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Abstract

The aim of this study was to collect personal exposure concentration data to inform the EU risk assessment for
the fire retardant Hexabromocyclododecane (HBCD). Measurement surveys were undertaken for primary
production, micronising and the production of flame-retarded textile coatings, flame-retarded expanded
polystyrene (EPS), flame-retarded extruded polystyrene (XPS) and Masterbatch.

The measured exposure concentrations were generally lower than UK exposure standards for respirable dust and
inhalable dust (4 and 10 mgm™ respectively). Micronising was associated with the highest personal exposure
concentrations of HBCD with all measurements exceeding 10 mgm™. The plant has subsequently taken measures
to reduce operator exposure. Other tasks associated with relatively high levels of exposure included the weighing
out of HBCD prior to addition to EPS or during the production of Masterbatch, the addition of HBCD to the
reaction vessel during production of EPS and handling of HBCD powder during the preparation of textile
coatings. These tasks were of short duration such that shift mean exposure concentrations were generally well
below 10 mgm™. Shift mean exposure concentrations for the primary production of HBCD were generally less
than 1 mgm™. The production and processing of XPS with shift mean exposure concentrations that were
generally less than 0.1 mgm™.

Introduction

The aim of this study was to collect personal exposure concentration data to inform the EU risk assessment for
the fire retardant Hexabromocyclododecane (HBCD).

Methods

Six different industrial settings where HBCD exposure is possible were identified and two day measurement
surveys were undertaken at 12 plants that were representative of these settings:

Primary production (1 plant)

Micronising (1 plant)

Preparation of flame-retarded coatings for textiles (1 plant)
Preparation of Masterbatch (1 plant)

Production of flame-retarded expanded polystyrene (EPS- 4 plants)
e Production of flame-retarded extruded polystyrene (XPS - 4 plants)

Samples were collected using IOM sampling heads with foam inserts to allow the differentiation of the inhalable
and respirable fractions of airborne dust'?. Sampling times were generally between 4 and 8 hours, but in some
plants it was only feasible to collect short period (15 minute) samples for tasks involving short periods of
exposure to HBCD. The sampling protocol was in accordance with MDHS 14/3°,
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Results and Discussion

The measured exposure concentrations were generally low in comparison to UK exposure standards for
respirable dust and inhalable dust (4 and 10 mgm™ respectively). Only a small proportion of inhalable HBCD
was within the respirable size range (Table 1).

Table 1: Summary of measured HBCD concentrations (sd = standard deviation; samples below the detection limit
were attributed a value of half of the detection limit )

Industry sector Task/other comments Number of | HBCD (mgm®)
samples inhalable respirable
Mean 90" Mean 90"
(sd) percentile (sd) percentile
Primary Packing, process control, 10 1.23 1.86 0.18 0.89
production warehouse (0.76) (0.16)
compaction
Production  of | Weighing and mixing — estimated Based on 0.88 1.36 0.05 0.10
masterbatch for | 8 hour mean concentration* 10 samples | (1.69) (0.04)
XPS Extruder operator 4 0.12 0.16 0.05 0.06
(0.05) (0.02)
XPS production | Process operator handling 24 0.03 0.03 0.01 0.01
using masterbatch (0.03) (0.01)
masterbatch Other process operator 4 0.03 0.03 0.01 0.02
(0.01) (0.00)
Secondary processing 8 0.08 0.03 0.01 0.02
(0.11) (0.01)
Reclamation 4 0.06 0.22 0.05 0.12
(0.08) (0.08)
XPS production | Process operator 12 0.03 0.13 0.01 0.02
HBCD powder (0.10) (0.01)
EPS bead | Weighing 4 7.20 10.59 0.42 0.78
production (3.42) (0.37)
Addition of HBCD - estimated Based on 0.73 1.15 0.08 0.26
shift mean concentrations * 12 samples | (0.94) (0.11)
Addition of HBCD to reactor — 18 1.18 1.10 0.33 0.27
measured shift mean (3.39) (1.21)
concentrations
Micronising Packing 4 22.71 34.57 1.43 1.98
(12.25) (0.64)
Production  of | Laboratory staff 6 0.25 0.53 0.06 0.12
textile coatings (0.34) (0.05)
Production staff handling HBCD 4 1.35 3.12 0.12 0.23
(1.94) (0.11)
Other production staff 4 0.59 1.04 0.23 0.28
(0.56) (0.06)

*based on short period samples for specific operations; shift mean concentrations calculated from short period samples by
assessing proportion of shift spent on operations giving rise to elevated exposures for which measurement data were
available. No exposure to HBCD was likely during the remainder of the shift

Micronising was associated with the highest personal exposure concentrations of HBCD. One of the most
notable features of this task was that workers spent a large proportion of their shift handling HBCD. The plant
had not previously measured personal exposures to HBCD and since these measurements have been reported, the
plant has taken measures to improve housekeeping and is planning to install appropriate ventilation to reduce
operator exposure.

The preparation of textile coatings was also a dusty process, but levels of exposure to HBCD were much lower

than for micronising, partly because less than 10% of the shift was spent handling HBCD. Workers shovelled
HBCD from 500 kg sacks or tipped 25 kg sacks into the liquid mix releasing visible dust into the workplace
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environment. The exposure of laboratory workers in the same plant who were involved in the development of
formulations for coatings containing HBCD was low (Table 1).

Workers engaged in the primary production of HBCD were not routinely exposed to high concentrations of
HBCD. HBCD is produced within a closed process and exposure to airborne HBCD mainly occurred during
tasks of relatively short duration such as entering production vessels or the packing enclosure.

During the production of EPS, exposures to HBCD were relatively high during short episodes each shift when it
was added to the reactor (Table 2). Estimated and measured full shift mean concentrations were, however,
generally quite low (Table 1). Where weighing out HBCD was performed as a separate task, it was associated
with relatively high shift mean concentrations of HBCD, but this task was only performed on a small proportion
of shifts. Weighing and mixing were also associated with elevated exposure concentrations during the
production of Masterbatch, although full shift exposures were quite low (Table 1).

Table 2: Measured personal exposure concentrations for addition of HBCD to the reactor in two EPS plants -
short term measurements

Plant Duration Dust Concentration (mgm™) Concentration of HBCD (mgm™)
(minutes) respirable Inhalable respirable Inhalable

24101 13 <2.0 13.8 1.75 7.26
18 <2.0 31.7 1.27 21.52
14 <2.0 12.5 1.58 4.44
24104 23 <1.2 6.7 0.25 4.44
20 <1.3 16.2 0.35 6.60
40 <0.5 12.6 0.31 6.31
14 <2.0 17.6 0.37 4.73
15 <2.0 11.7 0.33 3.70
43 <0.6 14.7 0.33 10.82
56 <0.5 7.4 0.46 4.35
30 <0.9 8.8 0.42 2.89
35 0.7 10.1 0.51 6.65
Mean 0.69 13.65 0.98 6.98
Standard deviation 0.31 6.60 1.50 5.04
Median 0.68 12.55 0.40 5.52
90™ Percentile 1.00 17.46 1.55 10.46

Exposure to HBCD during the production of XPS was very low. This reflects the small proportion of the shift
spent handling HBCD, the generally highly automated secondary processing of boards and the use of HBCD in
the form of Masterbatch or granules.

There was very little skin contact with HBCD during primary production or the manufacture of XPS, EPS and
Masterbatch. There was some skin contact with HBCD powder and extensive contact with liquid preparations
containing HBCD during the preparation of textile coatings. There was extensive skin contact with HBCD
during micronising despite the use of gloves. During both the preparation of textile coatings and micronising,
contact with the hands and face was common. It is likely that will have increased the likelihood of exposure by
ingestion. The significance of dermal exposure on skin health or uptake by the body is unknown.

The personal exposure concentrations reported here are much higher than the long term mean exposure
concentrations that would be typical for individual workers as workers rotated between tasks and/or only handled
HBCD intermittently. In none of the workplaces visited, were workers likely to be repeatedly exposed on a large
number of successive shifts to high concentrations of HBCD.

Organohalogen Compounds Vol 69 (2007) O-177 728



HUMAN EXPOSURE |11 (INDUSTRIAL, OCCUPATIONAL AND INDOOR EXPOSURE)

References

1. British Standards Institution (1993) Workplace atmospheres — size fraction definitions for the measurement of
airborne particles. BS EN 481 1993

2. International Standards Organization (1995) Air Quality — particle size fraction definitions for health-related
sapling. 1ISO Standard 7708 1995

3. UK Health and Safety Executive (2000) General methods for sampling and gravimetric analysis of respirable
and inhalable dust. Methods for the Determination of Hazardous Substances 14/3.

Organohalogen Compounds Vol 69 (2007) O-177 729




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




