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ABSTRACT

The aims of this Technical Development Survey (TDS) were to investigate the pattern and
extent of exposure to rosin and its fume and the prevalence of respiratory impairment at
selected premises from three different industries: soldering; rosin and rosin solder manufacture
and rosin containing hot melt glues in the canning industry.

The methods used to carry out this investigation were:

1. a health questionnaire, based on the Institute of Occupational Medicine (I0M)
questionnaire with additional questions to gather information on smoking,
occupational history and previous chest illness;

i, air sampling, using the resin acid method developed by HSL.

Both exposed and non-exposed workers in selected factories from each industry were
requested to complete a health questionnaire. In addition personal, static and bulk samples
were taken to investigate the levels of exposure to rosin and its fume.

The data collected indicated that the levels of exposure to fume in the soldering industry
varied significantly across the sites visited, with an average exposure of 31 ug.m™ and a range
of 2 pg.m? to 1048 ug.m>. Only a minimal level of exposure to rosin was detected in workers
in the canning industry, with an average of 2 ugm® The levels were higher in the
manufacturing industry with an average exposure of 21 pg.m”. There were higher peak
exposures in the manufacturing industry compared with soldering. this suggested more
short-term high exposures in manufacturing and more consistent exposures over time in
soldering.

The results of the survey suggest that:

+ There is clear evidence that exposure to rosin fumes increases the prevalence of at least
one of six symptoms amongst females in the soldering industry. This is not the case for
male workers in this industry. Nor 1s it the case for respiratory symptoms alone.

¢ There is clear evidence that higher exposure levels increase the prevalence of symptoms
amongst female workers in the soldering industry with weaker evidence that the same is
true for male workers. For both sexes combined there is a significant increase in the
prevalence of symptoms as compared with the control workers when exposure levels
exceed 50 mg.m-3 . '

* The length of time spent in a job with exposure to rosin does not appear of itself to
affect the prevalence of job-related symptoms.

* There is some evidence to suggest that the use of engineering controls, local exhaust
ventilation in particular, reduces the prevalence of symptoms.

These findings need to be viewed in the context of other survey data on respiratory symptoms
in workers exposed to rosin fume (see Rosin-Based Solder Flux Fume Criteria Document -
when published).

The report makes recommendations regarding the measurement and control of exposure to
rosin and its fume and suggests further work which may provide additional useful information
to help reduce the risk of ill-health foliowing exposure to rosin and its fume.





























































































































































(S)
Job / Activity ecard

Soldering

/ Job: Solderer

Activity:Manual soldering
Automatic soldering
Semi-antomatic soldering
Tinning

Desoldering

-----------------------------------------------------------------------

Job: Assembler

Activity: Preparing components for soldering
Assembling components after soldering
Testing
Inspection
Occasional soldering

-----------------------------------------------------------------------

Job: Supervisor

Activity: Supervising work in soldering area

-----------------------------------------------------------------------

Job: Maintenance

Activity: Maintenance of equipment

-----------------------------------------------------------------------

Activity: Not work related

Tab: Glua)«‘-r"j} (ool

(Factories 1 8-2}’)

FOR OFFICE LEE ONLY

Activity

(A)
(B)
(©
(D)
(E)

SS838

(X)

L

Z)

Factory





















2. ROSIN MANUFACTURERS
2.4 FEactory 14

worksheet OH328/83

6 samples:- 2 x LVF-25P
1 x LVF-25S5
2 x HVF-478
1 x Bulk Rosin

As can be seen in Table 1, filter loadings wers in four of the five air samples were
extremely low. Sample compositions for these four sampies are therefore only very rough
estimates. The main difference between the bulk sample of rosin received and the one
resin acid composition on the one remaining air sample (LS/20828/93) is that the buik
sample contains predominantly abietic acid, whereas the air sample contains
predominantly dehydroabietic acid.

TABLE 1: Summary of Results at Factory 14

Sample Sumple Sample TRA cwaple Composition

Number Type Volume @) | (ugp)
LS/20828/93 | LVF-28p 128 423 52% Dhu, 5% Iso, 5% Pal, 4% Abi, 1% Pim, 33% Other
L8/20929%3 | LVF-138 240 g | Too low 10 acourately assess - appears mainly Dhs
Ls/2093053 | LVF2sp 30 62 Too low 10 accurately assess - appears mainly Dha
LS2092893 | HVF47S 2850 12 27% Dha, 25% Pim, 21% 1sc, 9% Abi, 18% Other
LS/20936P3 | HVF475 7920 09 36% Dha, 73% 150, 22% Abi, 10% Pim, 9% Other
1572094153 | Bulk Rosin anee wsee $6% Abi, 18% 150, 8% Dha, 7% Pal, 4% Pim, 4% San, 3% Neo

2.2 Factory 11
Worksheets OH349/93 & OH358/93

54 samples:- 25 x LVF-25P
2 x LVF-25S
24 x LVT-P
2 x LVT-S
1 x Bulk Rosin

Table 2 shows the results of the charcoal tubes samples. The main components present
were a-pinene, p-pinene and a group of sesquiterpenes. Airborne levels of the three
compounds were extremely low with the combined level of a-pinene and p-pinene rising
above 2 ug/m? in only 1 out of the 26 samples. Sesquiterpene levels were also low,

with total concentration rising above 2 pg/m?® in 4 of the 26 samples.










significant differences when compared with those observed in the 19 air samples with the
resin acid compositions with TRA levels above the detection limit. In particular all the air
samples show higher propartions of DHA and lower proportions of ABI suggesting the
occurance of some degradation/oxidation of the rosin during processing. Typically the
resin acid compositions in the 19 air sampies falls into one of the following 3 groups:-

a) Samples in which the TRA levels were too low to accurately assess the resin acid
composition but which appeared to be composed fargely of DHA.

b) Samples in which the proportions cf DHA and ABI were fairly similar (the DHA typically
being between 30 and 35% and the ABI between 25 and 30%).

¢) Sampiles in which the proportion of DHA is around 3 - 4 times that of ABI (the DHA
typically being between 45 and 55% and the ABI between 12 and 18%).

The samples comprising group b were mainly from personnel involved in loading liquid
rosin into tankers for transportation, although one sample (NE/31173/93) was from a static
sample sample taken at the hot end of the pellet cooling conveyer in the MRP area. The
samples comprising groups & and ¢ were generally taken from personnel working in the
TOP and other parts of the MRP areas. This observation suggests that for this particular
factory, samples taken adjacent to areas of hot liquid rosin tend to show higher
proportions of AB! than samples taken from elsewhere.

2.3 Factory 10
Workshests QH350/93, OH351/93, OH359/93, OH360/93 & OH361/93

30 samples:- 10 x LVF-25P
& x LVF-258
8 x LVT-P
3 x LVT-S
4 x Bulk Rosin

Tabie 4 shows the results cf the four main components (a-pinene, b-pinens, limonene and
sesquiterpenes) found in the charcoal tubes samples. The results show airborne
concentrations on the first day of the two day visit to be extremely iow (NE/31227/93 -
NE/31332/93), but results on the second day to be significantly higher (several hundred
times higher on average in the case of a-pinene and the sesquiterpenes). There is no
obvious reason for this in the type of job from which the samples were taken and indeed
the TRA results (Table 5) show higher levels on Day 1 than on Day 2.

Table 5 shows the results of the filter samples for airborne resin acid levels, as well as the
resin acid composition of the 4 bulk rosin samples. Of the 15 air samples, all gave gave
TRA concentrations of over 200 pug/m?, with 10 of these being over 500 pg/m®, 6 being
over 1000 ug/m® and 3 being over 2500 pg/m*. indeed, in the case of samples
NE/31220/93 - NE/31223/93 which gave the highest readings, the values obtained are
probably minimum values since some the sample tims received showed evidence of some
of the collected particulate having fallen off the filters.




TABLE 4: Summary of Resulits at Eactory 10 {Volatiles)

Sample Sampie Sample a-Pinene f-Pincne Limonene Sesquiterpeas
Number Type Vohome (1) (g™ (ug/m) (ng/m"} (1p/m*)
WEA1227/93 LVT-P 36 N/D D3 N/D N/D
NE/3122893 LVT-P k] N 1.2 ND ND
NE/3]1229/93 LVT-P 27 51 40 ND 24
NE/31230/93 LVT-P 22 32 1.9 ND 2.6
NES1231/93 LVT-P 139 N/D N/D N/D ND
NE/123293 LVT.P 134 0.4 0.4 N/D 1.0
NE/31247/93 LVT-S 50 g3, 80 31 4455
NE31248/93 LVTS 49 256 51 2.0 2646
NEN124993 LYT-S 54 70 s 4.0 817
NE/31250/93 LVT-P 54 452 54 2 4817
NE/312%1/93 LVT-P 57 610 50 20 4973
TABLE 5: Summary of Results at Factory 10 [Resin Acids)
Sample Sample Semple TRA
Nuswber Type Voheme () | (ugine) Sample Composition
NE/31212/93 LVF-25P 67 1461 34% Dha, 11% Pim, 6% Iso, 5% Abi, 3% Pal, 1% San, 2% Neo, 36% Other
NEA12139) LVF-25P 61 810 37% Dha, 12% Pim, 7% [xo, 5% Abi, 4% Pal, 3% San, 2% Neo, 30% Other
NEQ1214/93 LVF-258 &4 ais 315% Dha, 11% Pim, 8% Abi, 7% Iso, 5% Pal, 3% San, 31% Other
NE31215/93 LVF.158 61 325 35% Dha, 12% Pim, 7% Abi, 7% Iso, 4% Pal, 3% San, 32% Other
NE1220/93 LVE-25P I 2813 39% Abi, 16% Pal, 14% Neo, 12% Dha, 11% Pim, 4% Iso, 3% San, 1% Other
NE21221/93 LVF.25P 19 2021 35% Abi, 15% Pal, 13% Dha, 13% Neo, 12% Pim, 4% Isc. 3% San, 2% Other
NEf1222/93 LVF-25P 27 3754 35% Abi, 22% Dha, 13% Pal, 11% Pim, 2% Neo, 4% lso, 2% San, 5% Other
NE3122393 LYF.25P 22 3704 34% Abi, 22% Dha, 13% Pal, 12% Pun, 8% Neo, 3% Iso. 2% San, 6% Other
NE/31224/93 LVF-25P 13% 201 33% Abi, 24% Dha, 12% Pal, 3% Pim, 5% Neo, 4% Is0, 1% San, 12% Other
NE31225/93 LVF-25P 134 233 3% Abn, 24% Dha, 11% Pal, 8% Pim, 6% Neo, 5% 150, 1% San, 12% Other
NE31241/93 LVF-258 50 813 35% Dha, 11% Pim, 6% s, 49 Abi, 4% Pal, 2% Neo, 1% San, 37% Other
NE31142/93 LVF-258 49 530 32% Dha, 11% Pim, 7% Lo, 6% Abi, 5% Pal, 2% San, 7% Neo, 29% Other
NE31243/93 LVF-258 34 201 39% Dha, 12% Pim, 8% I, 5% Abi, 5% Pal, 3% San, 1% Nco, 27% Other
NE31244/93 LVF-25P 54 1082 39% Dha, 10% Pimn, 7% Iso, 6% Abi, 5% Pal, 2% Neo, 1% San, 30% Otha
NE/31145/93 LVF-25P 57 1268 15% Dha, 9% Pim, 6% a0, 4% Fal, 3% Abi, 3% Neo, 1% San, 39% Other
NEA3121793 Buik Rosin bt b 35% Abi, 25% D, 11% Pal, §% Pim, 5% Iso, 5% Neo, % 5San, 12% Other
NE3123493 Bulk Rosin o bt A48% Abi, 20% Pal, 16% Neo, 8% Pum, 5% Dha, 2% San, 1% Iso
NE/3123593 Bulk Rosin e bkl 35% Abi, 24% Dhba, 11% Pal, 6% Pim, 6% Nea, 1% San, 16% Other
NE3125393 Bulk Rosin bt suow 34% Abi, 27% Dha, 11% Pal, 6% Pim, 5% Neo, 4% Izo, 2% San, 11% Other

ﬂ-\_s_ mentioned above it was noted that sampies taken on Day 2 which indicated much
higher concetrations of volatile terpenes did not coincide with those samples giving the
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highest airborne TRA leveis. On the contrary, samples NE/31220/93 - NE/31223/93
which contained the highest levels of TRA, had very iow levels of terpenes (samples
NE/31227/93 - NE/31232/93).

Three of the bulk rosin samples, namely NE/31217/93 (the rosin being bagged on Day 1),
NE/31235/93 (rosin residue obtained from the tank during cleaning) and NE/31253/93
(the rosin being bagged on Day 2) showed quite similar resin acid compositions with
around 35% ABI, 25% DHA, 11% PAL, 6% PIM, 5% ISO, 5% NEO, 2% SAN and 11%
others. The other sampie (NE/31234/93 - the rosin being loaded into the melter) had a
somewhat different composition with significantly increased levels of PAL and NEO and
significantly decreased levels of DHA and ISO (48% ABI, 20% PAL, 16% NEO, 8% PIM.
5% DHA, 2% SAN and 1% ISO). The difference would appear to result from the fact the
sample with the low DHA content (NE/31234/93) comes from a sample of unprocessed
rosin, whereas the other three samples have come from sampies of rosin after processing.

This composition shows some significant differences when compared with those observed
in the 15 air samples. In particular all the air samples show higher proportions of DHA
and lower proportions of ABI suggesting the occurance of some degradation/oxidation of
the rosin during processing. Typically the resin acid compositions in the air samples
taken fall into one of the following 3 groups:-

a) Samples in which ABI makes up about 40% of the TRA collected, with PAL, NEO, DHA
and PIM making up a further 10 - 15% each. The composition of these samples most
closely resembles that of the bulk sample obtained from unprocessed rosin
(NE/31234/93).

b) Samples in which ABI makes up about one third of the TRA collected, DHA around
23%, and NEO, PAL and PIM a further 8 - 13% each. The composition of these
samples most closely resembles that of the three bulk samples obtained from
processed rosin (NE/31217/93, NE/31235/93 and NE/31253/93).

c) Samples in which DHA is the main resin acid present, making up some 35 - 40% of the
TRA collected, with the proportion of PIM around 10 - 12% and 1SO, ABl and PAL at 3 -
7% each. In these samples a significant proportion of the TRA coliected (ca. 30% is
made up of other minor resin acids).

The samplies comprising group a were the two heavily loaded samples from personnel
loading raw rosin into the melter. Samples in group b were from four personnel on Day 1,
two cleaning out the rosin tank and two adjusting the batch. Finally, the samples making
up group ¢ mainly from personnel involved in bagging rosin (on both days_) and fron static
samples taken near the rosin tank. The TRA composition of the samples in groups a and
b quite closely resemble that obtained from the bulk rosin sample involved in the
respective operations. However, in the case of group ¢ there seems to be some _
differences between the bulk composition of the rosin being bagged and that obtained
from the corresponding air samples.




24 Factory 13
Workshests OH389/93, OH380/93, OH391/93 & OH392/93

40 samples:- 13 x LVF-25P
1 x LVF-258
13 x LVT-P
1= LVT-8
6 x HVF-608
6 x Bulk Rosin

Table 6 summarises the terpene concentrations obtained from the charcoal tubes

samples at this factory. In general the ievels are fairly uniformly low with levels of
a-pinens, B-pinene and sesquiterpenes typicaily in the range of 0 - 25 ug/me.

TABLE 6: Summary of Results at Factory 13 (Volatiles)

- Sample Sample Sample a-Pinent f-Pimene Limonens Seaquiterpenes
Number Type Yolume (T) (apm®) (rg/m’) (ng/m"} (ug/m’)

LN/10599/93 LVT-P 27s 24 12 N/D " 26
LN/10600/93 LVT-P 143 6 17 N/D 5
LN/10601/%93 LVT-P 337 12 16 ND 7
LN/10602/93 LVT-P 285 16 13 N/D 6
LNA0603/93 LVT-P 297 14 12 ND 3
m:ioeo-wa LVT-P 226 28 12 ND 7
LN/10605/93 LVT-P 280 21 12 ND 11
LN/10606/93 LVT.P 225 ] n ND 2
1N10607/93 LVT-P 22 197 12 N/D 132
LN/10608/93 LVT-P 270 39 10 N/D u
LN/10609/93 LVT-P 262 23 9 ND 15
LN/106§0/93 LVT.P 267 13 10 ND 41
LNN0612/93 LVT-P 103 ND 1 ND Y]
LN/10613/03 LVT-§ 104 ND 12 ND 21
LNA059393 Bulk Rosin voss Borneol, a-Terpineol, Seaquiterpencs
LN/10594/93 Bulk Rosin e Limonene, Loagifolene
LN/10595/93 Wire/Flux e o-Pinene
LN/10596/93 Wire/Flux voue a-Pinene, Limonene, Longifolene
LN/10397/93 Wire/Flux wsor a-Pinene, o-Terpinene, Limonene, Bormyl Chloride, a-Terpineol, Sesquiterpenes
LN/10598%93 Activator sous Amine hydrochjoride (by FT-IR)

Three sampies (LN/10607/93, LN/10608/93 and LN/10610/93) showed concentrations of
One or more terpene components which were outside this range, LN/10607/93 (obtained
from a worker in the reclamation area) had an o-pinene concentration of 197 ug/m® and a




sesquiterpene concentration of 132 pg/m®, LN/10608/93 (obtained from a worker breaking
rosin from a drum in the solid fiux department) had an a-pinene concentration of 89 ug/m®
and LN/10610/93 (obtaimed from a worker invoived in the preparation of solid flux) had a
sesquiterpene concentration of 453 ug/m*®. There is no obvious reason for any of these
high results, and it is noticeable that a high level of one of the major terpene compcnents
does not automatically mean high leveis of the others,

The volatile terpene components obtained from ethereal solutions of the six bulk samples
are also shown in Table 6. Apart from samples LN/10593/93 (Rosin 132) and
LN/10597/83 (fiux from mixed scrap solder) the concentrations of these components in the
rosinfflux materials supplied was extremely low. The Rosin 132 contained a prominant
a-terpineol peak similar to that previously seen in samples of American Rosin WW (see
report Il in the series of internal reports into the components of soider fume). Sample
LN/10597/93 contained a mixture of terpenes, including a-pinene, limonene, a-terpineol
and various sesquiterpenes, none of which was particularly dominant. A terpene chloride
(possibly borny! chioride) was also identified in LN/10597/93. The other three rosinfflux
samples contained only extremely small amounts of the components listed in Table 6.

The activator sample (LN/10598/93} was tentatively identified by FT-IR as an amine
hydrochloride. The sample was analysed as a nujol mull between KBr plates as unlike the
rosinfflux samples it had proved to be relatively unsoluble in ether.

Table 7 shows the results of the filter samples for airborne resin acid levels, as well as the
resin acid composition of the six bulk samples. Of the 20 air sampies, 14 were low
volume (13 personal and 1 static} and 6 were high volume. The 14 low volume sampies
showed 2 giving TRA concentration below the detection limit, 5 giving levels between the
detection limit and 50 pg/m®, 2 between 50 and 100 pg/m®, 2 between 100 and 500 pug/m?®
and the remaining 2 levels of over 500 pg/m®. The 4 high volume samples all gave
concentrations below 4 pug/m?, with 1 below the detection limit of 0.5 png/m®. The resuilts of
these high volume samples suggest typical background TRA concentrations of around 1 -
4 ug/m® in this factory. The two highest TRA concentrations over 500 pg/m® (LN/10589/93
and LN/10580/93) both occured in the furnace area of the piant suggesting that this is a
potential problem area. Elsswhere in the plant however, the pattemn of high and low TRA
concentrations does not seem vary consistent as shown by the foliowing examples.

a) Samples LN/10618/93 and LN/10619/93 were both taken from employees werking on
drawing machines, but whereas the former gave a TRA concentration of 6 pg/m?, in the
latter it was over 30 times higher at 222 ug/m*. The fact that the composition of the
fume collected on the two samples also differed markedly suggests that two different
fiuxes may have been involved, although the work-sheet suggests that both empioyees
were using 1130 Flux (LN/10595/93).

b} Samples LN/10616/93 and LN/10617/93 were both taken from employees working in
the press area, but the TRA concentration of 95 ug/m* obtained from the former was
around 7 times higher than that obtained from the latter. In this case however, the two
samples were taken from employees working with different fluxes. Sample
LN/10616/93 was from a person working with 366 Flux (LN/10596/93), whilst sample
LN/10617/93 was from a person working with 1130 fiux (LN/10595/93).




TABLE 7: Summary of Resuits at Factory 13 (Resin Acids)
Sample Sample Sample TRA
Namber Type Volume ) | (ugim?) Sazsple Corxposition
LN/10589/93 LVF-25P 103 651 40% Dha, 6% lso, 4% Pim, 3% Abi, 3% San, 2% Fal, 2% Neo, 40% Other
LN/10590/93 LVF-258 104 842 42% Dha, 5% lso, 4% Pim, 4% Abi, 4% San, 3% Pal, 2% Neo, 36% Other
LN/10616/93 LVF-25P 275 95 58% Abi, 9% Pim, 9% Fal, 9% Dba, 6% Isc, $% New, 1% San, 3% Other
LN/10617/93 LVF-25F 243 13 30% Dha, 16% Iso, 16% Abi, 11% Fal, 27% Other
LN/106]8/93 LVF-25P Kk ¥ 6 29% Pal, 25% Dha, 18% Abi, 17% Iso, 11% Othet
LN/106619/93 LVF-25P 285 222 43% Abi, 16% Dha, 12% Pim, 10% Pal. 7% Iso, 3% San, 2% Neo, 5% Other
LNA10620/93 LVF-25P 297 ND seee
LN/10621/93 LVF-25P 226 ND aeee
LN/10622/93 LVF-25P 280 7 Too low to scourately assess - appears mainly Dha
LN/ 10623/93 LVF.25P 225 25 22% Dha, 18% Abi, 14% Iso, 6% Pal, 5% Pim, 5% San, 30% Other
_ LN/10624/93 LVF-25p 226 43 27% Dha, 21% Abi, 1% Iso, 10% Pirn, 4% Pal, 4% San, 23% Other
LN/ID625/93 LVF.-25P 270 63 31% Abi, 20% Iso, 13% Dha, 9% Pal, 8% Noo, 6% Pim, [% San, 12% Other
LN!1M2_6/93 LVF-25P 267 422 16% Dha, 12% iso, 8% Abi, 4% Pal, 2% Neo, 1% Pim, 1% San, 56% Other
LN/10627/93 LVF-25P 262 3] 27% Abi, 26% Dha, 22% Iso, 12% Pal, 13% Other
LN/10630/93 HVF-605 2669 1.6 27% Pal, 21% Dha. 18% lso, 11% Abi, 23% Other
LN/10631/93 HVF-608 949 1.2 37% Fal, 21% Iso, 18% Dha, 8% Abi, 16% Other
LN/10632/93 HVF-608 3243 a1 40% Pal, 19% lso, 15% Dha, 8% Abi, 18% Other
LN/1063393 HVF-80S 2N 37 29% Pal, 22% Abi. 15% Iso, 13% Dha, 6% Pim, 3% San, 12% Otber
LN/10634/93 HVF-£08 4144 .22 42% Pal, 20% Iso, 16% Dha, 8% Abi, 14% Other
LN/10635/93 HVF-608 3424 N b
LN/10593/93 | Bulk Rosin sene sase 34% Abi, 20% la0, 1 1% Pal, [0% Neo, 9% Dha, 7% San, 5% Pim, 4% Other
LN/10594/93 | Bulk Rosin sers wes 18% Dha, 1 1% [0, 6% San, 3% Pal, 2% Pim, 60% Other
LN/10595/93 Wire/Flux een sees 25% Abi, 15% Dha, 14% Isc, 3% San, 3% Pim, 3% Pal, 1% Neo, 34% Other
LN/10596/93 Wire/Flux ) sore §2% Abi. 9% Pim, 9% Pal, 7% Dha, 6% Neo, 5% Is0, 1% San, 1% Other
LN/10597/93 Wire/Flux e asse 6% Abi, 10% Pim, 9% Pal, 8% Dha, 6% Neo, 5% Iso, 1% San, 1% Other
LN/10398/93 Activator seer sess i
The other sample producing a high TRA concentration (422 pg/m®) was LN/10626/93,
which was taken from an employee working in the salid flux department preparation area.
The fact that samples indicating much lower TRA levels were taken from other personnel
working in the same department (LN/10625/93 and LN/10627/93) suggests that areas of
high exposure to airborne resin acids are very localised.
The wide range of resin acid compositions in the bulk samples of rosinfflux (LN/10593/93 -
LN/10597/93) is relected in the widely differing resin acid compositions present in the air
samples. Amongst the 17 air sampies taken with TRA levels above the detection limit,
there are probably between 8 and 10 groups of differing resin acid compositions. These
groups include two, containing a total of 5§ sampiles, in which PAL is the main resin acid
10
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pre_sent. and whose resin acid composition bears littie resembiance to any of the bulk
rosinfflux samples analysed.

Analysis of the bulk sample of activator supplied (LN/1 0598/93) indicated that it contained
little if any resin acid.

2.5 Factory 12

Worksheet OH471/93

7 samples:- 2 x LVF-25P
2 x LVT-P
1 x HVF-37S
2 x Bulk Rosin

Table 8 shows the results of the two charcoal tube samples which indicated very low
levels of the main terpene species. Other peaks which were present on the
chromatograms appeared to be mainly due to the presence of various aliphatic
hydrocarbons.

TABLE 8: Summary of Results at Factory 12 (Volatiles)

Sample Sample Sample o-Fioene P-Ploene Limonene Sesquiterpenes

Number Type Volame (0 (ngim®) (nghe’) (/) (np/m?)
NWit0785/93 LVT-P 250 2 ND N/D 24
NW/60786/9) LVT-P 20 4 ND ND 13

Table 8 shows the results of the 3 filter samples for airborne resin acid ievels, as well as
the resin acid composition of the 2 bulk rosin samples supplied. TRA concentrations in all
3 air samples were low (< 11 pg/m?), with one being below the detection limit. In fact the
static background air sample gave a slightly higher TRA reading than the two perscnal
samples suggesting that background and personal exposures are essentially littie
different.

Thae resin acid compaosition of the air samples was difficult to properly assess due to the
relatively low fiiter ioadings, but DHA appeared to be the major component present on
both filters on which resin acids levels were above the detection limit. 1n addition, levels
of ABi on both filters appeared to be fairly iow. The bulk raw rosin (NW/60783/83) was
found to have a resin acid composition in which ABI was the major component. Such a
composition is typical of that found in samples of unprocessed rosin analysed previously.
The resin acid content of the bulk sample of emulsified rosin (NW/60784/93) showed a
proportion of DHA which was significantly increased compared with that in the
unprocessed rosin, and a proportion of ABI which was significantly reduced. This
suggests that the emuisifying process results in oxidation/degradation of the original
rosin.
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TABLE 11: Summary of Results at Factory 16 (Resin Acids)
Sampie Sample Saziple TRA
Number Type Votmme () | (ugnm?) Sample Composition
LN/10699/93 LVF-25P 285 N sves
LN/10700/93 LVF-25P 268 ND aeee
LN/10701/93 LVF-25F 269 ND ouy
LN/10702/93 LVF-25P 263 ND avas
LN/10703/93 LVF-25p 260 ND oens
LN/L0704/9) LVF-25P 7 N/D sars
LN/10705/93 LVF-25P 260 ND soss
LN/10707/93 HVF608 2056 N/D N
LN/10708/93 HVF-608 2570 ND sene
LN/10709/93 HVF-60S 2580 ND ases
_ LN/10710/93 Bulk Glue waee bl . 86% Dha, 8% Pal, 6% Abi
LN/10711/93 Bulk Glue sass weae Infra-red spectrum consistant with sarch/dextrin compound

3.2 Factory 17

Worksheet OH415/93
- 17 samples:- 6 x LVF-25P
6 x LVT-P
4 x HVF-60S

1 x Bulk Glue Samples

Table 12 shows the resuits of the 6 charcoal tube samples which indicated generaily
consistent levels of the main terpene species throughout the workpiace area. a-Pinene
was typically in the range 40 - 50 ug/m?®, sesquiterpenes 20 - 50 pg/m?® and B-pinene 5 -
10 pug/m?. Similar concentrations of toluene and xylene were also present in the volatile
fraction of most of the samples.

. Table 13 summarises the results of the filter samples for airborne resin acid levels, as well
. as the composition of the sample of hot melt giue supplied. Only one of the air samples
gave a TRA concentration above the detection limit (which is around 2.5 pg/m? for the low
' volume samples and 0.6 pg/m?® for the high volume samples), and even this was toc Jow to
~ be able to accurately assess the resin acid composition.

-+ The sample of Mydrin WB700 hot melt glue (LN/10733/93) was found to have a resin acid

-~ Content composed mainly of ABI (37%) with around 20% each of PAL and NEO, 10% of

| PMand 7% of DHA. For this particular glue it was estimated that resin acids made up a
;;]}j'__ h"ge proportion of the total mass of the glue.

b
e L
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TABLE 12: Summary of Results at Factory 17 {(Volatiles)

Semple Sample Sazaple o-Pinene B-Piiene Limonene | Sesquiterpemes

Number Type Volamee () (ng/ne’) (ugar) (ug/m) (g/m?)
LN/10734/93 LVT-P 257 48 9 ND a3
LN/10735/2 LVT-P 230 K 10 ND 24
LN/10736/93 LVT-P 251 8 10 ND 24
LN/10737/93 LVT-P 254 43 8 ND 55
LN/10738/93 LVT-P 250 30 7 ND 22
ILN/10739/93 LVGT-P 236 53 7 N/D 22

TABLE 13: Summary of Results at Factory 17 {(Resin Acids)

Sample Sample Sample TRA '

N Nomber | Type Voime @) | (nghv’) Sample Composition
LN/30720/93 LVF-25P 257 ND e
LN/1072193 LVF-25P 230 ND roe
LNn072293 LVF-25P 251 N/D -
LN/10723/93 LVF.25P 254 N/D sose
LN/10724/93 LVE-25¢ 250 N/D e
LN/1072593 LVF-25P 236 43 Too low to accurately assess
LN/10728%3 HVF-508 2750 N/D sane
LN/10729%3 HVF-508 2750 ND e
LN/N0730%3 HVF-608 2318 ND rees
LN/10731%3 HVF-608 2760 ND wese
LN/1073393 | Buk Glue seer snas 37% Abi, 21% Pal, 13% Neo, 10% Pim, 7% Dha, 5% fs0, 2% San

3.3 Factory 15

Worksheet OH416/93
32 samples:- 12 x LVF-25P
12 x LVT-P
6 x HVF-60S

2 x Bulk Glue Samples

Table 14 shows the results of the 12 charcoal tube samples which indicated somewhat
higher levels of the main terpene species than in the other two workplace using hot meit
glues. a-Pinene was typically in the range 200 - BOO ug/m?, limonene 170 - 800 ug/m?
and sesquiterpenes 40 - 100 ug/m®. Toluene and xylene were also present in most of the
Samples in concentrations ranging from around 20 ug/m?® to 870 ug/m?*.
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4.2 Factory 18

Worksheet OH357/93
14 samples:- 10 x LVF-13P
4 x HVF-608

! Table 17 summarises the results of the filter samples for airborne resin acid levels in this
factory. All 10 of the low volume air samples gave TRA concentrations above the
detection limit (typically around 5 ug/m*). Four gave readings of less than 50 ug/m?, 4
were between 50 and 100 ug/m* and the remaining 2 between 100 and 200 pg/m*. The
resin acid compositions for 8 of the 10 low volume air samples were generally fairly
similar, the exception being sampie MD/71324/93 which contained a noticably higher
proportion of DHA. In the other 9 air samples AB! was the major component with a typical
composition being around 30-35% ABI, 15% DHA and iSO, 8% PAL and 5% PIM, NEO
and SAN. There is little information available on the specific tasks being carried out by
the personnel wearing the 10 personal samplers, and so the possibilities of observing
whether any relationships exist between exposure to solder fume and different work-tasks
- are limited. However, the results do suggest that personal exposure to solder fume in this
tactory is generally greater than 25 ug/m?, and that personal exposures well in excess of
50 or 100ug/m?* are not uncommon.

TABLE 17: Summary of Results at Factory 18 {Resin Acids)

Sample Sample Semple TRA Sample Composition

Nomber Type Volarme @) | (up/m®
MD/71314/93 LVF-13p 155 1524 34% Abi, 17% Dha, 15% {30, 10% Pal, 5% Pim, 4% Neo, 4% San, 11% Others
MD/71315/%3 LVF-13P 189 91.5 37% Abi, 17% bso, 15% Dha, 8% Pal. 4% Pim, 4% Neo, 4% San, ll%Olhm
MD/71316/93 LVF-13P 1m 256 30% Abi, 18% Dha, 15% Lo, 7% Pal, 5% Pim, 5% Neo, 4% San, 16% Others
MD/T1317/593 LVF-13p 2243 79.6 37% Abi, 16% Iso, 14% Dha, 2% Pal, 5% Neo, 4% Pim, 3% San, 13% thers
MD/TI3LERS LVF-13P 166.6 73.5 36% Abi, 16% Iso, 13% Dha, 10% Pal, 6% Neo, 4% Pim, 4% San, 11% Others
MD/71319/93 LVF-137 7l 60.0 37% Abi, 17% Isp, 13% Dha, 7% Pal, 6% Neo, 4% Pirn, 4% San, 12% Othens
MD/71320/93 LVF-13P 124 4.5 23% Abi, 15% 1s0, 14% Dha, 7% Pal, 6% Neo, 5% Pim, 5% Sen, 25% Others
MD/71321/93 LVF-13P 126 14.] 28% Abi, 15% Iso, 15% Dha, % Pal, 7% Neo, 4% Pim, 4% San, 70% Others
MEN71324/93 LVF-13P »9 334 28% Dha, 10% Abi, 8% Pal, 8% Neo, 6% [ao, 6% Pim, 6% San, 28% Others
MD/71325/93 LVF-13P 513 197.1 34% Abi, 22% Dha, 8% Pal, 8% Pim, 7% lsc, 4% San, 4% Neo, 13% Othas
MD/71326/93 HVF4TS £253 26.1 36% Abi, 16% Dha, 15% Ino, 9% Pal, 6% Pim, 4% San, 3% Neo, [1% Others
MDv71327/93 HVF478 B 286 38% Abi, 16% Ino, 14% Dha, 8% Pal, 5% Pim, 4% San, 2% Neo, 13% Othens
MDV71328/93 HVF-478 6837 4.9 24% Abi, 21% Dha, 15% Ino, 8% Pal, §% Pim, 6% San, 3% Neo, 17% Others
MD/71329/93 HVF-478 6048 s Too low to accurately sssess » appexrs mainly Dha

All 4 of the high volume samples gave TRA concentrations above the detection limit
(typically 0.2 ug/m?). The control sample taken in an office area (MD/71329/93) gave a
low reaging of only 0.5 ug/m®. The other 3 samples suggested general background levels
of TRA of around 5 ug/m? in the Transmitter Assembly Area, and of between 25 and 30
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ug/m® in the PCB and RX Assembly Areas (these latter two values seem quite high for.
background readings). The resin acid compositions of the 3 high volumes samples taken
in the work areas was generally similar to those observed above for the personal
samples. The filter loading for the contrc! sample taken in the office area was too low for
the resin acid composition to be accurately assessed.

4.3 Factory 23

Worksheet OH384/93
12 samples:- 8 x LVF-13P
4 x HVF-60S

Table 18 summarises the results of the filter samples for airborne resin acid levets in this
factory. All B of the low volume air samples gave TRA concentrations above the detection
limit (typically around 5 ug/m?®). Five gave readings of less than 50 ug/m?, 1 was between
50 and 100 ug/m® and the remaining 2 between 100 and 200 ug/m*®. The resin acid
compositions for the 8 low valume air samples seem to fall into one of the foliowing three
groups:-

a) Samples in which DHA makes up some 35-40% of the TRA collected, with around 15%
PIM, 10% ISO and ABI and 5% each of PAL, NEO and SAN. This group comprises 5
of the 8 samples, all of which were taken on the top fioor.

b) Samples in which ABI, DHA and ISO each make up around 25% of the TRA collected,
with PIM, PAL, NEO and SAN combined making up most of the remaining 25%. This
group contains 2 of the 8 samples, both of which were taken on the ground floor.

c) Samples in which ABI and DHA each make up around 30% of the TRA collected, with
the remainder consisting of around 13% PIM, 8% IS0, 6% PAL and SAN and 3% NEO-
This group contains only 1 of the 8 samples, and was taken on the ground floor.

There is little information available on the specific tasks being carried out by the
personnel wearing the 10 personal samplers, and so the possibilities of observing
whether any relationships exist betwssen exposure to solder fume and different work-tasks
are limited. However, it is noticable that the first five samples (MD/71376-80/93), which
were taken on the top fioor of the building, show significantly lower TRA exposures than
samples MD/71381-83/93 which were taken on the ground floor. Indeed, whilst all 5 top
fioor samples indicate personal exposures less than 50 ug/m?®, those taken on the ground
floor are all greater than 50 pg/m?®, and indeed 2 of the 3 samples give results of greatef
than 100 ug/m?.

All 4 of the high volume samples gave TRA concentrations above the detection limit
(typically 0.15 ug/m?®). The control sample taken on the middle floor (MD/7 1389/93) gave
the lowest reading of oniy 2 ug/m*. The 2 samples taken on the top floor gave readings ©
56 and 39 ug/m®, both of which seem rather high in comparison with the 17 - 43 ug/m®

- fange of results obtained from the 5 personal sampies taken on this floor. The remaining
sample, taken on the ground floor, gave a reading of 52 ug/m?®, again a fairly high result,
but one which is consistent with the generally high personal sampler results on this floof-
. The resin acid compositions of the 3 high volumes samples taken on the top and ground
|- floors are fairly similar, but differ from that found in any of the three groups of personal

- Samples (see above), in that they contain ABl as the main resin acid constituent.
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work-tasks, it is possible to compare results obtained from personnel who appear from the
available information to be carrying out similar jobs. Samples MD/72013/93 and
MD/72014/93 show two workers doing the same job in the same area and experiencing
similar personal TRA exposures of around 15 ug/m®*. However, this is not the case with
samples MD/72010/93 and MD/72011/93, which again were taken from two workers doing
the same job, but show personal exposures to be 95 pg/m? in the former but iess than the
detection limit of around 3 yg/m? in the latter. The sample which really stands out from
the others is MD/72012/93, which at 1001 yg/m® is over 10 times higher than any of the
other 7 samples, although the reasons for this very high resuit remnain unknown.

2 of the 3 high volume samples gave TRA concentrations above the detection limit
(typically 0.3 - 0.7 pg/m*®). The sample in which the resin acid content was below the
detection limit was the control sample taken in the Electronic Production Office. The 2
samples taken in the PCB Area gave readings of § and 23 ug/m?, results which are
consistent with the personal sampler results taken in this area. The resin acid
compositions of these 2 high volumes samples are generaily similar to those outlined
above for the personal samples, with ABI the predominant species present.

TABLE 20: Summary of Results at Factory 22 {Resin Acids)

Sample Sample Sample TRA

Number Type Volume (I} (Hg/m’) Sample Composttion
MD/72005/93 HVF-60S 2721 ND sres
MD/72006/93 HVF-608 7243 2 30% Abi, 14% Dha, 10% Pal, 9% Pim, 6% Is0, 4% Nco, 1% San, 6% Others
MD/72607/93 HVF-$08 5939 3 39% Abi, 16% Dba, 14% Pal, 9% Pim, 7% 130, 3% Neo, 3% San, 7% Others
MD/12009/93 LVF-13¢ 189 87 39% Abi, 22% Dha, 17% Pim, 10% Iso, 4% Fal, 3% Nec, 2% San, 3% Others
MD/72010/3 LVF-13P 186 93 45% Abi, 17% Dha, 11% Pal, 9% Pim, 8% lso, 3% Neo, 1% San, 6% Cthers
MD/72011/93 LVF.13p 185 ND e
MD/72012/93 LVF-13P 177 1001 43% Abi, 16% Dha, 14% Pal, 9% Pim, 6% Iso, 5% Neo, 2% San, 5% Others
MD/7201353 LVF-13p 1M 12 46% Abi, 23% Dha, 8% Pim, 8% Pa, 5% lso, 5% Nea, 2% San, 3% Others
MD/72014/93 LVF-13P 169 16 43% Abi, 20% Dha, 10% Pal, 9% Pim, 8% Neo, 7% 30, 1% San, 2% Others
MD/T2018/93 LVF.13pP 12 8 25% Abi, 18% Dha, 16% 1s0, 14% Pal, 13% Neo, 9% Pimn, 5% Others
MD/72016/93 LVE-13P - 10 N/D veer
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4.6 Factory 21

. Worksheet OH543/93
. 15samples- 11 x LVF-13P
| 4 x HVF-60S

; Table 21 summarises the results of the filter samples for airborne resin acid levels in this

! factory. 9 of the 11 low volume air sampies gave TRA concentrations above the detection
limit (typicaily 3 - 18 ug/m®). Five gave readings of less than 50 pyg/m®, 2 between 50 and
100 ug/im*, 1 between 100 and 200 pg/m® and the remaining 1 was over 1000 ug/m®,
between 100 and 200 pg/m*. The resin acid compositions for the low volume air samples
seem to be split into samples with ABi as the predominant resin acid (3 samples),
samples with DHA as the predominant acid (4 samples) and samples containing roughly
equal proportions of ABl and DHA (2 samples).

TABLE 21: Summary of Results at Factory 21 {Resin Acids)

Sample Sample Sample TRA

Nember Type Volmme®) | (ugn) Sample Composition
MD/7201993 |  LVF-13P 208 65 46% Abi, 21% Dha, 11% Pim, 7% Iso, 7% Pal, 2% Neo, 1% San, 5% Others
MD/7202093 | LVF-13P 202 1048 47% Dha, 9% Abi, 8% lso, 8% Nea, 5% Pim, 2% Pal, 2% San, 19% Others
MD/7202193 | LVF-13P 201 11 31% Abi, 26% Dha, 11% Pim, % 1s0, 6% Pal, 1% San, 17% Others
MD7202293 |  LVF-13P 120 16 32% Abi, 22% Dha, 14% Iso, 10% Fim, 8% Pal, 6% Neo, 3% San, 5% Others
MD/72023%3 | LVF-13P 43 51 40% Dha, 19% Abi, 19% 3o, 3% Pal, 4% Neo, 2% San, 1% Pim, 10% Others
MD7202493 | LVF-13P 183 3 42% Abi, 19% Dha, 12% Pim. 9% Pal, 7% Is0, 3% Neo, 1% San, 7% Others
MD/72025/53 | LVF-13P 164 106 28% Dha, 21% Abi, 19% Pim, 10% lso, 7% Neo, 4% Pal, 2% San, 9% Others
MDT2026%3 | LVF13P 187 8 33% Dha, 21% Abi, 11% Pim, % Neo, 7% Iso, 6% Pal, 4% San, 10% Others
MD/7202993 | LVF-13P 34 N/D vore
MD/1203053 |  LVF-13P 128 ND eone
MD72011m3 | LVF-13P s 10 39% Dha, 23% Abi, 11% Neo, 10% Pal, 5% Pim. 4% Iso, 4% San, 4% Others
MD/7203293 |  HVF-608 7N ND vere '
MD/72033/53 | HVE-608 9095 3 34% Abi, 29% Dha, 11% Pim, 9% Lio, 7% Pal, 1% San, 1% Neo, 8% Others
MD/7203493 |  HVF-605 7658 4 37% Abi, 25% Dha, 12% Pim, 8% Lo, 8% Pal, 4% San, 1% Neo, $% Others
MD/7203593 | HVF.605 8023 1 32% Dha, 31% Abi, 13% Iso, 8% Pim, #% Pal, 8% Others

The personal samples indicate a wide variation in personal exposures in the individuals
tested, even though according o the request sheet supplied with the samples all but one
of the personnel concerned appear to be engaged in soldering. There is however little
other information on the precise tasks being performed, and so the possibility of observing
whether any relationships exist between solder fume exposure and different work-tasks
are limited. In particular, there is no apparent reason for the extremely high reading of
1048 pg/m* obtained from sampile MD/72020/93. It was noted however that the three
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samples taken in the Lead and Winding Sections (MD/72029-31/93 appeared to be fairly
low compared with those taken in the Assembly and PCB Sections (MD/72019-26/93).

3 of the 4 high volume samples gave TRA concentrations above the detection limit
(typically 0.2 - 0.8 ug/m*), with the one sample which did not being the control sample
(MD/72032/93) taken in an office. The 3 samples taken in the work areas gave readings
of 3.3 and 4.2 ug/m* for the two samples taken in the Assembly Section and 0.5 ug/m®* for
the sample taken in Winding Section. These higher vaiues in the Assembly Section is in
general agreement with the observations made from the personal samples. Resin acid
compositions indicate ABI being the commonest resin acid present in the two samples
taken in the Assembly Section, whiist ABi and DHA are present in roughly equal amounts
in the sample taken from the Winding Section.

4,7 Factory 19
Worksheet OH558/93

16 samples:- 12 x LVF-13P
4 x HVF-808

Table 22 summarises the results of the filter samples for airborne resin acid levels in this
factory. All 12 of the low volume air samples gave TRA concentrations above the
detection limit (typically 2 - 10 pg/m?®). 3 indicated personal exposures of between 50 and
100 pg/m®, 3 between 100 and 250 pg/m?, 4 between 250 and 500 pg/m?® and the
remaining 2 between 500 and 1000 pg/m®. The resin acid compositions for samples
MD/72126-35/93 are all fairly similar with AB| as the main component and a typicai
composition of around 30% ABI, 20% DHA, 15% 1SQ, 10% PAL and 2 - 5% of the other
resin acids. The 2 sampies adjacent to the flow solder machines show a different resin
acid composition with DHA the main component.

The personal samples indicate fairly high personal exposures in the individuals tested,
whilst at the same time showing a wide variation in the levels obtained (the lowest reading
frorn any of the 12 samples being 58 pg/m® and the highest being 781 ug/m®). However,
since there is no information on the tasks being performed by the individuals wearing the
samplers, it is impossible to determine whether any relationships exist between solder
fume exposure and different working situations. :

All 4 of the high volume samples, including the control sample taken in an office
environment (MD/72136/93), gave TRA concentrations above the detection limit (typically
0.2 - 2 pg/im®), The control sample in the office adjacent to the loading bay gave a
reading of 61 pg/m?®, which is in fact higher than any of the other 3 samples taken in the
work areas. In the PCB assembly area the reading was 39 pg/m® (MD/72137/93), in the
upstairs assembly area it was 60 pg/m* (MD/72138/93) and in the downstairs assembly
area it was 22 pyg/m®. The reason for this is unknown, but what is clear is that the general
background levels of TRA in this factory appear to be fairly high (> 20 pg/m?), a fact which
probably helps to account for the generally high levels of personal exposure described
above.
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TABLE 22: Summary of Results at Factory 19 (Resin Acids)

Sample Sample Sumple | TRA

Number Type Volume () | (ugm?) Sample Compocition
MD/7212693 |  LVF-13P 150 58 37% Abi, 24% Dba, 19% 1so, 8% Pal, 3% San. 2% Pim, 7% Otbers
MD721279) | LVRI3P 167 97 31% Abi, 19% Dha, 13% 1so, 8% Pal, 4% Pim, 2% Neo, 1% Sen, 1 5% Others
MD72128/93 | LVE-13P 167 278 29% Abi, 18% Dha, 14% Iso, 9% Pal, 5% Noeo, 4% San, 3% Pim. 18% Othery
MD/7212993 | LVE-13p 156 100 27% Abi, 22% Dha, 15% Iso, 7% Pal, $% Neo, 4% San, 3% Pim, 17% Others
MD72130m3 | LVE-13P 153 284 32% Abi, 19% Dha, 14% Iso, 9% Pal, 4% Neo, 4% San, 2% Pim, 16% Others
MD7213193 | LVE-13P 160 317 31% Abi, 19% Dha, 14% Lso, 9% Pal, 4% Neo, 4% San, 2% Pim, 17% Others
MD7213283 |  LVF-13P 159 381 31% Abi, 18% Dha, 14% Lso, 10% Pal, 4% Noo, 4% San. 3% Pim, 16% Others
MDA213393 | LVE13P 58 1 30% Abi, 25% Dhe, 14% lso, 3% Pal, 4% San, 3% Pim, 2% Neo, 14% Others
MD7213493 | LVF13P 163 131 25% Abi, 23% Dha, 15% Iso, 7% Pal, 4% San, 3% Pim, 3% Neo, 16% Others
MD7213593 | LVF-13P 169 781 31% Abi, 13% Dhw, 14% Iso, 10% Pal, 4% San, 3% Pim, 2% Noo, 18% Others
MDT213693 | HVF60S | 1080 &1 28% Abi, 23% Dha, 13% Iso, 8% Pal, 4% San, 3% Pim, 1% Neo, 18% Others
MD7213793 | HVE-60S 13050 39 34% Dha, 25% Abi, 12% lso, 3% Pal, 3% San, 2% Pim, 2% Noo, 17% Others
MD2138%3 |  HVF-60S 10620 60 31% Abi. 20% Dha, 14% Lio, 9% Pal, 4% San, 3% Pin, 1% Noo, 18% Others
MD/7213993 |  HVF-60S 12925 1 30% Abi, 18% Dha. 14% Iso, 10% Pal, 4% San, 3% Pim, 2% Neo, 19% Others
MD/7214093 |  LVF-13P % 530 52% Dha, 14% Abi, $% Pal, 3% Iso, 1% Pim. 25% Others
MDm214193 | LVF13P “ 70 39% Dha, 25% Abi, 11% Pal, 9% Iso, 4% San, 3% Pim, 9% Others

4.8 Factory 27

Worksheet OH433/93
29 samples:- 11 x LVF-25P
4 x L VF-258%
10 = LVT-P
4 x LVT-8

Table 23 summarises the terpene concentrations obtained from the charcoal tubes
samples at this factory. The levels are found are generally fairly low with levels of
a-pinene and sesquiterpenes typically in the range of § - 50 ug/m?®. All the samples
appeared to contain significant levels of various aromatic hydrocarbons including toiuene,
xylene and trimethylbenzens, indeed the a-pinene content of 2 samples (NE/31342/93
and NE/31343/93) couid not be determined because of a large adjacent aromatic peak.



TABLE 23: Summary of Results at Factory 27 (Voiatiles)

Sample Sample Semple a-Pimene P-Pimene Lismonene Sesquiterpenes

Nember Type Vohune (T) (ug/m”} (ngim®) (ng/m”) (g/m’)
NEA1342/93 LVT-P 211 See notes N/D N/D 15
NEf313439] LVT-P 219 See notes ND N/D 10
NE/31344/93 LVT.P 198 50 ND N/D It
NE/1343/93 LVT-P 194 26 ND N/D 10
NE/1346/93 LVT-P 179 14 N/D N/D 14
NE/31347/93 LVT-P 190 3 ND N/D 11
NE/31348/93 LVT-P 187 19 ND N/D 12
NEJ313459/93 LVT.P 209 21 ND N/D hX)
WE31350/93 LVT.P 189 8 N/D N/D ?
NEA3I35143 LVT-P <130 10 N/D N/D 7
NE/31352/%93 LVT-§ 204 34 ND N/D 52
NE/3135343 LVT.§ 82 -204 3 ND WD 26
NEA1354/93 LVT-S . 197 35 ND ND 3
NE/31335/93 LVT.S 197 7 ND N/D 18

Because no information was given on the types of jobs being carried out by the
empioyees wearing the parsonal samplers it is not possible to determine whether certain
jobs gave rise to higher exposure to volatile terpenes than others. However, the results
for this factory do appear to show some correlation between samples showing higher
a-pinene and sesquiterpene levels and those indicating higher TRA concentrations (see

Table 24).

Table 24 shows the resuits of the filter sampies for airborne resin acid levels. All of the 15

low volume air samples taken {13 personal and 1 static) showed TRA concentrations
above the detection limit. The range of TRA concentrations indicated by the samples was
as follows - 2 between the detection limit and 50 pg/m®, 4 between 50 and 100 ug/m*, 5
between 100 and 500 ug/m?, 1 between 500 and 1000 ug/m* and the remaining 3 over

1000 pg/m?.
TABLE 24: Summ esults at Factory 27 (Resin Acids

Sam Sam| TRA

Nm:r s'.r.: m: o @ Sasmple Composition
NE/31357/93 LVF-25F 211 74 33% Dha, 26% Abi, 13% Pim, 9% Iso, 9% Pal, 3% Neo, 1% San, 6% Other
NEf1358%93 LVF-25P 219 66 37% Dha, 23% Abi, 13% Pim, 9% Iso, 7% Pal, 2% Neo, 1% San, 8% Other
NEf135993 LVF-25P 198 73 37% Dha, 24% Abi, 13% Pim, 8% Ixo, 7% Pal, 2% Neo, 1% San, 8% Other
NE/3136093 LVYF-25P 211 i55 33% Abi, 30% Dha, 12% Pim, 9% Pal, 7% 150, 2% Neo, 1% San, 6% Other
NE21361/93 LVF-25F 194 153 32% D, 26% Abi, 11% Fim. 8% Iso, 8% Pal, 3% Neo, 1% San. 1 1% Other
NEA1362/93 LVF-25P 179 ' 128 33% Dhe, 27% Abi, 12% Fim, 8% Pal, £% Iso, 3% Neo, 1% San, 8% Other
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NE/31363/9) LVF-25P 190 164 32% Abi, 29% Dha, 12% Pim, 9% Pal, 7% lso, 3% Neo, [% San, 7% Other

NEA1364/93 LVF-25P 187 94 32% Dha, 27% Abi, 11% Pim, 8% Pal, 7% Lso, 3% Neo, 1% San, 11% Other
NE313565/23 LVF-25P 209 637 7% Abi, 23% Dha, 13% Piny, 7% Pal, 7% 150, 3% Neo, 2% San, 8% Other

NE/31366/93 LVF-25P 12% 40 33% Dha, 18% Iso, 13% Abi, 11% Pim, 4% Pal, 3% Neo, 3% San, 15% Other
NEA1367/93 LVF-25p <130 =15 36% D, 14% Abi, 13% Fim, 11% Iso, 6% Pal, 6% San, 4% Neo, 109 Other
NE/31368/93 LVF-258 204 2441 33% Abi, 26% Dha, 10% Pim, 10% Pal, 6% 150, 5% Neo, 2% San, 8% Other

NE31369/93 LVF-258 B2- 704 959 - 2385 33% Abi, 24% Dha, 10% Pim, 10% Pal, 6% Iso, 6% Nro, 2% San, 9% Other

NE31370/93 LVF-258 197 1234 37% Abi, 22% Dha, 11% Pal, 10% Pim, 6% Iso, 3% Neo, 2% San, 9% Other

NE/3]1371/93 LVF-258 197 291 33% Abi 24% Dha, 10% Pim. 10% Pal, 6% Iso, 3% Neo, 1% San. 13% Other

No information was provided on the jobs being carried out by the employees wearing the
personal samplers, and it is therefore not possible to see whether certain jobs gave rise to
higher airborne TRA concentrations than others. Four of the 5 highest readings however,
including the 3 over 1000 ug/m?®, were static samples taken from around extraction fans
used by the two workers wearing personal samples NE/31363/93 and NE/31364/93. It
can be seen from the following two sets of resuits that the TRA leveis around the
extraction fan were much higher than for the corresponding personal sampies.

a) Personal sample NE/31363/93 gave a TRA concentration of 94 pg/m®, whereas the two
static samples by the adjacent extraction unit gave readings of between 959 and 2441
pa/md.

b) Personai sample NE/31364/93 gave a TRA concentration of 164 ug/m®, whereas the
two static samples by the adjacent extraction unit gave readings of between 291 and
1234 ug/m?®,

Resin acid compositions in the 15 air samples seems to fall into one of the following three
groups. The first group, containing 6 samples, has a typical resin acid composition of
around 35% DHA, 25% AB!, 12% PIM and 8% each of 1ISO and PAL. The second group,
containing 7 samples, has a typical resin acid compostion of around 35% ABI, 25% DHA,
10% PIM, 10% PAL and 6% 1SO. Finalily, the third group, containing 2 samples, has a
typical resin acid composition of around 35% DHA, 15% ABI, 15% ISO, 10% PIM and 5%
PAL.
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5. SUMMARY OF RESULTS
5.1 Resin Acids

The TRA concentrations obtained from the particulate samples taken during the TDS are
summarised in Tables 25 tc 28 and Figures 1 to 8. Frcm these tablesfigures the
following observations were made:-

* The mean TRA concentration of 381.4 ug/m?® obtained from the six rosin manufacturers
is around 4 times that from the seven locations carrying out soldering operations and
350 times that from the three premises using hot melt glue.

¢ For the rosin manufacturers, the mean TRA exposure obtained from the 63 personal
samples was 372.6 ug/m*®, compared with 406.6 pg/m® for 22 static samples.

» For the hot melt glue users, the mean TRA exposure cbtained from the 25 personal
samples was 1.5 yg/m®, compared with 0.4 ug/m?® for the 13 static samples.

¢ For the solderers, the mean TRA exposure obtained from the 69 personal samples was
103.9 pg/m?, compared with 15.9 ug/m? for the 27 static samples.

» The biggest difference in TRA concentration between personal and static sampies is
observed in the soldering group - this may be a consequence of the directional nature
of solder fume and the fact that breathing-zone rather than lapel sampling was used for
this group of employees.

» Table 28 indicates that out of a total of 219 samples taken, 24% showed TRA levels in
excess of 100 ug/m*, with 16% exceeding 200 pg/m* and 4.5% 1000 ug/m®. In the case
of the 157 personal samples, 27% showed TRA exposures in excess of 100 pg/m®, with
23% exceeding 200 uyg/m?® and 4.5% 1000 ug/ms.

* The 85 samples taken at rosin manufacturing plants showed 42% with TRA levels in
excess of 100 ug/m?, with 32% exceeding 200 uyg/m® and 12% 1000 ug/m®. For the 63
personal sampies the porcentages exceeding these three limits were 40%, 27% and
11%. '

* Of the 38 samples taken at premisas using hot melt glue none exceeded 100 pg/m*®
(the highest being 20 pg/m?).

s The 69 personal samples taken at the soldering factories showed 25% with TRA levels
in excess of 100 pg/m®, with 12% also exceeding 200 pg/m?®, although none exceeded
1000 uyg/m*®. None of the 27 static samples taken at these factories showed TRA
concentrations in excess of 100 yg/m*.

* All three of the factories using hot melt glue and twc of those using solder had mean
TRA concentrations of less than 1 pg/m®.

¢ Four of the rosin manufacturing plants had mean TRA concentrations greater than 100
pa/m*. Of these, two were in excess of 200 pg/m? with one of these also exceeding
1000 pg/md.
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TABLE 25: TRA

les - Summary of Results

Sample Nussber of TRA Concemtrations (ng/m*}
Group Samples Mean Median Mininsnen Maztmam Range
Al Samples 21% 182.9 12 0 3754 1754
Rosin Manufactorers &3 3214 66 ] 754 31754
Factory 14 5 99.0 8 1 423 422
Factory 11 7 99.4 10 0 849 849
Factory 10 15 1304.9 B35 0] 3734 kES k)
Factory 13 20 1206 8.5 [ 842 842
Factory 12 k) 53 5 4] 11 11
Hot Melt Glue Usern 38 1.1 0 G 20 20
Factory 16 i0 a0 0 Q ] 0
Factory 17 10 04 0 o 4 4
Factory 15 18 2.1 o 0 it 20
Solderers 96 721 21 0 1048 1048
Facrory 24 13 96 o 4] 101 101
Factory 1B 14 58.8 £} 1 197 196
Factory 23 12 0.8 41 2 132 130
Factory 23 15 0.4 0 0 [ 6
Factory 22 31 120.2 16 [ 1001 1001
Factory 21 15 90.3 10 0 1048 1048
Factory 19 16 200.8 1158 22 781 759
Factory 27 15 4815 153 15 2441 2426
TABLE 26: TRA Personal Samples - Summary of Results
Sample Number of TRA Concentrations (ug/m*)
Groap Samples Mean Medlan Minkaum Maximeum Range
AD Pervonal Sanples 157 195.4 21 0 3754 754
Rosin Manufsctarers 63 376 63 0 3754 3754
Factory |4 2 4215 415 62 423 361
Factory 1] 13 99.2 12 4] 849 849
Factoryl0 10 17347 i364.5 201 3734 3553
Factory 13 i3 119.8 15 0 651 651
Factoryl2 2 i 23 0 5 5
Hot Melt Glue Users 25 1.5 0 0 20 20
Factory 16 7 0.0 o 0 0 0
Factory 17 6 0.7 1] 0 4 4
Factory 15 12 2.8 0 0 20 20
Solderers 69 1019 26 ] 1048 1048
Factory 24 9 13.4 0 0 il 10!
Factory 18 10 76.3 67 24 197 i73
Factory 23 8 57.8 3z 17 132 il5
Facrory 25 3] 0.6 0 1] 6 6
Factory 22 8 161.8 4.5 1] 1001 1001
Factory 21 11 122.4 16 ] 1048 1048
Factory 19 12 264.5 215.5 58 781 723
Fagtory 27 11 1454 94 15 637 622
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TABLE 27: TRA Static Samples - Summary of Results

Sample Neumber of TRA Concemtrations (ag/m™)
Group Samples Mean Median Minivwon Maximam Range
Al Static Samples 62 1513 2 o 2441 244]
Rosin Manufacturera 22 406.6 103 0 2441 2441
Factory 14 3 34 )| } 2 7
Factory 11 2 103.0 103 1 135 64
Factory 10 5 4452 335 0 B3is 634
Factory 13 7 122.1 2 0 842 842
Factory 12 1 11.0 11 11 ¥ 0
Hot Melt Glue Usery 13 0.4 0 0 2 2
Factory 16 3 0.0 0 4] 4] o
Factory 17 4 0.0 0 0 0 0
Factory 15 6 0.9 1 0 2 2
Solderers 27 159 3 0 61 61
Factory 24 4 0.9 0 o 3 3
Factory 18 4 15.1 15 1 29 8
Factory 23 4 370 46 2 55 53
Factory 25 4 0.1 0 0 0 0
Faztory 22 3 23 5 0 23 23
Faztory 21 4 2.0 2 0 4 4
Factory 27 4 455 50 2 6] 39
Factory 27 4 14095 1453 291 2441 2150

TABLE 28: TRA Samples - Distribution of Results

Sample Numaber of Samples of TRA Concentration
Grosp Total <10 pgim® 10 - 100 ppie* | 100 - 200 pg/m’ | 200 - 1000 pp/m® | > 1000 pg/my’

All Sarmples 219 104 ) 62 18 25 10
Rozin Manufacturers 85 26 23 N 5 17 10
Hot Meh Glue Users k} ] 37 1 Co- - -
Solderers 96 41 k) 9 B -
Personal Samples 157 63 50 17 18 7
Rosin Manufacturers 63 17 21 g 10 7
Hot Meh Glue Users 25 24 1 - - -
Solderers 69 24 28 9 g -
Static Samples 62 39 12 | 7 3
Rosin Manufacturers 22 9 2 1 7 3
Hot Meht Glue Users 13 13 - - - -
Solderers 17 17 10 - - -

5.2 Volatiles

Volatile samples were taken only at the factories involved in rosin manufacture and using
hot melt glues. This was because previous sampling visits to soldering factories had
shown airborne concentrations of volatile terpenes to be negligibie in comparison with
TRA. The concentrations of a-pinene, B-pinene, limonene and sesquiterpenes obtained
from the charcoal tube samples are summarised in Tables 29 and 32 and Figures 8 to 16.
From these tables/figures the following observations were made:-
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The mean concentration of a-pinene in the 80 charcoal tube sampies was 80 ug/m®,
with rosin manufacturers averaging 40 ug/m* and hot melt glue users 184 ug/m?®. There
was little difference in mean a-pinene concentrations between personal and static
samples (with figures of 80 and 84 ug/m? respectively).

Wide variations were noted between the mean concentrations of a-pinene in the eight
premises at which samples were coilected. Thres factories, 2 rosin manufacturers and
1 hot meit glue user, produced mean resuits of less than 10 ug/m®. Three more, 2 rosin
manufacturers and 1 hot melt glue user, averaged between 10 and 50 pg/m®. The
mean concentration for the remaining rosin manufacturer was around 135 pg/m®, whilst
that for the remaining hot meit glue user was over 350 ug/m?.

50% of sampies showed a-pinene concentrations of less than 10 pa/m?®, with 23%
below the detection limit. Conversely, 19% of samples gave results in excess of 100
pg/m?, although none exceeded 1000 pg/m®. Samples from rosin manufacturers
produced fewer high concentration samples (8% over 100 ug/m?®) than those from hot
melt glue users (48% over 100 ug/m®).

The mean concentration of B-pinene in the 92 charcoal tube sampies was 5.7 ug/m?®,
with rosin manufacturers averaging 6.7 ug/m* and hot melt glue users 3 pg/m*. The
average concentration in the 10 static samples was around 17 pug/m® compared with
around 4 yg/m?® in the 82 personal samples.

Six of the 8 factories visited, 3 rosin manufacturers and 3 hot melt glue users, had
average concentrations of f-pinene below 10 ug/m?®, with mean values at the other 2
rosin manufacturers both being less than 25 uyg/m®. 78% of samples produced resuits
of less than 10 pg/m®, with 47% beiow the detection limit. None of the 92 samples
anaiysed gave a concentration in excess of 100 pg/m?,

Limonenea was detected in only 17 of the 92 samples taken, and at oniy two of the eight
sites (Resinous Chemicais and Jeyes Group). Whilst all 12 of the samples taken at
Jeyes Group produced results in excess of 100 pg/m?®, 8 of the 11 samples from
Resinous chemicals were below 10 ug/m?, with 6 being below the detection limit.

The mean concentration of sesquiterpenes in the 92 samples was 214 ug/m*. Rosin
manufacturers averaged 281 ug/m® and hot melt glue users 37 ug/m®. The 10 static
samples gave a mean resuit of 807 pg/m* compared with 142 ug/m® in the 82 personal
samples. 50% of the samples gave results of less than 10 pg/m®, with 13% below the
detection [imit. Atthe other extreme, 9% of resuits were in excess of 100 ug/m?®, with
4% over 2500 pg/m?. Seven of the 8 results above 100 pg/m® and ail 4 of those in
excess of 2500 yg/m?® came from rosin manufacturers.

Two factories, 1 rosin manufacturer and 1 hot melt glue user, produced mean
sesquiterpene concentrations below 10 ug/m®, with five more, 3 rosin manufacturers
and the remaining 2 hot melt glue users, averaging between 20 and 60 pg/m*. The
mean concentration from the remaining rosin manufacturer was up at around 1600
Ha/m?, although this particular group of samples did produce a rather extreme range of
resuits (from "not detected" to aimost 5000 ug/m?).

Figures 13 to 16 show littie correlation between concentrations of the four volatile
terpenes and TRA levels in the TDS samples. In particuiar, whilst sampies taken from
users of hot meit glue showed generally high levels of voiatiie terpenes (particularly
o-pinene and limonene), their TRA content was extremely low (on average less than 1
ug/m?®), This is probably due to the fact that most hot melt glues are typically used at
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between 120 and 180°C - temperatures which are too low to generate significant levais

of resin acids.

TABLE 29: Volatile Samples - Summary of Results

Sample Number of Voiatlle Concentrations (jg/m®)
Groap Samples Mean Median Mininsa Maximumn Range
a:Pipene 50 £0.0 9 0 809 809
Rosin Masafscturers 65 399 4 0 610 610
Factory 14 0 - - - - -
Factory 1| 26 0.3 0 0 5 5
Factory 10 1 163.3 5 0 610 610
Factory 13 14 329 15 0 197 197
Factory 27 12 26.2 24 3 50 42
Factory 12 2 8.0 ] 4 12 8
Hot Melt Glue Users 25 184.2 53 0 309 809
Factory 16 7 1.7 i 0 4 4
Factory 17 6 450 a6 k1] 53 15
Factory 15 12 3604 266 201 809 608
B-Pinene 92 5.7 0.4 0 8¢ 80
Rosla Manofacturers 67 6.7 04 Y 80 80
Factory 14 0 . - ; . .
Factory 11 26 0.3 o o 1 1
Factory 10 11 24.4 4 0 80 RO
Factory 13 14 1.5 12 9 18 9
Factory 27 14 0.0 4] 0 0 0
Factory 12 2 0.0 0 0 0 0
Hot Melt Glue Users 15 30 3 0 10 10
Factory 16 7 36 3 3 5 2
Factory 17 6 8.2 9 $ 10 5
Factory 15 12 0.0 0 0 0 0
Limonene 52 €17 0 0 801 801
Rostn Manufacturers 67 1.4 0 1] a2 32
Fastory l4s 4] - . - - -
Factory 11 26 00 0 0 0 0
Factory 10s 11 87 0 0 32 32
Factory 13r 14 a0 ) ] ] a
Factory 27 14 0.0 0 0 0 0
Fattory 12 2 0.0 0 0 0 0
Hot Melt Glue Users 25 1716 o [ 801 8
Factory 16 7 0.0 0 0 0 0
Factory 17 6 0.0 0 0 0 0
Factoryl $ 12 576 284 169 801 632
Sexquiterpeges 92 214.4 18 0 497 4973
Rosin Manunfaciurers 67 280.8 7 0 4973 4973
Factory 14 0 - - - - -
Factory 11 26 1.3 0.6 4] g 8
Factory 10 11 1613.0 24 0 4973 4973
Factory |3 14 51.2 1 2 433 451
Factory 27 14 19.8 13 7 53 46
Factory 12 2 215 12 19 24 5
Hot Melt Cloe Users 25 36.5 39 i 100 99
Factory 16 ? 29 2 1 g 7
Factory 17 6 30.0 24 2 53 33
Factory 15 12 593 33 39 100 6l
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TABLE 30: Volatile Personal Samples - Summary of Results

Sample Number of Voiutlle Concentrations (ug/m”)
Groap Sampies Mean Median Minkows Maxinsum Range
a-Plneas 80 79.5 7 o 809 809
Rosin Manufactorers 55 KRR 1 0 610 610
Factory 14 1] - . - . .
Factory 11 24 0.4 4] 4] 5 5
Factory 10 8 133.1 2 1] 610 610
Factory 13 13 iss 15 ] 197 197
Factory 27 g 234 20 8 50 42
Factory 12 2 8.0 3 4 12 B
Hot Melt Glue Users 28 i8d.2 5 0 809 809
Factory 165 ? 17 1 0 4 4
Factory 17 6 45.0 46 38 53 15
Factory 15 12 360.4 266 201 809 603
B-Pinene 82 43 0.4 0 54 54
Rosia Manufacturers 57 49 64 0 4 54
Factory 14 0 - - . - -
Factory 11 24 03 0 4] 1 1
Factory 10 ] 14.0 1.3 0 54 54
Factory 13 13 12.5 12 9 18 9
Factory 27 10 0.0 0 0 0 0
Factory 12 2 0.0 0 0 0 1]
Hot Melt Glae Users 25 30 3 0 10 10
Faclory 16 7 36 k] 3 5 2
Factory 17 6 82 9 5 10 5
Factory 15 12 0.0 0 o 0 0
Limonene 2 $2.9 0 0 801 201
Rosia Manufacturers 57 09 a 4] 2 a2
Factory 14 4] - - . - -
Factory 11p 24 0.0 0 0 0 0
Factory 10 8 6.5 0 0 31 a2
Faclory 13 13 0.0 0 0 0 0
Factory 27 10 0.0 0 ¢ ¢ 0
Factory 12 2 0.0 0 0 0 0
Hot Melt Glue Users 25 171.6 0 o 801 801
Factory 16 7 0.0 ) 0 0 0
Factory 17 6 0.0 ¢ o 0 0
Fariory 15 11 1576 2154 169 801 632
Sesquiterpenes 82 141.2 7 1] 4973 4973
Rosia Manufacturers 57 1885 5 3] 4973 4973
Factory 14 0 - - - . .
Factory | 1 24 1.4 0.6 0 8 g
Factory 10 2 12281 3 0 4573 497
Factory 13 13 53.5 n 2 453 451
Factory 27 10 1350 11 7 33 46
Factory 12 2 21.5 22 19 24 s
Hot Melt Glue Users % 36.5 39 I 100 9%
Factory 16 7 29 2 1 8 7
Factory 17 [ 30.0 24 22 55 33
Factory 15 12 393 53 39 100 61
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TABLE 31: Volatile Static Samples - Summary of Results

Sample Number of Volstile Concemtrations (ug/m™)
Group Sammples Mean Medlan Minltisum Marisazn Range
a-Pinens 10 843 as 1] %0 k1]
Rosin Manofactarers 10 84.3 as 0 390 390
Factory 14 0 - - - -
Factory 11 2 0.2 0 0 0.3 0.3
Factory 10 3 238.7 %6 70 3%0 320
Factory 13 1 00 0 0 0
Factory 27 4 1.2 35 H 37 14
Factory 12 0 . - - .
B-Pinene 10 16.9 0 0 80 80
Rosin Manofactarers 10 16.9 4] (] 80 BO
Factory 14 0 - - . -
Factory 11 2 0.3 4] 1] 0.6 0.6
Factory 10 3 5.0 31 25 80 55
Factory 13 1 12.0 12 12 12
Factory 27 4 0.0 0 0 4]
Factory 12 0 - - - -
1Amoneac 10 44 o 0 3 kH
Rosin Manufactarers 10 44 0 4] 31 3l
Factory 14 0 . . . .
Factory 11 2 00 0 0 0
Factory 10 3 14.7 9 4 3 27
Factory 13 1 0.0 0 0 o
Factory 27 4 00 0 0 0
Factory 12 0 - - - -
Sesquiterpenes 10 806.7 29 0 4455 4455
Rosia Manufecturers 10 806.7 29 0 4455 4455
Facory 14 0 - - . -
Factory 11 2 0.4 04 0 08 0%
Factory 10 3 26393 2645 £17 4455 3638
Factory 13 i 1.0 21 21 21
Factory 27 4 293 2% 18 52 34
Factory 12 0 - - . -
TABLE 32a: Volatile Samples - Distribution of Results
Sample Volatile No. of Volstile Concestrations (ug/m™
Gronp Terpene Samples < 10 g/ 10-100pugh’ | 100- 1000 pgioy’ | > 1000 upmy?
AD Samples a-Pinene 90 45 28 17 .
ﬂ.m 92 72 20 - -
Limonenc 92 e 3 12 -
Sesquiterpenes 92 46 KL 4 4
Rosia Manufscturers a-Pinene 65 3 22 5 -
P-Pinene 67 £ 18 - .
Limonene 67 64 3 - .
Sesquiterpenes 67 39 2 3 4
Hot Meh Glae Usery a-Pinenc 25 7 [ 12 .
B.Pm 23 23 Fi - -
Limonene 25 13 - 12
Sawj‘w 25 ? 17 1 -
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TABLE 32b: Volatile Samples - Distribution of Resuits

Sample Volatile No. of Yolatlile Concentrations (ug/m®)
Group Terpene Samples <10 pg/me* 10-100 pg/em® | 100-3000 pg/me® | > 1000 ppe’
Peysopa) Smpics a-Pinene 80 42 px! 13 ]
a..m g2 66 i6 - .
Limoncne 82 63 2 12 .
Sesquitsrpenes 82 44 33 3 2
Rosin Manufscturers a-Pinene 55 35 17 k| .
P-Pincne 57 43 14 - .
Limonene 57 35 2 - .
Sesquiterpenes 57 37 16 2 2
Hot Melt Clue Lisers a-Pinene 15 7 [ 12
B-Pinene 2% i 2 .
Limonene 23 13 - 12
Saquitcrpenes 23 7 17 1
Static Samples a-Pinene 10 3 3 2 -
pB-Pinene 10 6 4 - -
Limonene 10 9 1 .
s“qum 10 2 5 1 2
Rosin Manufacturers a-Finene 10 3 5 2 -
B.Pinmg 10 6 4 - -
Limonent 16 9 1 - .
Sesquitzipenies i 2 5 1 2
Hot Melt Glue Users a-Finene 0 -
B-Pinene 0 -
Limonwerie 0 .
Sesquiterpenes 0
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FIGURE 2a: TRA Concentrations {Rosin Manufacturers)
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FIGURE 3a: TRA Concentrations (Hot Melt Glue Users)
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FIGURE 7a: TRA Concentrations (Personal Samples - Hot Melt Glue Users)
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FIGURE 11: Limonene Concentrations (All Samples)
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FIGURE 13: g-Pinene versus TRA Concentration {All Samples)
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FIGURE 14: p-Pinene versus TRA Concentration (All Samples)
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FIGURE 15: Limonene versus TRA Concentration (All Samples)
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FIGURE 16: Sesquiterpene versus TRA Concentration {All Samples)
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