers of the enterprises monitored were subjected to assessment of exposure to air-borne
solvents. Average exposure in the two half shifts (sampling separated in the first and second half
shifts) was assessed by passive Radiello type pads placed on the lapel of the workers’ overalls.
Sampling with active carbon was conducted during particular tasks such as painting, anti-silicone
processing, filling, preparation of paints and the cleaning or the aerograph. In this case the sampling
was conducted actively, with an air flow intake of 200 mL/min through the vial mentioned above.
The dosing was in any case made with gas chromatography with flame ionisation detector (FID) by
de-absorption with carbon sulphide. The analytical limits of detectability for the various solvents
monitored with the two sampling techniques are shown in Table 1. 2.

Table 1. 2- Limits of detectability (LD) observed with active and passive sampling for the
solvents monitored

Active sampling |Passive sampling

Solvent LD (ug/vial) LD (ug/pad)
|

|Ethy1 benzene ‘ 15 ‘30
|

|m+p-Xylenes ‘ 15 ‘30
|

0-Xylene 15 30
|

|Styrene ‘10 ‘20
|

|Acetone ‘ 10 ‘20
|

Methyl ethyl ketone |10 20
|

|Ethy1 acetate ‘ 10 ‘20
|

|Isobutanol ‘ 10 ‘20
|

1,2-Dichloropropane ‘20 ‘40
|




Toluene 10 20
Ilsobutyl acetate 20 140
In-Butyl acetate 20 40
IMethyl isobutyl ketone |10 20
In—Butanol 10 20
|

The data obtained with passive Radiello type sampling were developed for the assessment of the
weighted average for the entire working day, also with the calculation of the mixture rate.

Assessment of inhalation exposure to isocyanates

The use during painting of isocyanate catalysers has induced us to conduct environmental
monitoring for the determination of the concentration of air-borne monomers of these compounds
and for the assessment of worker exposure. Therefore, 2.4- and 2.6-toluene di-isocyanate (2.4 and
2.6 TDI), hexa methyl endi-isocyanate (HDI) and isophorone di-isocyanate (IPDI) were sought and
measured.

Sampling was conducted on the area and on personnel. Personnel sampling involved the workers
involved in painting, in the preparation of the paint and spraying, tasks which in most cases were
monitored with the same sampling due to their short duration. Area sampling was conducted almost
exclusively inside the painting cabins: only in some cases sampling devices were only occasionally
placed in the area for the preparation of the paint.

The phases of undercoat painting, using the catalyser, were also monitored.

Sampling was conducted by an airflow intake of 1 I/min through a series of three overlapping
membranes 20 mm in diameter impregnated with p-nitrobenzil-N-n-propylamine (Nitro-reagent).
This reagent can react with the monomers, forming the corresponding urethane compounds,
deriving from the reaction of the isocyanate group with the ammine group of the reagent.

For the analysis the sampling membranes were extracted with dichloromethane. The extracts,
evaporated completely and reconstituted with acetonitril and acetic dioxide were analysed by liquid
chromatography (HPLC) with spectrophotometric detector (wavelength 275 nm), column LC 18
and acetonitril/water mobile phase in gradient. The limits of detectability were 0.06; 0.06; 0.07 and
0.11 m g/filter respectively for 2.4 TDI; 2.6 TDI; HDI and IPDI.

BIOLOGICAL MONITORING

Workers were subjected to biological monitoring of exposure to metals and solvents, taking a
sample of urine at the end of the two half-shifts. The workers were asked not to urinate during work
except during the lunch break and before the start of the sampling operations.

In the sample of urine for the first half-shift, the analysis pure solvents only (ethyl benzene, m+p-
xylenes, o-xylene, toluene) was conducted. The sample of fine shift was subjected to dosing not
only for pure solvents but also for mandelic and phenylglyoxylic acid (as indicators of exposure to
ethyl benzene and styrene), hippuric acid (as an indicator of exposure to toluene), methyl hippuric
acids (as indicators of exposure to xylenes) and chrome.



The workers were also subjected to blood sampling for the assessment of exposure to lead. The
sample was analysed for metal and free protoporphyrine IX and erythrocyturia (Proto 1X).

The dosing of pure solvents in urine was conducted by capillary gas chromatography with flame
ionisation detector (FID) in the head area after thermo stabilisation of the sample. The dosing of
hippuric, methyl hippuric, mandelic and phenyl glyoxylic acid was measured with liquid
chromatography with spectrophotometric detection by the extraction of the sample with organic
solvents. Urine lead and chrome were measured by atomic absorption spectrophotometry
electrothermal breakdown and correction of the Zeeman threshold, with dilution of the sample. The
proto IX was dosed using spectrofluorimetry.

The analytical limits of detectability of the single compounds dosed are shown in Table 1. 3.

Table 1. 3 - Limits of detectability observed in the analyses of biological monitoring

|Analyte Limit of detectability
IToluene in urine 0.2 g/L
IEthyl benzene in urine 0.2 g/L
Im+p—Xylenes in urine 0.2 g/L
Io-Xylene in urine 0.2 g/L
IMandelic acid in urine 6 mg/L

|Pheny1 glyoxylic acid in urine ‘4 mg/L

|Methyl hippuric acid in urine ‘10 mg/L

|Hippuric acid in urine ‘10 mg/L

|

Lead 3 /100 mL
|

|Chrome ‘0.22 g/L

ENVIRONMENTAL THRESHOLD LEVELS AND BIOLOGICAL LEVELS OF EXPOSURE

Since Italian legislation lacks a specific law showing concentration ceilings for most possible air-
borne pollutants, the Industrial Health and Toxicology sector generally uses the TLV (Threshold
Limit Values) published by the ACGIH (American Conference of Governmental Industrial
Hygienists); these are also accepted in some labour contracts. The ACGIH also publishes
corresponding limits, for the pure substances or their metabolites, in biological liquids (blood or



urine). These limits are called BEI (Biological Exposure Indices) and should not be considered as
identifiable ceilings (considering the great differences in metabolism from one individual to
another) but rather considered as group indices.

Lead is an exception; Italian legislation has Legislative Decree 277/91 setting both environmental
limits and a series of levels of intervention after biological analysis.

Table 1. 4 summarises the environmental and biological threshold values of the ACGIH for the
compounds monitored.

Table 1. 4 - TLVs and BEIs adopted by the ACGIH for the compounds monitored,
Joint TLV - BEI

TWA (mg/m3) STEL (mg/m3) Concentration Indicator
|Ethy1 benzene 434 543 Mandelic acid-U (eseww) 1.5 g/g creat.

|M+p-Xy1enes 434 651 Methyl hippuric acid-U (es) 1.5 g/g creat.

|0-Xylene 434 651 O-methyl hippuric acid-U (es) 1.5 g/g creat.

|Styrene 85 170 Mandelic acid-U (es) 800 mg/g creat.

|Mandelic acid-U (pts) 300 mg/g creat.

Phenyl glyoxylic acid-U (es) 240 mg/g creat.

|Phenyl glyoxylic acid-U (pts) 100 mg/g creat.

|Acetone 500 750 Acetone-U (es) 100 mg/L

|Methy1 ethyl ketone 200 300 Methyl ethyl ketone-U (es) 2 mg/L

|Ethy1 acetate 1440 - - -

|Isobutanol 152 ---

|T01uene 188 - Hippuric acid-U (es) 2.5 g/g creat.

|Isobuty1 acetate 950 - - -

1,2-Dichloropropane 347 508 - -




Joint TLV - BEI

TWA (mg/m3) STEL (mg/m3) Concentration Indicator

|n-Buty1 acetate713 950 - - -

|Methy1 isobutyl ketone 50 75 Methyl isobutyl ketone-U (es) 2 mg/L

|n-Butan01 -152C---

|Mixture index 1 ---

ILead* 0.05 - Lead-S 30 g/100 mL

|Chrome III metal and

|Compounds 0.5 - **Chrome-U (eseww) 30 g/g creat.

|**Chrome-U (increase ds) 10 g/g creat.

|Inhalab1e particles 10 - - -

|Breathable particles 3 - - -

2.4-TDI 0.036 0.140 - -

IHDI 0.034 - - -

IPDI 0.045 - - -

* The values shown in Leg. Decree 277/91 are valid in Italy;
**Exposure to chrome VI, fumes soluble in water;

C= Ceiling value

ed=end of shift

eseww=end of shift end of working week

ds=during shift

bns=before next shift

RESULTS AND DISCUSSION



Table 1. 5 shows the results of the assessment of exposure to inhalable and breathable particulate
during the work tasks of sanding and painting.

Table 1. 5 - Exposure (mg/m3) to particulate during the various work tasks monitored

|Task |N_|AverageiDS ‘Mean ‘MG ‘Range

Sanding (inhalable particulate) |15/[3.123+3.379 [2.6852.173/(0.181-14.722

Sanding (breathable particulate) [11/2.698+2.568 [1.509/[1.562/(0.115-8.032

Painting (inhalable particulate) |14/2.648+2.642 [1.803 [1.411/0.060-9.750

The statistical analysis of the data does not show significant differences (a = 0.05) with the Mann-
Whitney U test between exposure to inhalable particulate during the painting and sanding. The
Student t” test for non-coupled data confirms the result of the previous test. The comparison with
the ceiling values of the ACGIH highlights that during sanding the inhalable dust rate exceeds the
TLV by 10 mg/m3 while the other data are all under half of this value. In the same task, the values
of breathable particulate in 4 cases exceed the TLV by 3 mg/m3 and in another two exceed half of
this value. During the painting, there is no exceeding of the TLV and two values exceed one half.
These comparisons with the ceiling values of the ACGIH would make sense, however, only if the
workers carried out the task continuously for the entire work shift, since the ceiling value is a TWA
i.e. a mean value for the work shift. If, as actually happens, the task has a limited duration compared
to the work shift, we must calculate the weighted average of the daily exposure. Table 1. 6 shows
the weighted averages of dust exposure in the working day, considering that exposure during tasks
other than painting and sanding equals zero.

Table 1. 6 — Average weighted daily (mg/m3) exposure to particulate for all the workers
monitored

|Pollutant |n7‘AverageiDS ‘Mean |MG ‘Range

Inhalable particulate |[15/0.9160.429 (0.970(0.749 [0.061-1.498

Breathable particulate [110.756+0.582 [0.686/[0.5180.035-2,095

Though with the above limit, these values are actually comparable with the respective TLV-TWA
of the ACGIH. We can see how the average values for inhalable particulate are about half the
ceiling value. The maximum value of the range observed is not significantly different from average
values. With regard to breathable particulate the average values are approximately one third of the
ceiling value of 3 mg/m3 with the maximum value of the range reaching 67% of this limit. Though
with the underestimate deriving from having considered exposure during work other than sanding
and painting as being zero, it seems that the values observed are in any case within the limits of
exposure.



The use of PPD for respiration (half-mask with filter for dust and vapour during painting and felt
mask during sanding) provide further protection against real worker exposure to dust.

Table 1.7 (long table at the end of the text) shows the results on the assessment of inhalation and
respiratory exposure to metals during the various work tasks monitored. The table shows during
sanding exposure to lead (inhalable particulate) is significantly higher compared to painting.
Exposure to lead during polishing and during preparation of paints is less than a 1 g/m3 in the two
samples conducted.

Exposure to breathable lead during sanding very low, also considering the fact that in 9 of the 13
samples analysed the concentration of the metal was not detectable. The comparison of the data
with the ACGIH ceiling values for lead in the inhalable particulate of all the tasks is systematically
much less than the TLV of 50 g/m3, except in one case in which sanding showed the value of 48.3
g/m3. This value exceeds the level of intervention in Leg. Decree 277/91 (40 g/m3) but not the
ceiling value of exposure shown for the metal in the same Decree.

Going on to examine the data with regard to chrome (Table 1. 7 long table at the end of the text),
although the average concentration of the metal in the inhalable particulate during the painting is
higher compared to that observed during sanding, the same thing does not occur for the geometrical
mean and average. The two series of data are not statistically different. The only data contributing
to raising the value of the average during painting is the 431.88 g/m3 observed in just one case.
Also for chrome, the values observed are systematically much lower than the TLV ACGIH of 500
gm3 except in the case of the already mentioned value of 431.88 g/m3. Exposure to breathable
chrome during sanding and polishing not generally detectable.

As already seen for exposure to dust, these comparisons with ceiling values would make sense only
is the workers carried out the task continuously for the entire work shift, since the ceiling value is a
TWA, i.e. an average value in the work shift. If, as actually occurs, the task has a limited duration
compared to the work shift we must calculate the weighted average of daily exposure. Table 1. 8
shows the weighted averages of exposure to inhalable lead and chrome in the working day,
considering that exposure during tasks other than painting and sanding is zero.

Table 1. 8 — Daily weighted average (ng/m3) of exposure to Lead and Chrome for all the
workers monitored

|Pollutant ‘n_'|AverageiDS ‘Mean ‘MG ‘Range

Inhalable lead  [15(0.912:2,194 [0.264 0.335//0.058-8,796

Inhalable chrome [15(0.919+2,522(0.2430.271[0.045-10.006

The average values obtained are approximately 50 time less than TLV-TWA for lead and
approximately 500 time less for chrome. The maximum values of the ranges of concentrations
observed are respectively 5 and 50 times less this limit, showing situation completely under control
with regard to the risk of exposure a these substances.

The results regarding the assessment of exposure to solvents during the various tasks monitored are
shown in Table 1. 9 with regard to painting and in Table 1. 10 (long table at the end of the text) for
the tasks of anti-silicone processing, filling, preparation paints and cleaning the aerograph.

For the painting and preparation paints, the solvents typical of exposure, i.e. the ones that in most
cases have a detectable concentration, are the aromatics (ethyl benzene, xylenes and toluene),
ketones (acetone and methyl isobutyl ketone), esters (ethyl acetate and n-butyl acetate) and alcohols



(isobutanol). Styrene is a solvent found in filling together with isobutanol, toluene, acetone and n-
butyl acetate.

Table 1. 9 - Exposure to solvents during painting (mg/m3)

Solvent n [n<LR |Average+DS [Mean MG [Range
IEthylbenzene 175 oxr7 1.0 |15 [0.4-6,0
Im+p-Xylenes 173 9.1x153  [40 [4.2 [1.0-60.0
Io-Xylene 17014 [13x06  [1.0 [1.3 [1.0-2,0
IStyrene 1715 |- - [ro20
IAcetone 173 [30.3x31.4 [18.0 [15.2[1.0-98.0

Methyl ethyl ketone 1714 [2.7x12 2.0 [2.5 [2.0-4.0

Ethyl acetate 176 [6.9+54 5.0 [[4.8 [1.0-16.0
|

Isobutanol 1704 [59+60  [40 [3.9 [1.0-21.0
|

| 1.2-Dichloropropane m‘ 15 ‘- |— |— | 1.0-3,0
|

Toluene 173 31.0+236 265 [21.0[2.0-89.0
|

Isobutyl acetate 17012 [1.8+0.8 2,0 [1.6 [1.0-3,0
| |

n-Butyl acetate 173 11962 [11.5 [10.2[3,0-24,0
|

Methyl isobutyl ketone [17[8  [5,3+3,2 50 |43 [1.0-11.0

|n-Butan01 ’1_7‘ 15 ‘-

7,0-33,0

Note: Statistical analysis was conducted only on the values exceeding the analytical limit of
detectability.

The comparison of the data with the TLV-STEL, when existing for the single compounds ( short
term exposure), also for the maximum values observed (upper limit of the range of concentration),
shows a ratio between the ceiling value and the concentration detected, varying between 38-169 for



ethyl benzene, styrene, methyl ethyl ketone, 1.2-dichloropropane, n-butyl acetate and between 5 and
11 for xylenes, acetone, methyl isobutyl ketone, n-butanol. Only in the latter case, since the ceiling
value (value which must never be exceeded during exposure), the safety factor of 5 observed during
the painting is high with the occurrence of irritation.

Daily exposure to solvents (weighted average of the values obtained with passive sampling during
the two half-shifts) is shown in Table 1. 11.

The comparison of the data with the TLV-TWA, for the single compounds shows, for the maximum
values observed (upper limit of the range of concentration), a safety factor of between 22 and 528
for ethyl benzene, xylenes, styrene, methyl ethyl ketone, ethyl acetate, 1.2-dichloropropane,

isobutyl acetate, n-butyl acetate and between 5 and 9 for acetone, isobutanol, toluene, methyl
isobutyl ketone. The minimum value of the safety factor is for toluene. If we go on to consider
exposure to all the solvents together by the calculation of the mixture index, the maximum value
obtained is approximately half of the ceiling value of 1.

Table 1. 11 — Daily exposure to solvents (weighted averages)

for all the workers monitored (mg/m3)

Solvent n [n<LR |Average+DS [Mean MG [Range
IEthyI benzene 176 [0.7x05 0.8 0.6 [0.2-1.3
Ierp-Xylenes 173 2423 15 [1.4 [03-76
Io-Xylene 17012 1425 Jo2 0.5 [1.0-5.8
IStyrene 1713 0404 (0.4 (0.2 [0.06-0.8
IAcetone 1700 [175+264 6.1 6.4 [0.8-82.2
IMethyl ethyl ketone  [17[15 |- - o404
IEthyI acetate 17)s  [Bos34 12 [14 [0.2-9.1
Ilsobutanol 1704 [53x49 40 .8 [1.1-16.3
I1.2-Dichloropr0pane 1716 |- T
IToluene 172 [13.9+11.5 87 [9.2 [1.0-34.6
IIsobutyl acetate 1714 Jo.9x08 0.5 0.7 [0.3-1.8




n-Butyl acetate 171 75486 3.7 [44 [0.4-3256

Methyl isobutyl ketone [17[8 2326  [12 [1.2 [0.2-7.6

|n-Butan01 ’1_7"15 ‘- |— |— |0.2-5.8
|
Mixture index 1700 Jo.17+0.16 [0.1 0.1 [0.01-0.51

Note: Statistical analysis was conducted only on the values exceeding the analytical limit of
detectability.

The concentrations of chrome and lead detected on the pads placed on various parts of the body are
shown in Table 1. 12 (long table at the end of the text). It is observed that the contamination by
chrome is much less widespread than for lead. For chrome , in fact, in most cases the concentration
detected on the pads is less than the analytical limit of detectability and this makes it very difficult
to apply statistical tests for the assessment of the most contaminated body area. For lead, however,
the application of the Kruskal-Wallis test (ANOV A non-parametric) for the pads exposed outside
(pad on the head and pads on clothing) and under clothing highlights that the position of the pad is
an important variable to establish the contamination. In particular, for the external pads the most
contamination is found on the arms, followed by the chest, and then the head and back. For the
internal pads the most contaminated area is the right arm, then the left arm, then the chest and
shoulders.

The results of the calculation of the skin doses of the two metals studied is shown in Table 1. 13
(long table at the end of the text) separately for the dose of the bare skin (head and neck), the skin
covered by clothing and hands. The potential dose, i.e. the cutaneous dose to which the person
would be exposed without protection, is also shown.

As found in Table 1. 12, for the chrome the number of usable data is reduced by the fact that in
most cases the concentration in the pads was non detectable. The only sample result systematically
contaminated by both metals was the washing liquid from the hands.

For lead we can say that on average, the dose on the skin covered by clothing was 20% compared to
the potential dose. As said above, a similar comparison is not possible for chrome.

The contamination of bare skin and clothing (the latter represents the potential dose) may occur
either by deposits of the particulate containing the metal or by contact with hands or with tools and
pieces that are contaminated. The contamination of hands, is related to direct contact with
contaminated material. Finally, the contamination of the covered skin is related with the penetration
of the substances through the tissue forming the clothing, through areas of passage such as zippers,
seams etc. or contact with hands and/or clothing already internally contaminated.

Comparing the lead and chrome doses found on skin covered by clothing with the potential doses,
we obtain the results shown in Figures 1 and 2 (Figures shown at end of text). Figure 1 shows that
for lead, the two doses are significantly correlated using both the linear regression model and the
Spearman correlation (non-parametric correlation). The correlation between the two series of data
enables us to say that on the whole the contamination of the covered skin is not casual, and thus
probably depends not so much on a casual contact with dirty hands or clothing but rather the



penetration through the clothing used. For chrome, the only item leading to a significant regression
is the one for a potential dose of 268.2 g, with a dose on covered skin of 368.8 g, showing a
probable contamination under clothing. On the other hand, the high number of non-detectable
results for this metal did not enable us to obtain further information form regression.

The skin contamination data for these metals is hard to use with regard to worker exposure, since
they are inorganic compounds which, at least for lead, are unlikely to be absorbed by the skin. The
dose rate is potentially usable to verify the degree of contamination of workers and the health rules
adopted in the tasks monitored.

The results of the analyses on the biological samples are shown in Table 1. 14.

Table 1. 14 - Results of biological monitoring conducted

|Analyte |n7|n<LR |AverageiDS ‘Mean |MG ‘Range

Urinary toluene I half-shift (ug/L) 192 5023 [44 41 [1.1-107

Urinary toluene Il half-shift (ug/L) ~ [19[2  [6.2+4.4 48 [4.7 [0.9-14.6

Urinary toluene (ug/L) 384 [5.6+37 |44 |44 [0.9-14.6
IUrinary lead (/100 mL) 11jo o548 o [8.7 [5-22
IProto IX (1g/100 mL GR) 9 o [40+7 40 37 [30-50
IProtoIX(ug/g Hb) 9o [12x02 121 [1.12]0.82-1.42
IUrinarychrome (ng/g creat.) 17l6 (049028 [0.40 [0.43[0.21-1.12
IHippuric acid (mg/g creat.) 190 [401x279 396 [327 [71-1315

|o-methy1 hippuric acid (mg/g creat.) |E| 19

|m+p-methy1 hippuric acid (mg/g creat.) |E| 13 | 1543 ‘ 15 | 14 ‘ 11-18
|
|Mandelic acid (mg/g creat.) |T|7 |- ‘- |_ ‘_

|Phenyl glyoxylic acid (mg/g creat.) |7_|5 |

1
1
1
W
~

Note: Statistical analysis was conducted only on the values exceeding the analytical limit of
detectability.



For pure solvents only the concentration of the urinary toluene was shown, since the other
compounds analysed (ethyl benzene, xylenes) were always in a concentration less than the limit of
detectability.

The pure toluene detected in urine is the amount of the solvent not metabolised, which represents a
highly specific exposure indicator. The dosing of this compound in the urine samples taken at the
end of any half-shift had the purpose of showing exposure during the half-shift.

Although the concentrations detected in the second half-shift are apparently higher than those of the
first, no statistically significant differences occur between the Mann-Whitney U test and al test
Student t” test for coupled data between the two series of data. The concentrations of toluene in
urine of the first and of the second half-shift are significantly correlated with the average exposure
to the same solvent detected in the corresponding half-shift (obtained by passive sampling). The
results of the linear regression and of Spearman correlation (non-parametric correlation) are shown
in Figure 3. The figure highlights some definitely unaligned points that could be due to the fact that
in certain cases, especially during the operations of painting, the workers wore masks for the
protection of the respiratory tract (PPD). In the period when workers wear the PPD the solvent
retained in the carbon filter of the mask is not absorbed. A given value of air-borne toluene thus
corresponds to a considerably lower value of urinary toluene compared to the amount expected had
the worker not worn the PPD.

Returning to Table 1. 12, in general we may note that the values of urinary lead are on average
(geometrical average) lower compared to the BEI published by the ACGIH and the level of
intervention (35 g/100 mL) shown in Legis. Decree 277/91. The values observed are however
significantly higher compared to urinary lead of the general population; in a study conducted in
1995, for men [geometrical average (standard geometrical deviation)] this was 3.7 (1.8) g/100 mL
(3). This comparison shows that during work there is in any case exposure to lead; as seen during
the examination of the data of respiratory exposure to the metal, this should be mainly due to lead
content of paint removed and then dispersed in the air, above all during sanding.

The data of Proto IX are perfectly in line with the values of urinary lead.

Going on to examine the values of urinary chrome, the data found are one third lower than the
analytical limit of detectability. Among the values observed, the average of 0.49 g/g creat. is
approximately 60 times less than the BEI recommended by the ACGIH in the sample taken at the
end of shift and end of working week. The values found highlight little absorption of the metal
compatible with the use of respiratory PPD during painting, an operation showing higher values of
exposure to the metal.

Going on to examine the values for metabolites of solvents, it should be recalled that hippuric acid
is not a specific metabolite of toluene since many factors (diet, pharmaceuticals etc.) may influence
its excretion. On the basis of what has been said, pure toluene in urine is a more specific indicator
of exposure to the solvent, and also without a BEI, we can establish a correlation between exposure
and absorption data. The data for urinary toluene are significantly correlated with air-borne toluene,
showing that the pure compound in urine is a good indicator of exposure to the air-borne solvent.
Urinary methyl hippuric acid, specific indicators of exposure to xylenes, are generally lower than
the analytical limit of detectability. The average values of the data detected for meta- and para-
isomers are approximately 100 times less than BEI ACGIH, confirming the low exposure to this
type of solvent.

A similar consideration can be made for per mandelic and phenyl glyoxylic acid, specific indicators
of exposure to styrene, and for mandelic acid only, to ethyl benzene.

Table 1. 15 shows the results for the assessment of personal exposure to isocyanates.

Table 1. 15 - Concentrations of momomers of air-borne isocyanates ( m g¢/m3) produced in the
phases of painting (personal sampling)



'Monomer 24TDI 2.6 TDI |HDI IPDI
IAverageiDS 11.09+12.26(6.86=7.17 [23.16:46.90 4.86+7.41
IGeometrical average |6.05 4.31 8.25 2.50
IMean 4.74 13.47 7.10 3.05
IRange 1.05-38.60 |1.11-24.94/|1.14-182.01 |0.29-24.29
IN data detected |14 17 15 9

IN of samples 20 20 20 20

|

The results of these samples with short duration can be compared with the TLV-STEL of the single
compounds, when applicable. We can note that the average value of 2.4-TDI is less than 1/10 of the
relative STEL ceiling while the maximum value of the range of concentrations observed is
approximately one quarter of this ceiling value. The same comparison cannot be made for the other
compounds because of the absence of a ceiling value for short exposure.

Table 1. 16 shows daily exposure of the workers to isocyanates, assessed by the weighted averages
calculated on eight hours of work.

These data can be compared with TLV-TWA. The average values observed for the single
compounds are from 100 to 20 times less compared to the ceiling values. The maximum values of
the ranges of concentrations observed are also considerably lower than these limits.

Table 1. 16 - Concentrations of monomers of air-borne isocyanates ( m g/m3) produced
during painting phases (weighted averages on 8 hours of work)

'Monomer 2.4TDI [2.6 TDI |HDI IPDI
IAverageiDS 11.74+1.56 |1.07+0.54 3.07+3.98 |0.47+0.25
IGeometrical average |1.06 0.91 1.41 0.38
IMean 1.10 0.91 1.25 0.41
IRange 0.17-4.87 (0.17-1.94 0.19-11.91(0.06-0.76
IN. data processed |9 10 10 8

|




Note: In the calculation of the weighted averages the values under the limits of detectability have
been cosidered as equal to zero.

The results of the static sampling of isocyanates are shown in Table 1. 17.

Table 1. 17 - Concentrations of momomers of air-borne isocyanates ( m g/m3) produced
during painting phases. Area sampling

'Monomer 24TDI 2.6 TDI |HDI IPDI
IAverageiDS 17.57+7.76 [2.5142.60 |5.84+6.29 |3.36+4.74
IGeometrical average |4.99 1.59 3.16 1.77
IMean 4.04 11.46 2.65 11.09
IRange 11.26-20.700.48-9.01 |0.55-17.59/0.82-10.46
IN data detected |5 11 10 4

IN samples 16 16 16 16

|

CONCLUSIONS

In the 1980s the sector was subjected to intervention by this facility, then called the Service for
Prevention Health and Safety at the Workplace of the USL 30 Siena area. Also at that time the
analysis and laboratory data for the assessment of the chemical risk were provided by the
organisation which has collaborated in the current research, then called the Laboratory of
Toxicology and Industrial Health of the Institute of Occupational Medicine of the University of
Siena. The results of that intervention (4) showed, as was to be expected, that the body shops
located in recent structures and valid technical and service facilities enabled the workers to work in
better health conditions than in the old-fashioned body shops, poorly equipped and disorganised.
The artisans and their category associations were thus stimulated to improve the work areas and
working conditions in general.

The most significant points focused were:

- Characteristics of the work environment: sufficient space and height, separation of processes and
situations involving pollution, including the storage of products (presence of painting plant
compliant with ISPESL standards (5), automatic or in any case closed washer for aerographs,
insulated and aspirated paint mixing box etc.);

- Choice of products, with particular concern to avoid colours containing lead and chrome,
hardeners with high content of free isocyanate monomers and dilutants with relevant concentrations
of toxic or harmful organic solvents;



- Correct operational processes, in order to avoid or reduce the contact of workers with dangerous
compounds;
- Scrupulous use of PPD.

The information was accompanied by an activity of supervision and conducting of a training course
for employers, provided for in recent legislation. During the decade we have thus seen a gradual
improvement of the health conditions, already reasonable, of some body shops, up to the present
situation, which can be considered more acceptable.

This corresponds with the low concentrations of chemical agents in the air, the limited exposure of
workers and the low absorption of substances present in the working cycle.
There is, however, a residual chemical risk, represented mainly by:

- Exposure a dust containing heavy metals during the sanding of bodies painted in the past with
products containing lead and chrome;

- Soiling with this dust and with paint products;

- Inhalation of isocyanates which, although in low concentration, given the mechanism of action
which is only and not always dose-dependent, still represents a danger, above all for workers
individually prone;

- Irregular use of PPD.

It is thus necessary to maintain a good level of supervision over work conditions and health
conditions body shop workers, verifying the compliance of plant to those characteristics which
enable workers to work in safety, orienting the choice of products towards increasingly safer ones
urging workers to respect rules of behaviour, not the least of which is the use of PPD.
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Table 1. 7 - Inhalation and respiratory exposure to metals (personal sampling) during the
various work tasks monitored

Lead ( |Chrome
m (m
g/m3) |g/m3)

|Task |n |n<LR |AverageiDS ‘Mean |MG ‘Range ‘n<LR ‘Averageﬂ:DS |Mean ‘MG ‘Range
Sanding (inhalable 0.17- 0.11-
particulate) 15 0 4.41+12.21 |0.89 |1.16 433 0 0.83+0.72 0.53 ]0.60 261
Sanding (breathable 0.10- 0.37-
particulate) 13 9 0.19£0..0  0.20 [0.17 0.8 11 - - - lose
Painting(inhalable 0.25- 0.07-
particulate) 13 1 0.68+0.65 0.37 (0.49 1.89 1 36.50+124.51 /0.6 |0.79 431.8
P011§h1ng (inhalable 1 0 i i ~ loss o i i = loso
particulate)

Polishing

(breathable 1 1 - - - - 1 - - - -
particulate)

Preparation paints

(inhalable 1 0 - - - 1095 |0 - - - 0.21
particulate)

Note: Statistical analysis was conducted only on the values exceeding the analytical limit of
detectability.

Table 1. 10 - Exposure to solvents (personal sampling) during the other tasks monitored
(mg/m3)

Anti-silicone |.;. . Cleaning
processing Filling Preparation aerograph
Task (. 1 (n.2 paints (n.4 (n.3

measurements) [measurements)

measurement) measurements)

|Solvent |n<LR ‘Value ‘n<LR |Range |n<LR ‘Range ‘N<LR ‘Range |




1.0-

Ethyl benzene |1 - 2 - 1 10 2 4.0
|
m+p-Xylenes |1 - 2 - 0 4118_ 1 28_
|
0-Xylene 1 - 2 - 2 }8_ 2 2.0
|
Styrene 1 - 1 10.0 4 - B
|
Acetone 1 : 0 5.0-6.0 U P (O e
|
Methyl ethyl
ketone ! i 2 i 4 i 3 i
|
[Ethyl acetate |1 - 2 - 3 20 P |10
|

3.0-
Isobutanol 1 - 0 7.0-10.0 1 90 2 47.0
|
1.2-
Dichloropropane i 2 i 4 i 3 i
|

3.0-
Toluene 0 1.0 0 14.0-25.0 0 33.0 2 166.0
|
|Isobutyl acetate |1 - 2 - |4 ‘- ‘2 ‘ 16.0
|
n-Butyl acetate |1 - 0 2.0-2.0 0 1206 1 3506
|
Methyl isobutyl 1 i ) i 4 i ) 20
ketone
|
n-Butanol 1 - 2 - 4 - B
|
Not identified ‘0 ‘51.0 ‘ ‘ ‘ ‘ ‘ ‘




toluene)

(expressed as ‘

Note: Statistical analysis was conducted only on the values exceeding the analytical limit of
detectability.

Table 1. 12 - Concentration of metals detected in pads of all the workers monitored

!

Lead Chrome
(ng/cm2) |(ng/cm2)

Position
of the n n<LR |Average£DS [Mean MG |Range n<LR |Average+DS |Mean MG |Range
pad
Head 17 7 26.0£57.1 |85 8.2 .2- 14 |31.0£36.6 |10.5 |19.2 )2

' ' ' T |187.4 ' ' ' 173.2
External 1.7- 6.9-
4 arm 17 2 12.4+13.3 8.6 8.3 548 14 13.9+10.4 9.0 |11.7 259
External 1.3- 5.3-
If arm 17 0 11.5+8.5 11.3 8.5 363 13 11.3+£5.3 10.8 |10.3 182
Internal 1.7- 11.0-
-+ arm 17 8 9.9+7.1 104 7.2 192 14 |20.4+9.0 21.3 |18.9 73 8
Internal 1.2- 7.2-
If arm 17 9 5.5+4.7 49 3.6 13.8 14 18.9+£10.9 20.7 [16.3 78 8
External 1.2- 9.8-
chest 17 2 8.3+5.7 52 6.2 191 14 14.7+7.3 11.4 [13.7 231
External 1.2-
shoulders 17 3 5.1+4.2 32 39 15.7 16 |- - - 20.8
Internal 2.8- 10.4-
chest 17 14 5.8£2.6 7.2 |53 75 15 |- - - 254
Internal 1.2- 8.5-
shoulders 17 14 2.0+0.7 22 1.9 s 15 |- - - 213




Note: Statistical analysis was conducted only on the values exceeding the analytical limit of

detectability.

Table 1. 13 — Estimated cutaneous doses for metals in all the workers monitored

|

Dose

W

|n<LR |AverageiDS ‘Mean |MG* ‘Range ‘n<LR ‘AverageiDS |Mean ‘MG |Range

Bare skin 0.0- 0.0-
(head-neck) 20.8+53.8 49 |- 276.8 14 |6.6+21.5 0.0 |- 28.6
Skin 0.0- 0.0-
covered by 25.8432.9 |16.2 |- ) 11 3414894 0.0 |- )

. 107.5 368.8
clothing

10.8- 2.8-

Hands 75.7£65.1  |59.6 |54.2 2817 0 12.9+7.8 12.0 [10.8 348
Exposure
potential 22.2- i 0.0-
(over 129.8+84.1 |113.0(97.7 260.0 8 32.0£65.1 [11.4 2682
clothing)

z “
=t
@

When the concentration of analytes in the pad representing a given area of skin was less than the

limit of detectability the dose corresponding to that skin area was entered as zero.

* the geometrical average was shown only when all the estimates were higher than zero.

PHYSICAL RISK

NOISE

The sources of noise in the body shops observed were represented, in order of importance, by:

- Angular or flexible axis sanding machine

- Metal plate adjustment with hammers or mallets

- Rotary-orbital polishing machines




- Blowing of compressed air.

For the classification of exposure to noise the workers were subdivided, where possible, into sheet-
metal workers and painters, including in these two very general groups all the workers conducting
the operations related to one of these sectors (see flowchart on the work cycle and description of
single phases and in the Phase/risk factor document). The workers in the body shops where they all
deal with the work involved in car repair and where there is no distinction between tasks
specifically assigned to single workers have been grouped under the general label of body shop
workers.

An examination of worker exposure to noise must be made by employers pursuant to Art. 40 Legis.
Decree 277/91. It can be observed that:

- The class of exposure most represented among the body shop workers is the one with Lepd
greater than 80 dB(A)and less than 85 dB(A);

- The class of exposure most represented among sheet-metal workers is the one with Lepd greater
than 80 dB(A)and less than 85 dB(A), with the observation that 4 out of 9 of these workers are
exposed to a daily dose estimated at between 84 dB(A) and 85 dB(A);

- The class of exposure among all the painters is the one with Lepd less than 80 dB(A), with values
observed between 73 and 77 dB(A);

Table 3.1: Exposure to noise * during the main operations

|Operation ‘dB(A) (min-max)

|Adjustment of metal sheets with pneum. hammer ‘100.9 101

|Manual ‘85.5 89.5

Sanding 89.5 96

|Screwing-unscrewing with pneumatic wrench ‘85.5 96

Grinding (fixed on table) 87.592.3
IRemoval of glass 8991
IThread welding 183.2 84
IGeneral metalwork (Leq) 85.592.5

Sanding 80.6 82.6




*Derived from report under Art. 40 Legis. Decree 277/91

The sound levels have been verified by the Prevention, Health and Safety at the Workplace
operational unit; generally the values observed come within the range declared employers for those
operations. It was not possible to verify the accuracy of the times declared, given the considerable
variability and unpredictability of the work. Given the importance of the time factor in the
calculation of the daily dose to which workers are exposed, it was not possible to confirm or deny
employer statements. Considering the values shown in the report pursuant to Art. 40 Legis. Decree
277/91, we can hypothesise a definite hearing risk, though low, for the sheet-metal workers, a low
risk for the body shop workers undertaking all the operations and almost negligible for the painters.
This confirms the low rate of occupational disease due to noise, with due caution involved in the
analyses of a situation which may be disturbed by underestimation.

Vibrations transmitted to the hand-arm system

By vibrating tools

1. Introduction

The goal of the survey was the assessment and characterisation, from the health point of view, of
exposure to vibrations transmitted to the hand-arm system by the vibrating tools used body shops in
the Siena area, and the identification of possible measures to protect workers.

In particular, in the context of the survey, the vibrating tools normally used in the processing
undertaken by the enterprises studied have been examined (Tab. 2.1-2.2).

The assessment methods and overall results of the survey are shown in this report. Appendix A
contains a detailed discussion of the regulatory outlook and the assessment criteria used in this
report.

2. Methods

The measurements were conducted by the firm Physical agents at some body shops in the Siena
area during usual work operations, and were performed by personnel expert in the used of the tools
assessed.

The determination time of use of vibrating tools at the body shops involved in the survey was
conducted by the operational unit for Prevention, Health and Safety at the Workplace (Serenella
Della Libera, Daniele Borgogni).

The methods of measurement and assessment used are in compliance with the recommendations
contained in standard ISO 5349 (cf. appendix A). The vibrations were measured on the handle of
each tool along the three orthogonal directions X, Y, Z of the system with the centre of gravity on
the base, defined by standard ISO 5349. The acquisition of the data in the field was conducted using
the following instruments:

- 2 B&K 4374 accelerometers
- 2 B&K mod. 2635 load amplifiers
- B&K UA0894 adapter

- B&K mod. 4294 calibrator



- Teac RD-101T 4-channel digital recorder

The measurements were acquired at the same time for the two axes of measurement, using tape
and/or PVC strips to secure to the workers’ hand the adapter containing the two B&K 4374
accelerometers. The processing of the signals recorded was conducted afterwards in the lab, with
the frequency analysis in bands thirds of octave in the range 6.3 Hz - 1250 Hz using the real time

analyser Larson Davis Mod. 2800.

The assessment of the risk was conducted in accordance with the Draft Directive of the Council on
minimum safety and health standards for exposure of workers to risks deriving from physical
agents" 94/C230/03 (ctf. Appendix A) by the assessment of the equivalent weighted acceleration in
frequency referring to 8 hours of work, conventionally indicated with the symbol A(8), calculated
with the following formula:

A(8) = A (W)sum x (Te/8) 1/2 (4)

Te = overall duration of exposure to vibrations (hours)

a w = value rms of weighted acceleration in frequency
Awsum=(a2wx+ta2wy+ta2wz)l/2

Table 2.1: Results of measurements of hand-arm vibrations detected in the body shops

[

CHARACTERISTICS \VyzfiglégED \Lflﬁfégs \P/]ffiléE
ISO 5349 S

|

N. SHOP TOOL |WEIGHT [BRAND |TYPE 1(\:4(1)31/\?3'_ HANDLE geq éeq
|

1 11 ;&Lé%}'l' 1100 gr. |[FESTO |[LET2 [IDLE |[FRONT 5.1 [3.3
|

2 11 ;&Lé%}'l' 3300 gr. [STAR |[LEM |[IDLE |[REAR (1.5 [2.5
|

3 3 vad 3300 g STAR  JLEM DD REAR 2.1 [28
|

4 11 ;&Lé%}'l' 3300 gr. |STAR  |LEM %II)N FRONT [1.8 (1.7
|

5 3 vado 3300 gr STAR  |LUM IDLE REAR (09 [2.7
|

6 11 ;&Lé%}'l' 3300 gr. |STAR |[LUM |STD |[REAR ([1.4 24

(98]

[




POLISH. N
7 11 MACH, 3300gr STAR  [LUM [IDLE [FRONT (0.7 |15 2
|
POLISH. 5
8 11 MACH,  3300gr STAR  LUM |STD FRONT (12 22 2.
|
I 1 L | L
STRIP B
9 11 MOLET. AND IDLE |[REAR 3 [3.2 |4.
CLEAN
STRIP B
10 11 MOLET. AND STD |REAR 3.3 [3.1 3.
CLEAN
|
1 1 'LUCID. |AEG 'WP400[IDLE [REAR 3 [2.4 0.
|
12 11 'LUCID. |AEG 'WP400[STD [REAR 3.7 2.7 [1.
|
13 11 'LUCID. IAEG 'WP400IDLE [FRONT 2.2 |2 1.
|
14 11 'LUCID. IAEG 'WP400[STD  [FRONT 2.2 [1.7 [1.
|
POLISH. BR R
15 4-5 MACIL TELESCH ., MIN. [REAR [2.2 4.
|
POLISH. BR A
16 4-5 MACIL TELESCH ., [MAX. REAR 5.6 6.
|
Segue Table 2.1
WEIGHTED PEAK
CHARACTERISTICS [VALUES blfféé‘s VALUE
ISO 5349 S
|
BODY MEAS. Aeq|Aeq
N. stops  |[TOOL  \WEIGHT BRAND  TYPE|’ > HANDLE (10
|
POLISH.
17 4-5 MACIL TELESCH MIN. |[REAR 34




POLISH.

18 4-5 MACHL TELESCH MAX. |REAR [3.09
19 4-5 i/[?iéi{H AIRWAL F{?l MIN. |REAR 3.2
20 4-5 i/[?iéi{H AIRWAL F{?l MAX. REAR 2.6
21 4-5 i/[?iéi{H AIRWAL F{?l MIN. |[FRONT |54
22 4-5 i/[?iéi{H AIRWAL F{?l MAX. |[FRONT |54
23 4-5 i/[?iéi{H TELESCH }1351}) MIN. REAR 2.3
24 4-5 i/[?iéi{H TELESCH }1351}) MAX. REAR 3
25 21 i/[?iéi{H RUPES NL 2 "?“EII;\I- REAR 1.8
26 21 i/[?iéi{H RUPES NL 2 "?“EII;\I- FRONT 3.7
27 21 i/[?iéi{H RUPES LT2 |STD. |REAR 0.7
28 21 i/[?iéi{H RUPES LT2 |STD. |FRONT |1.3
29 - i/[?iéi{H AIRWAL F{?l % %AI;NH\I- REAR |2
30 - i/[?iéi{H AIRWAL F{?l % ¥$H§- REAR |2
31 - i/[?iéi{H AIRWAL F{?l % %AI;NH\I- REAR 1.7




32 - ;%CI%}.I' DESOUTIER (S)ET)EN FRONT [2.6
|
33 - ;%CI%}.I' 1100 gr. [FESTO gET ﬁa}){l  REAR |14
|
34 - ;%CI%}.I' 1100 gr. [FESTO gET %ﬁﬁ REAR 1.2
|
35 - ;%CI%}.I' 1100 gr. [FESTO gET %ﬁﬁ REAR 1.5
|
Table 2.1 follows
crnmacrersics S e [FEAK.
ISO 5349 S
|
N. ]SSODBE TOOL |WEIGHT [BRAND TYPE lggﬁg HANDLE ?eq éeq éeq
|
36 - ;%CI%}.I' 1100 gr. [FESTO gET %ﬁﬁ REAR (1.3 2.2
|
37 - ;%CI%}.I' 1100 gr. [FESTO gET %ﬁﬁ REAR 1.5 1.4
|
38 - ;%CI%}.I' 1100 gr. [FESTO gET %ﬁﬁ REAR 1.6 1.5
|
39 - ;%CI%}.I' 1100 gr. [FESTO gET %EFN REAR (1.3 1.2
|
40 - ;%CI%}.I' 1100 gr. [FESTO gET %EFN REAR (1.3 1.2
|
41 12 ;%CI%}.I' 1100 gr. [FESTO gET %EFCK REAR 1.9 1.6
|
42 12 ;%CI%}.I' 1100 gr. [FESTO gET %EFCK REAR 0.9 0.4




POLISH. LET |MED-
43 12 MACH. 1100 gr. |FESTO 3 THICK REAR 0.9 0.5
POLISH. LET |MED-
44 12 MACH. 1100 gr. |FESTO 3 THICK REAR  [1.6 1.5
POLISH. LET |MED-
45 12 MACH. 1100 gr. |FESTO 3 THICK REAR  [1.8 1.6
POLISH. LET |MED-
46 12 MACH. 1100 gr. |FESTO 3 MEDIA REAR |2 1.9
POLISH. LET |MED-
47 12 MACH. 1100 gr. |FESTO 3 MEDIA REAR |2 1.6
POLISH. LET |MIN-
48 12 MACH. 1100 gr. |FESTO 3 MEDIA REAR 0.4 0.5
POLISH. LET |MIN-
49 12 MACH. 1100 gr. |FESTO 3 MEDIA REAR  |1.2 0.5
MED-
50 12 POLISH. 1100 gr. |FESTO LET THIN |REAR |1 0.8
MACH. 3
400
MIN-
51 12 POLISH. 1100 gr. |FESTO LET THIN |REAR [1.1 0.8
MACH. 3
400
MIN-
52 12 POLISH. 1100 gr. |FESTO LET THIN |REAR |14 0.9
MACH. 3
400
Table 2.2 Doses of vibrations calculated in body shops of the Siena area
A®) [A®)
Body shop gxpg)s Y€ Tool Brand |Model [Handle ﬁj;“zn :/ Med Max
P & m/s 2 |m/s 2
1 1 Polish. mach. [Festo |[LET3 |Rear (1.9 |1 (0.7 (0.7




11

Polish. mach. [Festo |[LET3 |Rear (1.9 2 [1.0 |[1.0
3 1 Polish hAirwal rTAlSl rFront 71 2 37 150

OlSH. mac "Rupes |[LT2 |Rear 18 2 ’ ’
—
4 i Polish. mach. [Festo |[LET3 [Rear [1.9 [0.2/0.3 0.3
—
5 2 Polish. mach. [Festo |[LET3 |Rear (1.9 2 [1.0 [1.0
—

1.9

. Festo |LET2 |Rear
6 1 Polish. mach. Airwal ITA151 Front . 0.8|1.6 |2.2
—
7 1 Polish. mach. [Festo |[LET3 |Rear (1.9 2 [1.0 [1.0
—
8 i Polish. mach. Rupes [LT2  |Front (1.8 [0.4/0.5 0.5
—
9 1 Polish. mach. [Festo |[LET3 |Rear (1.9 [1.3/0.8 (0.8

6.6

. Telesch BR150 |Rear
10 1 Polish. mach. Rupes [LT2 [Front s 1 1.7 |1.7
—
1 i Polish. mach. [Festo [LET3 |[Rear (1.9 (0.4/0.4 [0.4
—
12 i Polish. mach. [Festo |[LET3 |Rear (1.9 [0.8/0.6 (0.6
—
13 i Polish. mach. [Festo |[LET3 [Rear |19 [I 0.7 0.7
—
14 i Polish. mach. |Airwal [TA151 [Rear |58 |1 2.1 [2.1
—
|15 |1 |Polish.mach.‘Fest0 |LET3 |Rear ‘1.9 ‘2.5|1.1 |1.1
—
16 i Polish. mach. |Telesch [BR 150 Rear 6.6 2 [3.3 [3.3
—
17 i Polish. mach. [Festo |[LET3 [Rear (1.9 [0.6/0.5 0.5
—
18 i Polish. mach. [Festo |[LET3 |Rear (1.9 [1 (0.7 (0.7
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3. Results

Tables 2.1 and 2.2 show the results of the assessments conducted at the body shops involved in the
survey. The times of exposure considered for the calculation of A(8) derive from estimates made by
the Operational Unit for Hygiene and Health at the Workplace of local health unit 7 following
specific surveys on working cycles at the enterprises involved.

4. Conclusions
The results obtained in this study enable us to make some considerations for preventive purposes.

1. The polishing machines in the survey produce levels of vibrations that are significantly different
for the same accessories used. In particular, the rms values of weighted acceleration in frequency
detected on the handles of these tools is in the range 1 m/s 2 - 8.7 m/s 2 In this regard we can recall
that considering the current state of knowledge in the sector, the use of tools producing levels of
vibrations lower than 2.5 m/s 2 (rms value of weighted acceleration in frequency) will protect
workers from possible risks of pathologies in the upper limbs, also in the case of prolonged use for
8 hours a day.



2. The higher risk of exposure to vibrations, assessed in terms of A(8), associated with the use of
the Telesch BR 150 sanding machine, which produces levels of weighted acceleration in frequency
of 7-8 m/s 2

3. Daily exposure to vibrations in the context of the body shops in the survey, expressed in terms of
A(8) generally less than the level of action (A8 = 2.5 m/s2) set by the above-mentioned EU draft
Directive (cf. App. A), since in most cases the polishing machines used have a wsum 2.5 m/s 2
(Festo LET 3, LET 2, Rupes LT2).

4. On the basis of the previous points, it appears possible to reduce the risk of exposure to
vibrations in the processes examined by the choice of tools exposing workers to low levels of
vibrations (a wsum 2.5 m/s 2 ) and the replacement of tools with higher levels of exposure.

Appendix A — Assessment standards for exposure to hand-arm vibrations

1 Parameters of measurement and assessment of exposure

Assessment methods for the risk of exposure to vibrations defined by ISO international standards
5349, 1986, European standard ENV 25349, 1992, and numerous other health criteria and national
standards such as, for example, US standard ANSI S3.34, 1986, Britsh Standard 6842[7], the
ACGIH[8] guidelines, are based on the measurement of the following physical measurement:

aw(@m/s2)=[1/To" a2w(t)ds] 1/2 (1)

The (1) represents the mean square value (rms) of weighted acceleration in frequency, expressed in
nm/s 2 . This quantity is detected along each of the three axial components of the acceleration vector.
For this purpose the standard ISO 5349 defines the system of Cartesian axes shown in Fig. 1. The
curve of weighting in frequency W h defined by the standard is the same for each of the three axes
of measurement of acceleration, and shown in Fig. 2, together with the filter of linear weighting e"
W lin , defined by the same standard. These graphs show that, in compliance with this standard, the
interval of frequencies of health concern is extended from 8 Hz to 1000 Hz.

The criteria defined by current standards for the assessment of exposure to vibrations, are based on
the assumption that two daily exposures to vibrations — size wl and w2 - and with a duration of
respectively T 1 and T 2, are equivalent in relation to possible risks for health, when:

awlxT112=aw2xT21/23)

the (3) expresses in mathematical terms the so-called principle of equal energy.

On the basis of this principle, exposure to medium-low vibrations is quantified by the assessment of
equivalent weighted acceleration in frequency referred to 8 hours of work (4 hours in ISO 5349,
1986, being amended), conventionally indicated with the symbol A(8). Equivalent weighted
acceleration in frequency referred to 8 hours of work is calculated by the following formula:

AB)=A (w)sumx (T e /8) 1/2 (4)
T e = overall daily duration of exposure to vibrations (hours)

aw =rms value of weighted acceleration in frequency
Awsum=(a2wx+a2wy+a2wz)l1/2
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Fig. 2 — Definition of weighting curves Wlin and Wh (ISO 5349)
In this regard it should be considered that exposure to vibrations was assessed in the context of
Standard ISO 5349 (1986) in terms of the rms value of acceleration associated with the axis of
higher exposure. In order to still be able to use the data of exposure obtained according to this
standard, in the light of the new assessment criteria, it should be recalled that a wsum can at most be
a factor (3) 12; greater than the value of a w along the axis of greatest exposure. This may be the
case of some rotary tools, where the axial components of acceleration are of the same size of the
dominant axial component. On the other hand, in the case of percussion tools such as pneumatic
hammers and demolition hammers without soundproofing, a wsum generally exceeds the value of a
w along the axis of percussion, by a factor between 1.1 and 1.3.

2. Legislative aspects

2.1 The EU Draft Directive on physical agents

The Draft Directive of the Council on minimum safety and health standards for exposure of workers
to risks deriving from physical agent 94/C230/03 states in the premises (art. 5) that faking into
account technical progress and the availability of measurements for the containment of the physical
agent to be conducted above all at the source, the risks deriving from exposure to the physical agent
shall be reduced to the lowest level possible, with aim of reducing exposure to under of the
threshold level indicated in the relevant annexe . In particular the risk from exposure to medium-
low vibrations is assessed by the equivalent weighted acceleration in frequency with reference to 8
hours of work, calculated according to the formula (4) of 1.1.

The risk levels set forth in the EU Draft Directive are shown in Tab. 2.3.



Tab. 2.3- Levels of risk set by the EU Draft Directive on physical agents
THRESHOLD LEVEL A(8) = 1 m/s*

LEVEL OF ACTION A(8) =2,5 m/s”
CEILING VALUE A(8) =5 m/s
LEVEL OF RELEVANT RISK a w eq = 20 m/s?

The threshold level represents, as stated in the premises of the Draft Directive, the level for which
the implementation of the directive should be intended for the reduction of risk, i.e. the value under
which permanent and/or repetitive exposure has no negative consequences for the health of the
person exposed.

The level of action represents the value of exposure starting from which specific protection
measures must be implemented to protect the persons exposed. These measures include the training
of workers for the specific risk, the implementation of measures aimed at the reduction of the risk,
and the periodical health check-up of the persons exposed. The ceiling value represents the level of
exposure which it is prohibited to exceed, and must be prevented, since it involves unacceptable
risks for persons exposed without personal protection devices. Exposure to vibrations with a level
exceeding 20 m/s 2 , even of very short duration, are prohibited. This value represents a “major risk
level”. Machinery which can produce vibrations greater that a “major risk level” must be equipped
with suitable signs. In the case of tools which can produce weighted acceleration in frequency (rms)
greater than 10 m/s 2, efforts must be increased to reduce the risk at the source and avoid
continuous and long uraiton exposure to these levels of vibrations.

2.2 The Machinery Directive

Pres. Decree 24 July 1996 n. 459, which in Italy has implemented the Machinery Directives
(89/392/CEE, 91/368/CEE, 93/44/CEE, 93/68/CEE), establish the basic requisites for machinery to
circulate freely on the European market, in relation to the intrinsic safety involved and protectin
from specific risks associated with their use. With regard to the risks associated with exposure to
vibrations, the Machinery Directive, in 1.5.9, states: The machine must be designed and
manufactured in such a way that the risks due to the vibrations transmitted by the machine are
reduced to a minimum level, taking into account technical progress and the availability of means
able to reduce vibrations, in particular at the source.” This general principle is applicable in the
case of vibrations transmitted to the hand-arm system , and for vibrations transmitted to the entire
body. Point 2.2 of the Directive, entitled Portable machinery held or moved by hand" requires
manufacturers to declare, among the other information included in the instructions for use, the
average weighted square value in frequency of the acceleration to which the upper limbs are
exposed when exceeding 2.5 m/s 2 . If acceleration does not exceed 2.5 m/s 2 this must be indicated.

The official methods of reference for the certification of vibrations pursuant to the Machinery
Directive are defined in the context of the harmonised ISO-EN standards. Most of them belong to
the family of standard ISO 8662-EN 28662. These standards are issued with the purpose of
“comparing the vibrations produced by differenti types of tools or machinery, or different models of
the same tool”, as stated in the premises of standard ISO 8662-EN 28662. It should be pointed out
that the main aim of these standards is the definition of test procedures which are easily repeatable,
in order to obtain similar results for the assessment made on the same utensile at different
certification labs. Thus the vibration values declared by producers are not always representative of
the values measured in the field, since generally the test conditions defined by the standard are not
very representative of the real conditions of exposure during use, as has been shown in some studies



published on the topic. By way of principle, it is thus inappropriate to use the values declared by the
manufacturer for purposes of assessment of the real risk from exposure to vibrations medium-low
associated with the use of the tool during work.

RISK PROFILES IN CRAFTS AND SMALL INDUSTRY

BODY SHOPS

Phase /risk factor document

REMOVAL

1. PROCESSING PHASE : REMOVAL: Removal of windows, accessories, metal plate,
mechanical.

2. INAIL CODE 1 6221

3. RISK FACTOR : Noise, vibrations, dust, fumes, fire, UV-IR rays, accidents

(injury to hands, flying splinters, crushing of feet)
4. RISK CODE
5. N.WORKERS : 1llex

Chapter 1 - The processing phase

This is the first operational phase, since the previous registration procedure is practically without

specific risks. The pieces forming the vehicle body are removed to be subjected to the necesswart
repair or replacing. Some components, assembled with bolts, are unscrewed, and others are cut or
divided with mechanical or thermal.

Chapter 2 - Equipment, Machinery and Plant

Cutter with hot blade; suction cups; flexible axis milling machine; oxyacetylene blowtorch; plasma
cutter; angular cutters; angular sanding machine; pneumatic chisel; electric or pneumatic saw.
These tools and machines have on average a low cost, and require frequent replacement, so that
equipment is mainly new with the EC mark.

Chapter 3 - The risk factor

NOISE and VIBRATIONS: deriving from the use of pneumatici or flexible axis tools (see Sector
Document );

DUST and FUMES from metal and the paint products covering metal plates (see Sector Document),
ACCIDENTS: fire or explosion of fuel tanks, uso of cutting tools and materials, incandescent
surfaces, falling of weights on lower limbs, flying splinters in eyes, UV radiation.

Knowing that the removal of wheels with disk brakes can cause the falling and consequent diffusion
of dust containing irritating material, often containing asbestos fibres, there is at least the risk of
inhaling this material. The collection of dost deposits in the areas where this operation is conducted
has shown such a low tally of asbestos fibre that the risk is considered negligible, without further
surveys.

Chapter 4 — Expected harm




Hypoacusis and deafness due to noise, nervous and joint trouble from vibrating instruments,
irritation of the upper respiratory tract, burns, injuries from cutting to upper limbs, contusion to
upper and lower limbs, eye injuries from flying fragments or other bodies.

Chapter 5 - Measures

Valve against blowtorch backfire, PPD for eyes, ears, upper and lower limbs.

Chapter 6 - Contracting to outside firm: NO

Chapter 7-"Legislative references' Pres. Decree 547/55; Pres. Decree 303/56; Legis.
Decree277/91; Legis. Decree 626/94.

Chapter 8 - External risk negligible

STRAIGHTENING

1. PROCESSING PHASE : Straightening: beating metal plates, smoothing plates.
2. INAIL CODE 6221

3. RISK FACTOR : Noise, vibrations, accidents (injury to hands, flying

splinters, crushing of feet)
4. RISK CODE
5. N.WORKERS : 1llex

Chapter 1 - The processing phase

The parts of the vehicle to be repaired, at the site or removed, are generally straightened by cold
processing, rarely by heating, by beating with a hammer or rammer. There follows initial sanding.
Where necessary, in this or in the subsequent phase, the surfaces are sanded. In the case of repair of
structural components (shell, frame, base etc.) the basic geometry of the vehicle must be restored.
This is achieved by smoothing the vehicle body plates, pushing or pulling the structural components
so that the points coincide as shown by comparison using the a balancing device and lift.

Chapter 2 - Equipment, Machinery and Plant

Hammers; rammers; levers; oxyacetylene blowtorch; plasma cutter; angular cutters; angular sanding
machine; pneumatic chisel; electric or pneumatic saw. Balancing device for smoothing bodywork
with lift; traction equipment.

Chapter 3 - The risk factor

NOISE: Sometimes of impulse type due to hammer and rammer blows (see Sector Document),
REPEATED MICRO TRAUMAS TO UPPER LIMBS;

DUST and FUMES from metal and the paint products covering metal plates;
ACCIDENTS: cutting materials; falling weights, movement of car lift.

Chapter 4 - Expected harm




Hypoacusis and deafness due to noise, joint trouble due to repeated trauma, injuries from cutting of
upper limbs, contusions to upper and lower limbs.

Chapter 5 - Measures

PPD for eyes, ears, upper and lower limbs; micro-switches for car lift.

Chapter 6 - Contracting to outside firm NO

Chapter 7-"Legislative references' Pres. Decree.547/55; Pres. Decree.303/56; Legis. Decree
277/91; Legis. Decree 626/94.

Chapter 8 - External risk
Disturbance to neightbours due to f the noise.

METAL PLATE ASSEMBLY

1. PROCESSING PHASE : Metal plate assembly: welding, bolting, gluing, grinding,

(sanding) .
2. INAIL CODE 1 6221
3. RISK FACTOR : Noise, vibrations, dust, wlding fumes, solvents, UV-IR rays,

accidents (injury to hands, flying splinters, crushing of feet)
4. RISK CODE
5. N.WORKERS : 1llex*

Chapter 1 - The processing phase

The phase consists in the placing of replaced or repaired body parts on the car. The assembly takes
place by weldng or bolting. Some components of organic material are glued. Sanding also takes
place in this phase.

Chapter 2 - Equipment, Machinery and Plant

Electric, oxyacetylese or point welding. Pneumatic screw devices and hand tools. Angular sanding
machine.

Chapter 3 - The risk factor

NOISE and VIBRATIONS: deriving from the use of pneumatici or flexible axis tools (see Sector
Document);

DUST and FUMES from metal and the paint products covering metal plates (see Sector Document);
ACCIDENTS.: fire or explosion of fuel tanks, use of cutting tools and materials, incandescent
surfaces, falling of weights on lower limbs, flying splinters in the eyes, UV radiation.

ADHESIVE SOLVENTS: pratically negligible.

Chapter 4 - Expected harm

Hypoacusis and deafness due to noise, nervous and joint trouble from vibrating instruments,
irritation of the upper respiratory tract, burns, injuries from cutting to upper limbs, contusion to
upper and lower limbs, eye injuries from flying fragments or other bodies.



Chapter 5 - Measures

Valve against blowtorch backfire, PPD oftr eyes, ears, upper and lower limbs.

Chapter 6 - Contracting to outside firm NO

Chapter 7- Legislative references Pres. Decree 547/55; Pres. Decree 303/56; Legis. Decree 277/91;
Legis. Decree 626/94.

Chapter 8 - External risk Negligible

PREPARATION FOR PAINTING

1. PROCESSING PHASE : Preparation for painting: application of antinoise and
antirust coating, hand filling, polishing, cleaning of surfaces, masking,
degreasing, application of undercoat, fine polishing.

2. INAIL CODE 1 6221

3. RISK FACTOR : Noise, vibrations, solvents, catalysers, dust.
4. RISK CODE

5. N.WORKERS : 115%*

Chapter 1 - The processing phase

The vehicle is prepared for painting, first of all by careful cleaning and degreasing of all the
surfaces. The parts that must not come into contact with paint are protected by suitable masking,
generally paper secured with adhesive tape. The metal plates then undergo the application of
products suited to supporting the film of surface painting. The latter should be as thin as possible,
both for reasons of cost and for the better aesthetic and functional results. Thus protection from rust
is provided by the primer, a layer generally applied by spraying, which has the purpose of providing
a waterproof coating to prevent the contact of the metal plate with air and humidity. This is almost
always followed by the application of anti-noise products, highly viscous paint containing fibres in
suspension, which have the purpose of making the metal plate heavier and reducing any vibrations.
The surface is made homogeneous and smooth by application of plaster filler with trowels for
obvious irregularities. This filler consist of a base of inert material with suitable thickness, with a
polyester resin binder, catalysed by metallic or organic peroxides. The smoothing of surfaces
treated in this way is generally dry, using rotary-orbital sanding machines; the tools are generally
pneumatic, less often electric, which remove thin layers of surface by the combined action of a
rotary movement with the orbital movement of discs medium-fine sandpaper. There follows new
cleaning of the surfaces and the spraying of a finer layer of filler or an undercoat. The parts treated
are left to dry and final polishing takes place with fine and very fine sandpaper and used by hand
and with constant wetting (with water).

Chapter 2 - Equipment, Machinery and Plant

Brush, aerograph, orbital and roto-orbital polishing machines, hand pads, aspirator for dust,
compressed air nozzle, hand tools.

Chapter 3 - The risk factor

NOISE: Deriving from the action of rotary-orbital polishing machines on metal plates (see Sector
Document);



VIBRATIONS to the hand-arm system deriving from the use of rotary-orbital polishing machines
(see Sector Document).

SOLVENTS: Deriving from the use of fillers and products generally defined as painting products
(see Sector Document ),

CATALYSERS: Used in the preparation of primers, fillers and undercoats (see Sector Document);,
DUST: Deriving from polishing. Currently, inert dust and irritating particles are involved (see
Sector Document).

Chapter 4 - Expected harm'’

Hypoacusis and deafness due to noise, nervous and joint trouble from vibrating instruments,
irritation of the upper respiratory tract, hepatic and renal stress due to solvents, disturbance of the
nervous and immune system due to solvents, sensitivity and allergic reactions to catalysers.

Chapter 5 - Measures

Aspiration of surface for dry polishing, local aspiration of rotary-orbital polishing machines, drying
pieces processed in a pressurised painting chamber. PPD for eyes and ears.

Chapter 6 - Contracting to outside firm NO

Chapter 7 - Legislative references

Pres. Decree 547/55; Pres. Decree 303/56; Legis. Decree 277/91; Legis. Decree 626/94; Min.
Decree 28/1/1992 (labelling)

Chapter 8 - External risk

Organic solvents and products in the air. Inert dust and organic products in liquid waste. Containers
of dangerous products in solid waste.

PAINTING

1. PROCESSING PHASE : Painting: preparation of paint, spraying, cleaning of
aerograph, distillation solvent.

2. INAIL CODE 6221

3. RISK FACTOR : Solvents, isocyanates, pigments(lead and chrome), fire and
explosion

4. RISK CODE

5. N.WORKERS : 115%

Chapter 1 - The processing phase

In order to restore the original colour of the of the car also for the parts repaired or replaced, the
workers in charge of painting compares the undamaged surface of the body with special painted
cards. The cards show the various shades of basic colours that must be mixed in order to obtain the
specific colour, and the relative proportions. The workers take out the amounts of paint indicated
mix them in a container, and generally conduct a test spray on cardboard to verify, after drying is
complete, that the shade is the one required. Later, when the paint is prepared, the necessary amount



of isocyanate hardener is added. For pastel colour bodywork, the preparation and spraying of the
paint is sufficient. For metallic coloured bodies, the operations of preparation and spraying are
repeated, since the metallic colours must be covered with transparent paint. The vehicle or part of it
are placed in a special pressurised chamber and sprayed with the paint with a single or double coat.
After this operation is complete, the vehicle remains in the chamber, in which the ventilation is
reduced and the temperature is increased to facilitate drying of the paint. The worker cleans the
aerograph by spraying diluting products. Some shops have closed machinery for the automatic
cleaning of aerographs. In order to reduce the use of dilutants, the ones used are often distilled to
recover the solvents to be used for the initial cleaning of the aerographs.

Chapter 2 - Equipment, Machinery and Plant

Preparation of paint: Shelves with shakers for basic paint colours, scales and graduated glasses,
readers for colour scale (all technically included under the label tintometer); sprayers.: aerograph;
drying: painting chamber, dosing plant, air extraction and filtering, air heating plant (all technically
included under the label ventilation); cleaning the aerograph: place for manual cleaning or
automatic washing machine; recovery of solvents: distiller.

Chapter 3 - The risk factor

SOLVENTS: Deriving from exposure to dilutants and products generally defined as paint, both in
the preparation and spraying stage, but above in the manual cleaning of the aerograph (see Sector
Document) ;

ISOCYANATES: Used in the preparation of undercoats and paints (see Sector Document);
HEAVY METALS: In particular lead and chrome present in some pastel shades. Exposure is
considered toxicologically negligible (see Sector Document)

FIRE, EXPLOSION: Due to the presence of the tank containing gasoline and gasoline vapours
mixed in the air in a hot environment and with air-borne organic solvents.

Chapter 4 - Expected harm

Harm and disturbance from solvents: Irritation of upper respiratory tract, dermatitis due to irritation
or allergy; acute effects on the central nervous system (narcosis, headache), chronic effects on the
central nervous system (depression, slowdown), chronic effects on the peripheral nervous system
(sense or motor neuropathology), effects on the sympathetic and parasympathetic system (nausea,
vomit); effects on haemopoiesis (anemia, microcytosis); effects on the immune system (alteration of
macrophages and plasma cells); hepatic and renal overload (enzymatic induction);

Harm from isocyanates: irritation to upper respiratory tract and bronchial tubes, asthma from
isocyanates;

Harm from heavy metals: not proven

Chapter 5 - Measures

Closure and forced ventilation of the painting chamber with separation from the rest of the shop,
electrical plant compliant with standards. The products containing isocyanates usually have the
lowest contents of free monomer technically achievable. The paint containing pigments based on
lead chromate have been voluntarily excluded from processing.

The ISPESL, upon the example of foreign practices, has issued rules listing the minimum
characteristics required for painting chambers in body shops and the relative plant. In the sample of
shops examined, the number of painting chambers completely complying with ISPESL rules on



good technical equipment totalled 8 (47%); 6 others (35%), while guaranteeing an average velocity
of not less than 0.25 m/s", however with a poor distribution of air flow so that at 1, 2 or 3
workplaces the minimum required airflow was not found (0.17m/s"). Finally, 3 chambers (18%)
showed values definitely lower than the ones considered minimum . The characteristics indicated by
the ISPESL were already provided for in plant design and then conserved by conducting regular
maintenance; in particular the importance of replacing filters was highlighted.

For the cleaning of aerographs, the operation with most exposure to the absorption of solvents,
Table 1 shows the systems recorded.

Table 1

|Cleaning method |N° shops ‘Suitable aspiration/segregation

Manual 24 N° 6 (20%)
| | |

|Automatic 5 IN° 1 (16%)

The regular use of PPD for the eyes and respiratory tract is important.

Chapter 6 - Contracting to outside firm Generally no
Chapter 7 - Legislative references'

Pres. Decree 547/55; Pres. Decree 303/56; Legis. Decree 277/91; Legis. Decree 626/94; Min.
Decree 28/1/1992 (labelling)

Chapter 8 - External risk

Diffusion in the air of vapours of organic solvents; in inhabited areas it is a suitable number active
carbon filters for outgoing air are required. Outside diffusion of particulate from painting; reduction
(dry or wet) in an outgoing pre-filter is always necessary. In the case of wet filters, it is necessary to
avoid interference with the following active carbon filter. In the case of dry filters, it is necessary to
verify the state of the filters and replace them when they are exhausted. Waste water discharge of
the wet filters or filter tanks of the painting chamber, if still of the water type, containing particles in
suspension.

INSTALLATION

1. PROCESSING PHASE : Installation: injection of antirust products,
installation of mechanical parts, application of the primer and sealant,
installation of windows and accessories.

2. INAIL CODE 1 6221

3. RISK FACTOR : Solvents, pigments, accidents (injuries to hands and crushing
of feet)

4. RISK CODE

5. N.WORKERS : 1llo*

Chapter 1 - The processing phase




The pieces repaired separately or replaced are placed back on the car. The functional units of the
various components are put back, as well as the elements temporarily removed for repair or the
replacement metal plates: windows, headlights and other accessories with their respective packing.
Antirust products are injected in the closed parts.

Chapter 2 - Equipment, Machinery and Plant'’

Pneumatic injection gun for antitrust products in closed parts and to apply sealants or adhesives.
Brushes and hand tools.

Chapter 3 - The risk factor

Practically indistinguishable from other processes.

Chapter 4 - Expected harm negligible
Chapter 5 - Measures minimum

Chapter 6 - Contracting to outside firm NO
Chapter 7 - Legislative references' general
Chapter 8 - External risk negligible

POLISHING AND WASHING

1. PROCESSING PHASE : Polishing and Washing

2. INAIL CODE 6221

3. RISK FACTOR : Noise, vibrations, washing aerosol
4. RISK CODE

5. N.WORKERS : 36

Chapter 1 - The processing phase

Before delivery, the entire surface of the car, with particular cure for the parts repaired, are
polished. Abrasive paste is used, consisting of very fine inert particles, dispersed in an oily fluid
containing organic dilutants with a very high evaporation temperature. This paste is applied by hand
or angular polishing machine. If necessary the car is washed with pressurised water jet and in some
cases the operation is completed with the application of was having an aesthetic and protective
function.

Chapter 2 - Equipment, Machinery and Plant

Angular polishing machine, pressurised water jet, manual pads.

Chapter 3 - The risk factor

Since abrasive paste containing containing quartz crystals (SiO2) are seldom used, and the
consequent risk of silicosis has ended, the residual risk from dust can be considered negligible. The
organic dilutants are not volatile and the risk of inhalation of solvent vapours is not taken into
consideration. For the vibrations to the hand-arm system due to the angular polishing machine, see
the specific report attached to the Sector Document.

Chapter 4 - Expected harm

Practically indistinguishable from the other work

Chapter 5 - Measures Minimum




Chapter 6 - Contracting to outside firm NO
Chapter 7 - Legislative references' general
Chapter 8 - External risk negligible




