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Abstract : Exposure to HDI(hexamethylene di-isocyanate) commonly used in vehicle crash repair workshops remains
a leading cause of occupationd asthma. Although skin and eye contaminaion are conddered as asorption routes, there
are no occupationd exposure standards for skin and ocular exposure. This is the reason why there are more empirical
data should be provided. Therefore this study was to determine contaminaion levels of HDI on the skin, eyes, work
surfaces, respirators and eye protectors. There was evidence of contamination on a variety of work surfaces, for exam-
ple, door handles, bench top and spray gun, etc. A high proportion(47~80%) of skin wipe samples from neck, foreheed,
back hand, pam and wrist was positive for HDI contamination, even though spray time was relatively brief. The
contaminaion levels from spraying insde spray booth were generaly higher than outside booth due to poor work
practices and ingppropriate persond protective use like safety gloves. Apprentices had higher exposure leves than the
qudified painters, likely due to lack of the recognition of safety and hygiene. The extent of contamination insde the
PPE might provide an indicaion of the potential for respiratory & skin exposure and ocular exposure. Eye fluid sam-
ples from 4 out of 14 workers had the podtive detection of HDI contamination, due to poor work practices like no
or ingppropriate eye protection. Considering the potentid for derma & ocular exposure to contribute to possible hedth
symptoms including respiratory sensitization, the empiricd data point to a need for improving work practices and
appropriate PPE sdlection, use and maintenance.
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1. Infroduction

Organic isocyanaes are presant in the hardener com-
ponent of the “two-pack” polyurethane spray paints
commonly used in auto refinishing for crash repair.
Aliphetic isocyanate dligomers, based on hexamethylene
diisocyanate(HDI), are typicaly employed for so-cdled
“clear coat” applications. Initidly, volatile monomeric
diisocyanates were used, but in the 1960s less vola-
tile polyisocyanates were introduced to reduce inhda-
tiona exposure for non-spraying activities’.

However, despite the efforts of reducing isocyanae
exposure severd decades of research and intervention,
exposure to isocyanates in crash repair workshops
remeins a leading cause of occupationdl asthmed’. Based
on anima evidence, it has been suggested that skin
contact with isocyanates may lead to asthma™, em-
phasizing the importance of the control of dermal ex-
posure,

It has dso been suggested that contaminated work-
ing surfaces and poorly controlled skin exposure to
isocyanates might be associated with respiratory sym-
ptoms™*®. Biological uptake in humans may aso be
caused by skin absorption or other exposure routes™.
Previous studies in crash repair workshops have iden-
tified an increased prevalence of skin problems, such
as dry cracked skin, dermtitis, skin irritation>*®. From
these dudies, the possble adverse hedlth symptoms
were rdaed to skin or surface contamination resulting
from ingppropriate persond practices and persond pro-
tective equipment. However, it was commonly recom-
mended that there should be more empirical data
related to skin & surface contamingtion. In particular,
there are no occupationa exposure standards for skin
exposure. Although ocular exposure can be an ex-
posure route like derma and inhaationd exposure,
there is no avalable data for ocular contamination,
because of a lack of atention of ocular exposure, the
sgnificance of this route being unclear and no stan-
dardized occupational exposure monitoring methods
avaldde Therefore, this study was conducted to deter-
mine skin & work surface contaminaion including
protective equipment and possible ocular exposure to

isocyanate.
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2. Materials and Methods

2.1. Study Population

Twenty-Sx spray painters from nine commercia
automobile repar shops including four gpprentices from
a TAFE(Technicad and Further Education) college and
a Motor Trade Asociation(MTA) training school, and
three outdoor oray painters participated in this study.
They were largely drawn from individua smal bus-
nesses that were members of MTA.

Workers appeared to have repeated exposure via
aerosol deposition on exposed skin or dothing. Respi-
rator, clothing and shoe contamination were often
visble, despite the common use of high volume low
pressure spray guns. The PPE was washed infre-
quently and often stored inappropriately, resulting in
persstent surface contamination as reported by a
previous study”.

Workers were adso observed to touch contaminated
surfaces of PPE and spray guns with their hands
without wearing protective gloves. The mixing rooms,
bench tops and floors were potentid sources of con-
tamination, due to chemicd spillage Smdl spray pant-
ing tasks sometimes occurred outside of the dedicated
booths increasing the likelihood of skin/surface con-
tamination.

2.2. Monitoring Methods

Surface Monitoring : |PA(isopropanol) was sprayed
on the contaminated surface like chemical baance,
bench top, rocker handle, door handle and spray gun
and paper tegpe(diphatic isocyanate) and/or Smype
indicators were used on a amd| area for screening pur-
poses?. Wiping area was 10cmx10cm or whole area
of door handles, rocker handle and a spray gun
handle. After the detection of isocyanate contamina-
tion, for quantitative assessment the surface was re-
orayed and wiped with a Ghost wipe pad, and trested
as below.

Derma Monitoring : For quditative assessment of
skin contamingtion, commerdd products, namdy Sawypes
and Permea-Tec padg(Omega Specidity Instrument
Company, USA) were used™. A color changed from
yellow to orange appeared to indicate the presence of
diphatic isocyanates. For quantitative derma monitor-
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ing, a smdl amount of pure IPA was rayed on a
whole area of body regions like neck, forehead, hands,
pams and wrists, and then the sprayed regions were
wiped by Ghost wipe pads” purchased from Environ-
mentd Express(USA). The wipes were treated with
the derivatising solution(see below) prior to anayss.

PPE Monitoring : Surface wiping of PPE was
caried out using Ghost wipe pads and IPA. For this
investigation the indde and/or outsde surfaces of PPE
were wiped immediately after paint spraying activity.

Ocular Monitoring : Commercia eye drop solution
(“Refresh”, Allergan) was used for the ocular moni-
toring. In laboratory experiments to determine the
Sability of HDI in the commercid eye drop solution,
10pL of hardener solution(5.7% of NCO group in
liquid hardener, PPG, 2K MS Norma hardener) was
dissolved in 1.5mL of eye drops. The HDI-based har-
deners were found to break down relatively quickly
in the eye drop solution, with only about 10% of the
isocyanae remaining after 2min. a room temperature.

Therefore, ocular sampling for HDI was carried
out in workers immediately(less than 2 min.) after
spraying. Ocular fluid samples were collected by
applying 0.1~0.2mL of the commercia eye drops into
each eye. Excess liquid from the corner of each eye
was absorbed onto a serile cotton swab, and this
was treated as below in andyticd methods.

2.3. Analytical Methods

During the sampling, clean digposable nitrile gloves
were worn and tweezers were used to pick up the pads
to minimize contamination by hands or surfaces. 1so-
cyanate-containing samples in wipes and swabs were
placed in vids containing 10mL of the derivatisng
solution dissolved 50pg of 1-2MP(methoxy-phenyl
piperazing) in 1mL of dried toluene™. Sampling vials
were stored in an ice box prior to transport to the
laboratory. After 24 hours, 200pL of acetic anhydride
was added into the vids, and left for 30min. Eva-
poration of the samples was carried out in a fume
cupboard by blowing pure nitrogen gas. In order to
re-dissolve the resdue, 10mL of acetonitrile was
added. In the case of the eye swab samples, 5SmL was
used. The adjustment of the results from the samples
was carried out using a blank sample.
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Anaysis was by HPLC(Spherisorb ODS2(C18)
column, +0.8V EC, 242nm UV, 30°C oven tempera-
ture) in accordance with a previous study”. The
mobile phase comprised 67% acetonitrile, 33% didtilled
waer and pH 6.0 controlled by sodium acetate and
acetic acid. How rate was 1.5mL/min with hdium
sparging.

The limit of detection was 0.003ugNCO/mL for
the EC detector(0.008 pgNCO/mL for the UV detec-
tor). The sendtivities of the paper tape and Swype
indicators were gpproximately 0.002ugNCO/mL. Re-
tention times of monomeric and polymeric HDI are
3.1 and 7.8minutes respectively.

3. Result and Discussion

3.1. Surface Monitoring

Table 1 provides qualitetive data on surface conta-
mination, and table 2 gives the quantitative results.
The limit of isocyanate detection is 0.03ugNCO in
totd. The abbreviations in table 1, 2 and assessment
aeas ae described as CB: chemicd baance(100
on), BT: bench top(100cn), RHM: rocker handle in
mixing room(gpprox. 66cnT), IDHM: inside door han-
de in mixing room(typicaly 70cnt), ODHM: outside
door handle in mixing room(typicaly 70cn), IDHB:
insde door handle in spray booth(approx. 98cm?),
ODHB: outsde door handle in spray booth(approx.
98cn) and SG: spray gun(approx.100cn).

The interpretation of colour change data in table 1
is Similar to that of a previous study?. That is, a color

Table 1. Isocyanate indicator testing of surfaces using paper
tape or Swype pads

Workplace Colour reaction (P = positive, N =negative)
id CB | BT | IDHM | ODHM | IDHB | ODHB
B1 P | P P P P P
B2 P | P P P NS | NIS
B3 P |NS| P P P P
B4 N | P P P N/S | NIS
B5 P P P N® NS | NIS
B6 P | P P P NS | NIS
B7 P P P N NIS | NS
B8 P P N N NS | NS
B9 P | P P P P P

a Cleaned after use, b: Open al the time without touching, N/S; Not
samples
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Table 2, Quantity of isocyanate on surface samples in spray
and mixing areas

Workplaca Total isocyanate (g NCO)
id | cB | BT |RHM |IDHM |ODHM |IDHB{ODHB| SG
Bl | 005 |< 003< 0.03|< 0.03[< 003] 42 k003 21
B2 |< 003 N/S | N/S |< 0.03|< 003| NIS | N/S | N/S
B3 | N/S|NS| NS | 01| 12 | NiS|NS| 04
B4 |< 0.03/< 0.03] N/S |< 0.03|<003| 16 | 05 | 11
B5 |< 003 N/S | N/iS | 004 |< 003 NiS | N/S| 02
B6 | 012 | N/S | N/S | 004 | 004 | NIS| N/S| 03
B7 |< 0.03/< 0.03] N/S |< 0.03|< 003| 03 | 01 |< 0.03
B8 |< 0.03[< 0.03] N/S |< 0.03|< 0.03 0.03< 0.03< 0.03
B9 | N/S|005| NIS| 09 | N/S | NIS | NIS | 46

* N/S: Not samples

changed from yedlow to orange appeared to indicate
the presence of diphatic isocyanates(i.e. -NCO group).

Teble 2 illugtrates the large variability in surface
contamination, potentialy due to poor work practice,
initid isocyanate srength, partial polymerization and
other factors?. Most values(57%) were below the limit
of detection(0.03ugNCO) with 30% between 0.04
and 1.0ugNCO, and 13% exceeded 1.0ugNCO. The
highest recorded vaues were 21 and 42ugNCO, both
swabs collected from business B1 mainly due to infre-
quent cleaning process and frequent tasks.

Table 3. Skin wipe data for spray painters

The amount and digtribution of surface contamina-
tion is likey to be highly varidble, due to different
mechanisms like direct contact, aerosol deposition and
surface contaminant trandfer, isocyanae srength, extent
of isocyanate reaction and other factors“*™. Further-
more, the amount of surface contaminant removed by
wiping is unlikedy to be uniform across dl sur-
faces®™, and therefore the resuts presented here should
be consdered semi-quantitative.

3.2. Dermal Monitoring

Skin wipe results for the painters spraying insde
and outside booths are given in table 3. The limit of
isocyanate detection is 0.03ug NCO in totad. The
abbreviations in table 3 are described as N: neck,
FH: forehead, LBH: left back hand, RBH: right back
hand, LP: left pam, RP: right pam, LW: left wrist
and RW: right wrist, dso the dphabetical symbols
are expressed as a no protection, b: wore disposable
nitrile gloves, ¢. covered by digpossble overdl, d: wore
disposable latex gloves, e touched by contaminated
hands, f: wore disposable coveral and g: wore ar
line hood.

It can be seen that the apprentices (S1,7,11,12)
have somewhat higher exposure levels than the qua-

Person i . [Activity duration Total isocyanate (g NCO)
(minutes) N FH LBH RBH | p | me LW RW
Inside booth
2 1 < 003 < 003 <003 <003 <003 <003 < 003 <003 ¢
3 2 < 003 < 003 0.06° < 003 0.08° < 003" < 003 < 003
s 3 0.08° 0.09° 0.17° < 003 0.08° 0.11° 2.0° < 0.03
S5 4 < 003 < 003 0.05°% 0.04% 2.0° 0.11° 0.14% 0.06"
S5 4 0.09° 0.11° < 003 < 0.03 < 0.03 < 0.03 < 003 < 0.03
S8 7 < 003 < 003 < 0.03° < 0.03° 0.05" 0.04° 0.04% < 003
0 9 03l e < 003 < 003 0.19° 0.18° < 003" 0.06° 0.08°
S10 15 0.13° 0.30° 0.08* 0.05* 0.07° 0.15% 0.12° 0.27°
Sl 1 < 0,03 < 003 0.25° 0.18* 12 072 < 003 < 003
St 53 0.79 0.11' 0.15° 01° 0.42° 0.39° 05° 017°
S11* 2 0.2 < 0,03 < 0.03° 0.48" 0.1 0.48" 043 31°
S12* 30 15° 25° 25° 26° 1.7 2.7 2.7 21°
Outside booth
S13 24 0.54° 0.19° < 003" < 003" < 003" < 003 < 003 0.06*
Sl4 73 0.35° 054 0.80° 1.08° 183° 256" < 003 < 003
Si5 31 < 003 < 003 0.08* 0.07° 0.06° < 003 < 0.03 < 003

ok
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lified painters. Clothing and gloves afforded protec-
tion, except for those using disposable latex gloves.
Screening with skin Swpes, undernegth the dispo-
sable latex, yielded a color change.

It appeared that spraying outside of the booth, i.e.
in open aess, as expected, does not have higher
dermd exposure levels than spraying inside the booth.
However, S14 had appreciable skin exposure, due to
proximity to the object being sprayed and both S13
and Sl14 had measurable contamination on the neck
and forehead. A high proportion of skin wipe samples
tested positive, even though spray time was reaively
brief. Sampling protocols for dermal exposure™ should
include body locations close to the spray, such as
neck and forehead aress.

Biologicd monitoring like hexamethylene diamine
(HAD) as a biomarker of HDI based compounds of
isocyanate exposure will assist in understanding the
extent of uptake once skin, eye or inhaation expo-
sure occurs’®™.

Table 4 summarizes the proportion of postive
skin results by body regions from 15 spray painters
out of 26 in totd. It can be seen that the mgority of
kin wipes yidded a pogtive result, even though
sray time was relatively short.

3.3. PPE Monitoring

Results for wipes of PPE are given in table 5 and
6. The limit of isocyanate detection of those is dso
0.03 g NCO a&s hefore, and S1, S7 and S12 were
apprentices.

The abbreviations in table 5, 6 and assessment areas
are described as SIAR: indgde transparent surface of

Table 4. Proportion of detectable dermal isocyanate expo—
sures by body location

Body location” (n=15) % positive

Neck 60
Forehead 47

Left back hand 60
Right back hand 60
Left pam 80
Right palm 67

Left wrist 53
Right wrist 47
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Table 5. Isocyanate contamination of PPE for painters spray—

ing in a booth
Person Tota isocyanate (g NCO)
id. SIAR SOAR SR
2 2.8 21.8 -
3 N/S N/S 2.60°
4 N/S N/S 0.08"
S5 N/S N/S <003
6 N/S N/S <003
8 N/S N/S 0.07°
9 N/S N/S 0.86°
S10 < 003 < 003 N/S
S 044 9.0 N/S
S 1.61° 9.0 N/S
S12* < 003 < 003 N/S

* N/S: Not sampled

Table 6. Isocyanate contamination of PPE for painters spray—
ing outside of a booth

Ferson i Tota isocyanate (ug NCO)
IG 0G SIR
S13 0.14% 0.97 0.53*
S14 - - 117
S15 0.07° < 0.03 < 0.03°

hood air line respirator(approx. 560cm’) SOAR: out-
dde transparent surface of hood ar line respirator
(approx. 560cnt), SIR: insde surface of ar puri-
fying half face respirator(approx. 60cm), 1G: inside
safety goggle(approx. 56cmt) and OG: outside safety
goggle(56cnT). Also the aphabetica symbols are ex-
pressed as a not cleaned before and after use, and
stored in contaminated areax b: poor facid fit, due to
beard and different size, c: touched by contaminated
hands, and stored in contaminated area.

It appears that insde surface contamination, when
detectable, is approximately an order of magnitude
less than externd surface contamination.

3.4. Ocular Monitoring

A limited amount of eye contamination sampling
was conducted. The results are given in Table 7. It
gppears that eye protection tools like hood or safety
goggles are effective. However, touching eyes with
contaminated hands after the spray painting or not
wearing eye protection resulted in eye contamination.

Journal of the KOSOS, Val. 24, No. 6, 2009
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Table 7. Ocular isocyanate exposure for spray painters

Range of exposure
Location Eye protection (ugNCO)
Left eye | Right eye
» Yes(air line hood) | n.d., nd, | nd., nd,
Qualified (n=3) nd. nd.
paners d, nd, | nd, nd
Inside n=7 - n.a., n.a., .d., n.a.,
insde | (0= NO (=4 | nd. 002 | nd. 003
(n=11) | Yes(air line hood) | nd, nd, | nd, nd.
Apprmgc&S (n=3) 0.1* 0.18*
n:
(r=4) NO (n=1) 0.05 0.25
Outside booth Y@(safet! goggles) nd, nd. | nd, nd.
(qualified painters) (n=2)
(n=3) NO (n=1) 0.05 0.02

* Observed to touch eyes with contaminated hands after spraying.
n.d. =not detected < 0.02ug NCO in total

This is the first sudy reporting a measurement of
isocyanates in eye fluid. Eye fluid samples were po-
gtive for -NCO in samples from 4 workers of 14
tested. When detected, -NCO was present in samples
from both eyes in each case. Given the reectivity of
isocyanates, it was a somewhat unexpected finding,
but some degree of ocular contamination is likely to
occur by not wearing any, or ingppropriate, eye protec-
tion or indirect transfer via contaminated hands. The
gpprentices appeared to have been exposed to more
isocyanate than the qudified painters, perhaps due to
a lesser awareness of exposure routes.

Even though some ocular exposure was evident, no
excess of eye symptoms was reported, consistent with
a previous study”. However, ocular sampling method-
ologies should be further developed and there is a
need to better understand the sgnificance of the ocular
route, and the influence of wearing contact lenses.

4. Conclusion

Derma and ocular exposure to isocyanate in crash
repair workshops were investigated in this study. Es-
pecialy, this is the first study reporting a measure-
ment of isocyanates in eye fluid. The results we
have obtained are as bdlows :

1) The amount and digtribution of surface conta-
mination are likely to be highly variable, due to di-
fferent mechanisms. However, the use of appropriate
PPE reduced skin and eye contamination, which may
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reduce the possibility of dermatitis and respiratory
symptoms dthough there is a lack of evidence that
dermd contact causes respiratory sendtization.

2) Even though some ocular exposure was evi-
dent, no excess of eye symptoms was reported. Eye
fluid samples were podtive for -NCO in samples
from 4 workers of 14 tested. When detected, -NCO
was present in samples from both eyes in each case.
However, ocular sampling methodologies should be
further developed and there is a need to better under-
stand the significance of the ocular route, and the in-
fluence of wearing contact lenses.

3) There is a need to educate workers about mini-
mizing exposure via the derma and ocular routes via
gppropricte PPE and work practices like cleaning.
Because the gpprentices gppeared to have been ex-
posed to more isocyanate than the qudified painters,
perhaps due to a lesser awareness of exposure routes.
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