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Abstract

Concentrations of polybrominated diphenyl ethdPBES) were determined in air
samples from near suspected sources, namely indoarsomputer training laboratory, indoors
and outdoors at an electronics recycling facilagd outdoors at an automotive shredding/metal
recycling facility. Air samples were collected mgiquartz filters followed by XAD-2 resin
adsorbent to trap particulate and gas phase PBDH® samples were extracted by Soxhlet
extraction and the extracts were analyzed by gasnwitography — electron capture negative
ionization mass spectrometry. The results fromdbm@puter laboratory sampling showed that
computers emitted decabromodiphenyl ether, whigeemissions of lower brominated PBDEs
was less significant when compared to concentratiorihe indoor office environment when the
computers were turned off. Air samples collectedha electronics recycling facility showed
higher concentrations of PBDESs in the dismantliai bompared with published concentrations
from other facilities. These concentrations appeédo originate from the electronics shredding
activity that generated airborne particulate mattansisting of plastics. The concentrations of
PBDEs outside and downwind of the building werehkigthan a control site, at University of
California, Davis. Lastly, PBDE concentrationstla¢ downwind fenceline of an automotive
shredding/metal recycling facility were higher tremupwind perimeter site, thus demonstrating
the contribution of a source to near-source dowdvidBDE concentrations.



Executive Summary

Background
Polybrominated diphenyl ethers (PBDES) are comfirerretardants that have been used

in various foams and electronics applications. €R#yg, there have been increasing concerns
about the safety of exposure to these chemicaBDH8 have been detected in human blood
serum and breast milk as well as in remote geograblegions. People are being exposed to
these chemicals, which are now becoming ubiquiteoddwide. Another cause for concern is
that PBDEs are very hydrophobic due to the preseheglarge number of bromines attached to
the molecule. This high degree of hydrophobiciytcibutes to their ability to bioaccumulate
and bioconcentrate in both humans and wildlife. stlya there are significant structural
similarities between PBDEs and polychlorinated biptis (PCBs), which are known to exert
adverse health impacts.

The objectives of this research were to: 1) eefsampling and analysis methods for
PBDEs and 2) determine the air concentration of B8N areas near point sources of PBDEs to
better determine potential exposure of people ¢ése¢hchemicals as well as the impact of these
operations on the local PBDE air concentrationke st sites included: 1) a computer training
laboratory in a public office building, 2) an elextics recycling facility, and 3) an automotive
shredding/metal recycling facility.

Methods

Outdoor air samples were collected with AnderseghtVolume air samplers at a flow
rate of approximately 30 Hhour. The samplers were equipped with a quartzafiber filter
followed by XAD-2 adsorbent to trap gas phase dodinff. The filter + XAD-2 combination
was chosen in preference to filter + polyurethasef (PUF) configuration since the large PUF
adsorbents created interferences that preventeddteemination of decabromodiphenyl ether.
Indoor air samples were collected in a similar fashexcept a “low volume” air sampler was
used that could collect approximately 0.8 af air per hour and the filter size and amount of
XAD-2 resin were correspondingly smaller. The skmpvere extracted by Soxhlet extraction
and then polar interferences were removed by pasiseextract through a silica gel column.

The PBDEs in the sample extracts were determinedds chromatography- electron
capture negative chemical ionization (ECNCI) magecsometry. The ECNCI mass
spectrometry was able to achieve lower detectimitdi compared to simple electron ionization
(El) that is commonly used in mass spectrometnsing GC-ECNCI mass spectrometry with
selected ion monitoring, we were able to achiewtriumental detection limits in the range of
0.08 to 2.81 picograms per microliter (p/of sample extract.

Three field sites near suspected point sourcd3BIEs were sampled in addition to a
control site at the University of California, Davig he first site was a computer laboratory in a
public office building where air samples of 24 heur duration were collected on 8 days. Two
conditions, namely “computers on” and “computer$,”’ofvere sampled to estimate the
contribution of computers to the PBDE loading ie tiffice environment. The “computers off”
condition provided an estimate of PBDE backgroumcam office building. The second site
sampled was an electronics recycling facility, vehboth indoor and outdoor air samples were
collected. In this case, the indoor air sampleessewlocated within 2 m of the shredding
equipment, thus the observed concentrations wagdesent a “worse case exposure scenario.”



Air samples of 8 hours in duration were collectedtbree days during business hours with
varying degrees of activity. Lastly, ambient @ngles were collected upwind and downwind of
an automotive shredding/metal recycling facilityhese 24-hour air samples were collected on
one day with the shredder shut down and two days s¥iredding operations being conducted.
Local meteorological data were collected at bota #hectronics recycling facility and the
automotive shredding/metal recycling facility toscirn the contribution of the site to near-
source PBDE concentrations by comparing upwinddmvanwind conditions.

Results

The results from the three sampling campaignglgishowed that PBDE concentrations
in the air at the three test sites exceeded theEP&incentrations at the outdoor control site at
the University of California, Davis, where the aage sum of PBDE congeners was 58
picograms of PBDE per cubic meter of sampled ajfr(p).

The indoor air sampling in the computer laboratasfiowed elevated PBDE
concentrations when the computers were turned opaced to when the computers were turned
off. Concentrations were as high as 1550 pdgom PBDE 47. For most PBDE congeners, the
increase was relatively minor (<2-fold increasedhwvithe exception of decabromodiphenyl ether
(PBDE 209), which increased about 5-fold. Thesta daiggest that computers may be a
significant source of PBDE 209 in the office enwineent. These data also compare with other
published studies which have shown indoor concgotrs.of PBDEs up to 1,800 pg/m

The indoor and outdoor air sampling at an eleatsonecycling facility showed that air
concentrations of PBDEs were greatly elevated withe electronics dismantling hall compared
to outside the facility. Concentrations of PBDE92@ere as high as 833,000 pd/mside the
dismantling hall and as high as 11,400 pybutside the facility. These data suggest that the
recycling activity, and shredding of circuit boandsparticular, generated airborne particulate
matter consisting of plastics that contain largeoants of PBDEs. Despite the highly elevated
concentrations within the facility, the impact dfetfacility on air concentrations outside the
facility appeared to be rather localized.

Lastly, air samples collected downwind of an auwtwe shredding facility showed
elevated concentrations of PBDESs, up to 1940 p@mPBDE 209, that were about 3- to 5- fold
higher than the upwind concentrations.

Conclusions

The results of this research demonstrated methodsollecting and analyzing air
samples with a great degree of sensitivity for PBDEndoor and near-source ambient air. This
research also suggested that the impacts of tlo&ratecs recycling and automotive shredding
operations on near-source downwind concentratiangdcbe measured and compared with
upwind concentrations. These near-source resnttslee results from the indoor monitoring at
the electronics recycling facility also point tetheed to further evaluate the health effects from
exposure to PBDEs. The observation that PBDE curattons were higher in an office
environment than outdoors at a control site suggistt people are probably more likely to be
exposed to higher PBDE concentrations in the indomironment. Therefore, future exposure
assessments should focus on the indoor environment.

Xi



1. Introduction

Polybrominated diphenyl ethers (PBDES) have beed estensively over the past three
to four decades as fire retardants in most typegobfmers used in electronic circuit boards,
computers, TVs, housing, furniture, building madts; textiles, carpets and vehicles (automobile
padding)® The increased use of PBDEs in consumer prodwsrésulted in the ubiquitous
presence of these compounds in private housindcesff public buildingd;” other work
environment§'! and the outdoor environment.

The most frequently used PBDE mixture (54,800 ion$999} is currently the “deca”
formulation which consists of primarily decabrontedh diphenyl ether along with some octa-
and nona-PBDE congeners. The two other common PBDures are the pentabrominated
diphenyl ethers (penta-mix; e.g. Bromkal 70-5DEY actabrominated diphenyl ethers (octa-
mix). Penta-mix technical products are used inxgpeoesins, phenol resins, polyesters,
polyurethane foam and textil&s.Octa-mix technical products are used in acrytdaibutadiene
styrene, polycarbonate and thermosets. Deca-PBBdupts are used in most types of synthetic
materials including textiles and polyester used ganted circuit boards and in high-impact
plastics used in consumer electronics.

Flame retarded polyurethane foam (PUF) used forseating, home furnishing and
insulation etc. is the principal use of the comri@rpentabromodiphenyl ether (penta-PBDE)
mix which contains mainly tetra- and penta-PBDEstipularly PBDE 47, PBDE 99 and PBDE
100 with a smaller contribution of PBDE 153, PBD&1and PBDE 8%° PBDEs comprise 5-
30% by mass of the plastics and so PUF represesigniicant reservoir of PBDES. This
usage pattern results in PBDEs distribution throwghthe indoor environment and PBDEs
released by volatilization from products in servicay represent an important pathway of human
exposuré? Penta-mix was used in circuit boards until thel44990s>*° Many of these
electronics remain in service and their future déspp may be an avenue for the release of penta-
mix to the environment.

The PBDE fire retardants are used as additiveolyngers, but they are not chemically
bonded to the plastic structure. Therefore, th®P8can simply volatilize from the plastic or
foam and escape into the environment. The useBOIHR as fire retardants secures an overall
higher fire safety, however the presence of thesmpounds during waste incineration or
accidental fires may result in the formation of esidable by-products such as brominated
dibenzo-p-dioxins (PBDDs) and brominated dibenzafsr(PBDFs}®

Ambient air concentrations of PBDEs have beenntegas ranging from 5 to 300 pg/m
with the highest concentrations observed in urbeast’ Indoor workplace concentrations have
been measured as high as 200,000 pdirthe air inside an electronics recycling fagifit

Concern regarding PBDE usage

PBDEs are highly hydrophobic (log.i values 4-10f with the more brominated
congeners being more hydrophobic. The high hydsbjality of the PBDEs makes them prone
to bioaccumulation in humans and wildlife. PBDEs have been reported in various
environmental matrices, such as an ind8and outdoor ait?2® dust? sediment’ freshwate?®
30 and marin&3* organisms, and in human seriifff and adipose tissdé>">° The fact that
PBDEs are widely distributed in the environment haised concerns about their safety and
persistencé’




We understand that PBDEs fall under the definitadna class of compounds called
polycyclic organic matter (POM). POM is listeda$ederal hazardous air pollutant and a toxic
air contaminant in California.

One specific concern about the health effects oDIP8 arises from the structural
similarity between both PBDEs and PCBs and thyhmidnones, namely 3,3’,5-triiodothyronine
(T3) and 3,3',5,5'-tetraiodothyronine (thyroxine4)I** The prolonged exposure to high
concentrations of PBDEs can cause serious hedctefsuch as thyroidogenic, estrogenic,
hepatic and neurodevelopmental effééts.

Due to the increasing concerns about the ubigsiggosure and the toxicity of PBDES,
the European Union has phased out the penta- amadfamulations of PBDES. In 2003,
legislation was enacted in California (Assemblyl BD2, Chan) that banned the sale of products
that contain either the penta- or octa-formulati@ss of January 1, 2008. Great Lakes
Chemical, one of the major producers of PBDEs wdlluntarily phase out production of the
penta- and octa-formulations starting in 2605.

Selection of study locations

Several possible source locations were considavediif monitoring. For indoor air
monitoring of PBDEs, computer training laboratorieere evaluated at the University of
California, Davis (UCD). However, in recent yeaeveral manufactures of personal computers
have switched to alternative fire retardants ared WICD computer laboratories were found to
contain these newer computers. A computer traitabgratory in a public office building was
found to contain computers thought to be old enotgtstill have been manufactured with
PBDEs, although some of the PBDEs would likely hauegassed from these computers over
time. This computer laboratory was selected fdoor air monitoring.

For near-source ambient air monitoring, severabipds source sites were contacted by
staff of the California Air Resources Board (ARB)daevaluated for: potential (current and
future) PBDE emissions, logistics of conducting m&aurce monitoring, and proximity of
source to potential public exposure. These soumesided: plastics recyclers, carpet pad
recyclers, polyurethane foam manufacturers, eleitso manufacturers, municipal landfills,
electronics recyclers and automotive shredding/netscling facilities.

Electronics recycling facilities were chosen as afethe near-source industries for
monitoring because of the potential for current amdgoing PBDE emissions. Several
electronics recyclers were contacted. A facilityieh lacked any air pollution control equipment
was selected for near-source monitoring. Thislifgcrepresented a potential worst-case
scenario for PBDEs. While no air pollution consraere currently required at this facility,
electronics recycling facilities exist that havetalled bag houses and high efficiency filtration
systems for control of particulate matter in thegimissions.

The California legislation that banned the salgmiducts containing the penta- and the
octa-formulations also directed the California Sen@ffice of Research (SOR) to submit a
report with recommendations regarding PBDEs. TO®& Seport notes that facilities that shred
old automobiles for metal recycling may be soureBBDES in the environment. PBDEs may
be present in the plastics, upholstery and/or fomthe automobiles. After old cars are shredded
at an automotive shredding facility, the shreddeetainis separated from the non-metallic
materials. The non-metallic material is referredas auto shredder fluff and it may contain
PBDEs. The fluff is usually treated to make itsleiisty, after which it is referred to as treated




auto shredder waste. This waste is used at samdélls as a daily cover spread over municipal
waste for vector control. Because of the poterfoal PBDE emissions from auto shredder
facilities, one of these facilities was selected fmr monitoring of near-source PBDE
concentrations.

PBDEs in air samples

The determination of PBDEs in air samples can m&lgoted by either passive or active
sampling techniques. The passive sampling appesaaiclude: collecting particles with an
ionizer using an aluminum collector cup; using paes sampling equipment with anodized
aluminum® passively collect vapors using PUF dfécsr semipermeable membrane devices
(SPMDs)?"*** The active sampling approaches use a pump togiasisrough the sampling
matrices, typically quartz microfiber filter comleith with PUR"91923.25264% X AD (styrene
divinylbenzene) resifi**?°to collect both the particle and gas-phase comguhn most cases,
the PUF substrate was preferred for usage, prodadaly an ease of operation point of view.
However, the presented research discusses thatioms of PUF for sampling of the ambient air
and the determination of decabrominated diphermgretPBDE 209).

Project objectives
This research project was designed to determime atimospheric concentrations of
PBDEs in near-source sites with potential for hurmgmosure.

The project consisted of the following phases:

1) Refinement of sampling and analytical proceduresHe determination of PBDES in
ambient air samples. Analytical experiments weyadacted on the University of
California, Davis, campus to refine sampling prolec select the best sample
collection substrate, and to conduct spike-recousais.

2) Determination of PBDES in a computer training latory in a public office building.
Since computers in the laboratory were thoughtaotain PBDES, this potentially
represented a highly concentrated indoor air sample

3) Determination of PBDEs in and around an electrongzs/cling facility. This site
encompassed both indoor air sampling near theretecs shredding equipment as
well as outdoor air sampling around the facility.

4) Determination of PBDEs at an automotive shreddimgainrecycling facility. This
site was chosen due to the potential for PBDEshenfbams and plastics of cars.
Only outdoor air samples were collected at thie since all of the activity was
conducted outdoors.




2. Materials and Methods

2.1 Chemicals and supplies

PBDEs are named in a similar fashion as polych&ted biphenyls (PCBs). The
abbreviation PBDE is followed by the congener numiahere the International Union of Pure
and Applied Chemistry (IUPAC) numbering system sedi These abbreviations will be used
throughout this report.

PBDE analytical standard solution EO-5113 was pased from Cambridge Isotope
Laboratories (Andover, MA.). The mixture contair® PBDE congeners: three mono-PBDESs
(PBDE 1, 2 and 3), seven di-PBDEs (PBDE 7, 8, 10,12, 13 and 15), eight tri-PBDEs (PBDE
17, 25, 28, 30, 32, 33, 35 and 37), six tetra-PBEBDE 47, 49, 66, 71, 75 and 77), seven
penta-PBDEs (PBDE 85, 99, 100, 116, 118, 119 ay, I&e hexa-PBDEs (PBDE 138, 153,
154, 155 and 166) and three hepta-PBDEs (PBDE 183,and 190). The concentration of
compounds in the mixture ranged from 100ubdor the mono congeners to 250 pigfor the
hepta congeners.

Authentic standards of 2,3,5,6-tetrachlorbipheBCB 65), decachlorobiphenyl (PCB
209), some individual standards of PBDEs as PBD&D147, 99, 100, 153, 154, 190, 203, 206,
207, 208 and®C-labeled decabromodiphenyl eth&iC;-PBDE 209) were obtained also from
Cambridge Isotope Laboratories. Octabrominatedhatpl ethers PBDE 196 and 197 were
purchased from Terra Chem, Inc. (Shawnee Missi@), KPBDE 15 and unlabeled PBDE 209
were supplied by Aldrich (Milwaukee, WI.). Tablel2zsummarizes the standards used in this
project.

Instrumental calibration solutions, which rangeahir~0.5 to 500 pgd (see Appendix A
for exact concentrations), were prepared by ditutthe PBDE mixtures into nanograde
isooctane (Mallinckrodt Baker Inc., Paris, KY). élbalibration curves consisted of 5 standards
each. Octa- Nona- and Deca-PBDEs were determmadseparate analysis run (described later)
and these analyses had a different calibrationesutiiat had higher concentrations up to ~500
paful. Further details about the calibration procedwes provided under Section 2.8.




Table 2.1. PBDE standards used in this study abatigtheir source information.

Compound Substitution Pattern Compound SubstitRiattern
Mono- Penta-
PBDE 1° 2- PBDE 85' 2,2',3,4,4-
PBDE 22 3- PBDE 99 2,2',4,4'5-
PBDE 3° 4- PBDE 106 2,2',4,4',6-
Di- PBDE 116" 2,3,4,5,6-
PBDE 7° 2,4- PBDE 118 2,3,4,4'5-
PBDE 8 2,4- PBDE 119 2,3,4,4',6-
PBDE 17° 3,3- PBDE 126 3,3,4,4',5-
PBDE 107 2,6- Hexa-
PBDE 122 3,4- PBDE 138 2,2,3,44'5-
PBDE 13 3,4'- PBDE 153 2,2'4,45)5'-
PBDE 15° 4,4'- PBDE 154 2,2,4,45,6-
Tri-_ PBDE 155" 2,2'4,4',6,6'-
PBDE 17 2,2’ 4- PBDE 1668 2,3,4,4'5,6-
PBDE 25* 2,3',4- Hepta-
PBDE 28 2,4.4- PBDE 18% 2,2°,3,4,4' 5,6-
PBDE 307 2,4,6- PBDE 188 2,2',3,4,4' 5 ,6-
PBDE 32 2,4',6- PBDE 196 2,3,3,4,4' 5,6-
PBDE 33" 2',3,4- Octa-
PBDE 35° 3,3,4- PBDE 196 2,2',3,3,4,4,5,6-
PBDE 37 3,4,4- PBDE 197 2,2',3,3,4,4,6,6'-
Tetra- PBDE 203 2,234,455 ,6-
PBDE 47% 2,2'4,4'- Nona-
PBDE 49 2,2 ,4,5- PBDE 206 2,2',3,3,4,4,5,5",6-
PBDE 66 2,34, 4- PBDE 207 2,2,3,3,4,4,5,6,6-
PBDE 712 2,3,4',6- PBDE 208 2,2',3,3,4,5,5,6,6'-
PBDE 75° 2,44 ,6- Deca-
PBDE 772 3,3,4,4'- PBDE 209 2,2',3,3,4,4,55,6,6-
Internal Standards
PCB 65 2,3,5,6-

PCB 209 223,344 55,6,6-
13¢,, PBDE 20 2,2',3,3',4,4'5,5',6,6'-

& Standard from Cambridge Isotope Laboratories.
® Standard from Terra Chem Inc.
¢ Standard from Aldrich.

High-grade (B&J C& grade) acetone and dichloromethane were obtaioed Burdick
& Jackson (Honeywell International, Inc., Muskeg®l,). The dichloromethane was used for
sample extraction and elution of the clean-up colunSilica gel (70-230 mesh) was obtained
from Aldrich and was used for a clean-up columntfer sample extracts to remove unwanted
polar constituents. Sodium sulfate (10-60 meshjclwwas used to dry the sample extract in the
clean-up column, was obtained from Fisher Scien(Rittsburgh, PA).



2.2 Air sampling equipment

This project employed two different types of samgleThe first was a high-volume air
sampler for the collection of particulate and gasge PBDEs in outdoor situations while the
second was a “low volume” sampler which was usedrfdoor experiments to limit noise and
disturbance of the indoor air flows.

Ambient air samples were collected using total sndpd particulate (TSP) high-volume
air samplers (model GBM2000H, Andersen Instrumémts Georgia, USA) as shown in Figure
2.1. The air intake was about 4 feet above groufide samplers collected particulate matter
onto Whatman QM-A quartz microfiber filters (20s25.4 cm, VWR Scientific, Brisbane, CA.).
A fire-retardant free polyurethane foam plug (Pdimeter 10 cm x height 10 cm, about 16.6-
19.5 g, Shawnee Instruments, Inc., Village of Céew@hio) or Amberlite XAD-2 resin (90 g,
Supelco Inc., Bellefone, PA.) was mounted in a 9wie by 6 cm high aluminum holder
downstream of the filter to collect gas-phase PBRg&svell as any PBDEs that blow-off of the
particulate matter trapped on the quartz filteinc8 the adsorbent collects both ambient gas-
phase PBDEs and blow-off PBDEs, it cannot be atelyrased to discriminate between the gas-
particulate distribution of the PBDESs in the ambisamples. The exhaust of the sampler was
transported by aluminum ducting to approximately f&ét from the sampler to avoid any
contamination (particularly of carbon dust) frone gampler motor brushes.

Prior to sampling, the accuracy of the flows of kiigh-volume samplers was verified by
UC Davis personnel. During sampling, the air fldlwough the sampler was monitored
continuously by a paper disc type flow recordeio VErify the precision of the flow meters in
the four samplers, each sampler’'s flow meter waspased to the flow measured by the other
three sampler flow meters, which included a newfloeter. No significant differences were
observed between the flows measured by the diffél@m meters.

Air In

Quartz Microfiber Filter
20.3x25.4cm

Aluminum
Holder for PUF or XAD-2

@ Flow Recorder

Flow / Power
Controller




“Low-volume” air samplers (shown in Figure 2.2) warsed for indoor air sampling to
avoid disturbing the air flow patterns of the roasiwell as to reduce the noise of the sampler.
The sampler followed the same basic design as itje-volume air sampler by collecting
particulate matter onto a quartz filter (diametérmdm, PALL Life Sciences, Ann Arbor, Ml.)
and then collecting gas-phase PBDEs and blow-offABD-2 resin (6 g, Supelco Inc.). Each of
these sample substrates were placed in stainless lsdlders and connected together. The
dimensions of the filter holder were 7.62 cm inndéder and 2.54 cm in height. The internal
dimensions of the holder for XAD-2 adsorbent (orfRWhich was initially evaluated) were 1.6
cm in diameter and 10 cm in height. The entire @ancollection apparatus was made from
stainless steel to avoid any contamination fronstpta and to reduce and PBDE adsorption.

Sampled air was drawn through the samplers by usikgdo VP0660 V1003-D3-0511
pump (Nitto Kohki Co. LTD, Tokyo, Japan) and thevil rate was controlled and verified during
the course of sampling by using a Hastings Instnismenass flow controllers (Model No. 400,
Teledyne Electronic Technologies- Hastings InstmitsieHampton, VA). The accuracy of the
mass flow controllers was verified by the calibvatiagainst a DryCal DC-Lite primary flow
meter (Bios International Corporation, Butler, Nl3at measured the time required to displace a
given volume of air. The calibration verificatigras conducted using a sampling train identical
to those used to collect the samples. The vacuumpp were equipped with an activated
charcoal trap, approximately 20 cm long, on theaesh line to prevent the pumps from
contributing any organic material to the air of tbem that was being sampled.

Quartz Microfiber Filter, D =47 mm

Stainless Steel PUF / XAD-2 Holder

HASTINGS
Mass Flow Controllefr

LI LI

Medo vacuum pump Air Out
—»

|: || Charcoal trap| |

HASTINGS
Mass Flow Control Valve '_
Air In

Figure 2.2. Diagram of “low volume” indoor air salep




2.3 Meteorological equipment

During outdoor air sampling, meteorological datravcollected for wind speed, wind
direction, temperature, and relative humidity. Jdneata were collected using a portable
meteorological station (Automet 466A, manufactusgdet One Instruments, Grants Pass,
Oregon). Sensors were located about 12 feet apowend. The meteorological equipment was
calibrated by ARB staff prior to each monitoringdy and rechecked following each monitoring
study to verify the accuracy of the equipment. Tdahecks showed consistent accuracy.

2.4 Sample collection procedures

To reduce possible contamination, all sample cbiganaterials were pre-cleaned in the
laboratory. Quartz filters were baked at 8DGor 8 h and stored wrapped in baked aluminum
foil (baked at 550C for 8 h) to reduce filter contact with air. P@8sorbents were cleaned by
Soxhlet-extraction with dichloromethane for 24 XAD-2 adsorbents were cleaned by Soxhlet
extraction with acetone for 4 h followed 24 h ofxBlet-extraction by dichloromethane. Both
adsorbents, PUF and XAD-2, were dried in a vacuesiogator and stored in baked (85Gor
8 hours) amber glass containers.

The air samplers themselves were also cleaned farisample collection events. All
parts of the outdoor air sampling units were rinsgdlistilled water and methanol and air dried.
Plastic parts in the sampling head were wrappel thig¢ aluminum foil to avoid a contact of the
plastics and the quartz filter. In the case obmdair samplers, the sampling units were rinsed
by dichloromethane and air dried.

The air samples were collected for different tiraegths, typically 8 or 24 hours, from
the four sampling sites depending on the samplibgeabives. All details regarding the
sampling, such as the sampling site description fibw rate, total volume of taken air, etc, are
described in each sampling case.

After sampling, the PUF and XAD-2 adsorbents wadividually sealed in amber glass
jars to avoid the photochemical reaction and camt@t air during transport and storage. Filters
were folded individually in aluminum foil and alsealed in glass jars. The samples were
transported to the laboratory in the ice chest’C)dand stored in the freezer at 2@0until
extraction.

2.5 Sample extraction procedures

All samples, regardless of the physical size of Hubstrate, were extracted and
concentrated in a similar fashion. The sample agxibn procedure consisted of Soxhlet
extraction of the substrate (filter, PUF or XAD) 24 h with dichloromethane followed by
concentration by rotoevaporation, clean-up on iaasjel column, and nitrogen evaporation to
the final sample volume.

To reduce possible contamination, all extracticasgivare was washed (in hot water and
Alconox soap), solvent-rinsed (three times withod&ed water, acetone and hexane), and baked
(8 h at 556C) and wrapped in aluminum foil before use. Furthee glassware was rinsed twice
with high-quality dichloromethane immediately befarse.

The Soxhlet extractions of all samples were coretligt a darkened fume hood to reduce
sample exposure to light since some PBDEs, suclees PBDE, may degrade in light. A few
studies have demonstrated that PBDE 209 can beoméiated to lower brominated PBDE
congeners photolytically by both UV light, and undertain conditions, by natural sunlight with
half-lives ranging from 15 minutes up to 81 hotrdhe Soxhlet extractors were additionally




wrapped in aluminum foil to further shield the sdespfrom laboratory light. The filters, PUF
and XAD from the large, high-volume outdoor air $d@s were extracted in large Soxhlet
extractors with 600 ml of dichloromethane for 24iteo The Soxhlet extractors were run at a
reflux rate of about 2 to 3 refluxes an hour. Bhealler filters and XAD from indoor samples
were extracted in smaller (125 ml capacity) Soxkktactors with 200 ml of dichloromethane
for 24 h at a reflux rate of about 3 to 4 reflupes hour. In both cases, three PTFE boiling chips
were added to the round bottom flask of the Soxdétactor to ensure constant and even boiling
of the solvent.

After the samples were extracted, the sample extweas reduced to ~3 ml by
rotoevaporation. Once again, the flasks contaitivegsamples were wrapped in aluminum foll
to shield the sample extracts from laboratory light

The sample extracts were then passed through a-gfeacolumn to remove polar
impurities, trapped particles and moisture. Thasan-up columns consisted of a glass column
(1 cm 1.D., 30 cm length) containing 5 g of siligal (baked at 55C for 8 hours), 1 cm of dried
sodium sulfate (baked at 18D for 8 h) and a glass wool plug (baked at“45€@r 8 h). Prior to
sample introduction, the clean-up column was caoid by 50 ml of dichloromethane. The
column was then eluted with 50 ml of dichloromethaThe clean-up column was also wrapped
in aluminum foil to shield the samples from light.

The sample extract was then evaporated under degsineam of nitrogen (99.997%
purity) to a volume of 300-500I. At this point, 1.5 ml of isooctane was addedhe sample
and the sample volume was reduced to 300800 his solvent exchange step was designed to
improve sample stability by reducing potential soiiv evaporation during sample analysis,
particularly if multiple injections of the sampleeve required.

2.6 Instrumental analysis conditions
2.6.1 Gas chromatographic conditions

PBDEs determinations were accomplished using aneAgi6890 gas chromatograph
coupled to an Agilent 5973 quadrupole mass speet@enteing run in electron capture negative
chemical ionization mode (GC-ECNCI-MS). The sarapkere injected onto the instrument by
a 7683 series autosampler injector. The sampéztion used a pulsed splittess mode with an
injection port temperature of 270 and a pulsed pressure 20 psi, which was held.®min.
The purge valve was activated 1.5 min after sanmpdetion.

The analysis of mono- through hepta- PBDEs use@®&ms capillary column (30 m x
0.25 mm i.d., 0.2%m film thickness, 5% phenyl substituted polysiloganHelium was used as
the carrier gas at the constant column flow 1 mi/mwhich corresponds to a linear velocity of
about 37 cm/sec. The temperature of the GC ovenprsagrammed as follows: isothermal at
110¢°C for 1 min, 12C/min to 158C, 22C/min to 2138C, 3C/min to 320C and held at 32C
for 5 min. The total run time was 75 min.

Octa- through deca- PBDEs were analyzed on a shiteneter DB-5 column (15 m
0.25 mm i.d., 0.2%m film thickness) to get the heavier analytes b#f tolumn more rapidly.
The chromatographic conditions were: isothermd ¥ C for 1 min, 13C/min to 320C and
held at 320C for 10 min. The total run time was 25 minutés.this case a pulsed pressure of
only 10 psi was used.




2.6.2 Mass spectrometer conditions and optimization

Several mass spectrometer parameters were evakradeaptimized during the course of
this project, but the final conditions for the d¢fea capture negative chemical ionization
(ECNCI) were: a quadrupole temperature of I50an ion source temperature of 160 the
interface temperature 280, methane (99.99%) as a chemical ionization moideragas at an
ion source pressure 26 10* torr (0.0333 Pa), an electron energy 130 eV ancraission
current 300pA. The mechanisms of ECNCI mass spectrometry hadrifluence of different
instrumental conditions are detailed in Stemmlet Hites {>*9.

To obtain the maximum sensitivity in the analysis PBDEs, ECNCI-MS instrumental
parameters needed to be optimized. Experiments e@rducted in a similar fashion as Eljarrat
et al*’ using the same GC-ECNCI-MS instrumentation. Hawethe application of the optimal
instrtumental parameters presented by Eljarrat &f differed from the optimal conditions
determined in our laboratory. The parameters ityat®d and optimized were:

1) the ion source pressure (XxA0* - 2.5x 10* torr or 0.0133 to 0.0333 Pa);

2) the ion source temperature (25260°C);

3) the ionization electron energy (70-220 eV) and

4) the emission current (25-3Q®).

The endpoint for the optimization experiments weesihtensity of ions in ECNCI-MS spectra of
mono- through hepta- PBDEs.

The effect of ion source pressure was investigaiedarying the source pressure from
1.0x 10 to 2.5x 10* torr (0.0133 to 0.0333 Pa). The ion source teaipee (156C), electron
energy (130 eV) and the emission current (380 were held constant during these experiments.
The effect of varying the ion source temperatuoenfil 50 to 258C was monitored while the ion
source pressure (2:010* torr; 0.0267 Pa), electron energy (130 eV) andssion current (300
MA) were held constant. The emission current, ragpdgiom 25 to 30QUA was investigated at
the ion source temperature 280 ion source pressure 2.0 xLbrr (0.0267 Pa) and electron
energy 130 eV. Lastly, the electron energy wasgedairom 70 to 220 eV while the ion source
temperature (15), ion source pressure (2010* torr; 0.0267 Pa) and emission current (300
MA) where held constant.

The experiments were repeated twice and the meklmessare reported herein. The
obtained data have been processed by two diffeveyts. In the first approach, the ratio of
fragment ions in the spectra of the selected cogrgenas compared to the sum of the ions from
all the fragment clusters for a given PBDE congen@nly ions with the 100% abundance in
clusters were used, but the final observation gshbelthe same. The second approach compares
the absolute abundance of the ion with the 100%@dmce in the ion cluster to the maximal
absolute abundance of the same ion obtained igitie& set of experiments.

The effect of the ion source pressure, ion soueseperature, electron energy and
emission current on the ECNCI-MS spectra of hex®PHB53 is shown on Figure 2.3. It was
observed that the ratio of fragmentation ions [BHBr,]” and [M-H-3Br] in the ECNCI spectra
of PBDE 153 is not, or very slightly, affected bydied instrumental parameters. The same
trend was confirmed in the spectra of other studieto- through hepta-PBDEs. The major ion
in spectra of all investigated PBDEs was [BniVz 79) with the fragmentation ratio in the range
of about 0.7 - 0.9.
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Figure 2.3. Effect of the studied instrumental pagters on the fragmentation of PBDE 153 in
ECNCI-MS spectra. These graphs present the abuoadzrthe 100% ion in the isotope cluster
divided by the sum of the ion abundances fromsatdpe clusters (fragments) of PBDE 153.
Open diamondsd) = [Br], filled diamonds € ) = [HBr2], and trianglesA) = [M-H-3Br]

The effect of the studied instrumental parametershe total abundance of ions in the
ECNCI-MS spectra of PBDE 153 is presented on Fi@ude The total ion abundances showed
very strong dependency on the mass spectrometampégars for all studied compounds without

exceptions. While the significant influence of #lectron energy in the range 130-220 eV was
not observed, the strong effect of the ion souresgure, ion source temperature and emission
current was confirmed. The abundances of fragnientaons increased with increasing ion
source pressure and emission current. Howevegasmng of ion source temperature resulted in
the loss of sensitivity for investigated ions.
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diamonds §) = [Br]’, filled diamonds € ) = [HBr2], and trianglesA) = [M-H-3Br|

Ultimately, the highest sensitivity for PBDEs homwglies in ECNCI-MS mode was
accomplished at the ion source pressurex21&* torr (0.0333 Pa), the ion source temperature
15C°C, the electron energy 130 eV and the emissiorent800uA. This observation differs
from the results of Eljarrat et & .where the maximum ion abundances of PBDEs congener
NCI mode had obtained also at the highest ion sopressure 2.% 10* torr (0.0360 Pa),

however, at the ion source temperature°’250The electron energy and emission current used
by Eljarrat et af” had not been described.

2.7 Mass spectra characterization of the PBDESs

Both electron-capture negative chemical ioniza{e@NCI) and electron ionization (EI)
were investigated for the analysis of PBDEs in thisject. Figure 2.5 shows a typical El
spectrum for a PBDE while Figure 2.6 shows the ECNfectra for the same compound.
Ultimately, ECNCI was chosen as the preferred iatin system since it provided greater
sensitivity for the PBDEs. The details of El optzation and mass spectra characterization are
presented in Appendix B because El was not useskimiple quantification in this project.
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Figure 2.6. Typical electron-capture negative cloaonization (ECNCI) mass spectrum of
PBDE 153 under optimal instrumental conditions.

The ECNCI mass spectra characterization of the PB&ifdied is summarized in Table
2.2. The mass fragment [Bifm/z 79, 81) was dominant in ECNCI-MS spectrumstfdied



PBDEs while the molecular cluster [Mis not observed or constitutes only a minor peak
(relative intensity< 3%). In the case of octa- through deca-PBDEs,ntloéecular ion is not
observed because of the mass spectrometer’s oppkmit of 800.

Other intensive ions observed in ECNCI-MS spe@raept mono- and di-PBDES, were
fragments [HBj]™ with the relative intensity in the range of 6.8% to 43.3%, [M-HBj]™ with
the relative intensity in the range 4.2% up to 3@ &nd in the case of hexa- and hepta- PBDEs
an ion [M-H-3Br] with the relative intensity 13.1% and 22.6%. BNECI-MS spectra of hexa-
and hepta-PBDEs congeners, the contribution ofdhe [M-Br], [M-Br,]” and [M-3Br] to the
absolute intensities of ions [M-HBy][M-HBr,]" and [M-H-3Br] was observed. The relative
intensities of mentioned ions are under 10%.

Octa-PBDE 203 spectrum contained an [M}Bion with the relative intensity 15.6% and
an ion of [HBp] (12.9%). In the spectra of nona- and deca-PBDtsnse fragments of
[CeBrsO] (relative intensities 63.6% and 76.9%) andHGO] (relative intensities about 22%)
were observed.

Table 2.2. The major ions of selected mono- thradeta-PBDES (relative intensitg%) in
ECNCI-MS spectra.

# of % Relative Intensity of Fragmentation lons
bromines Congener [M-Br]” [M-Br,]” [M-HBr,] [M-H-3Br] [C¢BrsO] [CeBrsO] [HBr,] [Br]
Mono- PBDE 1 100
Di- PBDE 15 100
Tri- PBDE 30 5.8 4.8 43.3 100
Tetra- PBDE 47 3.4 10.0 29.2 100
Penta- PBDE 100 53 37.2 16.0 100
Hexa- PBDE 153 6.7 4.6 4.3 13.1 6.8 100
Hepta- PBDE 196 8.5 4.2 22.6 8.4 100
Octa- PBDE 203 15.6 12.9 100
Nona- PBDE 208 4.9 63.6 22.9 100
Deca- PBDE 209 76.9 22.6 100

2 PBDE 153 also has a [M-HBIipn at 3.9% relative intensity and a [M-3Bidn at 5.5% relative intensity.
® PBDE 190 also had a [M-HBiipn at 6.9% relative intensity; a [M-3Bipn at 4.6% relative intensity and a
[M-4Br] ion at 8.0% relative intensity.

2.8 ldentification and quantification of PBDES in amples

The presence of PBDEs in field samples were coefirioy:

1) the comparison of relative retention times, whigshhe ratio of the retention time of
the analyte to the retention time of an internahdard. The relative retention times
for the different PBDEs were obtained by the analysf the PBDEs standard
solution.

2) the comparison of the measured isotope ratio ofitow@d ions (Appendix C) to the
expected isotope ratio. Since bromine has a veong natural +2 isotope peak
(mass = 81 amu), at 98% of the intensity of thenpry bromine isotope (mass = 79
amu), the number of bromines on a molecule regulischaracteristic isotope cluster.
Therefore, the presence of an isotope clusterenptioper proportion can prove the
number of bromines present on a molecule. Chlagise has a natural +2 isotope
(mass = 37 amu) at about 35% on the primary isotepé¢he isotope cluster can also
be used to confirm the presence of the internaldstad PCBs used in the analysis.




The compound was positively confirmed as a PBD#théef relative retention time was within *
0.002 of the standard and the isotope ratio wasinvit 20% of the theoretical isotope ratio.

The mass spectrometer was operated in selectechomitoring (SIM) mode. The ions
(m/2) used to detect mono- through hepta-PBDEs on 30Babms column are in Table D.1 in
Appendix D, the ionsniz) for octa- through deca-PBDEs on 15 m DB-5 colwuams shown in
Table D.2 in Appendix D. Both of these tables alsdude the monitoring ions for selected
polybrominated dibenzofurans and dibenzo-p-dioxins.

For the mono- through hepta-PBDEs ionsnat 79 and 81 were monitoredyz 35 and
37 was monitored for detection of PCB 65, and n®2 gM+4] and 500 [M+6] for the analysis
of decachlorobiphenyl (PCB 209). For the analgdidecabrominated diphenyl ether ari@:.
decabrominated diphenyl ether, ions were monitaedn/z 485 and 487, and 495 and 497,
respectively. These ions arise from the loss grCfrom the molecule. The ions at m/z 485
and 487 are the [M+4hnd [M+6] ions in the isotope cluster and correspond °RE.*'BrOY,
and [G'*Brs®'Br,O]. The ions at m/z 495 and 497 are the [M-#6ld [M+8] ions in the isotope
cluster and correspond t&Cs " Br.*'Br;0] and [*Cs"°Br*’B,O]. These ions were chosen due
to interference from the [M+8jnd [M+10] ions that arise at m/z 491 and 493 in the [MBG]
isotope cluster of decabrominated diphenyl ethdrtha [M+2] and [M+4] ions that arise at the
same m/z in the [M3CeBrs]” isotope cluster of the isotopically labeled staddaf
decabrominated biphenyl ether.

Different ions were used to quantify various PBD&ngeners (see Appendix C).
Bromide ion, namelyn/z 78.90, was used for mono- through hepta-PBDEghdrcase of octa-
PBDEs, iongnwz 559.6 for PBDE 196 and PBDE 203 amt 408.7 for PBDE 197 were used.
For the quantification of nona- and deca- PBDEsi@anm/z 486.60 was employed. The
quantification ions for the internal standards GfBP65, PCB 209 an&’C,»deca-PBDE were
m/z 35, 497.7 and 494.6, respectively.

The concentration of PBDEs in the sample extractss walculated from the
corresponding calibration curve constructed bytplgtthe relative response factor (Peak area
analyte/ Peak are@iemal standas Of the quantifying ion versus the PBDE conceldrabbtained by
the analysis of five points calibration standarele(§igure 2.7 for an example of the calibration
curve). The concentration of PBDES in the calibrasolutions and the concentration of internal
standards are in Tables A.1 and A.2 in Appendix A.
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Figure 2.7 Example of a calibration curve for PBDIPBDE 153 was used for this example.

PCB-65, at the concentration of 2.376 glgivas used as an internal standard for the
guantification of mono- through tri-PBDEs. PCB-2@9the concentration of 112.47 pigivas
used as the internal standard for the quantificadiotetra- through hepta-PBDEs. Octa- through
deca-PBDEs were quantified usiti¢i,-deca-PBDE at the concentration of 490.1pg/

The analysis of sample extracts was accompanigtidopnalysis of “blank” samples to
determine the background concentration of PBDEBsénsample matrices, namely filters, PUFs
and XAD resin. The concentrations of PBDEs insaimples were calculated as the difference
between the concentrations quantified in the sarmapteacts and PBDEs concentrations in the
blank sample matrices.

All field results were rounded to three significdigiures of accuracy. Additional digits
of accuracy were carried through the calculatidng, the final results were rounded to three
digits of accuracy.

2.9 Limit of detection

The Limit of Detection (LOD) was calculated for hathe ECNCI and EI analyses in
order to compare the sensitivity of the two diffareonization approaches. The limit of
detection was defined as the concentration thatdvasult in a signal-to-noise ratio (S/N) of
3:1. The S/N was calculated for the lowest obd#esastandard and then this value was
extrapolated to estimate the concentration thatldvaield a S/N ratio of 3:1. Optimal
instrumental conditions were used in conjunctiothvgielected ion monitoring (SIM) to achieve
the maximum sensitivity possible for each ionizatroethod. In ECNCI-MS-SIM mode, only
the [Br] ion was monitoredn{/z 79 and 81). The concentration of the standardd tsestimate
the LOD ranged from 0.1 pg/to 2.0 pgll. In EI-MS-SIM mode, two of the most intense ions
in [M]" cluster were monitored along with the confirmations. The concentration of the
standards used to estimate the LOD for the EI-M8-&halyses ranged from 1 to 25 plg/




The results, summarized in Table 2.3, showed tI@NE-MS was a more sensitive
technique for all PBDEs except for mono-PBDEs.E@NCI-MS, the limit of detection for di-
through hepta-PBDEs was in the range of 0.08-0.6%lp In contrast, the EI-MS-SIM
technique gave LOD values for the di- through héfB®ESs of 0.91-42.1 pgl. The mono-
PBDEs were the exception in that the LOD for ECNG3-SIM mode was 0.62-2.18 pd/
while the LOD for the EI-MS-SIM model were 0.34G¢t1 pgpl.

In comparison with published dataFI-MS-SIM under our optimal conditions showed
better sensitivity for the mono-PBDEs, while LODE& most PBDEs congeners reached the
published values. The LOD for our optimal ECNCI-88V analysis gave higher LOD than the
published literature.

Table 2.3. Comparison of the Limit of Detection @pgful) for ECNCI-MS-SIM and
EI-MS-SIM.

ECNCI-MS-SIM EI-MS-SIM
LOD for [Br] LOD for [M]*
Congener Published Measured Publishéd Measured
Mono-
PBDE 1 0.53 0.62 0.86 0.41
PBDE 2 1.06 1.18 0.61 0.34
PBDE 3 1.37 2.18 0.56 0.40
Di-
PBDE 7 0.06 0.13 1.19 1.35
PBDE 8 0.10 0.18 1.31 1.34
PBDE 10 0.06 0.08 1.02 0.91
PBDE 11 0.11 0.25 0.95 1.22
PBDE 12+13 0.11 0.15 0.53 0.96
PBDE 15 0.16 0.32 0.86 1.37
Tri-
PBDE 17 0.09 0.16 1.72 3.09
PBDE 25 0.07 0.16 2.29 3.44
PBDE 28+33 0.09 0.12 0.69 1.81
PBDE 30 0.09 0.09 1.62 1.46
PBDE 32 0.08 0.15 2.11 2.10
PBDE 35 0.07 0.23 2.11 3.14
PBDE 37 0.09 0.22 1.83 3.85
Tetra-
PBDE 47 0.09 0.14 1.96 2.75
PBDE 49 0.06 0.17 2.29 3.20
PBDE 66 0.09 0.23 3.43 4.85
PBDE 71 0.06 0.15 2.75 2.75
PBDE 75 0.06 0.15 1.53 2.41
PBDE 77 0.07 0.25 1.83 4.07
17



Table 2.3 (cont.)

Penta-
PBDE 85
PBDE 99
PBDE 100
PBDE 116
PBDE 118
PBDE 119
PBDE 126
Hexa-
PBDE 138
PBDE 153
PBDE 154
PBDE 155
PBDE 166
Hepta-
PBDE 181
PBDE 183
PBDE 190

0.11
0.10
0.08
0.08
0.07
0.09

0.08
0.10

0.16
0.18

0.12
0.16

0.36
0.28
0.18
0.26
0.38
0.22

0.30
0.24
0.21

0.32
0.49

0.30
0.62

12.29
6.62
4.30
8.60
3.91

17.20
6.37
4.78
2.55

5.21
8.19

29.42
13.58
32.09

13.13
6.75
3.70
16.87
14.46
5.09
15.75

6.67
5.96
5.38
6.88
5.75

32.89
13.78
42.13

2 Eljarrat et af.’

P These two congeners coelute and cannot be separate



3. Quality Assurance Programs

3.1 “Travel” blanks

A series of “travel” blanks were created and aredyzo determine any possible
contamination arising from sample transport to &min the sampling site as well as from
sample storage. Three blanks for each samplingtsub (filter, PUF and XAD-2) were taken
from the same batch of sampling material as wasl use¢he sampling episode. The travel
blanks were sealed in amber glass jars (in the seayeas the sampling media), transported to
the sampling site and returned to the laboratorthénice chest (+£). The travel blanks were
stored in a freezer at -2D along with the samples. The travel blanks wetaeted and
analyzed in the same fashion as the field samples.

The concentrations in the air samples were blamkraated, which means that the
amount of PBDEs in the travel blanks was subtrafrma the amount of PBDE detected in the
air samples.

3.2. PBDE extraction efficiency from filter, PUF amd XAD-2

The efficacy of the extraction procedure for PBDis tested for each of the sample
substrate types. This was done to determine tloeracy and precision of the analytical
procedure for a range of PBDE. Known amounts odDBBlI7, 99, 100, 153, 154 and 209 were
added to three replicates of the quartz filters3286.4 cm size), PUF (10 cm diametel0 cm
high) or XAD-2 substrates (90 g). These enrichdastrates were extracted and analyzed in an
identical fashion as the field samples. The aagyuraf the analytical procedure was then
calculated as the ratio between the measured anodlHBDES and the amount of PBDEs used
to enrich the sample substrate, namely,

Recovery (%) = [(measured analyte)/(enrichment art)pxL00

A recovery of 100% would indicate perfect recovefythe analyte. Values less than 100%
indicate that some of the analyte was lost in thedydical procedures while values greater than
100% suggest that contamination has occurred dtinm@nalytical procedure. The precision of
the analytical procedure was determined by calimgahe relative standard deviation (%RSD,
%) for the replicates. The RSD is also sometimieddhe coefficient of variation. Regardless
of which nomenclature is used, the precision isudated as:

Precision (%) = [(standard deviation of replicaf@sgan value of replicates}jL00

A low value for %RSD indicates consistent valuesartained between the replicate analyses.

The results, shown in Table 3.1, clearly demotestthat the extraction procedure was
effective from removing PBDEs from quartz filtensdaXAD-2 resin. The recovery of PBDEs
from the quartz filters ranged from 72.9 to 90% letthe recovery from XAD-2 resin ranged
from 77.0 to 107.5%. The PUF substrate, howevad more erratic results the recoveries
ranging from 67.4 to 121.2 %. Furthermore, PBDE 20uld not be determined from the PUF
substrate due to an interference (see Sectiond8.8eftails). This is surprising since PUF is
frequently used by other research groups to conslacipling for PBDES in the environment.
These recovery results suggest that large PUF ratbstare not the preferred sample substrates
for collecting PBDEs from ambient air.



The precision of the analytical procedures alstedabetween the substrates. The quartz
substrates gave reasonably consistent resultsreldtive standard deviations ranging from 13.9
to 20.6%. The XAD-2 also gave consistent resulith WoRSD ranging from 2.5 to 10.1%.
Once again, the PUF substrate proved the worst Isasapstrate with precision ranging from
11.5to 32.7%.

Table 3.1. Extraction efficiencies of PBDEs fromnplicate filters, XAD-2 and PUF substrates.

Enriched  Measured amount (ng) Mean %  Precision

Substrate Congener Amount (ng) Mean + SD recovery (%RSD)
Filter ~ PBDE 47 49.02 444+ 7.8 90.0 17.6
PBDE 99 49.02 40.0£ 8.0 81.5 20.0
PBDE 100 49.02 39.9+£ 6.9 81.4 17.3
PBDE 153 49.02 37.9+7.8 77.3 20.6
PBDE 154 49.02 38.2+x7.5 77.8 19.6
PBDE 209 44.37 324+ 45 72.9 13.9
XAD-2 PBDE 47 50.00 46.7£ 1.2 93.5 2.6
PBDE 99 50.00 49.0+ 1.4 97.9 2.9
PBDE 100 50.00 444+ 1.1 88.7 2.5
PBDE 153 50.00 38.8+ 3.9 77.6 10.1
PBDE 154 50.00 46.5+ 1.6 93.0 3.4
PBDE 209 49.82 53.6+ 3.6 107.5 6.7
PUF PBDE 47 49.02 59.4+ 7.7 121.2 13.0
PBDE 99 49.02 404+ 7.7 100.7 15.6
PBDE 100 49.02 50.5+ 5.8 103.0 115
PBDE 153 49.02 33.0+£10.8 67.4 32.7
PBDE 154 49.02 41.4+ 8.9 84.4 21.5
PBDE 209 44.37 a a a

& Quantification not possible due to analytical penhs.

Based on these results, the quartz filter folloviegd XAD-2 was selected as the air
sampling substrates for this project. Both of ¢hegbstrates were shown to be acceptable for the
analysis of PBDEs with recoveries between 72 to%d.08The PUF substrate, in contrast, had
lower precision and it had an interference thav@néed the determination of PBDE 209.

3.3. Sample stability of PBDESs on filters, XAD-2 ad PUF substrates

To evaluate a possible degradation of PBDEs duthegstorage, replicate samples (n =
3) of a quartz filters, PUF, and XAD-2 were enridiveith a known amount of PBDE 47, PBDE
99, PBDE 100, PBDE 153, PBDE 154 and PBDE 209. dme®unt of enrichment varied
slightly from 44.7 to 50.0 ng for different congeselue to slightly different concentrations in
the standard solution. These enriched substrates then sealed in amber glass jars and stored
in a freezer at -2Z@. PBDEs were measured in the three substratesdately (t), after 2
weeks () and after 4 weeks,jt The results are presented in Table 3.2.




Table 3.2. Recovery of PBDEs on filter, PUF and X2Bubstrates over one month.

% Relative
Difference?®

% Recoveryt SD

Enriched
Amount Immediate  2-week 4-week Between Between
Substrate Congener (ng) analysis storage storage trandp  teand i
Filter PBDE 47 49.02 90.0t15.9 83.611.2 102.23.8 7.1 -13.6
PBDE 99 49.02 81.5:16.4 74.612.8 94.@4.5 8.5 -15.3
PBDE 100 49.02 81.4t14.1  73.%#12.0 91.63.5 10.2 -12.5
PBDE 153 49.02 77.316.0 69.#10.5 91.23.8 9.8 -18.0
PBDE 154 49.02 77.815.2 71.811.5 90.52.8 8.7 -16.3
PBDE 209 4437  72.910.2 80.86.9 87.317.3 -10.8 -19.8
XAD-2 PBDE 47 50.00 93.5:2.5 89.81.8 72.513.7 4.0 22.5
PBDE 99 50.00 97.9+2.7 91.81.4 74.@14.6 6.2 24.4
PBDE 100 50.00 88.#2.1 84.82.1 67.213.0 4.4 23.4
PBDE 153 50.00 77.6:7.8 73.22.0 60.211.9 4.9 21.5
PBDE 154 50.00 93.0t3.2 89.%1.0 72.¢14.9 4.3 22.6
PBDE 209 49.82 107.5%7.3 98.35.6 90.314.0 8.6 16.1
PUF PBDE 47 49.02 121.215.6 185.382.8 148.%51.9 -52.9 -22.5
PBDE 99 49.02 100.#15.8 128.255.2 104.856.2 -27.4 -4.1
PBDE 100 49.02 103.:11.7 100.89.9 89.321.8 2.1 13.3
PBDE 153 49.02 67.422.1 32.616.0 42.#31.8 51.6 36.7
PBDE 154 49.02 84.4t18.1 62.@14.7 64.935.1 26.6 23.1
PBDE 209  44.37 b b b

% Relative difference was calculated asf(t)/t;]x100, wheretis the initial value and is the amount
measured after 2 or 4 weeks.
® Quantification of this analyte was not possible tiua detection problem.

Since the precision among the measurements of PBDEshed on quartz filters and in
XAD-2 was generally less than 20%, a % relativéedénce between the two time periods of
greater than 20% was used to indicate change inecrations between the two times. The
percent relative difference after two and four week storage for the filter extracts did not
exceed 20%, indicating stability of the compoundsirdy this period. The higher amount of
PBDEs on the filter measured after 4 weeks maycatdi a contamination during the storage.
However, the trend was not as obvious for the othatrices indicating that the contamination
was not the cause for the higher values. In thayais of the XAD-2 extracts, the percent
relative difference between &and t did not exceed 10% relative difference, indicatthg
stability of the PBDEs on XAD-2 resin over this ioel, although the longer time period of 4
weeks may have shown some degradation, but it idebime based on the precision of the
method.

The amount of PBDE 47 and PBDE 99 found on the PHffer 2 (the % relative
difference -52.9% and -27.4%) and 4 weeks (the ive difference -22.5% and -4.1%) was
higher than the amount found gtindicating a contamination during the storagen tle other
hand, the high % difference betwegrand ¢ for PBDE 153 and PBDE 154 (51.6% and 26.6%)
and betweenytand § (36.7% and 23.1%) has showed a possible degradatithe congeners



during the storage. For PBDE 100, the % differdmetveendand §; and t and i respectively,
was 2.1% and 13.3% indicating the stability of tbimgener on the PUF. The PUF substrates
were also enriched with PBDE 209, however, becafsthe analytical problems with this
congener in PUF extracts (see Section 3.5 belosvil#ita are not available.

Overall, the data indicate that PBDEs sorbed /pedpon quartz filters or XAD-2 resin
can be stored at -20 for a period of 4 weeks without a loss of the glanintegrity. This is also
likely true for PUF, but the greater variability teen measurements makes it difficult to
evaluate the data.

3.4 Field test of analytical protocols

To verify the PBDEs air sampling method efficienthye ambient air was sampled on the
UC Davis campus on 3/17/2004 and 3/18/2004. Antbigin samples were collected
simultaneously by four high-volume air samplerswoTof the samplers were equipped with a
quartz filter followed by a polyurethane foam phvgile the other two samplers were equipped
with a quartz filter followed by XAD-2 resin. Thafore, this sampling was not only designed to
test the efficacy of the analytical procedure, &igb to test for differences in PBDE collection
efficiency between PUF and XAD resin. The sampieese operated for 24 h at a flow rate
about 34.2 rifh, thus giving total of 778 — 903%nf air. For these tests, the particulate and gas-
phase PBDEs were summed to give a total PBDE ctratem in the atmosphere. The
sampling conditions are summarized in Table 3.3.

Table 3.3. Sampling conditions for Ambient PBDE M@@ments in Davis, California.

Matrix Air Air Temperature Relative

Sampler Sampling Amount Flow Sampled (°C) Humidity (%)
Date No. Substrate (9) (m3h) (m?) Day Night Day Night
3/17/04 1 XAD-2 90.05 37.6 902.9 25 11 48 63

2 XAD-2 90.15 37.6 902.9

3 PUF 19.27 34.2 820.8

4 PUF 18.74 25.7 778.1
3/18/04 1 XAD-2 90.24 35.9 861.8 26 9 44 67

2 XAD-2 90.07 37.6 902.9

3 PUF 19.14 35.9 861.8

4 PUF 18.99 35.9 861.8

The results, with atmospheric PBDE concentratiorssgnted in Table 3.4 and the
blanks, LOD and recovery data are presented in AgigeE, demonstrate that the analytical
methods were successful in determining PBDEs iniemfair samples. PBDEs 47, 99 and 209
were the congeners that were present in the higloestentrations in these samples while most
other congeners detected were present at condengraanging from about 0.20 to 6.0 pg/m
In total, 23 different PBDE congeners were detedtethese test samples. For the most part,
more of the lighter PBDE congeners (tri- to penBDDEs) were detected than the heavier
congeners. Differences between the two types sbrbgnts were generally insignificant (see
next section) with the exception of PBDE 209, whichild not be detected in the PUF adsorbent



extracts. Mono- and di-BDEs were not determinedabse of interferences from sample’s
impurities (bromo-chloro- organic compounds) caelyiith studied PBDEs.

Table 3.4. PBDE Concentrations in outdoor air damgpg/m) as determined by filter/PUF

sampling and by filter/XAD-2 sampling at the Unisiy of California, Davis central campus
location. The particulate and gas-phase PBDEs wem@med to give a total concentration of
PBDEs in the atmosphere. “ND” indicates that theapound was monitored but not detected. “-
--“ indicates that the compound was not monitorethis set of samples.

Filter-PUF samplers Filter-XAD-2 samplers
#1 #2 #1 #2 #1 #2 #1 #2
Congener | 03/1703/17 03/18 03/18 Mean+Sp 03/17 03/03/18 03/18 Mean £ SD
Tri-
PBDE17 | 273 144 153 063 158+x087 101 0.2882 0.19 5.59+10.2
PBDE25 | 6.94 216 235 112 314+2pH9 241 07801 1.61 1.53+0.68
PBDE 28/33 1.43 286 179 200 202+061 437 156 7.11 3.496+234
PBDE30 | 0.37 0.20 040 037 034009 ND ND 0.16.19 0.09+0.10
PBDE32 | ND ND ND ND ND ND ND ND ND ND
PBDE35 | 0.39 ND 093 031 041+£039 041 0.37 20.3.33 0.36+0.04
PBDE37 | 0.36 088 143 063 0.83+046 039 0.3x0A 0.32 3.77+6.82
Tetra-
PBDE 47 | 420 445 305 224 349+10.3 463 42662 219 343+119
PBDE49 | 1.17 295 082 035 132+104 021 269 N152 1.11+1.25
PBDE66 | 3.03 161 187 061 1.78+009 200 18461 099 1.47+0.52
PBDE71 | 427 ND 277 113 204+187 338 ND 218D 1.38+1.67
PBDE75 | 060 060 040 0.15 044+0p1 060 0.6060 0.16 0.38+0.25
PBDE 77 | 0.77 0.65 0.59 ND 050+£0.34 0.23 0.50102ND 0.24+0.21
Penta-
PBDE85 | 1.25 093 061 052 083+0B33 160 14231 1.15 137+0.21
PBDE99 | 189 159 942 8.02 13.1 £ 5|2 16.8 13.6039.7.68 11.8+4.2
PBDE 100| 6.63 6.33 3.63 332 498zx1/74 6.44 5346 316 4.70+x1.63
PBDE 116 | 0.43 ND ND ND 0.11+0.22 087 ND 0.36 Nm31+041
PBDE 118 | 0.70 0.55 0.20 ND 0.36+0.82 0.65 0.50170. ND 0.33+0.30
PBDE 119| 094 296 0.82 ND 1.18+1.26 1.19 3.80680.0.36 1.51+1.57
PBDE 126 | ND ND ND ND ND ND ND ND ND ND
Hexa-
PBDE 138| 091 100 086 085 091+0/07 086 0886 080 0.84+0.03
PBDE 153 | 3.04 276 146 139 216086 299 3981 227 2.89+0.80
PBDE 154 | 333 330 153 159 244+1)01 425 3.8B9 231 3.16+0.96

PBDE 155 ND ND ND ND ND ND ND ND ND ND

PBDE 166 [ ND ND ND ND ND ND ND ND ND ND
Hepta-

PBDE 181 ND ND ND ND ND ND ND ND ND ND

PBDE 183 1.60 1.67 1.43 1.13 146+0/24 148 1.335 1.07 1.26+0.18

PBDE 190 ND ND ND ND ND ND ND ND ND ND
Octa-

PBDE 196

PBDE 197

PBDE 203 | ND ND ND ND ND ND ND ND ND ND
Nona-

PBDE 206

23



PBDE 207
PBDE 208
Deca-
PBDE 209 a a a a a 178 144 558 444 10.6+6.6

Sum 50.1 49.3 30.3 219 379+14.0 116.2 10008.3 53.8 93.0%+27.1
& compound was not determined due to analyticaicdities.

The concentrations observed in these samples vesrergly higher than those reported
in rural and remote areas in Europe and the UrStates. PBDE 47, 99, 100, 153 and 154 were
the most commonly reported PBDE congeners in tsasdies. To compare the total PBDEs
reported in these areas, the sum of these congemasrgalculated. The total concentration of
these congeners was 3.7 pd/im Gotska, Sweder!? from 2.24 to 9.15 pg/fin remote and
semi-rural sites in the United Kingdom (Uf®)from 1 to 2.1 pg/rin a transect from the UK to
Norway:*® and from 4.87 to 20.89 pgfnn remote and rural areas surrounding Lake Miahiga
United Stated® In urban areas, the total concentration of thesegeners was 5.36 pgirmn
Torontd”® and from 22.21-33.97 pghin Chicagc®® In this study, the average of the sum of
PBDE congeners 47, 99, 100, 153, and 154 was 58/ir°p Therefore, the outdoor
concentrations observed in Davis were higher tredues reported in the literature, although the
concentrations from Chicago are reasonably similar.

Decabrominated diphenyl ether has not been extelysanalyzed in ambient air. One
study reports non-detectable lev&lsnd another of 6.9 pgfin Gotska, Sweden, a rural/remote
environment® The levels of PBDE 209 measured in Davis airsdightly higher than in rural
Sweden, and was the third most abundant congeraér, iiollowing PBDE 47 and 99.

A few studies have demonstrated that PBDE 209 ocandd&®-brominated to lower
brominated PBDE congeners by both UV light, andeuraértain conditions, by natural sunlight
with half-lives ranging from 15 minutes up to 81uhs’

3.5 Ambient air sampling: filter/XAD-2 vs. filter/ PUF

The % relative difference between the concentratiohPBDEs between paired PUF-
XAD samples was evaluated to determine whetheemiffces exist between the concentration of
PBDEs obtained by sampling using a quartz filtdlofeed by XAD-2 or a quartz filter followed
by PUF. Statistical analyses of the data wereoped using the paired student t-test to
determine if significant differences exist betwedbe differences of the mean values. These
analyses were conducted by comparing the concimtrgig/nt) of PBDE 47, PBDE 99, PBDE
100, PBDE 153, PBDE 154 and PBDE 209 measuredeasothl (sum of the concentrations
measured in the filter + adsorbent extracts). d&@ and the % relative difference between the
methods are presented in Table 3.5.




Table 3.5 Comparison of filter/XAD-2 vs. filter/PUF high-iane sampler for the
determination of polybrominated diphenyl etherammbient air samples.

Total atmospheric concentration (pgjm

Congener Date Filter + XAD-2 Filter + PUF |% Rel. Diff|
PBDE 47 3/17/04 46.27 42.01 9.21
3/17/04 42.43 44.49 4.86
3/18/04 26.62 30.54 14.73
3/18/04 21.90 22.40 2.28
Average 34.31 34.86 7.77
SD 11.86 10.29
PBDE 99 3/17/04 16.75 18.85 12.54
3/17/04 13.63 15.94 16.95
3/18/04 9.02 9.42 4.43
3/18/04 7.68 8.02 4.43
Average 11.77 13.06 9.59
SD 5.18 0.38
PBDE 100 3/17/04 6.44 6.62 2.80
3/17/04 5.74 6.33 10.28
3/18/04 3.46 3.62 4.62
3/18/04 3.16 3.32 5.06
Average 4.70 4.97 5.69
SD 1.63 1.74
PBDE 153 3/17/04 2.99 4.82 61.20
3/17/04 3.99 4.96 24.31
3/18/04 2.31 2.39 3.46
3/18/04 2.28 2.33 2.19
Average 2.89 3.63 22.79
SD 0.80 1.46
PBDE 154 3/17/04 4.25 4.45 4.71
3/17/04 3.67 4.29 16.89
3/18/04 2.39 2.40 0.42
3/18/04 2.32 2.42 4.31
Average 3.16 3.39 6.58
SD 0.96 1.13
PBDE 209 3/17/04 17.84 a
3/17/04 14.43 a
3/18/04 5.59 a
3/18/04 4.44 &
Average 10.58 a
SD 6.59

& problem with detection so this PBDE cannot be tjfiad.



To evaluate whether the measured concentratioRBBEs were affected by the type of
sampler (e.g. filter+XAD-2 vs. filter + PUF), ststical analysis of the data was conducted by
using a paired student t-test. The analyses wenelucted on the total (filter + adsorbent)
atmospheric PBDE concentration. No significantfedénces were observed between the
filter+XAD-2 and the filter + PUF sampling systemshich indicates that both sampling
procedures work well of PBDE sampling.

The exception, however, was PBDE 209, which cowt e quantified in the PUF
extracts due to analytical difficulties. This difilty was exemplified by the analysis of a
standard comprised of native and isotopically-laddPBDE 209 before and after the analysis of
a PUF extract (see Figure 3.1). A peak area of fits was obtained for th&/z 487 anion
[Y°Cs"*Brs®'Br,°0] at 9 pgjiL prior to the analysis of the PUF extract. Afteralysis of the
extract, the response was sufficiently alteredotthat them/z 487 anion was not observed. The
ability to measure PBDE 209 did not return aftgection of isooctane. Similar analyses were
conducted with respect to thez 495 (°Cs"*Br.>'Brs'°0) ion in the (M-GBrs)” bromine cluster
of isotopically-labeled PBDE 209. A peak area 6f230 was obtained on ting#z 495 ion prior
to analysis of a PUF extract. After the analydiadPUF extract, then/z 495 ion was not
detectable in the analysis of a standard. Howesiace the concentration of the isotopically-
labeled species was present at an order of magngrehter than the native species,i®e495
ion was observed after injection of solvent indiogitthe presence of interferences in the PUF
extract which can be eliminated after continualeatipn of solvent. We observed this
phenomenon many times in the analysis of PBDE R0&xiracts of samples of ambient air as
well as blank PUFs which were not used in air samgpl This effect was not observed during
the analysis of the mono- to hepta-brominated dighethers in PUF extracts.

The reason for the analytical difficulties was olatar. One hypothesis was that the PUF
substrate could contaminate the gas chromatognajelctor, column and/or ion source with
heavy polymers. These heavy polymers then caudeddrences late in the chromatogram that
affected the detection of PBDE 209. Since the yaea used negative chemical ionization-
selected ion monitoring, the analysis procedure el to a myriad of other chemicals that
might affect chromatography or ionization. Whereaf the PUF extracts was analyzed in
electron ionization mass spectrometry, huge pepgeaed late in the chromatogram that could
easily obscure the presence of trace amounts ahalyte. Some of these heavy interfering PUF
polymers may be retained on the column betweerysisaluns, hence why analysis of standards
immediately after a PUF extract showed no deteetablounts of PBDE 209 since the column
and/or the injector were still contaminated. Ferthore, the heavy interfering chemicals would
slowly bleed off the column, hence why sensitistpwly returned after the injection of pure
solvent.

Due to the problems arising with the analysis oDIEB209 in PUF extracts, we selected
the “filter + XAD-2" configuration for all future ampling episodes. The nature and elimination
of the interference needs to be further addresE&BDE 209 is to be determined in PUF
extracts.
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Figure 3.1. Chromatograms showing the degradationstrument detection of PBDE 209 from
PUF sample substrates. The three chromatogramesesyp the same concentration'd,-
PBDE 209 in a standard before a PUF extract arglysmediately after a PUF extract analysis
run, and after a PUF analysis run and a pure solealysis run, which was designed to clean
out the chromatographic column.



4. Indoor Air Monitoring in a Computer Laboratory

PBDEs were extensively used in some types of relleicts, such as computer equipment,
S0 some electronics are expected to be sourceBDE®S. Therefore, PBDE concentrations may
be higher in confined locations with older compsitedt should be noted that in recent years
many computer manufacturers have switched to a@teen fire retardants. To test this
hypothesis, PBDE concentrations were determinagddaor air and dust samples in a computer
training laboratory in a public office building.

4.1 Computer laboratory description

The computer laboratory (Figure 4.1) was a closeanr with dimensions of 9.4 4.5 x
2.7 m (lengtkwidthxheight) giving a total room volume 114.22mThe room contained the
following computer-related equipment:

13 DF1 personal computers (with updated hardware),

11 View sonic MultiMedia Series M70 monitors,

1 ViewSonic Graphic Series G70M monitor,

1 ViewSonic EA771 monitor,

13 Gateway keyboards,

12 Microsoft mice,

1 HP LaserJet 2100 TN printer and

16 chairs with polyurethane foam pads.
For this PBDE sampling, the ventilation was turoédso the room was essentially sealed.
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Figure 4.1 Schematic of the sampled computer labora’S1” and “S2” were the locations of
the air samplers while “PC” marks the locationshaf 13 personal computers in the room.




4.2 Air sample collection

Two different sampling conditions were tested, ngnagth the computers turned on and
with the computers turned off. The hypothesis thas the computers should emit more PBDEs
when turned on since they are warm, which promuetdatilization, and the computer cooling
fans will blow more air through the computers. T24/04 and 2/1/04 sampling days tested the
“computers off” conditions while all other days Z%/04, 1/26/04, 1/27/04, 2/2/04, 2/3/04 and
2/4/04) tested the “computers on” condition. PBD¥ee collected using the “low volume” air
sampler described in section 2.2. The air wasctdt for 24 h (except for 1/27/04 where it was
15 h) at a rate 13.2 — 18.0 L/min giving totally.9% 25.9 m. The samplers were centrally
located and the air intake was placed at the ha&fjtiie computers. The pumps were placed in
the corner of the room.

For sampling, two indoor air samplers were usedie €ampler was equipped by quartz
filter followed by a polyurethane foam adsorbehe bther sampler consisted of the same quartz
filter followed by XAD-2 resin. However, only theesults from the XAD-2 samplers are
reported herein given the problems associated Riilr adsorbents. The sampling time, the
flow rate, the total volume of the taken air, th@oaint of the used matrices, the average
temperature and relative humidity measured durlreg Sampling are presented in Table 4.1.
Filter and adsorbent extraction was conducted asribed in section 2.4. Sample extract
guantification was conducted by GC-ECNCI-MS as dbed in Sections 2.5.1 and 2.5.2.

Table 4.1. Sampling details for indoor air sampling

Date Computer XAD-2  Sampling Air Flow Sa'?rllz)le d Temperature  Relative

State (9) Time (h) (L/min) (m’) (°C) Humidity
1/24/04 Off 6.08 24 18.0 25.9 24.0+0.3 37.0+x1.5
1/25/04 On 6.07 24 175 25.2 26.2 +0.7 30.8+3.8
1/26/04 On 6.04 24 17.6 25.3 27.1+0.3 279+1.4
1/27/04 On 6.02 15 13.2 11.9 27.2+0.2 31.5+0.7
2/01/04 Off 6.04 24 17.1 24.7 23.7+0.2 326+1.4
2/02/04 On 6.02 24 17.1 24.7 25.8+0.7 329+1.4
2/03/04 On 6.04 24 154 22.2 26.8+0.1 323+1.2
2/04/04 On 6.07 24 14.4 20.7 27.2+0.3 31.6 +3.8

4.3 Dust collection in the computer laboratory

The carpet of the computer laboratory was vacuuare@/03/2004 with a high volume
small surface sampler HVS3 (¢;9nc.) that was specially designed to collect acef dust.
Particles greater than im in diameter are collected in a cyclone catchlédfeflon, Nalge
Nunc International, Rochester, NY). The cyclonbeobed 99% of the house dust picked by the
nozzle. Any dust that was not collected movesughothe fan and is collected by the vacuum
cleaner bag.

The carpet in the computer laboratory was vacuuaretoth sides of the room (Figure
4.1) to get two duplicate samples. The total vaven area for each side was 3.4& nTo
determine the PBDEs contribution from the vacuusaceér, a new teflon bottle was installed
and the vacuum cleaner was running for 15 minutststpking the air. After sample collection,
the sampling bottles were sealed, wrapped in amialum foil, transported to the laboratory in
an ice chest and stored in a freezer atc20




The total amount of the collected dust for the &t right sides of the room were 3.79 g
and 3.92 g, respectively. To remove the largetigles, the dust was sieved through the 100
mesh screen and only the particles that were tess 150um were weighed and analyzed. The
total amount of the fine dust taken from the lefiesof the room was 1.86 g and from the right
side 1.93 g.

The dust samples were extracted by Soxhlet in dagifiashion as the filter and XAD-2
substrates. After the Soxhlet extraction of time filust by dichloromethane for 24 h, the extract
was treated the same fashion as air samples. Hwweget a homogeneous solution after the
solvent exchange, toluene was used as a solvetdathof isooctane. To determine the
concentration of PBDEs in the dust extracts, th®B8calibration curve was likewise created in
toluene. The samples were then quantified by GGKEIEMS as described in Sections 2.5.1 and
2.5.2.

4.4 Carpet sample extraction and cleaning procedure

A new piece of the carpet (2.5 x 2.5 cm) of the saype used in the computer room was
extracted and analyzed for PBDEs to determine &ibotion of PBDEs from the carpet to the
concentration of PBDEs observed in dust sampleke darpet samples included a thin foam
backing as part of the sample. The sample of tamas Soxhlet-extracted with 200 ml of
dichloromethane for 24 h and the extract was redit@e- 50 ml by the rotary evaporation. To
decrease the interference of polar compounds, th@ct was cleaned-up by a liquid-liquid
extraction with 50 ml of pure water, which was disted after extraction. A total of three water
washes of the dichloromethane extract were conductegemove the polar constituents of the
carpet extract. To improve a separation of patengounds, possibly acidic compounds, a small
amount of sodium carbonate was added (pH ~ 7)dsé#tond water rinse of the carpet extract.
After the separation of polar fraction, 10 ml afastane was added to the non-polar fraction and
stirred intensively. The extract was reduced ® ml by the rotary evaporation and cleaned on
the glass column (internal diameter 1 cm, lengthcB8() containing 5 g of 3.5% w/w water-
deactivated silica gel, 1 cm of dried sodium self@daked at 15 for 8 h) and a glass wool
plug (baked at 45 for 8 h) using 50 ml of dichloromethane. Priorthe cleaning procedure,
the silica gel in the glass column was conditiomgd50 ml of dichloromethane. The final
extract was concentrated under a gentle streantrofjan (99.997% purity) to a volume of 1 ml
for the GC-ECNCI-MS analysis. Nine carpet samplese extracted. However, due to massive
interferences from other organic chemicals (propahall polymer units) extracted from the
carpet, only one carpet sample was analyzed. Akbsample was also processed through the
whole procedure to test for contamination durinmgie processing. Once again, the sample
extracts were quantified by GC-ECNCI-MS as desdripeSections 2.5.1 and 2.5.2.

4.5 PBDE concentrations in computer laboratory airsamples

The concentration (pg/fhof PBDEs are presented in two tables (Table 4.2 48
corresponding to the two sampling campaigns inctimaputer laboratory. The dominant PBDE
congener was PBDE 47 followed by PBDE 99, PBDE Hitj PBDE 28. Decabrominated
diphenyl ether (PBDE 209) was also determined doam air. The octabrominated diphenyl
ether was not detected in air. The quality assirasamples (blanks, limit of detection
calculations and extraction efficiencies) for th@énpling campaign are presented in Appendix F.




Table 4.2 Total PBDE concentrations (pd)iim indoor air samples for a computer laboratary i
a public office building during the January 24 - 2004 sampling campaign. “ND” indicates
that the compound was not detected.

Sampling Day / Computer State
1 2 3 4 Mean+ SD Difference
Compound Off On On On On On - Off
Tri-
PBDE 17 48.9 44.0 39.0 74.9 52.6+£19.5 3.71
PBDE 25 39.7 25.8 19.0 104.2 49.7+47.4 9.93
PBDE 28 101.9 97.2 99.0 139.6 111.9+24.0 10.0
PBDE 30 ND ND ND ND ND ND
PBDE 32 ND ND ND ND ND ND
PBDE 33 ND ND ND ND ND ND
PBDE 35 ND ND ND ND ND ND
PBDE 37 ND ND ND ND ND ND
Tetra-
PBDE 47 982 846 1190 1550 1230350 213
PBDE 49 46.0 46.9 59.4 93.8 66.7+24.3 20.7
PBDE 66 15.6 21.9 30.2 36.1 29.4+7.12 13.8
PBDE 71 ND ND ND ND ND ND
PBDE 75 6.05 4.22 6.39 143 8.31+5.32 2.26
PBDE 77 ND ND ND ND ND ND
Penta-
PBDE 85 7.50 9.44 11.4 16.4 12.4+3.59 4.93
PBDE 99 169 201 276 345 271472.0 105
PBDE 100 76.3 85.3 109 135 119249 335
PBDE 116 5.24 3.70 9.48 156 9.59+5.95 4.35
PBDE 118 ND ND ND ND ND ND
PBDE 119 ND ND ND ND ND ND
PBDE 126 ND ND ND ND ND ND
Hexa-
PBDE 138 ND ND ND ND ND ND
PBDE 153 6.19 8.01 8.74 136 10.1+3.04 3.93
PBDE 154 5.70 7.36 9.39 12.8 9.67+2.46 3.97
PBDE 155 ND ND ND ND ND ND
PBDE 166 ND ND ND ND ND ND
Hepta-
PBDE 181 ND ND ND ND ND ND
PBDE 183 ND ND ND ND ND ND
PBDE 190 ND ND ND ND ND ND
Octa-
PBDE 203 ND ND ND ND ND ND
Deca-
PBDE 209 2.22 56.7 61.7 774 65.3+10.8 63.1
31



Table 4.3 Total PBDE concentrations (pd)im indoor air samples for a computer laboratory i
a public office building during the February 1 -2004 sampling campaign. “ND” indicates that
the compound was not detected.

Sampling Day / Computer State
1 2 3 4 Meanx SD Difference
Compound Off On On On On On - Off
Tri-
PBDE 17 335 37.0 40.8 37.7 38.5+2.01 4.96
PBDE 25 2.93 9.36 8.07 6.28 7.90 +1.55 4.97
PBDE 28 78.1 83.6 89.7 83.1 85.5 +3.69 7.41
PBDE 30 ND ND ND ND ND ND
PBDE 32 ND ND ND ND ND ND
PBDE 33 ND ND ND ND ND ND
PBDE 35 ND ND ND ND ND ND
PBDE 37 ND ND ND ND ND ND
Tetra-
PBDE 47 819 916 940 935 939p12.7 112
PBDE 49 42.0 49.0 49.9 52.4 50.4+1.78 8.41
PBDE 66 19.9 26.6 27.2 31.6 28.5+2.70 8.59
PBDE 71 ND ND ND ND ND ND
PBDE 75 1.99 3.98 3.97 6.98 498 +1.73 2.99
PBDE 77 ND ND ND ND ND ND
Penta-
PBDE 85 9.68 12.1 11.5 15.3 13.0 £ 2.06 3.28
PBDE 99 141 209 194 210 2048.77 63.5
PBDE 100 65.3 90.2 87.9 90.7] 89161.47 24.4
PBDE 116 15.1 17.2 22.4 19.8 19.8 £ 2.59 4.73
PBDE 118 ND ND ND ND ND ND
PBDE 119 ND ND ND ND ND ND
PBDE 126 ND ND ND ND ND ND
Hexa-
PBDE 138 ND ND ND ND ND ND
PBDE 153 9.24 10.1 11.4 13.5 1141.68 2.42
PBDE 154 12.5 16.2 15.3 17.3 16:31.04 3.82
PBDE 155 ND ND ND ND ND ND
PBDE 166 ND ND ND ND ND ND
Hepta-
PBDE 181 ND ND ND ND ND ND
PBDE 183 ND ND ND ND ND ND
PBDE 190 ND ND ND ND ND ND
Octa-
PBDE 203 ND ND ND ND ND ND
Deca-
PBDE 209 17.7 47.6 47.1 55.9 50:24.95 32.6

In all cases, the air concentrations were higheerwthe computers were turned on
compared to when the computers were turned offe differences were the greatest for PBDE



47,99, 100 and 209. The high concentrations dPB7 and 99 combined with the presence of
PBDE 209 suggests that these compounds volatifimed “penta” and “deca” formulations
present in the computers. For comparison, otheearehers have measured indoor
concentrations of PBDEs as high as 1,800 pg/m

The air concentrations of PBDEs were used to caleuhe source strength from all 13
computers in the laboratory. An emission ratep@ifh) was then calculated on a “per computer”
basis. These calculations are presented in Appe@di Since these calculations estimate
emission rates from the observed air concentrattd®BDES, the trends observed in the source
strength and emission rates mirror the observecdoaicentration trends.

4.6 PBDE concentrations in dust samples

In contrast to indoor air, PBDE 209 was the domin@ngener measured in the dust
obtained from vacuuming the carpet, followed by EB#9 and 47 (Table 4.4). Interestingly,
the concentrations farther from the door were highan near the door.

Certain congeners were present in the dust sartiidésvere not present in the indoor air
samples. The congeners, namely PBDE 203, PBDERBBE 155, PBDE 138 and PBDE 77,
were present in the dust sample but not in theRBDE 203 and 183 were cogeners in the octa-
PBDE formulations. The reason for the presencthe@$e compounds in the dust samples, but
not in the air samples, was not clear. Howevemaly have been attributed to differences in
analytical detection limits due to a larger massegfracted dust material compared to the
relatively small mass present in the airborne paldte matter. Mono- and di-PBDEs were not
determined because of interferences from dust samgurities.

Table 4.4. PBDEs concentrations (ng/g) in dust sesnfrom computer laboratory.

HN Dn

indicates that the compound was not detected.
Congener ngple 1 ' Sa.mple 2
Left Side of Room Right Side of Room
Tri-
PBDE 17 6.05 4.90
PBDE 25 2.78 1.28
PBDE 28 16.5 12.1
PBDE 30 ND ND
PBDE 32 ND ND
PBDE 33 ND ND
PBDE 35 ND ND
PBDE 37 ND ND
Tetra-
PBDE 47 502 411
PBDE 49 ND ND
PBDE 66 21.3 19.4
PBDE 71 ND ND
PBDE 75 ND ND
PBDE 77 151 ND
33



Table 4.4 (cont.)

Penta-
PBDE 85 47.3 55.6
PBDE 99 856 695
PBDE 100 148 122
PBDE 116 297 161
PBDE 118 65.7 75.0
PBDE 119 15.5 9.36
PBDE 126 ND ND
Hexa-
PBDE 138 15.1 14.7
PBDE 153 178 111
PBDE 154 99.3 91.8
PBDE 155 4.33 12.0
PBDE 166 ND ND
Hepta-
PBDE 181 ND ND
PBDE 183 158 101
PBDE 190 48.7 ND
Octa-
PBDE 203 113 104
Deca-
PBDE 209 7,560 2,800
Total PBDEs 10,200 4,800

The total concentration of tri- through deca-PBDigsnd in the fine dust from the
computer laboratory was about 10,200 ng/g for dfiedide of the room and 4,800 ng/g for the
right side, with a PBDE 209 concentration of 7,%6@ 2,800 ng/g. The values were rather
consistent with concentrations observed by othezarchers.

The sum of PBDEs measured in house dust from g stadducted in United Kingdom
ranged from 4,254 to 20,505 ng/g (average valugOgh43 ng/g). The concentration of PBDE
209 found in the dust was from 3,800 up to 19,9¢/g,nwith an average value 9,820 ng/g. The
analysis of house dust from Germany found total EBRoncentrations to range from 145 to
27,008 ng/g (the average value was 1,807 ng/gDHEB09 was found at concentrations ranging
from 137 to 19,100 ng/g (average value was 1,394)fig

The Environmental Working Group (EWG) in the USApoeed the total PBDEs
concentrations in house dust to be between 614,866 ng/g, with an average value of 3,699
ng/g (EWG: Toxic fire retardants in American homeshe dust. http://www.ewg.org). The
PBDE 209 concentration reached the level <400 up160 ng/g, with an average value of 2,394
ng/g. The high levels of total PBDEs (1,412-11,4%2%g, with an average value 3,699 ng/g)
were also found in dust in Cape Cod (Mass.) hora®8G: Toxic fire retardants in American
homes in the dust. http://www.ewg.org). In thisdst, the concentration of PBDE 209 ranged
from 916 up to 1,472 ng/g, with an average val@32 ng/g.

High concentrations of PBDE 209 have been alsodanrthe dust from buildings in the
Netherlands, Finland, Sweden, Italy and Denmark witncentrations ranging from 330 to 6,900
ng/g (EWG: Toxic fire retardants in American homeshe dust. http://www.ewg.org). The
total PBDEs concentrations ranged from 437 to 7/i§)@ with an average value of 2,371 ng/g.



4.7 Carpet extraction results

To decrease the effects of a very high organic ¢macknd of carpet sample, the sample
extract was diluted (1:1) and the internal standadded prior to the analysis. In the case of
mono- through hepta-PBDEs analysis, a very highkdgrazind was observed and no PBDEs
were identified. Also, the peak of the internadrgtard PCB 209 was affected by the high
background (Figure 4.2) and so PBDEs quantificatd@s impossible. In the case of deca-
PBDE analysis, the compound was identified in dbothblank and carpet samples (Figure 4.3).
The internal standard was not affected by the biggtkground and quantification of PBDE 209
was possible. The concentration of PBDE 209 is #ingle sample was 116 ng/g of carpet
(361.0 ng per 2.5 cm square of carpet with a weight of 3.1 ghisTvalue was significantly
higher than the blank sample (12.2 ng per samptgssed at the same time. Octa- and nona-
PBDEs could not be determined due to analyticdicdities arising from interferences observed
in BDE 209 calibration curve standard.
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Figure 4.2. Internal standard PCB 209 in the blamé carpet samples. This chromatogram
shows the degradation of the internal standard pkage due to interfering chemicals.
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Figure 4.3. Chromatograms of PBDE 209 in the blamé carpet samples. In this case, PBDE
209 could be identified and quantified.



5. Near-Source and Indoor Air Monitoring of PBDEs d an
Electronics Recycling Facility

Since PBDEs were used in electronics, the higinesior air concentrations are likely to
occur in industries that handle electronics, paléidy older electronic equipment corresponding
to a time when the use of PBDEs was more preval€ftte electronics recycling industry
generally fits this description and was therefaewed as one of the primary sampling sites for
this study.

A specific electronics recycling facility was sefled for the sampling site. This plant
focused on dismantling discarded electronic equigrsach as computers, printers, TV sets and
other electronic goods. The electronic equipmeas @round into small pieces by a shredder
and then the material was compacted for shipmerther locations for recovery of metals.
Plastic cases and cabinets were compacted andeshipp plastics recycling. The physical
grinding of the plastics and electronics was exgubdd release PBDES, both as vapors and as
particulate matter. The large amount of electr@guaipment on site at any given time probably
also contributed to elevated concentrations of P&DElthough the purpose of the research was
near-source outdoor air monitoring, indoor air sE®pvere also collected at the facility to
compare with outdoor air concentrations of PBDES.

5.1 Site description and sample collection

Both indoor and outdoor air samples were conduetethis site for 8 hours per day
during three consecutive days from June 2-4, 2QDdring the first day, recycling operations at
the facility consisted of both shredding old elenics and compacting old plastic cases.
Activities at the facility were very light on theesond day with no shredding activities and
minimal compaction activity. Both shredding andngaction activity were the heaviest on the
last sampling day.

For outdoor air sampling, four high volume air séanp were used. Two of them were
located at the upwind side (S2 and S3) and two Eamwere located downwind (S1 and S4) of
the building (Figure 5.1). The back gate shownFggure 5.1 consisted of a roll-up door that
remained open during operations.
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Figure 5.1. Schematic of outdoor air sampling sdeshe electronics recycling facility. The
position of the four high-volume air samplers am@rked by “S1” to “S4”.

The outdoor samplers were equipped with a qudter followed by approximately 90g
of XAD-2 adsorbent. The air samplers were oper&ied hours during business hours at a flow
rate 30.8 — 34.2 fh giving total of 246 — 274 Yrof air sampled. The meteorological data for
outdoor air sampling are presented in Appendix Btgdeported in Pacific Standard Time).
The predominant wind direction was from the soutktvem all three of the sampling days. Table
5.1 includes data on the amount of adsorbent (XADis2d per sample, total sampling time,
flow rate and total volume of sampled air, tempamtand relative humidity.

Table 5.1. Details of outdoor air sampling at Eatteonics recycling facility.

Total . Total Range of Relative
Date Sal\rlr(l)pler XZA(D sampling Alr 3F/|r?w sampled Temperature Humidity
' 9 tmeq)y MM G (°C) (%)
6/02/04 1 90.05 8 32.5 260 18.7 -33.7 62.6 -27.3
2 90.09 8 34.2 274
3 90.10 8 32.5 260
4 90.07 8 30.8 246
6/03/04 1 90.09 8 34.2 274 15.3-30.0 78.2-31.0
2 90.05 8 34.2 274
3 90.05 8 34.2 274
4 90.09 8 34.2 274
6/04/04 1 90.09 8 34.2 274 16.1-30.3 73.4-32.2
2 90.03 8 34.2 274
3 90.05 8 34.2 274
4 90.02 8 34.2 274

The indoor air sampling consisted of two air samgplecated in the dismantling hall
between the shredder and the compactor (Figure 312 air intake of the samplers was about 4



feet above the floor. The recycling plant contdingo major areas: a dismantling hall
(including a shredder and a compactor) and officdhe flow rate for these “low volume”
samplers was 12.0 — 18.0 L/min, with a total ailumte of 5.95 — 8.64 fnduring the 8-hour
sample collection period (8:00 am to 4:00 pm). Tdmaperature and humidity of the air in the
dismantling hall were measured by a sensor prob®-CALC, model 8762 (TSI, Inc.,
Shoreview, MN). The sample collection details sttewn in Table 5.2.
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Figure 5.2. Schematic of indoor air sampling aekattronics recycling facility. The two
samplers were located at S1 and S2.

Table 5.2. Sampling details for indoor air samplii@n electronics recycling facility.

Total , Total Range of Relative
Date Sal\rlr(l)pler XZA(D sampling All_r/FI.OW sampled Temperature Humidity
' 9 tme) MM G (°C) (%)
6/02/04 1 6.03 8 12.4 5.95 23.6-323 47.8-33.8
2 6.06 8 17.6 8.35
6/03/04 1 6.05 8 12.4 5.95 20.6 -29.1 55.0-37.1
2 6.07 8 18.0 8.64
6/04/04 1 6.08 8 12.4 5.95 225-289 478-41.2
2 6.08 8 18.0 8.64

To ensure that the sampling matrices were fre@ofamination, three sampling matrices
of each type (from the same batch used for sampluege analyzed. The “blank” matrices were
stored in amber glass jars and transported toaimpkng site and back to the laboratory in an ice
chest. Prior a sample’s treatment, the “blank”rroes were stored in the refrigerator at -20°C.
Therefore, these “travel” blanks were exposed ® shme conditions as the samples were,
including transport to the field and storage upstum to the laboratory.



In addition, three replicates of each sampling medere enriched with a known amount
of PBDEs to verify the extraction efficiency of PBB from the sampling matrices used in this
sampling episode. These “spiked” sampling suledratere sealed in glass jars, transported to
and from the sampling site and stored in the refatpr at -20°C. These enriched substrates
were then extracted and analyzed in the same fasisidhe field samples. Results are presented
in Appendix | (Tables [.3 — 1.6).

Sample extraction was conducted as described itioBe2.4 and the PBDEs in the
sample extracts were quantified by GC-ECNCI-MSescdbed in Sections 2.5.1 and 2.5.2.

5.2 Outdoor air concentrations at an electronics reycling facility

The quality assurance samples, including matridasks and spikes, showed that the
sampling substrates were effectively free of comtation and that PBDEs were efficiently
recovered from the sampling substrates by the extraprocedures. The results of these quality
assurance/quality control samples are presentagpendix I.

The concentrations of PBDEs detected with four higlume air samplers are
summarized in Table 5.3 while the full details, lsugs mass collected on filter and mass
collected on XAD-2, are presented in Appendix Jhe Tocta- and nona-PBDEs could not be
accurately determined due to interference obsemeBDE 209 calibration curve standard.
This interference is detailed in Appendix K. Agamono- and di-PBDEs were not determine
because of interferences from sample’s impuriteesrio-chloro- organic compounds).




Table 5.3. Total atmospheric concentrations of PB[g/n?) collected by four high-volume air
samplers outside an electronics recycling facilithe values represent the sum of the particulate
and XAD-2 collected mass. The results for the g¢hredividual sampling days are presented.
“ND” indicates that the chemical was not detectddlevvalues for octa- and nona-PBDE were

not reported due to analytical interferences.

Congener Sa(rjnap;/hng Sampler 1 Sampler 2 Sampler 3 Sampler 4
Tri-
PBDE 17 06/02/04 5.37 5.57 4.26 4.44
06/03/04 4.26 2.32 1.67 1.73
06/04/04 3.37 2.93 2.40 1.53
PBDE 25 06/02/04 4.67 4,12 2.38 0.66
06/03/04 3.79 1.37 0.66 0.35
06/04/04 2.77 2.24 0.85 0.79
PBDE 28 06/02/04 16.3 17.8 7.91 10.4
06/03/04 13.7 6.02 2.59 3.47
06/04/04 10.5 9.07 3.98 2.87
PBDE 30 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 32 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 33 06/02/04 1.23 1.28 1.36 0.93
06/03/04 1.36 0.95 0.89 ND
06/04/04 0.96 1.07 ND ND
PBDE 35 06/02/04 1.07 1.11 1.11 ND
06/03/04 1.13 0.70 ND ND
06/04/04 0.83 0.85 0.79 ND
PBDE 37 06/02/04 6.17 8.10 3.10 1.73
06/03/04 8.35 3.06 1.50 1.34
06/04/04 7.75 6.88 2.33 1.42
41



Table 5.3.(cont.)

Tetra-
PBDE 47 06/02/04 125 104.7 83.0 128
06/03/04 77.5 35.5 30.2 41.6
06/04/04 92.5 60.1 36.4 325
PBDE 49 06/02/04 33.2 31.6 12.8 11.8
06/03/04 27.8 11.3 6.32 5.31
06/04/04 36.7 23.0 7.49 4.55
PBDE 66 06/02/04 9.97 9.83 6.78 6.50
06/03/04 9.47 4.27 3.15 3.45
06/04/04 12.7 9.08 4.16 2.94
PBDE 71 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 75 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 77 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
Penta-
PBDE 85 06/02/04 2.56 2.16 1.66 ND
06/03/04 2.47 ND ND ND
06/04/04 5.98 2.92 ND ND
PBDE 99 06/02/04 41.9 30.1 19.9 25.9
06/03/04 33.3 9.05 8.87 13.0
06/04/04 84.9 32.3 9.86 9.19
PBDE 100 06/02/04 11.4 9.63 6.99 9.24
06/03/04 7.68 3.24 3.04 4.07
06/04/04 16.7 7.24 3.34 3.02
PBDE 116 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 118 06/02/04 2.58 2.57 1.42 ND
06/03/04 3.30 ND ND ND
06/04/04 5.27 3.37 ND ND
PBDE 119 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 126 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND




Table 5.3. (cont.)

Hexa-

PBDE 138 06/02/04 3.98 4.25 ND ND
06/03/04 5.71 ND ND ND
06/04/04 6.75 ND ND ND

PBDE 153 06/02/04 67.2 60.4 9.22 7.84
06/03/04 90.3 7.36 3.71 3.31
06/04/04 150 477 6.40 3.47

PBDE 154 06/02/04 13.2 12.8 3.49 2.82
06/03/04 86.7 3.71 1.37 3.70
06/04/04 53.5 22.8 2.43 1.47

PBDE 155 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

PBDE 166 06/02/04 1.43 ND ND ND
06/03/04 2.50 ND ND ND
06/04/04 2.19 1.47 ND ND

Hepta-

PBDE 181 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

PBDE 183 06/02/04 171 165 19.2 7.21
06/03/04 366 15.8 6.39 6.18
06/04/04 456 165 8.84 6.63

PBDE 190 06/02/04 6.74 8.50 ND ND
06/03/04 13.6 ND ND ND
06/04/04 16.2 8.28 ND ND

Deca-

PBDE 209 06/02/04 4390 3170 524 171
06/03/04 7790 433 140 300
06/04/04 11400 4180 487 183

The outdoor PBDE concentration data showed a fesmds. First, the PBDE
concentrations determined from samplers #1 andef2 wlmost always higher than samplers #3
and #4. This was not surprising since samplerarl #2 were located closest to the loading
dock of the facility, which was almost always omhkming the hours of operation. PBDES, both
particulate and gas-phase, may be emitted fronfieitiety from the open loading area. The east
side of the building contains the offices and anmalrsize door for people to enter the building,
but this door was much smaller than the loadingezamd it was typically shut during the hours
of operation. Although there was a small vent loa toof of the dismantling hall which could
allow for gases and particulate matter to leavebthging, it would appear that the loading dock
was a significant, if not main, ventilation exibin the dismantling hall.

The most prevalent PBDEs were 209, 183, 154, 163, 99, 60, 49 and 47, with PBDE
209 being found in the highest concentrations e typically at least an order of magnitude
higher than the other PBDEs. This implies that tdeca” formulation may be the most
important in terms of PBDESs in the old electronguigment handled by this facility. It also



should be noted that PBDE 209 has a very low \iiatso all the chemical mass was collected
on the filter and almost no mass was present onXitB-2 adsorbent (Appendix J). Since
PBDE 209 was particulate associated, then its cdret@®ns may be more sensitive to creation
of airborne particulate matter during the grindimgerations. It is interesting to note that the
concentrations of PBDE 209 axel0-fold different between the samplers on the $wdes of the
building. This suggests that airborne particulatatter may be formed, but they may settle
rather rapidly and may not disperse much. The aartchir samplers were total suspended
particulate (TSP) samplers, hence they had no ss#ective inlet. This allows rather coarse
particulate matter (such as dust) to be collectethé sampler and analyzed.

The concentrations of PBDEs in outdoor air wetatingely consistent between the three
sampling days. This contrasts sharply with th@ardair samples that were highly dependent on
the sampling day since the second sampling dayceaducted when no electronics shredding
was taking place.

The concentration of PBDEs in outside air at tbeycling facility were significantly
elevated compared to PBDEs observed in Davis, CAnduthe field test of the sampling
methodology. Even the lowest observed concentratib PBDE 209 (140 pg/f at the
recycling facility was higher than the concentrasiocobserved at Davis (4.4 to 17.8 py/m
Although the sampling was conducted 3 months apastill suggests that the recycling facility
has elevated concentrations around it comparedtmtxol site.

5.3 Indoor air concentrations of PBDES at an electmics recycling facility

The indoor air concentrations of PBDEs (Table &idhe recycling were considerably
higher than the outdoor air concentrations in aitnakcases. This clearly showed that the
dismantling facility was a source of PBDEs. Ongaia PBDE 209 was present in the highest
concentrations, which ranged up to 0.88/m°. These concentrations were essentially
completely due to particulate matter. This reswds expected since the samplers were located
adjacent (within 2 m) to the circuit board shreddeFherefore, airborne particulate matter
generation from the shredding operations was egdeahd the samplers were placed in this
location to be representative of this “worst casenario”. It should be noted that the “low
volume” air sampler did not have any size-seleciiets on the sampling apparatus, thus large
particles could (and probably were) collected by ampler. The presence of large particles
could significantly add to the high PBDE concentriag that were observed.

The indoor air sampling showed highly variable BEBEbncentrations depending on the
amount of shredding activity that occurred on thampling day. The second sampling day,
namely June 3, 2004, showed significantly lowercemtrations compared to the other two days.
The concentrations on this day were typically al®uo 4-fold lower than the other sampling
days. The most probable reason for the differeamae that there was no shredding activity on
that day. The concentrations in the dismantlinty inathe absence of shredding activity were
still about 10-fold higher than the outdoor concativns from the sampler closest to the loading
dock. The high concentration even on “non-shregldolays was most probably due to dust
generated on previous days with shredding actihify was then re-suspended by other activity
in the dismantling hall.

The indoor air concentrations of PBDE 209 detegdiin this study were higher than
those reported in the literature for an electronézcling planf. The reported dismantling hall
concentrations ranged from 12,000 to 70,000 pgivhich are a little lower than our “no
shredding” day values of 79,700 to 80,100 py/rithe concentrations near the shredder in the




literature ranged from 150,000 to 200,000 pyhvhile our observed concentrations ranged from
316,000 to 833,000 pgfin

The indoor concentrations of PBDE 209 in the distirag hall on the “non-shredding”
days exceeded the air concentrations of PBDEseirdmputer laboratory by approximately 10-
fold. This suggests that the mere presence offge lamount of electronic equipment on site is
not necessarily the source of PBDEs in the recgdeility but the actual shredding activity and
the resulting dust formation is mostly responsfblethe elevated PBDE concentrations.

Mono- and di-PBDEs were not determined becauskeointerferences from sample’s
impurities coeluting with studied PBDEs.

Table 5.4. Concentrations of PBDEs (pg)in indoor air samples collected in the dismautlin
hall of an electronics recycling facility. “ND” inchtes that the analyte was not detected. Values
are not reported for octa- and nona-PBDESs due @nalytical interference.

Sampler
1 2 1 2 Total
Congener Sa(rjnapijlng Filter Filter XAD-2 XAD-2 | Sampler 1Sampler 2
Tri-
PBDE 17 | 06/02/04 45.9 50.7 30.2 42.6 76.1 93.3
06/03/04 14.8 111 23.8 24.1 38.6 35.3
06/04/04 65.3 56.6 41.0 36.5 106 93.1
PBDE 25 | 06/02/04 44.8 45.0 29.2 41.5 74.0 86.5
06/03/04 ND ND 16.3 204 16.3 20.4
06/04/04 62.6 57.6 40.2 37.4 103 95.0
PBDE 28 | 06/02/04 149 195 100 142 250 337
06/03/04 36.6 33.4 65.8 70.0 102 103
06/04/04 258 222 114 120 372 341
PBDE 30 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 32 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 33 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 35 | 06/02/04 ND 15.1 ND ND ND 15.1
06/03/04 ND ND ND ND ND ND
06/04/04 18.1 16.9 ND ND 18.1 16.9
PBDE 37 | 06/02/04 97.2 94.1 122 142 219 236
06/03/04 ND 42.7 ND ND ND 42.7
06/04/04 288 270 180 120 468 390
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Table 5.4. (cont.)

Tetra-
PBDE 47 | 06/02/04 1480 1800 295 325 1780 2120
06/03/04 594 518 52.5 85.8 647 604
06/04/04 2750 2450 101 184 2850 2630
PBDE 49 | 06/02/04 1730 2120 82.0 159 1810 2280
06/03/04 473 391 40.4 58.8 513 449
06/04/04 2780 2520 76.6 143 2860 2670
PBDE 66 | 06/02/04 355 406 35.4 33.8 390 440
06/03/04 103 93.1 ND 22.1 103 115
06/04/04 717 660 33.1 35.6 750 695
PBDE 71 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 75 | 06/02/04 98.9 129 ND 12.4 98.9 142
06/03/04 ND ND ND ND ND ND
06/04/04 194 157 ND ND 194 157
PBDE 77 | 06/02/04 48.3 47.3 ND ND 48.3 47.3
06/03/04 28.3 22.1 ND ND 28.3 22.1
06/04/04 75.5 70.6 ND ND 75.5 70.6
Penta-
PBDE 85 | 06/02/04 201 195 ND ND 201 195
06/03/04 127 87.4 ND ND 127 87.4
06/04/04 284 242 ND ND 284 242
PBDE 99 | 06/02/04 1570 1980 ND ND 1570 1980
06/03/04 483 402 ND ND 483 402
06/04/04 3210 2980 ND ND 3210 2980
PBDE 100 | 06/02/04 229 292 ND ND 229 292
06/03/04 86.9 69.2 ND ND 86.9 69.2
06/04/04 448 392 ND ND 448 392
PBDE 116 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 118 | 06/02/04 191 223 ND ND 191 223
06/03/04 78.8 63.7 ND ND 78.8 63.7
06/04/04 343 317 ND ND 343 317
PBDE 119 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 126 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
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Table 5.4. (cont.)

Hexa-
PBDE 138 | 06/02/04 280 319 ND ND 280 319
06/03/04 128 954 ND ND 128 95.4
06/04/04 346 340 ND ND 346 340
PBDE 153 | 06/02/04 8040 6600 ND ND 8040 6600
06/03/04 1260 1120 ND ND 1260 1120
06/04/04 8900 7820 ND ND 8900 7820
PBDE 154 | 06/02/04 1230 2210 ND ND 1230 2210
06/03/04 3630 3430 ND ND 3630 3430
06/04/04 5260 4970 ND ND 5260 4970
PBDE 155| 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 166 | 06/02/04 97.6 149 ND ND 97.6 149
06/03/04 88.9 34.7 ND ND 88.9 34.7
06/04/04 463 403 ND ND 463 403
Hepta-
PBDE 181 | 06/02/04 ND ND ND ND ND ND
06/03/04 ND ND ND ND ND ND
06/04/04 ND ND ND ND ND ND
PBDE 183 | 06/02/04 24300 34000 ND ND 24300 34000
06/03/04 6070 5610 ND ND 6070 5610
06/04/04 36700 36200 ND ND 36700 36200
PBDE 190 | 06/02/04 905 1260 ND ND 905 1260
06/03/04 355 288 ND ND 355 288
06/04/04 1300 1210 ND ND 1300 1210
Deca-
PBDE 209 | 06/02/04 316000 534000 433 108 316000 534000
06/03/04 79500 80100 134 ND 79700 80100
06/04/04 832000 698000 305 130 833000 698000




6. PBDEs in Air Samples from an Automotive Shreddig and Metal
Recycling Facility

PBDEs are common fire retardants in polyuretharaanf such as used in seat cushions
and some plastics. Therefore, the last samplinggodp focused on an automotive
shredding/metal recycling facility that recyclesscand large appliances for metal recovery.

6.1 Site description and sample collection

The shredding operations were conducted outdoor&nyy outdoor air sampling was
conducted using high-volume air samplers. To datex the contribution of the shredding to
fenceline concentrations of PBDES, one samplerlacesed on the expected upwind side of the
facility (S1) and two samplers (S2, S3) were lodaig the expected downwind side of the plant
(Figure 6.1). The shredding facility was not irecggion on the first sampling day (September
13, 2004), so higher concentrations were expectedhe second and third sampling days.
Crushed cars and metal for recycling are receivedhle facility during the day while the
shredder operates during the night.

Outdoor air sampling was conducted using high-v@uar samplers as described in
Section 2.2. Outdoor air samples were collectedfbh for three days (September 13, 21 and
22, 2004) at a rate 30.8 — 35.9/mgiving a total of 725 — 865 hof sampled air. The exact
sampling time, the amount of XAD-2 adsorbent, tlevfrate and the total air sampled for
outdoor air samples are shown in Table 6.1. Admmnple collection, the filters were folded
individually in aluminum foil and sealed in glassg and XAD-2 resins were removed from the
aluminum holders and placed in amber glass jargdoisport to the lab in the ice chest. Prior to
sample extraction, the samples were stored ineadreat -20°C.

To determine background concentrations of PBDEghm sampling matrices, three
blanks for each sampling matrix, from the same lbated for sampling, were analyzed. The
“blank” matrices were stored in the amber glass gnd transported to the sampling site and
back to the laboratory in an ice chest along vhithgamples.

Additionally, a set of spiked filter and XAD-2 suletes were prepared to verify the
extraction efficiency of PBDEs during the curreatmpling episode. Three replicates of each
sampling substrate were enriched with a known amoURBDES, stored in amber glass jars and
transported to the sampling site and back to therktory in an ice chest.

Sample extraction was conducted as described itio8e2.4 and the extracts were
guantified by GC-ECNCI-MS as described in Sectidn 2




North

\ ~150
A‘S, m

Pile of treated
auto shredder

waste@

Shredder

Pile of —
shredded

metal

~300 m

Figure 6.1. Schematic of sampling sites at autoreathredding facility. “S1” indicates the

expected upwind sampling site, while “S2” and “3&jresent the expected downwind side of
the site. “M” marks the location of the meteorotay station.

Table 6.1. Sampling details for outdoor air sangptionducted at an automotive shredding
facility.

Sampling Samoler No Amount of  Total sampling Air Flow  Total sampled
Day P " XAD-2 (g) time (h) (m3/h) air ()
09/13/2004 1 90.06 23.68 34.2 810
2 90.37 23.57 30.8 725
3 90.04 23.67 35.9 850
09/21/2004 1 90.07 24.23 35.1 850
2 90.11 24.23 30.8 746
3 90.06 24.10 35.9 865
09/22/2004 1 90.06 24.33 34.2 832
2 90.02 24.13 30.8 743
3 90.12 24.03 35.9 863

6.2 PBDE concentrations at the automotive shreddinfacility

The concentration of PBDESs at the automotive shirgpfacility (presented in Table 6.2)
showed three main trends. The first of which wea the concentrations on the first day of
sampling, which corresponded to the day when thex® no shredding activity, were typically
lower than the days when there was activity atsibe The difference was congener specific,
but it was generally a factor of 2-fold different less. This is similar to the situation in the
electronics recycling facility where days of ligittivity resulted in lower PBDE concentrations.




The second trend was that the PBDE concentrati@ns considerably higher downwind
(see Appendix L for meteorological data, reportedPiacific Standard Time, during sample
collection periods) of the shredding operation cared to the upwind side. Once again, the
differences were congener specific, but the diffees typically ranged from a 50% increase to a
4-fold increase. The elevated PBDE concentratadmsnwind of the site were still observed
even when there was no activity at the site, whicplies that PBDEs were being emitted by
either off-gassing or dust re-suspension.

Results of the monitoring data should be integmretlong with the meteorological data.
While there was no shredding on the first day ofigiang (September 13, 2004 to September 14,
2004), samplers S2 and S3 were downwind for motbesampling period than sampler S1 so
the S2 and S3 samplers showed higher concentraifdPBDEs. On the second day of sampling
(September 21, 2004 to September 22, 2004), sasnpeand S3 were downwind of the site for
more of the sampling time than sampler S1 and Inigbacentrations were observed in these
samplers compared to sampler S1. During the nigien the shredder would have been
operating, the wind was mostly out of the north adth-northwest, which would take any
emissions to the south or southeast fenceline effahility where higher concentrations might
have occurred. Unfortunately, there were no slétabonitoring sites in that portion of the
facility. Similarly, on the third day of samplinghe winds were mostly from the northwest.
Samplers S2 and S3 were downwind more than sanfplerand they measured higher
concentrations than S1. Higher concentrations evdialve been expected along the southeast
fenceline of the facility during this sampling peti

The last major trend was that the concentratidrBBDES at the upwind site were still
higher than the concentrations observed in Davis, @hich served as a control site. The
elevated concentrations may be from other sourcéswight be from the automotive shredding
site itself if the wind switched directions. Thencentrations, using PBDE 209 as an example,
were comparable to the more remote samplers alé¢letronics recycling facility.

The quality assurance samples (blanks, limit aécteon and extraction efficiencies) are
presented in Appendix M. The octa- and nona- PBE&® not quantified due to interferences
observed in BDE 209 calibration curve standard.e 3@pendix K for the details of this
analytical problem. Again, mono- and di-PBDEs weo¢ determine because of interferences
from the sample’s impurities coeluting with studrRBDES.



Table 6.2. PBDE concentrations (pd)nn outdoor air samples at an automotive shredding
facility in September 2004. “ND” indicates that thealyte was not detected. The octa- and

nona-PBDEs could not be quantified due to an aicalyinterference.

Sampler
1 2 3 1 2 3 Total
Congener Sag‘p"”g Filter  Filter  Filter |XAD-2 XAD-2 XAD-2 | Sampler Sampler Sampler
ay 1 2 3
Tri-
PBDE 17 | 09/13/04] 0.38  0.76 025 | 0.66  ND ND 1.04 076 026
09/21/04| 0.92  1.28  1.16 | 242 409  4.0d 334 537 5325
09/22/04| 1.02 124 120 | 215 458 4.3 317 582 550
PBDE 25 | 09/13/04] ND  0.29 ND 045 271  1.87| 045 300 1.8
09/21/04| ND ND 0.89 125 196 224| 125 196  3.18
09/22/04| 0.96 107  0.92 115 2,00 1.89] 211 307 28l
PBDE 28 | 09/13/04] 0.43  2.04  1.16 ND ND ND 043 204  1.16
09/21/04| 5.66  7.44  6.67 ND ND ND 566  7.44  6.67
09/22/04| 578 723  6.38 ND ND ND 578 723 6.3
PBDE 30 | 09/13/04] ND ND ND ND 031 0.7 ND 031 0.7
09/21/04| ND ND ND 0.84 087 084 084 087 084
09/22/04] ND ND ND 072 074 ND 072 074 ND
PBDE 32 | 09/13/04] ND ND ND ND ND ND ND ND ND
09/21/04| 0.63  0.86  0.81 ND ND ND 063 086  0.8]
09/22/04| 0.66 071  0.67 ND ND ND 0.66 071  0.67
PBDE 33 | 09/13/04] ND 090 079 | 080 173 133 080 182 140
09/21/04| ND ND ND 0.69 346  22.4| 069 346 224
09/22/04| 0.30  ND 033 | 047 183 152 077 183 156
PBDE 35 | 09/13/04] ND ND ND ND ND ND ND ND ND
09/21/04| ND ND ND ND ND ND ND ND ND
09/22/04] ND ND ND ND ND ND ND ND ND
PBDE 37 | 09/13/04] ND ND ND 0.60 230 1.67| 060 230 167
09/21/04| ND ND ND 093 242 0.86| 093 242  0.8€
09/22/04] ND ND ND 086 064 068 086 064 0.6
Tetra-
PBDE 47 | 09/13/04] 12.0 453  31.3 | 21.2 412 4571 331 865 769
09/21/04| 11.4 449 476 | 189 397 404 303 846 883
09/22/04| 86 305 304 | 183 440 417 270 745 721
PBDE 49 | 09/13/04] 0.96 420 3.3 | 1.77 452 5.4 273 872  8.22
09/21/04) 159 513 554 | 208 516  4.95 3.67 10.3 105
09/22/04] 134 420 403 | 1.90 541  4.9% 324 961 9.1
PBDE 66 | 09/13/04] 1.09  2.48 195 | 121 203  2.0] 230 451  3.96
09/21/04| 137 263 275 | 132 237  2.34 269 500  5.09
09/22/04] 123 223 214 | 139 280 255 262 503  4.69
PBDE 71 | 09/13/04] ND ND ND ND ND ND ND ND ND
09/21/04| ND ND ND ND ND ND ND ND ND
09/22/04] ND ND ND ND ND ND ND ND ND
PBDE 75 | 09/13/04] ND 069 056 | 050 0.77 081 050 146  1.37
09/21/04| 0.83 129 121 | 085 085  0.74 1.68 214 195
09/22/04| 078 1.08  1.02 | 083 132  0.72 161 240 174
PBDE 77 | 09/13/04] ND  1.06  0.92 ND 137  ND ND 243 092
09/21/04| 0.98  1.16  1.05 ND ND 092 098 116 1.9
09/22/04] ND ND 0.95 ND 106 ND ND 106  0.95
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Table 6.2. (cont.)

Penta-

PBDE 85 | 09/13/04| 3.56 6.41 4.61 2.38 2.63 2.3( 5.94 9.04 6.91
09/21/04| 2.48 6.28 6.73 ND ND ND 2.48 6.28 6.73
09/22/04| 2.11 4,74 4.77 ND 1.41 1.22 2.11 6.15 5.99

PBDE 99 | 09/13/04| 23.9 85.9 55.5 3.19 4.45 6.07 27.1 90.3 61.5
09/21/04| 23.5 94.7 105 2.41 4.95 5.29 25.9 99.7 111
09/22/04| 18.4 66.4 67.0 2.62 6.39 5.63 21.0 72.8 72.6

PBDE 100 | 09/13/04| 4.32 10.4 10.1 1.23 1.96 2.45 5.55 12.4 12,5
09/21/04| 4.87 17.7 18.9 1.33 2.48 2.61 6.20 20.2 215
09/22/04| 3.70 11.8 11.7 1.45 3.18 2.82 5.15 15.0 14,5

PBDE 116 | 09/13/04) ND ND ND ND ND ND ND ND ND
09/21/04| ND ND ND ND ND ND ND ND ND
09/22/04| ND ND ND ND ND ND ND ND ND

PBDE 118 | 09/13/04| 1.08 1.81 1.31 ND 1.02 ND 1.08 2.83 1.31L
09/21/04| 1.68 2.68 2.56 ND ND ND 1.68 2.68 2.56
09/22/04| 1.56 2.23 2.10 ND 1.63 ND 1.56 3.86 2.10

PBDE 119 | 09/13/04) ND ND ND ND ND ND ND ND ND
09/21/04| ND ND ND ND ND ND ND ND ND
09/22/04| ND ND ND ND ND ND ND ND ND

PBDE 126 | 09/13/04] ND ND ND ND ND ND ND ND ND
09/21/04| ND ND ND ND ND ND ND ND ND
09/22/04| ND ND ND ND ND ND ND ND ND

Hexa-

PBDE 138 | 09/13/04| 1.27 2.08 1.55 ND ND ND 1.27 2.08 1.5%
09/21/04| 2.88 3.93 3.92 ND ND ND 2.88 3.93 3.92
09/22/04| 2.83 3.71 3.38 ND ND ND 2.83 3.71 3.38

PBDE 153 | 09/13/04| 3.64 32.2 10.4 0.94 1.06 0.97 4.58 33.2 113
09/21/04| 4.91 16.6 23.1 ND 1.99 1.70 491 18.6 24.8
09/22/04| 4.18 12.9 14.3 ND 1.94 ND 4,18 14.9 14.3

PBDE 154 | 09/13/04| 3.79 23.8 17.1 ND ND 0.27 3.79 23.8 17.4
09/21/04| 5.06 24.0 35.6 0.96 1.32 1.31 6.02 25.3 36.9
09/22/04| 4.58 17.7 21.8 0.96 1.28 1.11 5.54 18.9 22,9

PBDE 155 | 09/13/04) ND ND ND ND ND ND ND ND ND
09/21/04| 0.19 0.50 0.62 ND ND ND 0.19 0.50 0.62
09/22/04| ND 0.29 0.53 ND ND ND ND 0.29 0.53

PBDE 166 | 09/13/04] ND ND ND ND ND ND ND ND ND
09/21/04| ND ND ND ND ND ND ND ND ND
09/22/04| ND ND ND ND ND ND ND ND ND

Hepta-

PBDE 181 | 09/13/04] ND ND ND ND ND ND ND ND ND
09/21/04| ND ND ND ND ND ND ND ND ND
09/22/04| ND ND ND ND ND ND ND ND ND

PBDE 183 | 09/13/04| 1.67 19.3 16.1 ND ND 0.25 1.67 19.3 16.8
09/21/04| 6.34 16.9 32.6 ND ND ND 6.34 16.94 32.55
09/22/04| 3.96 14.7 20.2 ND ND ND 3.96 14.7 20.2

PBDE 190 | 09/13/04| 1.95 3.46 2.92 ND ND ND 1.95 3.46 2.92
09/21/04 ND 2.72 3.83 ND ND ND ND 2.72 3.83
09/22/04| ND 2.40 2.48 ND ND ND ND 2.40 2.48

Deca-

PBDE 209 | 09/13/04| 43.0 249 185 2.41 2.65 3.42 45.5 252 189
09/21/04| 285 449 1940 1.13 2.35 3.58 286 452 1940
09/22/04| 122 260 317 ND 1.04 1.67 123 261 319
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7. Comparisons between Sampling Sites

The large number of permutations of different PB&ingeners and different sampling
conditions makes the raw data tables difficultedad. Therefore, the data are summarized below
for three of the most important PBDE congeners,algai@BDE 47, 99 and 209.

The results for outdoor air samples, summarizethinle 7.1, showed that the down-wind
side at the automotive shredding site and the “leating dock” sites had significantly elevated
PBDE concentrationg€ 0.05) compared to the control site at UC Davisalbcongeners. The
level of statistical significance was not as graatexpected due to the very high standard
deviation associated with the measurements, whiak particularly large for PBDE 209. A
larger sample size would have been able to actaeligher level of statistical power, but the
trends were still clear. The upwind site at théomotive shredding facility and the “far from
loading dock” samplers at the electronics recyclifegility showed elevated PBDE
concentrations, but the concentrations were fretlyiaot statistically significant due to the high
variation in the data sets. The “near” and “faidmh loading dock data sets at the electronics
recycling facility were significantly different fro each other for PBDE 209 (Mann-Whitney
test,p < 0.05), but this trend was not repeated at thenaotive shredding facility due to the high
variability in the PBDE 209 concentrations. In g, it appears from the data that the
electronic recycling facility and the automotiverestiding facility are both point sources of
PBDEs to the air.

Table 7.1. Comparison of outdoor air concentratiguugnt) for three selected PBDE congeners
in Davis, the electronics recycling facility ancetautomotive shredding facility. The meai$D
are presented for each congener even though detanfrultiple days are combined and the data
may not conform to a normal distribution if ther® daily variation in concentrations. A
student’s t-test was used for the determinatiostafistical significance for PBDE 47 and 99
while a Mann-Whitney test was used for PBDE 209 tidués non-normally distributed data.

Site n PBDE 47 PBDE 99 PBDE 209

UC Davis (control) 4 343+119 11.84.20 10.6t 6.57

Electronics recycling facility, far from 6 58.6+39.2 14.4:6.97 301+ 168
loading dock

Electronics recycling facility, near 6 82.6+32.0 38.6+25.2 5230+ 38407
loading dock
Auto shredding facility, upwind site 3 30.1+3.05 247323 152+ 123

Auto shredding facility, downwind site 6 80.5+ 6.8 84.7+18.8 569+ 678

& Concentrations were significantly different fromntrol site at UC Davispk0.05).
P Concentrations were significantly different fromntrol site at UC Davisp0.01).

The comparison between indoor air samples colllefitam different locations suffered
from low statistical power due to very few samples2), particularly for the control conditions
(computers off in the computer laboratory and nedtiing at the electronics recycling facility).
However, the computer laboratory with the computéon” had significantly higher
concentrations than the outdoor air concentratainghe control site of UC Davis (Table 7.2).
Whether the elevated concentrations were due mé&mnthie computers or other sources in the
building (e.g. foam chairs) was not evident sinoe PBDE concentrations between computers



“on” and “off” did not vary significantly for PBDE47 and 99. The data show that PBDE 209
increased the most (about 6 fold) between the ctenpuoff” and “on” conditions, but once
again, the small data set lacked the statisticalgpdo provide a reasonable level of confidence.
The concentration of PBDES in the electronics riegdacility during shredding operations was
clearly higher than the control conditions for @ingeners. In particular, the concentrations of
PBDE 209 were exceptionally high compared to dleotconditions and locations. Evidently,
the shredding operations generate airborne paateEwhatter consisting of plastics that contain
high amounts of PBDE 209. This was not particyladrprising since the samplers were located
within 2 meters of the shredding equipment, sosta@plers collected a worst case scenario in
terms of measuring PBDEs arising from particulatdter.

Table 7.2. Comparison of indoor air concentratigeg/nT) for three selected PBDE congeners
in the computer laboratory and the electronics ey facility. The meart SD are presented
for each congener. A student’s t-test was useth®determination of statistical significance for
PBDE 47 and 99 while a Mann-Whitney test was used®BDE 209 due to its non-normally
distributed data.

Site n PBDE 47 PBDE 99 PBDE 209
UC Dauvis (control, outdoor air) 4 34.3+11.9 11.8t 4.20 10.6t 6.57
Computer laboratory, computers off 2 901+ 115 117+ 73.3 9.96t 10.9
Computer laboratory, computers on 61060+ 266 182+ 111 57.7+11.2
Electronics recycling, no shredding 2 626+ 30.4 443+ 57.3 7990( 283
Electronics recycling, shredding 4 2350+ 485 2440+ 786" 595000+ 222000

& Concentrations are significantly different frormtwl site at UC Davisp<0.05).
P Concentrations are significantly different frormtml site at UC Davisp<0.01).



8. Summary and Conclusions

The objective of this research was to determiredinborne concentrations of PBDEs
near suspected sources of PBDEs. Therefore, PEDiple1g focused on three sites where
elevated PBDE concentrations were expected: nafely computer room in a public office
building; 2) an electronics recycling facility; ar8) an automotive shredding/metal recovery
facility. In addition, outdoor air samples werealcollected at the University of California,
Davis, both as a test of the analytical procedasewell as serving as a control site to compare
the concentrations observed at the three test sites

Both indoor and outdoor air samples were collechigihg this research. The outdoor air
samples were collected with an Andersen High-Volung® air sampler, with a flow rate of
approximately 30 rith, equipped with a quartz microfiber filter folled by ~90 g of XAD-2
resin as an adsorbent. The indoor air samples eadlected with a “low volume” sampler, with
flow rates of about 15 to 20 I/min, which was atsuipped with a quartz filter followed by
XAD-2 resin. The filters and XAD-2 resin were eadted by Soxhlet extraction for 24 hours
with dichloromethane. After extraction, the samspleere concentrated by rotoevaporation and
then passed through a silica gel column.

The determination of PBDESsS in the sample extraes conducted by an Agilent gas
chromatography coupled to a quadrupole mass speeten. Both electron ionization (EI) and
electron-capture negative chemical ionization (EQN®ere evaluated for the analysis of
PBDEs. We determined that greater sensitivity whtained with ECNCI, so this was the
preferred ionization mode. Several instrumentaiditions were optimized to improve the
sensitivity of the analysis, such as source temperg150C), ionization gas pressure (methane
at 2.5<10” torr; 0.0333 Pa), electron energy (130 eV) andssion current (30QA). In
addition, selected ion monitoring (SIM) was usedfaather improve the sensitivity of the
analysis. These instrumental conditions were #@blerovide detection limits from 0.08 to 2.18
pg/ul of sample extract depending on the congener.

The first sampling campaign was designed to deterrthe emissions of PBDEs from
computers in a computer room in a public officelding. In this case, indoor air samples were
collected under two conditions, namely with the poiers on and with the computers turned off.
The difference between “computers on” and “computeff’ gave an indication of the
contribution of computers to the PBDE levels in theloor environment. While the
concentrations of all detected PBDEs increased whencomputers were on, the increase
compared to the “computers off” condition was miairn<2-fold) with the exception of PBDE
209 which showed a 5-fold increase in concentratwwhen the computers were turned on. This
implies that there may be other significant souafete lower brominated diphenyl ethers in the
office environment, such as foam chairs, etc. wbdenputers were a significant factor for the
decabromodiphenyl ether. Considering that PBDEi2@0relatively non-volatile PBDE, it was
not surprising that the emissions were higher whhencomputers were on and warmed up. The
concentrations of PBDEs in the computer labora@irywere clearly higher than outdoor air
concentrations at the control site of UC Davishaligh the small (n=2) sample size of the
“computers off” condition resulted in low statisticpower that effectively prevented statistical
verification of the observed differences. In castr the “computers on” condition had a
sufficiently large sample set which could be stei@dly proven to be different from the outdoor
air concentrations at UC Dauvis.



The second sampling campaign focused on an etec$roecycling facility where old
computers, televisions, etc. were dismantled, sfe@édaind compacted for shipment off-site for
metal recovery and plastics recycling. Since PBDREse commonly used in electronics
equipment, this facility was expected to have digantly elevated concentrations of PBDES in
the air. Both indoor and outdoor air samples waidected during this sampling campaign to
assess both indoor concentrations in the dismgntiall and the impact of the facility on near-
source outdoor PBDE. The outdoor air samplers shdotat the facility did contribute to the
near-source PBDE loading, but its effects appeaocethe localized. The two outdoor air
samplers located farthest from the loading dock,anich was a large ventilation mechanism
for the dismantling hall, had concentrations thatrevfairly similar to the control site at UC
Davis with the exception of PBDE 209, which had @&b80-fold higher concentrations at the
electronics recycling facility. In contrast, thea samplers located closest to the loading dock
door had significantly higher PBDE concentrations fnost PBDEs, but PBDE 209 had the
greatest increase with about 500-fold higher PBDE @oncentrations compared to the control
site. The PBDE 209 was essentially completelyipaete-associated, which suggested that
airborne particulate matter generated in the disimgnhall escaped the building and were
collected by the air samplers.

The indoor air samples from the electronics rangcfacility showed an even more
pronounced increase in air PBDE concentrationsthiicase, the samplers were located within
about 2 m of the electronics shredder, so the smplould represent the “worst case scenario”
for indoor air concentrations. The indoor samplacked any size selective inlets, so relatively
coarse particulate matter could be collected bystmaplers. The concentrations of PBDES in
the air of the dismantling hall were 20 to 60,00@fhigher than the control site at UC Davis.
There were also differences between the three sagngihys. There was no shredding activity in
the facility on one of the sampling days, whichute=d] in lower PBDE concentrations on that
day. Even these concentrations were highly elevatempared to the control site. The
concentrations of PBDEs on days where there wasddhrg activity were dramatically higher,
with PBDE 209 showing the greatest increase. ¥higgests that airborne particulate matter
generated during shredding was collected by theokam

The last sampling campaign focused on an autoeattwedding facility, where the
PBDEs were expected to arise from foam used irseats and other plastics used in cars. Since
the operations at this facility were conducted ootd, only outdoor air samples were collected
for this part of the project. For this projectotair samplers were deployed in an area expected
to be downwind of the site while one was set ondkpected upwind side of the site. The
concentrations of PBDEs on the upwind side of tteevgere not very different from the control
site, although PBDE 209 was about 15 fold high&he downwind side of the site showed
significantly elevated PBDE concentrations compatedthe UC Davis control site. The
downwind concentrations were about 3 to 4 fold gnethan the upwind side of the site, which
shows that the automotive shredding facility wasarce of airborne PBDESs.

In all three sampling campaigns, the suspectedt maurces of PBDEs were shown to
contribute to the atmospheric loading of PBDEs. wileer, the actual impact of the facilities
seemed to be localized with relatively little effat the upwind sites. In almost all cases, PBDE
209 was the PBDE that showed the greatest incr@spared to the control site at UC Davis.
Since this compound was most often particulateaatam, we suspect that the air samplers were
simply collecting airborne particulate matter, whionsisted of plastics and PBDEs, that were
generated at the sites. This was clearly the icatbe indoor electronics recycling facility. He



PBDEs, and PBDE 209 in particular, are associatgd woarse particulate matter generated
from shredding or dismantling operations, then tbsidence time of these PBDEs in the air
column may be rather short since the settling vslaaf coarse particles is rather rapid. The
short residence times in the air column would iatkcthat the chemicals are not likely to move
too far from the site before settling out. Therefdhe impact of the sites would be expected to
be localized. The lower brominated PBDEs are sestatile and thus exist in both the gas and
particulate phases, so they would be more likelyntave farther from the site since they can
move into the gas phase and escape the coarsegmarti

These near-source results and the results frormtlo®r air monitoring at the electronics
recycling facility point to the need to further &vate the health effects from exposure to PBDES.

Future studies should include field spikes, in allhspiked samples have air drawn
through them during field sampling conditions to akesate collection efficiency and
breakthrough. This would help to supplement infation about the accuracy of the method
obtained during method development.
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Glossary of Abbreviations

ECNCI electron-capture negative chemical ionizatio

El electron ionization (also called electron irog)a

eV electron volts

Kow octanol-water partition coefficient

LOD limit of detection

nvz mass to charge ratio (in mass spectrometry)

ND not detected

PBDDs polybrominated dibenzo-p-dioxins

PBDEs polybrominated diphenyl ethers

PBDFs polybrominated dibenzofurans

PCBs polychlorinated biphenyls

PUF polyurethane foam

SIM selected ion monitoring

S/N signal to noise ratio

SPMD semi-permeable membrane device

TSP total suspended particulates

XAD-2 a trade name for a styrene divinylbenzensodokent
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APPENDIX A
Concentrations of PBDEs in Calibration Curves

Table A.1. Concentration (pg) of calibration standards and internal standafds the
guantification of mono- through hepta- PBDEs.

Calibration Level

Congener 1 2 3 4 5
Mono-
PBDE 1 0.49 4.90 9.80 49.02 98.04
PBDE 2 0.49 4.90 9.80 49.02 98.04
PBDE 3 0.49 4.90 9.80 49.02 98.04
Di-
PBDE 7 0.49 4.90 9.80 49.02 98.04
PBDE 8 0.49 4.90 9.80 49.02 98.04
PBDE 10 0.49 4.90 9.80 49.02 98.04
PBDE 11 0.49 4.90 9.80 49.02 98.04
PBDE 12 0.49 4.90 9.80 49.02 98.04
PBDE 13 0.49 4.90 9.80 49.02 98.04
PBDE 15 0.49 4.90 9.80 49.02 98.04
Tri-
PBDE 17 0.49 4.90 9.80 49.02 98.04
PBDE 25 0.49 4.90 9.80 49.02 98.04
PBDE 28 0.49 4.90 9.80 49.02 98.04
PBDE 30 0.49 4.90 9.80 49.02 98.04
PBDE 32 0.49 4.90 9.80 49.02 98.04
PBDE 33 0.49 4.90 9.80 49.02 98.04
PBDE 35 0.49 4.90 9.80 49.02 98.04
PBDE 37 0.49 4.90 9.80 49.02 98.04
Tetra-
PBDE 47 0.49 4.90 9.80 49.02 98.04
PBDE 49 0.49 4.90 9.80 49.02 98.04
PBDE 66 0.49 4.90 9.80 49.02 98.04
PBDE 71 0.49 4.90 9.80 49.02 98.04
PBDE 75 0.49 4.90 9.80 49.02 98.04
PBDE 77 0.49 4.90 9.80 49.02 98.04
Penta-
PBDE 85 0.74 7.35 14.71 73.53 147.06
PBDE 99 0.74 7.35 14.71 73.53 147.06
PBDE 100 0.74 7.35 14.71 73.53 147.06
PBDE 116 0.74 7.35 14.71 73.53 147.06
PBDE 118 0.74 7.35 14.71 73.53 147.06
PBDE 119 0.74 7.35 14.71 73.53 147.06
PBDE 126 0.74 7.35 14.71 73.53 147.06
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Table A.1. (cont.)

Hexa-
PBDE 138 0.98 9.80 19.61 98.04 196.08
PBDE 153 0.98 9.80 19.61 98.04 196.08
PBDE 154 0.98 9.80 19.61 98.04 196.08
PBDE 155 0.98 9.80 19.61 98.04 196.08
PBDE 166 0.98 9.80 19.61 98.04 196.08
Hepta-
PBDE 181 1.23 12.26 24.51 122.55 245.10
PBDE 183 1.23 12.26 24.51 122.55 245.10
PBDE 190 1.23 12.26 24.51 122.55 245.10
Internal Standard
PCB 65 2,376 2,376 2,376 2,376 2,376
PCB 209 112.47 112.47 112.47 112.47 112.47

Table A.2. Concentration (pg) of calibration standards and internal standafds the
guantification of octa- through deca-PBDEs.

Calibration Level

Congener 1 5 3 7 3

Octa-

PBDE 196 0.93 4.67 9.34 93.37 466.85

PBDE 197 0.93 4.67 9.34 93.37 466.85

PBDE 203 1.04 5.19 10.37 103.37 518.67
Nona-

PBDE 206 0.93 4.67 9.34 93.37 466.85

PBDE 207 0.93 4.67 9.34 93.37 466.85

PBDE 208 0.93 4.67 9.34 93.37 466.85
Deca-

PBDE 209 0.94 4.69 9.38 93.76 468.78
Internal Standard

13C.,-PBDE 209 490.19 490.19 490.19 490.19 490.19
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APPENDIX B
Electron lonization (El) Optimization and Parameterization

Optimization of lon Source Temperature and ElecEoprgy:

For EI-MS analysis, experiments focused on findomimal conditions, such as ion
source temperature and electron energy. The iarcedemperature was varied from 156
250°C while the electron energy was held constant aeVV5 Next, the electron energy was
varied from 30 to 100 eV while the ion source terapge was held at 230.

The ion source temperature has a slight effechendtio of fragmentation ions [Mand
[M-2Br]" (Figure B.1). While increasing ion source temp@edecreased the ratio of [Mpn
(from 0.300 to 0.248) in EI-MS spectra, the ratig-2Br] " ion intensity to the total intensities
increased from 0.433 to 0.485 (Figure B.2). WHhile ion source temperature did not affect the
amount of fragmentation, it did affect the ion md&ies where source temperatures greater than
200°C gave the highest ion intensities(Figure B.2).

For example, the electron energy significantly etifd the fragmentation of PBDE 153
congener. As the electron energy increased fronio4000 eV, the [M] and [M-2Br] ions
increased in EI-MS spectra. The ratio of [Nf)n increased from 0.147 to 0.302 and [M-2ZBr]
ion ratio increased from 0.387 to 0.475 (Figure)B.1IThe ions intensities increased with
increasing electron energies up to a maximum oto7®@0 eV, and then the ion intensities
decreased (Figure B.2).

Although the results from PBDE 153 are presenteihgbut the same trends were
observed in the spectra of other studied mono-utiinchepta-PBDEs. The highest intensity of
ions in EI-MS spectra of PBDEs congeners was aekieat the ion source temperature 200
and the electron energy 70 eV to 80 eV. The optimetrumental parameters found for the
PBDEs analysis in EI-MS mode again differ from ttesults of Eljarrat et df. where the
maximum total abundance was obtained at the ionceaiemperature 258G and the electron
energy 35 eV.
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Mass Spectra Characterization of Electron lonizafil) Analyses:

The major ions of selected mono- through hepta-P8QElative intensity>10%) in
EI-MS spectra are presented in Table B.1. In compa with ECNCI-MS spectra, EI-MS
spectra of PBDEs gave [Mjon with very high intensity (42-100%). In spectf di-, tetra- and
penta-PBDEs, the [M]ion is dominant. The dominant ion observed irctpeof mono- PBDES
is [M-Br]* while the spectra of the tri-, hexa- and hepta-EBDad a [M-2Bf] fragment as the
base ion.

The relative intensity of ion [M-2Bf]in the spectra of di-, tetra- and penta-PBDEs
ranged from 25% up to 90%. Another common iongmesd in the El mass spectra of mono-
and di-PBDEs is a fragment [M-Br-COJith the relative intensity 39% and 10%.




The spectra of higher brominated diphenyl ethers (ip to hepta-PBDE) had a
[M-3Br-COJ" ion with relative intensity of 12-25%. Tetra-PB®EI mass spectra also showed
an [M-4Br-CQOJ ion with the relative intensity 10%. In the spactf penta- and hexa-PBDE, a
[M-5Br-CO]* fragment with relative intensity of 16% and 7%spectively, was observed.
Lastly, the hexa- and hepta-PBDEs had an [M-4Bvh with the relative intensity 13% and
12%, respectively.

Table B.1. The major ions of selected mono- througta-PBDES (relative intensityl 0%) in
EI-MS spectra.
# of % Relative Intensity of Fragmentation lons
Br Congener [M]* [M-Br]" [M-Br,-COJ' [M-2Br]" [M-3Br-CO]" [M-4Br]* [M-4Br-CO]’ [M-5Br-COJ’
Mono- PBDE1 63 100 39

Di- PBDE 15 100 10 25
Tri- PBDE 30 56 100 25
Tetra- PBDE 47 100 90 15 10
Penta- PBDE 100100 85 20 16
Hexa- PBDE 153 62 100 12 13 7
Hepta- PBDE 19042 100 17 12
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APPENDIX C
Identification and Quantification lons for PBDEs

Table C.1. Identifying and quantifying ions for PB®in field samples. The table is divided
into three groups depending on which internal steshdvas used for the calculation of the
relative retention time (RRT). The first group€tlighter compounds) used PCB 65 as the RRT
marker; the intermediate compounds used PCB 209tlmdeaviest compounds usEC;»
deca-PBDE.

Relative Identifying and
Retention Quantifying

Theoretical Confirming  Theoretical

. Ratio lons Ratio
Compound Time lons
PCB 65° 1.000 35.037.0 100: 33
Mono-
PBDE 1 0.551 ~78.980.9 100 : 98
PBDE 2 0.573 - 78.980.9 100 : 98
PBDE 3 0.595 ~78.980.9 100 : 98
Di-
PBDE 7 0.964 ~78.980.9 100 : 98
PBDE 8 + 11 1.019 ~ 78.880.9 100 : 98
PBDE 10 0.861 ~78.980.9 100 : 98
PBDE 12 + 13 1.048 ~ 78/980.9 100 : 98
PBDE 15 1.101 . 78.980.9 100 : 98
Tri-
PBDE 17 1.476 . 78.980.9 100 : 98
PBDE 25 1.496 ~78.980.9 100 : 98
PBDE 28 1.557 ~78.980.9 100 : 98
PBDE 30 1.288 ~78.980.9 100 : 98
PBDE 32 1.437 . 78.980.9 100 : 98
PBDE 33 1.551 ~78.980.9 100 : 98
PBDE 35 1.607 ~78.980.9 100 : 98
PBDE 37 1.660 ~78.980.9 100 : 98
PCB 209° 1.000 497.7 1 499.8 100 : 87
Tetra-
PBDE 47 0.809 ~78.980.9 100 : 98 404.8 / 406.8 100 : 98
PBDE 49 0.784 ~78.980.9 100 : 98 404.8 / 406.8 100: 98
PBDE 66 0.836 ~78.980.9 100 : 98 404.8 / 406.8 100 : 98
PBDE 71 0.789 ~78.980.9 100 : 98 404.8 / 406.8 100: 98
PBDE 75 0.769 ~78.980.9 100 : 98 404.8 / 406.8 100 : 98
PBDE 77 0.874 ~78.980.9 100 : 98 404.8 / 406.8 100: 98
Penta-
PBDE 85 1.012 ~78.980.9 100 : 98 402.8 /1 404.8 100: 98
PBDE 99 0.957 ~78.980.9 100 : 98 402.8/404.8 100 : 98
PBDE 100 0.922 ~78.980.9 100 : 98 402.8 /1 404.8 100: 98
PBDE 116 0.967 ~78.980.9 100 : 98 402.8/404.8 100 : 98
PBDE 118 0.986 78.980.9 100 : 98 402.8 /1 404.8 100: 98




Table C.1 (cont.)

PBDE 119 0.937 ~ 78.880.9 100 : 98 402.8/404.8 100 : 98

PBDE 126 1.026 ~ 78.880.9 100 : 98 402.8/404.8 100 : 98
Hexa-

PBDE 138 1.134  78.880.9 100 : 98 401.8/403.8 100 : 98

PBDE 153 1.082 _ 78.880.9 100 : 98 401.8/403.8 100 : 98

PBDE 154 1.038  78.880.9 100 : 98 401.8/403.8 100 : 98

PBDE 155 1.014 _ 78.880.9 100 : 98 401.8/403.8 100 : 98

PBDE 166 1.138 78.880.9 100 : 98 401.8/403.8 100 : 98
Hepta-

PBDE 181 1.249 ~ 78.880.9 100 : 98 479.7 1 481.7 68 : 100

PBDE 183 1.192 _ 78.880.9 100 : 98 479.7 1 481.7 68 : 100

PBDE 190 1.260 ~ 78.880.9 100 : 98 479.7 1 481.7 68 : 100
¥C,,-PBDE 209  1.000 494.6 496.6 08 : 48 78.9/80.9 100 : 98
Octa-

PBDE 196 0.720 559.6561.6 100 : 98 78.9/80.9 100 : 98

PBDE 197 0.707 406.7 / 408.7 68:100 78.9/80.9 100 : 98

PBDE 203 0.715 559.6561.6 100 : 98 78.9/80.9 100 : 98
Nona-

PBDE 206 0.835 486.6488.6 100 : 98 78.9/80.9 100 : 98

PBDE 207 0.813 486.6488.6 100 : 98 78.9/80.9 100 : 98

PBDE 208 0.802 486.6488.6 100 : 98 78.9/80.9 100 : 98
Deca-

PBDE 209 1.000 484.6/486.6 51 :100 78.9/80.9 100 : 98

2 Internal standard and relative retention time raark



APPENDIX D
Selected lon Monitoring Conditions for PBDESs

Table D.1. Selected ion monitoring for mono- tlgbuhepta-PBDES, including brominated
dibenzofurans and dibenzo-p-dioxins.

Group Formula MW Retention Time lon m/z  Isotope
Window (min)

Mono-PBDE GoHeBrO  247.98 11:00 — 15:00 [Br] 79 [A]
81 [A+2]

Di-PBDE GoHgBr,O  325.89 15:00 — 37:00 [Br] 79 [A]
81 [A+2]

Tri-PBDE GH/BrsO  403.80 [Br] 79 [A]
81 [A+2]

[M-Br]” 325 [A]”
327 [A+2]

PCB 65 CioHeCly  289.92 [C]] 35 [A]
(internal standard) 37 [A+2]

Tetra-PBDE G@HeBr,O 481.72 37:00 — 45:00 [Br] 79 [A]
81 [A+2]
[M-Br]~ 405 [A+2]
407 [A+4]

Penta-PBDE ©HsBrsO  559.63 45:00 — 49:00 [Br] 79 [A]
81 [A+2]
[M-HBr,]” 403 [A+2]
405 [A+4]
Tetra-BDF GH4Br,O  479.70 [M] 482 [M+2]
484 [M+4]

Penta-PBDE ©HsBrsO  559.63 49:00 — 53:50 [Br] 79 [A]”
81 [A+2]
[M-HBr,]” 403 [A+2]
405 [A+4]
Hexa-PBDE @H4BrsO  637.54 [M-H-3Br] 402 [A+2]
404 [A+4]
PCB 209 C12Clyo 493.69 [M] 498 [M+4]
(internal standard) 500 [M+6]

Hexa-PBDE @H4BrsO  637.54 53:50 - 59:00 [Br] 79 [A]
81 [A+2]
[M-H-3Br]” 402 [A+2]
404 [A+4]
Penta-BDF @H3BrsO  557.61 [M] 562 [M+4]
564 [M+6]
Penta-BDD Ci2H3BrsO,  573.60 [M] 578 [M+4]
580 [M+6]
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Table D.1. (cont.)

Hepta-PBDE

Hexa-BDF

Hexa-BDD

Octa-PBDE

Hepta-BDF

@zH 3BI’7O

QzH zB rGO

C1oH2BrgO,

QzH zB rgO

G,HBr;0

715.45

635.52

651.52

793.36

713.43

59:00 - 65:00

65:00 — 75:00

[Br]
[M-H-3Br]"
[M]

[M]
[Br]
[M-3Br-H]"

M]

79
81
480
482
640
642
656
658
79
81
560
562
719
721

[Al

[A+2]
[A+2]
[A+4]
[M+4]"
[M+6]
[M+4]"
[M+6]
[Al

[A+2]
[A+4]
[A+6]
[M+6]"
[M+8]°




Table D.2. Selected ion monitoring conditions fotee through deca- PBDEs, including
brominated dibenzofurans and dibenzo-p-dioxins.

Retention Time

Group Formula MW  Window (min) lon m/z  Isotope
Tetra-BDF GoH4Br,O 479.70  8:00 —13:00 [Br] 79 [Al
81 [A+2]
[M]” 482 [M+2]
484 [M+4]
Penta-BDF @HsBrsO 557.61 13:00 — 14:50 [Br] 79 [Al
81 [A+2]
[M]” 562 [M+4]
564 [M+6]
Penta-BDD Ci12H3BrsO, 573.60 [M] 578 [M+4]
580 [M+6]
Octa-PBDE GHBrsO  793.36 14:50-16:70 [Br] 79 [Al
81 [A+2]
[CeBrsHO] 407 [A+2]
409 [A+4]
[M-3Br-H]" 560 [A+4]
562 [A+6]
Hexa-BDF GoH.BrsO 635.52 [M] 640 [M+4]
642 [M+6]
Hexa-BDD CioHsBreO, 651.52 [M] 656 [M+4]
658 [M+6]
Nona-PBDE 16:70 — 20:00 [Br] 79 [Al
81 [A+2]
[CeBrsO] 487 [A+4]
489 [A+6]
Hepta-BDF GHBr,O 713.43 [M] 719 [M+6]
721  [M+8]
Deca-PBDE @BrigO 949.18 20:00 — 25.00 [Br] 79 [Al
81 [A+2]
[CeBrs0O] 485 [A+2]
487 [A+4]
3¢ ,Deca-PBDE '°Cy,BrigO  961.22 f3ceBrsO]” 495 [A+6]
(internal standard) 497 [A+8]
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APPENDIX E
Blank, Limit of Detection and Recovery Efficiency Results for Ambient Air
Samples in Davis, California

Table E.1. PBDE concentrations in blank sample icegtr(pg/m + SD for an 841rsample, n =
2) from the ambient PBDE measurements in Davisf@aia. “ND” indicates that the chemical
was not detected.

Compound - Matrix
Filter XAD-2 PUF
Tri-
PBDE 17 ND ND ND
PBDE 25 ND ND ND
PBDE 28 ND ND ND
PBDE 30 ND ND ND
PBDE 32 ND ND ND
PBDE 33 ND ND ND
PBDE 35 ND ND ND
PBDE 37 ND ND ND
Tetra-
PBDE 47 0.84 £0.12 0.29 £0.04 1.20 +0.25
PBDE 49 ND ND ND
PBDE 66 ND ND ND
PBDE 71 ND ND ND
PBDE 75 ND ND ND
PBDE 77 ND ND ND
Penta-
PBDE 85
PBDE 99 0.75+0.15 0.46 £ 0.00 1.53+0.28
PBDE 100 0.33+0.03 0.25+0.01 0.51 £ 0.05
PBDE 116 ND ND ND
PBDE 118 ND ND ND
PBDE 119 ND ND ND
PBDE 126 ND ND ND
Hexa-
PBDE 138 ND ND ND
PBDE 153 0.07 £0.02 ND 0.11 £0.01
PBDE 154 0.13+0.01 ND 0.20 £ 0.00
PBDE 155 ND ND ND
PBDE 166 ND ND ND
Hepta-
PBDE 181 ND ND ND
PBDE 183 ND ND ND
PBDE 190 ND ND ND
Octa-
BDE 203 ND ND ND
Deca-
PBDE 209 0.90+£0.24 0.12 £0.03 a
& problem with detection
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Table E.2. Limit of Detection (LOD) for Davis aiampling expressed in pghfor a 841 m air

sample (n = 2).

Congener Mean £ SD
Tri-
PBDE 17 0.10 £ 0.07
PBDE 25 0.11 £ 0.08
PBDE 28 0.09 £ 0.07
PBDE 30 0.06 £ 0.04
PBDE 32 0.11 £0.08
PBDE 33 0.10+£0.08
PBDE 35 0.12+0.11
PBDE 37 0.11 £+ 0.09
Tetra-
PBDE 47 0.09 £ 0.07
PBDE 49 0.10 £ 0.07
PBDE 66 0.10+£0.08
PBDE 71 0.07 £0.05
PBDE 75 0.07 £0.05
PBDE 77 0.08 £0.08
Penta-
PBDE 85 0.08
PBDE 99 0.09 £+ 0.04
PBDE 100 0.07 £0.02
PBDE 116 0.10+£0.03
PBDE 118 0.10£0.05
PBDE 119 0.08 £0.03
PBDE 126 0.11 £0.08
Hexa-
PBDE 138 0.09 £0.02
PBDE 153 0.08 £0.03
PBDE 154 0.07£0.01
PBDE 155 0.10
PBDE 166 0.17 £0.02
Hepta-
PBDE 181 0.39 £0.05
PBDE 183 0.14 £0.02
PBDE 190 0.53+£0.02
Octa-
PBDE 203 0.23£0.02
Deca-
PBDE 209 0.25+£0.13




Table E.3. PBDE extraction efficiencies (n = 1frdifferent sample collection substrates
during the ambient PBDE determination in Davis,ifCatia.

Enriched Amount Background Total Mass Recovery
Compound Matrix Amount Measured (ng) (ng) (%)
(ng) (ng)
PBDE 47 Filter 50.00 42.0 0.70 41.3 82.6
XAD-2 50.00 37.7 0.24 37.4 74.9
PUF 50.00 41.5 1.01 40.5 80.9
PBDE 99 Filter 50.00 42.0 0.63 41.4 82.8
XAD-2 50.00 40.7 0.38 40.3 80.6
PUF 50.00 31.6 1.29 30.3 60.6
PBDE 100 Filter 50.00 44.6 0.28 44.3 88.6
XAD-2 50.00 40.7 0.21 40.5 81.1
PUF 50.00 36.3 0.42 35.8 71.7
PBDE 153 Filter 50.00 45.3 0.06 45.3 90.6
XAD-2 50.00 41.4 0.00 41.4 82.8
PUF 50.00 19.1 0.09 19.0 37.9
PBDE 154 Filter 50.00 45.4 0.11 45.3 90.6
XAD-2 50.00 41.9 0.00 41.9 83.7
PUF 50.00 26.6 0.17 26.5 52.9
PBDE 209 Filter 63.93 75.5 0.75 74.8 116.9
XAD-2 63.93 71.8 0.10 71.7 112.2
PUF 63.93 & & & &

& problem with detection



APPENDIX F
Blank, Limit of Detection and Recovery Efficiency Results for the Computer
Laboratory Sampling Episode.

Table F.1. PBDE concentrations in blank sample isegtr(pg/mi + SD, n =3) from the first
computer lab sampling episode in January 2004. "“MNBicates that the chemical was not
detected.

Matrix (25.9 n)

Compound Filter XAD-2
Tri-
PBDE 17 ND ND
PBDE 25 ND ND
PBDE 28 ND ND
PBDE 30 ND ND
PBDE 32 ND ND
PBDE 33 ND ND
PBDE 35 ND ND
PBDE 37 ND ND
Tetra-
PBDE 47 1.82 £ 0.92 2.08 +1.08
PBDE 49 ND ND
PBDE 66 ND ND
PBDE 71 ND ND
PBDE 75 ND ND
PBDE 77 ND ND
Penta-
PBDE 85 ND ND
PBDE 99 ND 1.01+1.76
PBDE 100 ND ND
PBDE 116 ND ND
PBDE 118 ND ND
PBDE 119 ND ND
PBDE 126 ND ND
Hexa-
PBDE 138 ND ND
PBDE 153 ND ND
PBDE 154 ND ND
PBDE 155 ND ND
PBDE 166 ND ND
Hepta-
PBDE 181 ND ND
PBDE 183 ND ND
PBDE 190 ND ND
Octa-
PBDE 203 ND ND
Deca-
PBDE 209 5.54 +1.82 7.04 +4.48
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Table F.2. PBDE concentrations in blank sample isegtr(pg/mi + SD, n =3) from the second
computer lab sampling episode in February 2004DMdicates that the chemical was not
detected.

Matrix (25.9 m)

Compound Filter XAD-2
Tri-
PBDE 17 ND ND
PBDE 25 ND ND
PBDE 28 ND ND
PBDE 30 ND ND
PBDE 32 ND ND
PBDE 33 ND ND
PBDE 35 ND ND
PBDE 37 ND ND
Tetra-
PBDE 47 2.50+ 1.02 1.5Gt 0.14
PBDE 49 ND ND
PBDE 66 ND ND
PBDE 71 ND ND
PBDE 75 ND ND
PBDE 77 ND ND
Penta-
PBDE 85 ND ND
PBDE 99 0.95+ 0.83 0.49+ 0.43
PBDE 100 0.59+ 0.52 ND
PBDE 116 ND ND
PBDE 118 ND ND
PBDE 119 ND ND
PBDE 126 ND ND
Hexa-
PBDE 138 ND ND
PBDE 153 ND ND
PBDE 154 ND ND
PBDE 155 ND ND
PBDE 166 ND ND
Hepta-
PBDE 181 ND ND
PBDE 183 ND ND
PBDE 190 ND ND
Octa-
PBDE 203 ND ND
Deca-
PBDE 209 4,90+ 3.31 4.48t 0.52
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Table F.3. Limit of Detection (LOD, pg/‘fior an 25.9 Mof air sample) for PBDEs during the
computer laboratory sampling campaign in JanuadyFebruary 2004. The values represent
mean + SD of 4 LOD estimations, two of them frora #anuary episode and two from the
February episode.

Congener Mean = SD

Di-
PBDE 10 2.51 + 0.90
PBDE 7 248 + 1.02
PBDE 11 + 8 2.20 + 0.60
PBDE 12 + 13 1.82 + 0.68
PBDE 15 244 + 0.78

Tri- 241 + 0.88
PBDE 30 2.37 = 0.74
PBDE 32 2.33 + 0.82
PBDE 17
PBDE 25 2.08 £ 0.42
PBDE 33 251 + 0.82
PBDE 28 2.39 + 0.64
PBDE 35 2.35 + 0.58
PBDE 37 2.22 + 0.56

Tetra- 1.82 + 0.48
PBDE 75
PBDE 49 3.05 = 0.70
PBDE 71 2.31 + 0.60
PBDE 47 2.27 + 0.67
PBDE 66 3.03 + 1.20
PBDE 77 2.50 + 0.53

Penta- 2.44 + 0.76
PBDE 100 292 + 0.91
PBDE 119
PBDE 99 2.56 + 0.85
PBDE 116 251 + 0.78
PBDE 118 255 + 0.77
PBDE 155+85 2.67 + 0.82
PBDE 126 498 + 1.41

Hexa-
PBDE 154 7.67 £ 2.75
PBDE 153 3.92 + 1.30
PBDE 138 9.10 + 3.54
PBDE 166

Hepta- 3.45 + 0.49
PBDE 183
PBDE 181 2.68 + 0.48
PBDE 190

Octa- 2.51 + 0.90
PBDE 203 (n=1) 2.48 + 1.02

Deca- 2.20 + 0.60
PBDE 209 1.82 + 0.68
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Table F.4. PBDE extraction efficiencies from fikarsed in the first computer laboratory
sampling episode in January 2004. “ND” indicatest the compound was not detected.

Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)
PBDE 47 20.00 14.6 0.05 14.6 72.9
20.00 12.1 0.05 12.0 60.1
20.00 10.8 0.05 10.8 53.9
Meant SD 12.5+ 1.9 12.5:1.9 62.3t 9.7
PBDE 99 20.00 16.0 ND 16.0 79.9
20.00 13.7 ND 13.7 68.7
20.00 12.3 ND 12.3 61.3
Meant SD 14.0+£ 1.9 14.0+ 1.9 70.0£ 9.4
PBDE 100 20.00 18.3 ND 18.3 91.4
20.00 14.9 ND 14.9 74.3
20.00 13.1 ND 13.1 65.4
Meanz SD 15.4+ 2.6 15.4+ 2.6 77.0£ 13.2
PBDE 153 20.00 175 ND 175 87.4
20.00 15.7 ND 15.7 78.5
20.00 13.8 ND 13.8 69.0
Meant SD 157+ 1.9 1574 1.9 78.3t 9.2
PBDE 154 20.00 17.6 ND 17.6 88.1
20.00 15.1 ND 15.1 75.3
20.00 13.3 ND 13.3 66.5
Meanz SD 15.3+ 2.2 15.3t 2.2 76.6+ 10.9
PBDE 209 20.95 15.0 0.14 14.8 70.7
20.95 17.0 0.14 16.9 80.7
20.95 16.2 0.14 16.0 76.5
Meant SD \ 16.1+ 1.1 159+ 1.1 75.9£ 5.0
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Table F.5. PBDE extraction efficiencies from fitarsed in the second computer laboratory
sampling episode in February 2004. “ND” indicatest the compound was not detected.

Compound Enriched Amount Background  Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)

PBDE 47 20.00 16.1 0.06 16.1 80.4

20.00 16.3 0.06 16.2 81.0

20.00 13.5 0.06 134 67.3

Mean+ SD 15.3+ 1.5 15215 76.2: 7.7

PBDE 99 20.00 17.9 0.02 17.9 89.4

20.00 17.7 0.02 17.7 88.6

20.00 15.2 0.02 15.2 75.9

Mean+ SD 16.9+ 1.5 16.9+ 1.5 84.6+ 7.6

PBDE 100 20.00 215 0.01 214 107.2

20.00 21.5 0.02 21.4 107.2

20.00 18.1 0.02 18.0 90.2

Mean+ SD 20.3£1.7 20.3:1.7 102+ 9.8

PBDE 153 20.00 19.9 0.00 19.9 99.4

20.00 19.5 0.00 19.5 97.6

20.00 16.8 0.00 16.8 84.2

Mean+ SD 18.8+ 1.7 18.8: 1.7 93.7+ 8.3

PBDE 154 20.00 19.1 0.00 19.1 95.4

20.00 18.9 0.00 18.9 94.3

20.00 16.5 0.00 16.5 82.4

Mean+ SD 18.14 1.4 181+ 14 90. 4+ 7.2

PBDE 209 22.10 23.4 0.12 23.3 105.5

22.10 23.1 0.13 23.0 103.9

22.10 22.7 0.13 22.6 102.1

Mean+ SD 23.1+ 0.4 23.0:0.4 104+ 1.7




Table F.6. PBDE extraction efficiencies from XADa@sorbent used in the first computer
laboratory sampling episode in January 2004. “Nidlicates that the compound was not
detected.

Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)
PBDE 47 20.00 12.3 0.05 12.3 61.2
20.00 11.5 0.05 11.5 57.4
20.00 13.0 0.05 13.0 64.5
Meanx SD 12.3+ 0.7 12.3t 0.7 61.1+ 3.6
PBDE 99 20.00 13.8 0.03 13.7 68.8
20.00 13.3 0.03 13.2 66.1
20.00 14.8 0.03 14.8 73.8
Meanz SD 13.9+ 0.8 13.9£ 0.8 69.6+ 3.9
PBDE 100 20.00 14.7 ND 14.7 73.3
20.00 14.2 ND 14.2 71.2
20.00 15.9 ND 15.9 79.6
Meanx SD 14.9+ 0.9 14.9 0.9 747+ 4.4
PBDE 153 20.00 14.9 ND 14.9 74.3
20.00 15.1 ND 15.1 75.7
20.00 16.9 ND 16.9 84.7
Meanz SD 15.6+1.1 15.6£1.1 78.2+ 5.6
PBDE 154 20.00 14.7 ND 14.7 73.7
20.00 14.7 ND 14.7 73.3
20.00 16.3 ND 16.3 81.6
Meanx SD 15.2+ 0.9 15.2£ 0.9 76.2+ 4.7
PBDE 209 20.95 14.1 0.18 13.9 66.5
20.95 15.9 0.18 15.7 74.9
20.95 20.1 0.18 19.9 95.0
Meanz SD 16.7+ 3.1 16.5t 3.1 78.8+ 14.6
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Table F.7. PBDE extraction efficiencies from XADa@sorbent used in the second computer
laboratory sampling episode in February 2004. “Ni2licates that the compound was not

detected.
Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)
PBDE 47 20.00 134 0.04 13.3 66.6
20.00 12.2 0.04 12.2 60.9
20.00 14.9 0.04 14.9 74.3
Meant SD 135+ 1.4 13.5:1.4 67.3t 6.8
PBDE 99 20.00 154 0.00 15.4 77.2
20.00 14.1 0.00 14.1 70.3
20.00 17.3 0.00 17.3 86.3
Mean+ SD 15.6+ 1.6 15.6t 1.6 77.9+ 8.02
PBDE 100 20.00 17.9 0.00 17.9 89.5
20.00 16.3 0.00 16.3 81.4
20.00 20.3 0.00 20.3 101.3
Meant SD 18.2+ 2.0 18.2+ 2.0 90.7+ 10.0
PBDE 153 20.00 16.6 0.00 16.6 83.1
20.00 15.4 0.00 15.4 76.8
20.00 18.5 0.00 18.5 92.7
Mean+ SD 16.8+ 1.6 16.8t 1.6 84.2+ 8.0
PBDE 154 20.00 16.2 0.00 16.2 80.9
20.00 15.1 0.00 15.1 75.4
20.00 18.0 0.00 18.0 89.9
Mean+ SD 16.4+ 1.5 16.4+ 1.5 82.1+ 7.4
PBDE 209 22.10 24.1 0.12 24.0 108.3
22.10 21.4 0.12 21.3 96.4
22.10 22.0 0.12 21.8 98.8
Mean+ SD 225+ 1.4 22,4 1.4 101+ 6.3
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APPENDIX G

Source Strength Calculation of PBDEs from Computers

The source strength was calculated using thexalvange rate (ACH) and a simple first
order kinetics model. The calculations are a®¥wad!:

Room Size: 2.7 m 9.4 mx 4.5 m = 114.21 (V)

Concentration of C@after 3 hours, 1 person in the room, ventilatiomeéd off: 708 ppm (&)
CO, generation rate per person for office buildings.3x10° m%s per person (¢

Assuming outdoor C@is 400 ppm (Guy)
Outdoor Airflow Rate into the building (Q):

Number of building occupantsG;

5.3 ni/s x 3600 s/h

308

Q =
(Gq— Cow)
(1)x (5.3x 10° m?/s)
Q = =
(708 ppm — 400 ppm)
Q 61.948 fifh
ACH = -
Vv 114.21 th

Source Strength (S, pg/mth™) Calculation

dC
CoxACH-GxACH+S -k =
dt
Assumptions: Co = C(PBDE)
G = C(PBDE),
k (decay rate) =0
dC/dt=0
ACHx(C,—CG)+S-0 = 0

S= ACHx (C - Gy

= 0.541H

Personal computer Emission Rate (pg/h PC) Calculaih:

Sx V
Emission Rate

13 (number of PCs)

= 61.948%h



Table G.1. Source strength of PBDEs in a compatesriatory containing 13 computers sampled
for six days. The source strength was defined A€CH (air exchange rate 0.54)Cgpe. Days
with concentrations that were less than the corsaohples (computers off) are marked by “---"
implying no significant emissions from the compsten that day.
Source strength (pg/a)
Congener 1/25/041/26/04 1/27/04 2/02/04 2/03/04 2/04/04 MeartS.D.

Tri-

PBDE 17 14.0 1.86 3.91 226 552575
PBDE 25 34.8 3.47 2.78 181 10.#16.1
PBDE 28 20.4 3.00 6.30 2.71 8.09+8.34
PBDE 30 ND ND ND ND ND ND ND
PBDE 32 ND ND ND ND ND ND ND
PBDE 33 ND ND ND ND ND ND ND
PBDE 35 ND ND ND ND ND ND ND
PBDE 37 ND ND ND ND ND ND ND
Tetra-
PBDE 47 ND 114 304 52.5 65.6 62.9 120+106
PBDE 49 0.49 7.23 25.8 3.74 4.27 5.61 7.86+9.08
PBDE 66 3.40 7.87 11.1 3.63 3.97 6.31 6.04:3.02
PBDE 71 ND ND ND ND ND ND ND
PBDE 75 0.18 4.47 1.07 1.07 2.69 1.90+1.70
PBDE 77 ND ND ND ND ND ND ND
Penta-
PBDE 85 1.05 2.13 4.81 1.28 0.99 3.05 2.22+1.49
PBDE 99 17.5 57.9 95.2 36.6 28.8 37.4 45.6:27.7
PBDE 100 4.84 17.6 31.8 13.5 12.3 13.7 15.6+8.94
PBDE 116 2.29 5.59 1.15 3.95 256 3.11+1.71
PBDE 118 ND ND ND ND ND ND ND
PBDE 119 ND ND ND ND ND ND ND
PBDE 126 ND ND ND ND ND ND ND
Hexa-
PBDE 138 ND ND ND ND ND ND ND

PBDE 153 0.98 1.38 4.00 0.48 1.17 2.28 1.72+1.27
PBDE 154 0.90 1.99 3.54 2.03 1.52 2.64 3.10t0.91

PBDE 155 ND ND ND ND ND ND ND

PBDE 156 ND ND ND ND ND ND ND
Hepta-

PBDE 181 ND ND ND ND ND ND ND

PBDE 183 ND ND ND ND ND ND ND

PBDE 190 ND ND ND ND ND ND ND
Octa-

PBE 203 ND ND ND ND ND ND ND
Deca-

PBDE 209 29.4 32.1 40.6 16.2 15.9 20.7 25.8t9.90
Sum of PBDEs  58.6 244 601 141 152 167 2274192




Table G.2. Emission rates of PBDEs calculated ofpexr computer” basis. Days with
concentrations that were less than the control Esmftomputers off) are marked by “---"
implying no significant emissions from the compsten that day.
Source strength (pg/h)
Congener 1/25/041/26/04 1/27/04 2/02/04 2/03/04 2/04/04 MeantS.D.

Tri-

PBDE 17 123 16.3 34.4 19.9 48.5:50.5
PBDE 25 306 30.5 24.4 159 94.2+141
PBDE 28 179 26.4 55.3 23.8 71.1x73.3
PBDE 30 ND ND ND ND ND ND ND
PBDE 32 ND ND ND ND ND ND ND
PBDE 33 ND ND ND ND ND ND ND
PBDE 35 ND ND ND ND ND ND ND
PBDE 37 ND ND ND ND ND ND ND
Tetra-
PBDE 47 ND 998 2680 462 576 553 105Gt930
PBDE 49 4.27 63.5 227 32.9 37.5 49.2 69.1+79.8
PBDE 66 29.8 69.1 97.1 31.9 34.9 55.4 53.1+26.5
PBDE 71 ND ND ND ND ND ND ND
PBDE 75 1.61 39.2 9.44 9.39 23.7 16.#14.9
PBDE 77 ND ND ND ND ND ND ND
Penta-
PBDE 85 9.20 18.7 42.3 11.2 8.68 26.8 19.513.1
PBDE 99 153 509 837 322 253 328 400+243
PBDE 100 42.5 155 279 119 108 121 13#78.6
PBDE 116 20.1 49.1 10.1 34.7 225 27.315.0
PBDE 118 ND ND ND ND ND ND ND
PBDE 119 ND ND ND ND ND ND ND
PBDE 126 ND ND ND ND ND ND ND
Hexa-
PBDE 138 ND ND ND ND ND ND ND

PBDE 153 8.63 12.1 35.2 4.17 10.3 20.0 15.1+11.1
PBDE 154 7.88 17.5 31.1 17.8 13.4 23.2 8.4718.01

PBDE 155 ND ND ND ND ND ND ND

PBDE 156 ND ND ND ND ND ND ND
Hepta-

PBDE 181 ND ND ND ND ND ND ND

PBDE 183 ND ND ND ND ND ND ND

PBDE 190 ND ND ND ND ND ND ND
Octa-

PBE 203 ND ND ND ND ND ND ND
Deca-

PBDE 209 259 282 357 142 140 182 227+87.0
Sum of PBDEs 514 2150 5280 1230 1340 1460 200Gt1690




APPENDIX H
Meteorological Data for the Electronics Recycling Ecility Sampling Episode




Wind Rose Data for Site 1
Polybrominated Diphenyl Ethers (PBDE)
June 2, 2004 from 0700 to 1500 hours PST

15 minute averages

N
2 '
2.56 56 0.00 i
513 0.00
0.00
. (O frrsomsmensenst R T S A== 7Y T) DO— 0.00-— E
0.00
30.77 000
‘ 0,00
" 23.08 i
S
— B drow ot 109 el
ings drawn a intervals,
01 35 69 115 184 242 Wind fiow is FROM the directions shown.
Wind Speed ( Miles Per Hour) o observations were missing.
PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour) PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
N 2.56 0.00 0.00 0.00 0.00 0.00 s 0.00 0.00 0.00 0.00 0.00 0.00
NNE 0.00 0.00 0.00 0.00 0.00 0.00 SSw 5.13 5.13 0.00 0.00 0.00 0.00
NE 0.00 0.00 0.00 0.00 0.00 0.00 SW 12.82 10.26 0.00 0.00 0.00 0.00
ENE 0.00 0.00 0.00 0.00 0.00 0.00 WSW 1538 15.38 0.00 0.00 0.00 0.00
E 0.00 0.00 0.00 0.00 0.00 0.00 w 0.00 5.13 0.00 0.00 0.00 0.00
ESE 0.00 0.00 0.00 0.00 0.00 0.00 WNW 5.13 0.00 0.00 0.00 0.00 0.00
SE 0.00 0.00 0.00 0.00 0.00 0.00 Nw 5.13 0.00 0.00 0.00 0.00 0.00
SSE 0.00 0.00 0.00 0.00 0.00 0.00 NNW 2.56 0.00 0.00 0.00 0.00 0.00
TOTALOBS = 39 MISSINGOBS= 0 CALM OBS= 6 PERCENT CALM =15.38
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Table H1. Raw meteorological data for the JuneéDR4Zampling event at the electronics
recycling facility.

Time Wind Wind Temperature Relative

(minutes)  speed Direction © Humidity

(MPH) (degrees) (%)
7:00 3.6 212.7 18.7 62.6
7:15 3.7 217 19 62.3
7:30 3.4 226.5 194 61
7:45 3.3 235.4 20 59.4
8:00 3 250.4 20.2 59.3
8:15 2.6 194 21.3 56.9
8:30 2 242.8 22.1 54.6
8:45 2.7 295.4 22.6 53.2
9:00 2.6 245 23.1 51.6
9:15 2.9 241.6 23.7 49.4
9:30 2.5 227.9 24.7 46.9
9:45 3.1 229.7 25 44.9
10:00 2.7 208.4 25.9 43.6
10:15 2.5 256 26.9 41
10:30 2.9 292.8 27.3 38.9
10:45 3 331.8 28 37.6
11:00 3.4 316.7 28.4 34.6
11:15 2.8 236.5 29.1 33.4
11:30 3.1 354.7 29.7 32.8
11:45 3.5 226.6 30.2 31.8
12:00 3.7 261.7 30.8 30.3
12:15 3.6 224.9 31.1 30.2
12:30 3.7 206.6 32 29
12:45 3.2 307 31.9 28.8
13:00 4.4 252.9 325 28.4
13:15 4.5 238.7 32.9 27
13:30 4.5 272.4 32.8 25.9
13:45 4 241.1 33 25.8
14:00 5.6 219.2 33.5 24.7
14:15 4.6 256 334 25.5
14:30 6.2 226.7 33.7 25
14:45 5.3 258.6 33.6 26.4
15:00 5.2 247.9 33.7 27.3
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Wind Rose Data for Site 1
Polybrominated Diphenyl Ethers (PBDE)
June 3, 2004 from 0700 to 1500 hours PST
15 minute averages

N
0.00 0'?0 0.00
000 7 1 Tl 000
0.00
L E
0.00
i 7 o000
L 0.00
51.28
S
—— e )| Ealms&nclude? 236 iqntter. |
ings drawn a intervals.
01 35 69 115 184 242 Wind fiow Is FROM the directions shown.
Wind Speed ( Miles Per Hour) No observations were missing.
PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour) PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DIR 0.1 3.5 69 115 184 242 DIR 0.1 35 69 115 184 242
N 0.00 0.00 0.00 0.00 0.00 0.00 S 000 256  0.00 0.00 0.00 0.00
NNE 0.00 0.00 0.00 0.00 0.00 0.00 SSW  0.00 30.77 20.51 0.00 0.00 0.00
NE 000 0.00 0.00 0.00 0.00 0.00 SW  0.00 2051 256  0.00 0.00 0.00
ENE 0.00 0.00 0.00 000 0.00 0.00 WSW  0.00 769  0.00 0.00 0.00 0.00
E 000 0.00 0.00 0.00 0.00 0.00 W 0.00 0.00  0.00 0.00 0.00  0.00
ESE 000 0.00 0.00 0.00 0.00 0.00 WNW  0.00 0.00 0.00 0.00 0.00 0.00
SE  0.00 0.00 0.00 0.00 0.00 0.00 NW  0.00 0.00 0.00 0.00 0.00 0.00
SSE 000 0.00 0.00 0.00 000 0.00 NNW  0.00 0.00  0.00 0.00 0.00 0.00
TOTALOBS = 39 MISSINGOBS= 0 CALM OBS= 6 PERCENT CALM= 1538




Table H2. Raw meteorological data for the JuneédB4Zampling event at the electronics
recycling facility.

Time Wind Wind Temperature Relative

(minutes) speed  Direction © Humidity

(MPH)  (degrees) (%)
7:00 8.3 210.8 15.3 78.2
7:15 8.6 202.9 15.7 76.5
7:30 7 215.2 16.2 74.8
7:45 7.9 207.2 16.6 72.6
8:00 6.9 193.8 17.6 70
8:15 7.1 198.1 18.3 66.5
8:30 7 203.6 18.5 66
8:45 7.9 203.9 18.6 65.5
9:00 6.8 213.8 19.2 63
9:15 7.2 207.2 19.4 62.1
9:30 6.8 200.7 20.1 58.7
9:45 6.9 214.9 20.2 58.8
10:00 7.3 197.8 20.8 56.6
10:15 6.5 207.9 21.3 55.3
10:30 6.7 202.1 21.7 53.1
10:45 6.2 199.9 22.1 52.4
11:00 5.7 201.5 22.9 49.8
11:15 5.6 211.4 23.4 48.8
11:30 5.1 201.4 23.9 46.2
11:45 5.6 207.1 24.7 43.9
12:00 5 211 25.2 42.4
12:15 4.5 217.1 25.7 40.3
12:30 4.3 181.5 26.6 39.1
12:45 5.5 206.4 27 35.8
13:00 5.5 206.2 27.9 34.1
13:15 5.9 216.1 28.2 34.2
13:30 5.7 231.9 28.8 33.6
13:45 6.3 218.6 29.1 31.9
14:00 6.6 237.1 29 32.6
14:15 6.2 236.9 29.2 31.1
14:30 5.7 213.8 29.8 30.6
14:45 5.7 220.3 30.2 29.7
15:00 6.8 241.3 30 31
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Wind Rose Data for Site 1
Polybrominated Diphenyl Ethers (PBDE)
June 4, 2004 from 0700 to 1445 hours PST

15 minute averages

N

To00. L 000

J283, 7 T o000

W o 18 ek t0) 000

000

21.05 000

23.68 e
S
S——— G drawn ot 20 triaal
1N intervais.
01 35 69 115 184 242 Wind flow 1 FROM the directions shown.
Wind Speed ( Miles Per Hour) No observations were missing.
PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour) PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DIR 0.1 ki 69 1L5 184 242 DIR 0.1 35 69 1L5 184 242
N 000 000 000 000 000 0.00 5 526  0.00 0.00 0.00 0.00 0.00
NNE 000 000 000 000 000 0.00 SSW 263 13.16 0.00 0.00 0.00 0.00
NE 0.00 0.00 0.00 0.00 0.00 0.00 SW 526 1842 0.00 0.00 0.00 0.00
ENE 0.00 000 000 000 0.00 000 WSW 7.89 13.16 0.00 0.00  0.00 0.00
E 0.00 0.00 0.00 0.00 0.00 0.00 W 7.89 0.00 0.00 0.00 0.00 0.00
ESE 000 000 000 000 000 0.00 WNW 263 0.00 0.00 0.00  0.00 0.00
SE 0.00 0.00 0.00 0.00 0.00 0.00 NW 0.00 0.00 0.00 0.00 0.00 0.00
SSE 789 000 000 000 0.00 000 NNW  0.00 0.00 0.00 0.00  0.00 0.00
TOTALOBS = 38 MISSINGOBS= 0 CALM OBS= 6 PERCENT CALM =15.79




Table H3. Raw meteorological data for the Juned@4Zampling event at the electronics
recycling facility.

Time Wind Wind Temperature  Relative

(minutes) speed  Direction © Humidity

(MPH)  (degrees) (%)
7:00 2.8 154.3 16.1 73.4
7:15 2.5 182.5 16.3 71.8
7:30 2.2 154.2 16.8 70.1
7:45 3.1 170.6 17.2 68.5
8:00 3.2 146.5 17.9 65.9
8:15 2.8 216 18.5 63.7
8:30 3.1 212.5 18.9 62.1
8:45 3.6 200.5 19.8 59.8
9:00 3.7 245 20 59.1
9:15 3.8 240.9 20.4 59.8
9:30 3.4 226.9 21 58.5
9:45 3.7 244.1 21.7 56.9
10:00 2.6 250.6 21.9 56.3
10:15 3.3 260.7 22.2 55.1
10:30 2.7 244.6 22.7 54.3
10:45 3.2 264.3 23.4 51.9
11:00 3.3 269.6 23.9 49.3
11:15 3.3 284.9 24.5 48
11:30 3.3 246.7 25.2 45.2
11:45 3.6 227 25.7 43.5
12:00 3.6 206.9 26.1 42.6
12:15 3.8 240.6 26.8 41.3
12:30 4.1 257.3 27.2 40.3
12:45 4.9 235.5 27.7 40.9
13:00 4.5 227.6 27.7 38.8
13:15 5.8 222.5 27.9 39.4
13:30 6.2 201.5 28 41.4
13:45 5.6 217.3 28.4 37.9
14:00 4.9 231.4 28.8 34.6
14:15 5.6 226.7 29.5 33.2
14:30 5.7 210.8 30 33.9
14:45 6.5 213.1 30.3 32.2
7:00 2.8 154.3 16.1 73.4
92



APPENDIX |
Blank, Limit of Detection and Recovery Efficiency Results for the Electronics
Recycling Facility Sampling Episode.

Table I.1. Background PBDE concentrations (pty/imthe sampling matrices (n= 3) from the
electronics recycling facility. “ND” indicates th#te chemical was not detected.

Congener Indoor Air Sampler (7.30 M Outdoor Air Sampler (265.8
Filter XAD-2 Filter XAD-2
Tri-
PBDE 17 ND ND ND ND
PBDE 25 ND ND ND ND
PBDE 28 ND ND ND ND
PBDE 30 ND ND ND ND
PBDE 32 ND ND ND ND
PBDE 33 ND ND ND ND
PBDE 35 ND ND ND ND
PBDE 37 ND ND ND ND
Tetra-
PBDE 47 6.75+ 0.32 7.70: 2.04 0.70Gt 0.37 0.7# 0.10
PBDE 49 ND ND ND ND
PBDE 66 ND ND ND ND
PBDE 71 ND ND ND ND
PBDE 75 ND ND ND ND
PBDE 77 ND ND ND ND
Penta-
PBDE 85 ND ND ND ND
PBDE 99 ND ND 0.90+ 0.92 0.35 0.06
PBDE 100 ND ND 0.17+0.19 0.1+ 0.04
PBDE 116 ND ND ND ND
PBDE 118 ND ND ND ND
PBDE 119 ND ND ND ND
PBDE 126 ND ND ND ND
Hexa-
PBDE 138 ND ND ND ND
PBDE 153 ND ND ND ND
PBDE 154 ND ND ND ND
PBDE 155 ND ND ND ND
PBDE 166 ND ND ND ND
Hepta
PBDE 181 ND ND ND ND
PBDE 183 ND ND ND ND
PBDE 190 ND ND ND ND
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Table I.1. (cont.)

Octa-
PBDE 196 ND ND ND ND
PBDE 197 ND ND ND ND
PBDE 203 ND ND ND ND
Nona-
PBDE 206 ND ND ND ND
PBDE 207 ND ND ND ND
PBDE 208 ND ND ND ND
Deca-
PBDE 209 ND ND 0.73+x1.12 ND
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Table 1.2. Limit of Detection for PBDEs (expressasi pg/m) for the indoor and outdoor air
samplers used in the electronics recycling facgigynpling episode. The values represent the

mean = SD of three determinations.

Congener Indoor Air (7.30Th  Outdoor Air (265.8 )
Tri-
PBDE 17 6.78+ 3.01 0.186 0.083
PBDE 25 8.25+ 3.52 0.226: 0.097
PBDE 28 7.20+ 2.68 0.19& 0.074
PBDE 30 5.06+ 2.27 0.13% 0.062
PBDE 32 6.78+ 3.01 0.186 0.083
PBDE 33 8.26+ 3.49 0.22°# 0.096
PBDE 35 9.60+ 2.67 0.264+ 0.073
PBDE 37 11.5+3.78 0.31A# 0.104
Tetra-
PBDE 47 6.28+ 2.33 0.172 0.064
PBDE 49 7.11+ 3.22 0.195 0.088
PBDE 66 8.90+ 3.44 0.244+ 0.095
PBDE 71 5.95+ 2.62 0.163 0.072
PBDE 75 5.11+1.40 0.142: 0.038
PBDE 77 6.37+ 1.67 0.175 0.046
Penta-
PBDE 85 (n=1) 9.91 0.272
PBDE 99 7.03+ 3.02 0.193 0.083
PBDE 100 5.39+ 2.20 0.148 0.060
PBDE 116 7.21+ 2.83 0.198& 0.078
PBDE 118 10.3+6.30 0.282: 0.173
PBDE 119 5.98+ 2.34 0.164+ 0.064
PBDE 126 9.85+ 3.02 0.271 0.087
Hexa-
PBDE 138 7.90+ 3.07 0.21# 0.084
PBDE 153 6.80+ 2.50 0.18# 0.069
PBDE 154 6.00+ 2.52 0.165 0.069
PBDE 155 (n=1) 6.38 0.175
PBDE 166 12.8+ 2.83 0.350+ 0.078
Hepta-
PBDE 181 21.8+9.25 0.59% 0.254
PBDE 183 11.2+2.76 0.306 0.076
PBDE 190 27.8+10.0 0.765 0.275
Deca-
PBDE 209 26.1+11.5 0.718 0.317




Table 1.3. PBDE extraction efficiency from outd@or sampler filters. “ND” indicates that the
analyte was not detected.

Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)
PBDE 1 15.00 12.4 ND 12.4 82.8
15.00 9.76 ND 9.76 65.1
15.00 11.6 ND 11.6 77.4
Mean+ SD 11.3+ 14 11.3+ 1.4 75.1+ 9.07
PBDE 15 14.01 11.9 ND 11.9 85.2
14.01 11.0 ND 11.0 78.7
14.01 11.1 ND 11.1 79.3
Mean+ SD 11.4+ 0.5 11.4+ 0.5 81.* 3.6
PBDE 30 15.00 14.0 ND 14.0 93.0
15.00 134 ND 134 89.2
15.00 13.7 ND 13.7 91.6
Mean+ SD 13.7+0.3 13.7+ 0.3 91.3 1.9
PBDE 47 15.00 12.4 0.19 12.2 81.6
15.00 13.0 0.19 12.8 85.2
15.00 13.1 0.19 12.9 86.2
Mean+ SD 12.8+ 0.4 12.7+ 0.4 84.4 2.4
PBDE 99 15.00 13.3 0.24 13.0 86.7
15.00 13.7 0.24 13.5 89.7
15.00 14.0 0.24 13.7 91.5
Mean+ SD 13.6£ 0.4 13.4+ 0.4 89.3t 2.4
PBDE 100 15.00 15.0 0.05 15.0 99.7
15.00 15.8 0.05 15.8 105.3
15.00 15.9 0.05 15.9 105.9
Mean+ SD 15.6+ 0.5 15.6£ 0.5 104+ 3.4
PBDE 153 15.00 14.2 ND 14.2 94.7
15.00 15.5 ND 15.5 103.1
15.00 15.3 ND 15.3 102.1
Mean+ SD 15.0+ 0.7 15.0+ 0.7 100+ 4.6
PBDE 154 15.00 14.6 ND 14.6 97.0
15.00 15.6 ND 15.6 103.7
15.00 15.6 ND 15.6 104.1
Mean+ SD 15.2+ 0.6 15.2+ 0.6 102+ 4.0
PBDE 190 15.00 13.2 ND 13.2 87.7
15.00 154 ND 154 102.6
15.00 14.9 ND 14.9 99.5
Meanz SD 145+ 1.2 145+ 1.2 96.6+ 7.9
PBDE 203 15.00 13.3 ND 13.3 88.9
15.00 13.1 ND 13.1 87.2
15.00 12.6 ND 12.6 84.3
Meanz+ SD 13.0+ 0.4 13.0+ 0.4 86.8+ 2.3
PBDE 208 15.00 12.4 ND 12.4 82.3
15.00 12.1 ND 12.1 80.9
15.00 11.5 ND 11.5 76.8
Meanz SD 12.0+ 0.4 12.0+ 0.44 80.0t 2.9
PBDE 209 15.15 154 0.19 154 100.7
15.15 16.2 0.19 16.2 105.7
15.15 15.9 0.19 15.9 103.8
Meanz SD 15.9+ 0.4 15.9+ 0.4 103+ 2.5
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Table 1.4. PBDE extraction efficiency from outd@or sampler XAD-2. “ND” indicates that the
analyte was not detected.

Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)

PBDE 1 15.00 8.93 ND 8.93 59.5
15.00 104 ND 104 69.2
15.00 9.64 ND 9.64 64.2

Mean+ SD 9.65+ 0.73 9.65+ 0.73 64.3t 4.8
PBDE 15 14.01 12.5 ND 12.5 89.4
14.01 12.2 ND 12.2 87.0
14.01 13.4 ND 13.4 95.9

Mean+ SD 12.7+0.7 12.7+ 0.7 90.8 4.6
PBDE 30 15.00 14.1 ND 14.1 94.3
15.00 13.7 ND 13.7 91.0
15.00 154 ND 154 103

Mean+ SD 14.4+ 0.9 14.4+ 0.9 95.%+ 5.9

PBDE 47 15.00 13.5 0.21 13.3 88.7
15.00 11.0 0.21 10.8 71.8

15.00 14.3 0.21 14.1 94.1

Mean+ SD 12.9+ 1.8 129+ 1.8 84.9+ 11.6

PBDE 99 15.00 13.7 0.09 13.6 90.9
15.00 11.3 0.09 11.2 74.8

15.00 15.1 0.09 15.0 100

Mean+ SD 13.4+19 13.3+1.9 88.7+12.8

PBDE 100 15.00 15.3 0.03 15.3 102
15.00 12.3 0.03 12.3 81.9

15.00 16.5 0.03 16.5 110

Mean+ SD 14.7+ 2.2 147+ 2.2 98.0+ 14.5
PBDE 153 15.00 13.8 ND 13.8 91.9
15.00 11.3 ND 11.3 75.2

15.00 15.8 ND 15.8 105.4

Mean+ SD 13.6£ 2.3 13.6+ 2.3 90.8+ 15.1
PBDE 154 15.00 14.3 ND 14.3 95.1
15.00 11.7 ND 11.7 77.6
15.00 16.1 ND 16.1 107

Mean+ SD 14.0+ 2.2 14.0£ 2.2 93.3+ 14.8
PBDE 190 15.00 8.86 ND 8.86 59.1
15.00 9.08 ND 9.08 60.5
15.00 12.1 ND 12.1 81.0

Meanz SD 10.0+ 1.8 10.0+ 1.8 66.8+ 12.2
PBDE 203 15.00 17.6 ND 17.6 118
15.00 16.8 ND 16.8 112
15.00 20.6 ND 20.6 137

Meanz+ SD 12.0+ 2.0 12.0+ 2.0 122+ 13.3
PBDE 208 15.00 12.8 ND 12.8 85.0
15.00 12.0 ND 12.0 80.2
15.00 14.4 ND 14.4 95.8

Meanz SD 13.1+ 1.2 13.1+1.2 87.0+ 8.0
PBDE 209 15.15 17.9 ND 17.9 118
15.15 16.0 ND 16.0 105
15.15 17.7 ND 17.7 117

Meanz SD 17.2¢ 1.1 17.2+ 1.1 113+ 6.9
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Table I.5. PBDE extraction efficiency from indoar sampler filters. “ND” indicates that the
analyte was not detected.

Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)

PBDE 1 10.00 6.8 ND 6.8 68.1
10.00 9.9 ND 9.9 99.4
10.00 10.0 ND 10.0 99.5

Mean+ SD 8.90+ 1.81 8.90+ 1.81 89.0 18.1
PBDE 15 9.34 8.32 ND 8.32 89.1
9.34 7.06 ND 7.06 75.6
9.34 10.0 ND 10.0 108

Mean+ SD 8.47+1.50 8.47+1.50 90.%16.0
PBDE 30 10.00 10.1 ND 10.1 101
10.00 11.5 ND 115 115
10.00 12.4 ND 12.4 124

Mean+ SD 11.3+ 1.1 11.3+1.1 113+ 114

PBDE 47 10.00 9.34 0.05 9.29 92.9
10.00 3.99 0.05 3.94 394

10.00 8.09 0.05 8.04 80.4

Mean+ SD 7.14+ 2.80 7.09% 2.80 70.9 27.9
PBDE 99 10.00 10.5 ND 10.5 105
10.00 4.46 ND 4.46 44.6
10.00 9.01 ND 9.01 90.1

Mean+ SD 7.99+ 3.15 7.99+ 3.15 79.9 31.5
PBDE 100 10.00 11.2 ND 11.2 112
10.00 4.96 ND 4.96 49.6
10.00 9.61 ND 9.61 96.1

Mean+ SD 8.59+ 3.25 8.59+ 3.25 85.9 32.5
PBDE 153 10.00 10.9 ND 10.9 109
10.00 5.06 ND 5.06 50.6
10.00 9.75 ND 9.75 97.5

Mean+ SD 8.56+ 3.09 8.56+ 3.09 85.6+ 30.9
PBDE 154 10.00 114 ND 114 114
10.00 4.98 ND 4.98 49.8
10.00 9.71 ND 9.71 97.1

Mean+ SD 8.69+ 3.32 8.69+ 3.32 86.9 33.2
PBDE 190 10.00 9.50 ND 9.50 95.0
10.00 12.2 ND 12.2 122
10.00 154 ND 154 154

Meanz SD 12.4+ 2.9 124+ 2.9 124+ 29.4
PBDE 203 10.00 9.57 ND 9.57 95.7
10.00 7.69 ND 7.69 76.9
10.00 8.24 ND 8.24 82.4

Meanz+ SD 8.50+ 0.97 8.50+ 0.97 85.0t 9.7
PBDE 208 10.00 8.95 ND 8.95 89.5
10.00 7.28 ND 7.28 72.8
10.00 7.70 ND 7.70 77.0

Meanz SD 7.97+ 0.87 7.97+ 0.87 79.8 8.7
PBDE 209 10.10 11.3 ND 11.3 112
10.10 8.22 ND 8.22 81.4
10.10 10.6 ND 10.6 105

Meanz SD 10.1+ 1.6 10.1+ 1.6 99.7+ 16.2
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Table I1.6. PBDE extraction efficiency from indoor sampler XAD-2. “ND” indicates that the
analyte was not detected.

Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)

PBDE 1 10.00 8.68 ND 8.68 86.8
10.00 7.98 ND 7.98 79.8
10.00 10.5 ND 10.5 105

Mean+ SD 9.04+ 1.27 9.04+ 1.27 90.4+ 12.7
PBDE 15 9.34 8.95 ND 8.95 95.8
9.34 9.19 ND 9.19 98.4
9.34 9.99 ND 9.99 107

Mean+ SD 9.38+ 0.54 9.38+ 0.54 100+ 5.8
PBDE 30 10.00 11.5 ND 11.5 115
10.00 114 ND 114 114
10.00 12.2 ND 12.2 122

Mean+ SD 11.7+#0.5 11.7+0.5 117+ 4.6

PBDE 47 10.00 9.84 0.06 9.79 97.9
10.00 10.6 0.06 10.6 106

10.00 10.8 0.06 10.7 107

Mean+ SD 10.4+ 0.5 10.4+ 0.5 104+ 4.9
PBDE 99 10.00 10.7 ND 10.7 107
10.00 11.7 ND 11.7 117
10.00 11.8 ND 11.8 118

Mean+ SD 11.4+ 0.6 11.4+ 0.6 114+ 6.2
PBDE 100 10.00 11.6 ND 11.6 116
10.00 12.8 ND 12.8 128
10.00 12.8 ND 12.8 128

Mean+ SD 12.4+ 0.7 12.4+ 0.7 124+ 7.1
PBDE 153 10.00 114 ND 114 114
10.00 12.5 ND 12.5 125
10.00 12.3 ND 12.3 123

Mean+ SD 12.1+ 0.6 12.1+ 0.6 121+ 5.6
PBDE 154 10.00 11.6 ND 11.6 116
10.00 12.7 ND 12.7 127
10.00 12.7 ND 12.7 127

Mean+ SD 12.3+ 0.7 12.3+ 0.7 123+ 6.6
PBDE 190 10.00 11.0 ND 11.0 110
10.00 11.7 ND 11.7 117
10.00 10.8 ND 10.8 108

Meanz SD 11.20.5 11.2+ 0.5 112+ 4.5
PBDE 203 10.00 11.8 ND 11.8 118
10.00 12.5 ND 12.5 125

10.00 9.96 ND 9.96 99.6

Meanz+ SD 11.4+ 1.3 114+ 1.3 114+ 12.9
PBDE 208 10.00 11.5 ND 115 115
10.00 11.5 ND 115 115

10.00 9.06 ND 9.06 90.6

Meanz SD 10,714 10.7+ 1.4 107+ 14.1
PBDE 209 10.10 12.1 ND 12.1 120
10.10 12.3 ND 12.3 122
10.10 11.4 ND 11.4 113

Meanz SD 11.9+ 0.5 11.9+ 0.5 118+ 4.5
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APPENDIX J
Particulate and Adsorbent Concentrations from HighVolume Air Samplers
at an Electronics Recycling Facility.

Table J.1. Filter-collected concentrations of PROEg/n) collected by four high-volume air
samplers outside an electronics recycling faciliiyhe results for the three individual sampling
days are presented. “ND” indicates that the chalvi@s not detected. Octa- and nona-PBDEs
could not be quantified due to an analytical irdeghce.

Congener Sa(rjnap;/hng Filter 1 Filter 2 Filter 3 Filter 4
Tri-
PBDE 17 06/02/04 0.62 0.39 0.96 0.30
06/03/04 0.40 0.36 0.45 0.25
06/04/04 1.02 0.43 0.52 0.26
PBDE 25 06/02/04 0.67 ND 0.84 ND
06/03/04 0.26 ND 0.23 ND
06/04/04 0.77 0.33 ND 0.41
PBDE 28 06/02/04 0.95 1.02 ND ND
06/03/04 1.22 ND ND ND
06/04/04 2.57 1.21 ND ND
PBDE 30 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 32 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 33 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 35 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 37 06/02/04 ND ND ND ND
06/03/04 1.48 ND ND ND
06/04/04 2.60 1.50 ND ND
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Table J.1. (cont.)

Tetra-
PBDE 47 06/02/04 17.1 154 7.26 8.67
06/03/04 18.6 4.77 3.74 6.53
06/04/04 50.4 20.0 3.49 4.24
PBDE 49 06/02/04 11.9 9.72 3.05 1.99
06/03/04 12.5 3.17 1.88 1.63
06/04/04 25.0 11.6 1.55 1.26
PBDE 66 06/02/04 3.62 3.54 1.92 2.05
06/03/04 4.46 1.37 1.07 1.40
06/04/04 9.03 5.28 1.33 1.26
PBDE 71 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 75 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 77 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
Penta-
PBDE 85 06/02/04 2.56 2.16 1.66 ND
06/03/04 2.47 ND ND ND
06/04/04 5.98 2.92 ND ND
PBDE 99 06/02/04 22.5 16.9 8.31 9.73
06/03/04 22.8 4.39 411 8.36
06/04/04 77.5 26.2 4.06 4.93
PBDE 100 06/02/04 4.03 3.67 1.75 2.29
06/03/04 3.78 1.03 1.03 2.00
06/04/04 13.9 4.44 0.92 1.18
PBDE 116 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 118 06/02/04 2.58 2.57 1.42 ND
06/03/04 3.30 ND ND ND
06/04/04 5.27 3.37 ND ND
PBDE 119 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 126 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND




Table J.1. (cont.)

Hexa-

PBDE 138 06/02/04 3.98 4.25 ND ND
06/03/04 571 ND ND ND
06/04/04 6.75 ND ND ND

PBDE 153 06/02/04 63.5 56.9 9.22 6.37
06/03/04 88.5 6.03 3.71 3.31
06/04/04 148 46.0 5.05 3.47

PBDE 154 06/02/04 11.4 11.2 2.70 2.03
06/03/04 86.3 3.16 1.37 3.70
06/04/04 52.3 21.7 1.80 1.47

PBDE 155 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

PBDE 166 06/02/04 1.43 ND ND ND
06/03/04 2.50 ND ND ND
06/04/04 2.19 1.47 ND ND

Hepta-

PBDE 181 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

PBDE 183 06/02/04 163 157 19.2 7.21
06/03/04 362 15.8 6.39 6.18
06/04/04 456 162 8.84 6.63

PBDE 190 06/02/04 6.74 8.50 ND ND
06/03/04 13.6 ND ND ND
06/04/04 16.2 8.28 ND ND

Deca-

PBDE 209 06/02/04 4370 3130 516 167
06/03/04 7730 424 140 290
06/04/04 11300 4120 478 179




Table J.2. XAD-2 collected concentrations of PBIfg/nT) collected by four high-volume air

samplers outside an electronics recycling faciliiyne XAD-2 concentrations represent PBDES
present in the gas phase as well as PBDEs thatageaeiated with particulate matter, but then
volatilized from the particulate matter during saengollection. The results for the three

individual sampling days are presented.

“ND” irdes that the chemical was not detected.

Octa- and nona-PBDEs could not be quantified dwtanalytical interference.

Sampling XAD-2 XAD-2 XAD-2 XAD-2
Congener day adsorbent adsorbent adsorbent adsorbent
Sampler #1  Sampler #2 Sampler #3 Sampler #4
Tri-
PBDE 17 06/02/04 4.75 5.18 3.30 4.14
06/03/04 3.86 1.96 1.22 1.48
06/04/04 2.35 2.50 1.88 1.27
PBDE 25 06/02/04 4.00 4.12 1.54 0.66
06/03/04 3.53 1.37 0.43 0.35
06/04/04 2.00 1.91 0.85 0.38
PBDE 28 06/02/04 154 16.8 7.91 104
06/03/04 12.5 6.02 2.59 3.47
06/04/04 7.95 7.86 3.98 2.87
PBDE 30 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 32 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 33 06/02/04 1.23 1.28 1.36 0.93
06/03/04 1.36 0.95 0.89 ND
06/04/04 0.96 1.07 ND ND
PBDE 35 06/02/04 1.07 1.11 1.11 ND
06/03/04 1.13 0.70 ND ND
06/04/04 0.83 0.85 0.79 ND
PBDE 37 06/02/04 6.17 8.10 3.10 1.73
06/03/04 6.87 3.06 1.50 1.34
06/04/04 5.15 5.38 2.33 1.42
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Table J.2. (cont.)

Tetra-
PBDE 47 06/02/04 108 89.3 75.8 119
06/03/04 58.9 30.8 26.5 35.1
06/04/04 42.2 40.1 32.9 28.3
PBDE 49 06/02/04 21.3 21.9 9.70 9.85
06/03/04 15.3 8.13 4.44 3.68
06/04/04 11.7 11.4 5.94 3.29
PBDE 66 06/02/04 6.35 6.29 4.86 4.45
06/03/04 5.01 2.90 2.08 2.05
06/04/04 3.66 3.80 2.83 1.68
PBDE 71 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 75 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 77 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
Penta-
PBDE 85 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 99 06/02/04 19.4 13.2 11.6 16.2
06/03/04 10.5 4.66 4.75 4.64
06/04/04 7.44 6.10 5.80 4.27
PBDE 100 06/02/04 7.32 5.97 5.24 6.94
06/03/04 3.90 2.21 2.01 2.07
06/04/04 2.82 2.80 2.42 1.85
PBDE 116 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 118 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 119 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND
PBDE 126 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND




Table J.2. (cont.)

Hexa-

PBDE 138 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

PBDE 153 06/02/04 3.70 3.51 ND 1.47
06/03/04 1.77 1.34 ND ND
06/04/04 1.43 1.61 1.35 ND

PBDE 154 06/02/04 1.86 1.64 0.79 0.79
06/03/04 0.43 0.55 ND ND
06/04/04 1.28 1.07 0.63 ND

PBDE 155 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

PBDE 166 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

Hepta-

PBDE 181 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

PBDE 183 06/02/04 7.57 7.98 ND ND
06/03/04 3.25 ND ND ND
06/04/04 ND 3.05 ND ND

PBDE 190 06/02/04 ND ND ND ND
06/03/04 ND ND ND ND
06/04/04 ND ND ND ND

Deca-

PBDE 209 06/02/04 204 41.1 8.16 3.35
06/03/04 52.0 8.54 8.99 9.42
06/04/04 194 65.4 8.61 3.95




APPENDIX K
Octa- and Nona-PBDE Detection Problems with Field &nples

The analysis of field-collected high-volume aimgdes showed a problem with the
detection of octa- and nona-PBDEs. This problers nat observed with the high-volume air
samples collected at UC Davis prior to the samptiagnpaigns because of the lack of the octa-
and nona-PBDEs standards.

Figure K.1 demonstrates the present of impurineBDE 209 standard observed in each
analysis of this compound. These impurities welge to octa- and nona-PBDEs standard,
identified as octa-PBDEs 196, 197 and 203 and mBRaEs 206, 207 and 208 together with
heptabrominated dibenzofuran. Figure K.2 represantiromatogram of calibration standards
(level 3): octa-, nona-PBDEs and polybrominatedced#nfurans used to identify impurities in
PBDE 209 standard.

The concentration of octa- and nona-PBDEs in thepéadepended on the concentration
of PBDE 209 presented in the sample. Higher canagon of PBDE 209, higher concentration
of octa- and nona-PBDEs. The same is applied éptadbrominated dibenzofuran. Therefore it
was complicated to determine the concentration ehttoned compounds originated from air
samples. The ratio of octa- and nona-PBDEs to PB@¥EWas not calculated.
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i:igure K.1. Chromatogram of a standard of PBDE @@@re ion m/z 79 [Brjwas monitored.
The impurities were identified as octa-, nona-PBREd heptabrominated dibenzofuran.
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]:igure K.2. Chromatogram of calibration standategg] 3): octa-, nona-PBDEs, PBDE 209 and
heptabrominated dibenzofuran together With,-PBDE 209 as an internal standard mixed

together. This chromatogram was used to identifyurities in PBDE 209 standard. Once again,
ion m/z 79 [Br] was monitored.



APPENDIX L
Meteorological Data for the Automotive Shredding Faility Sampling Episode




Wind Rose Data
for PBDE Monitoring Site 2
September 13-14, 2004 from 1400 to 1400

15 minute averages
N

T2
W o = 2404 K
11.54
S
—— s Edms&nc!udetti %lvcgn‘ter. |
ings drawn at 5% intervals.
01 35 69 115 184 242 Wind flow is FROM the directions shown.
Wind Speed ( Miles Per Hour) No observations were missing.
PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour) PERCENT OCCURRENCE: Wind Speed { Miles Per Hour}
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DIR 0.1 3.3 69 115 184 242 DIR 01 35 69 115 184 242
N 1058 0.00 0.00 0.00 0.00 000 b (.96 0.96 0.00 0.00 0.00 0.00
NNE 000 000 000 000 000 000 SSW 096 1346 288 000 000 0.00
NE 0.00 G.00 0.00 0.00 0.00 0.00 SwW 0.00 6.73 2.88 0.00 0.00 0.00
ENE 1.92 0.00 0.00 0.00 0.00 0.00 WEW 096 385 3.85 0.00 0.00 0.00
E 7.69 1538 0.96 0.00 0.00 0.00 w000 0.96 0.00 0.00 0.00 0.00
ESE 4381 6.73 .00 0.00 0.00 0.00 WNW  0.00 0.00 0.00  0.00 0.00 0.00
SE 000 0% 000 000 000 000 NW 000 000 000 000 000 000
SSE 0.96 1.92 0.00 0.00 0.00 .00 NNW 288 0.00 0.00  0.00 0.00 0.00
TOTALOBS = 104 MISSINGOBS= 0 CALM OBS= 7 PERCENT CALM = 6.73




Table L.1. Raw meteorological data for the SepttalSept. 14, 2004 sampling event at the
automotive shredding and metal recycling facility.

Date Time Wind wind Temperature Relative
(minutes) speed Direction © Humidity
(MPH) (degrees) (%)

9/13/2004 14:00 9.6 247.1 20.2 70.4
9/13/2004 14:15 9.1 246.1 20.1 71.2
9/13/2004 14:30 7.7 255.1 20.2 70.6
9/13/2004 14:45 6.3 260.4 20.2 70

9/13/2004 15:00 5.9 237.2 19.8 72.1
9/13/2004 15:15 8.2 226.3 20 71.7
9/13/2004 15:30 7 222.8 20.2 71

9/13/2004 15:45 8.8 205 20 72.4
9/13/2004 16:00 7.9 209.8 20.1 71

9/13/2004 16:15 8.7 228.3 20.2 69.2
9/13/2004 16:30 7.5 239.8 19.8 67.7
9/13/2004 16:45 5.6 250.8 19.8 67.9
9/13/2004 17:00 55 245 19.6 68.9
9/13/2004 17:15 54 217.2 19.3 70.5
9/13/2004 17:30 4.7 167.9 18.9 71.6
9/13/2004 17:45 5.1 161.3 18.9 71.7
9/13/2004 18:00 6 142.8 18.9 72.9
9/13/2004 18:15 4 112.1 18.7 74.3
9/13/2004 18:30 55 95 18.4 75.7
9/13/2004 18:45 4.7 102.7 18.4 77.2
9/13/2004 19:00 7.5 93.9 18.1 78.1
9/13/2004 19:15 55 100.7 18 78.1
9/13/2004 19:30 4.8 107.1 17.8 78.5
9/13/2004 19:45 4.1 112.1 17.8 78.9
9/13/2004 20:00 3.8 109.2 17.8 79.5
9/13/2004 20:15 4 119.2 17.8 79.8
9/13/2004 20:30 4 109.7 17.7 79.8
9/13/2004 20:45 4.1 100.5 17.6 79.4
9/13/2004 21:00 6.7 95.2 17.6 78.9
9/13/2004 21:15 6.2 95 17.5 78.9
9/13/2004 21:30 6.4 92.6 17.5 80.6
9/13/2004 21:45 6.7 96.3 17.3 81

9/13/2004 22:00 54 96.9 17.2 81.3
9/13/2004 22:15 5.8 97.3 17.2 81.9
9/13/2004 22:30 55 91.1 17.1 82.5
9/13/2004 22:45 4.9 92.6 17.2 83

9/13/2004 23:00 5.6 94.5 17.3 83.1
9/13/2004 23:15 5.1 93.3 17.2 82.5
9/13/2004 23:30 4.7 92.1 17.3 82.9
9/13/2004 23:45 4.5 91.5 17.2 83.3
9/13/2004 24:00 2.9 104.4 16.9 84.6
9/14/2004 0:15 2.8 98.9 16.8 84.4
9/14/2004 0:30 2.9 99.1 16.8 84

9/14/2004 0:45 3.3 96.8 16.7 84.1
9/14/2004 1:00 3.7 95.8 16.8 82.8
9/14/2004 1:15 2.9 115.8 16.8 83.2
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Table L.1. (continued)

9/14/2004 1:30 2.4 113.9 16.7 83.7
9/14/2004 1:45 2.5 93.3 16.8 82.6
9/14/2004 2:00 2.1 10.7 16.6 81.7
9/14/2004 2:15 2.5 2.8 16.7 80.9
9/14/2004 2:30 2.7 340.1 16.5 81.3
9/14/2004 2:45 15 342.2 16.4 81.5
9/14/2004 3:00 1.2 355.1 16.4 81.7
9/14/2004 3:15 2 331.4 16.3 82.8
9/14/2004 3:30 1.4 351.2 16.1 85.4
9/14/2004 3:45 1.2 3.5 16.2 85.6
9/14/2004 4:00 11 3.1 16.2 85.7
9/14/2004 4:15 11 355 16.2 85.7
9/14/2004 4:30 15 352.6 16.2 85.8
9/14/2004 4:45 1.3 357.3 16.2 85.8
9/14/2004 5:00 1.8 1.8 16.3 85.1
9/14/2004 5:15 15 355.1 16.3 85.1
9/14/2004 5:30 1.2 59.8 16.2 87.3
9/14/2004 5:45 1.7 95 16.2 88.5
9/14/2004 6:00 1.6 102.7 16.4 87.1
9/14/2004 6:15 1.9 96.3 16.6 86.4
9/14/2004 6:30 2 94.7 16.6 85

9/14/2004 6:45 1.6 74.7 16.8 84.5
9/14/2004 7:00 2 82.7 17.1 82.9
9/14/2004 7:15 2 121.6 17.3 82.8
9/14/2004 7:30 1.9 152.8 17.4 82.1
9/14/2004 7:45 2.1 179.6 17.6 80.9
9/14/2004 8:00 2.7 196.1 17.7 79.8
9/14/2004 8:15 3.8 199.2 18.2 79.2
9/14/2004 8:30 4.5 206.9 18.9 73.7
9/14/2004 8:45 3.4 237 19.8 64.6
9/14/2004 9:00 4.2 236 20.1 63.8
9/14/2004 9:15 4.2 250.2 20.5 61.2
9/14/2004 9:30 6 212.2 19.8 69

9/14/2004 9:45 59 215.8 20.4 66.8
9/14/2004 10:00 5.6 213.9 20.7 66.2
9/14/2004 10:15 4.4 201.4 20.9 64.6
9/14/2004 10:30 4.5 199.9 21.1 66.5
9/14/2004 10:45 5.1 202.7 21.4 65.1
9/14/2004 11:00 6.1 203.2 21.6 62.1
9/14/2004 11:15 5.5 208.6 21.9 57.1
9/14/2004 11:30 5.2 207.9 22.5 51.2
9/14/2004 11:45 5.4 207.6 23.3 44.3
9/14/2004 12:00 4.5 212.3 24.1 39.7
9/14/2004 12:15 6.6 219.4 24.9 35.8
9/14/2004 12:30 6.7 207.7 24.9 38.1
9/14/2004 12:45 7.2 192.8 23.9 45.8
9/14/2004 13:00 6.8 187.5 24.5 42.4
9/14/2004 13:15 6.3 207.5 24.5 44.3
9/14/2004 13:30 6.7 213 25.3 41.6
9/14/2004 13:45 6.1 223.7 25.5 41.4
9/14/2004 14:00 6.7 2154 25.3 40.5
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Wind Rose Data
for PBDE Monitoring Site 2
September 21-22, 2004 from 1200 to 1200
15 minute averages

1553

8.74- 000

——— e

01 35 69 115 184 242
Wind Speed ( Miles Per Hour)

Calms included at center.

Rings drawn at 5% intervals.
Wind flow is FROM the directions shown.
No observations were missing.

242
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

PERCENT OCCURRENCE: Wind Speed { Miles Per Hour) PERCENT OCCURRENCE: Wind Speed { Miles Per Hour)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DIR 01 35 6% 115 184 242 DIR 0.1 35 69 115 184
N 680 097 000 000 000 (.00 S 194 000 0600 000 000
NNE 971 097 000 000 000 000 SSW 485 t94 D00 000 0.00
NE 154 000 000 000 000 000 Sw 1.94 291 388 000 0.00
ENE 057 000 000 000  0.00  0.00 WSW 097 097 1359 000 000
. E 680 000 000 000 000 000 w097 194 000 000 000
ESE 291 0.00 000 000 000 0.00 WNW 291 097 000 000 000
SE 291 000 000 000 000 000 NwW 777 000 000 000 0.00
SSE 000 000 000 000 000 0.00 NNW 1262 000 000 000 000
TOTAL OBS = 103 MISSINGOBS= 0 CALM OBS= 6 PERCENTCALM= 583




Table L.2. Raw meteorological data for the Septtd2%ept. 22, 2004 sampling event at the
automotive shredding and metal recycling facility.

Date Time Wind Wwind Temperature Relative
(minutes)  speed Direction © Humidity
(MPH) (degrees) (%)
9/21/2004 12:00 6.6 226 22.8 33.2
9/21/2004 12:15 7.3 223.4 23.1 31.2
9/21/2004 12:30 6.6 229.6 23.7 28.1
9/21/2004 12:45 8 216.3 235 29.8
9/21/2004 13:00 7.8 216.3 23.6 29.4
9/21/2004 13:15 7 229.4 24.4 26.8
9/21/2004 13:30 7.7 238.3 24.9 24.6
9/21/2004 13:45 7.6 244.1 24.8 26.4
9/21/2004 14:00 8.4 249.1 24.8 26.4
9/21/2004 14:15 7.9 249.4 24.5 27.6
9/21/2004 14:30 8.5 254.2 24.5 27.1
9/21/2004 14:45 8.9 246 24.6 27.3
9/21/2004 15:00 8.7 247.9 24.5 25.3
9/21/2004 15:15 8.4 249.5 24.6 23.2
9/21/2004 15:30 9.6 248.1 23.9 23.6
9/21/2004 15:45 9.6 250.2 23.3 27
9/21/2004 16:00 7.2 243.5 23.2 30.9
9/21/2004 16:15 7.1 250 22.9 32.7
9/21/2004 16:30 6.9 253.2 23 31.6
9/21/2004 16:45 7.3 244.3 22.9 30
9/21/2004 17:00 7.2 243.5 22.6 30.3
9/21/2004 17:15 6.2 268.6 22.3 31.6
9/21/2004 17:30 3 307.9 224 32.8
9/21/2004 17:45 3.7 353.9 21.9 38.3
9/21/2004 18:00 4.1 14.2 21 43.6
9/21/2004 18:15 3.3 5.6 20.5 46.6
9/21/2004 18:30 2.8 355.8 19.9 51.7
9/21/2004 18:45 35 340 19.4 53.3
9/21/2004 19:00 3.3 341.2 19 55.2
9/21/2004 19:15 2.7 341.7 18.8 56.5
9/21/2004 19:30 3.1 331 18.6 56.8
9/21/2004 19:45 1.8 291.5 18.7 56.5
9/21/2004 20:00 2.3 301.5 18.8 54.1
9/21/2004 20:15 2.1 343.1 18.7 56
9/21/2004 20:30 1.7 340.5 18.5 56.7
9/21/2004 20:45 1.8 351.7 18.1 60.9
9/21/2004 21:00 14 342.5 18 62
9/21/2004 21:15 1.7 49.9 17.6 67.3
9/21/2004 21:30 2.7 19.5 17.1 711
9/21/2004 21:45 2.7 20.2 16.9 72
9/21/2004 22:00 35 13.3 16.8 72.3
9/21/2004 22:15 2.3 13.7 16.7 73.3
9/21/2004 22:30 2.9 19.2 16.7 73.1
9/21/2004 22:45 2.8 15.6 16.5 75.9
9/21/2004 23:00 2.4 13 16.4 77.4
9/21/2004 23:15 1.6 336.2 16.2 77.6
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Table L.2. (Continued)

9/21/2004 23:30 13 324.8 16.1 77.8
9/21/2004 23:45 11 354.2 16.1 79.2
9/21/2004 24:00 1.3 82.7 16.4 78.9
9/22/2004 0:15 2.1 89.6 16.5 74.1
9/22/2004 0:30 2 99.1 16.3 71.8
9/22/2004 0:45 2.2 102.5 16.3 71.4
9/22/2004 1:00 2.5 128.2 16.2 72.9
9/22/2004 1:15 2.8 128.8 16.3 69.3
9/22/2004 1:30 2.4 101.3 16.1 67.9
9/22/2004 1:45 2.3 119.7 16.1 68.9
9/22/2004 2:00 2.6 137.2 15.9 70

9/22/2004 2:15 2.4 101.1 15.9 68.7
9/22/2004 2:30 2.3 98.6 15.8 68.2
9/22/2004 2:45 1.8 85.6 15.7 69.3
9/22/2004 3:00 2.4 92.1 16.1 68.9
9/22/2004 3:15 1.9 61.3 16.1 69.8
9/22/2004 3:30 1.8 14.5 15.7 68.7
9/22/2004 3:45 1.4 354.3 15.6 68.1
9/22/2004 4:00 1.7 310.3 155 67.6
9/22/2004 4:15 1.2 27.9 15.6 68.5
9/22/2004 4:30 13 44.4 15.6 67.4
9/22/2004 4:45 1.6 344.7 151 68.4
9/22/2004 5:00 2.2 345.1 15.2 66.1
9/22/2004 5:15 2 329 15 66.2
9/22/2004 5:30 1.9 330.4 15 65.3
9/22/2004 5:45 1.8 308.1 14.9 64.4
9/22/2004 6:00 1.8 305.6 15 63.8
9/22/2004 6:15 2.3 330.5 151 63

9/22/2004 6:30 2.8 4.1 151 63.6
9/22/2004 6:45 2.8 12.2 15.5 60.2
9/22/2004 7:00 2.7 355.1 15.7 57.4
9/22/2004 7:15 2.7 324.4 15.9 58.3
9/22/2004 7:30 29 317.5 16.4 63

9/22/2004 7:45 2.6 324.5 17 61.5
9/22/2004 8:00 1.8 299.8 175 61.5
9/22/2004 8:15 2.1 238.6 17.7 66.3
9/22/2004 8:30 2.3 219.2 18 66.3
9/22/2004 8:45 3.2 201.4 17.9 67.5
9/22/2004 9:00 2.3 226 18.4 62.6
9/22/2004 9:15 2.7 195 18.7 60.5
9/22/2004 9:30 2 190.2 19 58.7
9/22/2004 9:45 3.3 198.5 19.2 58.2
9/22/2004 10:00 3.4 204.4 19.5 57.1
9/22/2004 10:15 4.1 207.1 19.6 57.3
9/22/2004 10:30 2.4 189.6 20.4 49.9
9/22/2004 10:45 3.2 206.4 21 455
9/22/2004 11:00 4.6 213 21.6 455
9/22/2004 11:15 4.4 275.7 22.7 45.4
9/22/2004 11:30 4.4 290.2 23.5 40.1
9/22/2004 11:45 4.8 235.5 23.3 40.2
9/22/2004 12:00 3.5 280.1 24.3 29.7
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Wind Rose Data
for PBDE Monitoring Site 2
September 22-23, 2004 from 1300 to 1300

15 minute averages
N

25.96

24.04

W oo E
0.00 , 0.00
192 7000
096 . 000
0.00
S
—_——— e Calm séncludeit:i eenter.
INgs arawn a intervals,
0.1 35 68 115 184 242 Wind fiow 1s FROM the directions shown.
Wind Speed ( Miles Per Hour) Na abservations were missing.
PERCENT OCCURRENCE: Wind Speed ( Miles Per Hour) PERCENT QCCURRENCE: Wind Speed ( Miles Per Hour)
LOWER BOUND OF CATEGORY LOWER BOUND OF CATEGORY
DIR 01 33 69 115 184 242 DIR Q.1 35 69 1L5 184 242
N 385 096 000 000 000 0.00 S 000 000 000 000 000 0.00
NNE 577 865 000  0.00 000 0.00 S5W 09 000 000 000 000 000
NE 000 000 000 0.00 0.00 0.00 SwWo 000 1.92 0.60 000 000 000
ENE 0.00 0.00 0.00 0.00 0.00 0.00 WsSW 0.00 0.00 0.00 0.00 0.00 0.00
E 0.00 0.00 0.00 0.00 0.00 0.00 W 0.96 6.73 192 0.00 0.00 0.00
ESE 000 000 0.00 000  0.00 0.00 WNW 288 1923 192 000 0.00 0.00
SE 0.00 0.00 0.00 0.00 0.00 0.00 NwW 6.73 48] 0.00 0.00 0.00 .00
SSE .00 0.00 0.00 0.00 0.00 0.00 NNW  21.15 481 0.00 0.00 0.00 0.00
TOTALOBS = 104 MISSINGOBS= 0 CALM OBS= 7 PERCENTCALM= 6.73
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Table L.3. Raw meteorological data for the Septtd28ept. 23, 2004 sampling event at the
automotive shredding and metal recycling facility.

Date Time Wind Wind Temperature  Relative Humidity
(minutes) speed Direction © (%)
(MPH) (degrees)
9/22/2004 13:00 5.8 296 24.8 34.2
9/22/2004 13:15 5.7 292.8 25.1 314
9/22/2004 13:30 6.1 286 255 30.8
9/22/2004 13:45 7.1 303.3 25.5 30.6
9/22/2004 14:00 7.5 303.2 254 35.6
9/22/2004 14:15 6.4 299.9 25.1 42.8
9/22/2004 14:30 5.5 270.4 25.3 39.7
9/22/2004 14:45 5.6 267.1 25 38.9
9/22/2004 15:00 5.8 307.9 24.8 42.5
9/22/2004 15:15 5.8 289.9 24.5 37.8
9/22/2004 15:30 6.8 274.7 24.7 32.2
9/22/2004 15:45 7.2 277.2 24.7 294
9/22/2004 16:00 7.4 273.6 24.5 29.7
9/22/2004 16:15 6.4 266.5 24.2 30.3
9/22/2004 16:30 4.9 283.1 24.2 30.3
9/22/2004 16:45 4.3 271.8 23.8 32
9/22/2004 17:00 5.4 276.6 23.6 32.2
9/22/2004 17:15 4.8 286.1 23.3 32.9
9/22/2004 17:30 5.3 287.7 23.1 32.2
9/22/2004 17:45 5.9 292.9 22.6 334
9/22/2004 18:00 6.7 303.5 21.9 36.9
9/22/2004 18:15 4.6 332.8 214 39.7
9/22/2004 18:30 4.4 301.1 21.1 41.4
9/22/2004 18:45 3.9 329.7 20.7 44.6
9/22/2004 19:00 5.3 318.3 20.1 48.1
9/22/2004 19:15 35 358.8 19.5 55.8
9/22/2004 19:30 3.4 341.3 19.4 55.1
9/22/2004 19:45 3.9 335.5 19.5 48.7
9/22/2004 20:00 4.3 17.2 18.9 55.2
9/22/2004 20:15 3.8 6.5 18.2 62.3
9/22/2004 20:30 3.7 17.1 17.9 65.4
9/22/2004 20:45 4 12.5 17.7 68.7
9/22/2004 21:00 3.4 19.2 17.6 69.9
9/22/2004 21:15 3.6 19 17.3 72.8
9/22/2004 21:30 4.2 16.5 17.1 76.3
9/22/2004 21:45 2.6 15.4 17.1 75.5
9/22/2004 22:00 2.9 17.1 17.1 75.9
9/22/2004 22:15 2.9 16 17.1 76.2
9/22/2004 22:30 3.6 14.3 17.1 74.5
9/22/2004 22:45 4.1 15.1 16.9 76.5
9/22/2004 23:00 4.3 17.4 16.7 78.9
9/22/2004 23:15 4.7 18.5 16.4 80.5
9/22/2004 23:30 35 19.3 16.3 81.8
9/22/2004 23:45 23 11.8 16.5 80.6
9/22/2004  24:00:00 2 348.1 16.5 80
9/23/2004 0:15 1.8 316.6 16.3 80.4
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Table L.3. (Continued)

9/23/2004 0:30 14 324.8 16.3 79.9
9/23/2004 0:45 1.6 305.7 16.4 80.3
9/23/2004 1:00 1.8 325.5 16.3 79.7
9/23/2004 1:15 1.8 335.3 16.2 79.4
9/23/2004 1:30 2.3 324.5 16 80.7
9/23/2004 1:45 1.8 328.3 16 81.2
9/23/2004 2:00 2.1 327.3 15.9 81.7
9/23/2004 2:15 1.7 328.6 15.9 82.3
9/23/2004 2:30 1.6 346.1 15.9 82

9/23/2004 2:45 1.7 333.4 15.9 81.8
9/23/2004 3:00 2.5 343.6 15.7 81.6
9/23/2004 3:15 2.4 333.5 155 82.1
9/23/2004 3:30 2.5 351.4 15.6 81.1
9/23/2004 3:45 2.5 344.7 15.6 80.8
9/23/2004 4:00 2.3 333.8 15.4 82.3
9/23/2004 4:15 2.3 337.4 15.3 84

9/23/2004 4:30 2.7 334.2 15.2 88.1
9/23/2004 4:45 2.8 330.8 15 89.8
9/23/2004 5:00 2.4 351.1 15 88.7
9/23/2004 5:15 2.3 358.2 15 87.7
9/23/2004 5:30 2.1 346.5 14.9 87

9/23/2004 5:45 2.7 333.2 14.9 85.9
9/23/2004 6:00 3.1 328.9 14.7 86.9
9/23/2004 6:15 3.3 330.1 14.7 87.9
9/23/2004 6:30 3.4 322.5 14.9 89.4
9/23/2004 6:45 2.9 329.5 15.4 89.7
9/23/2004 7:00 2.6 330 15.9 88.4
9/23/2004 7:15 3.8 328.8 16.3 84.2
9/23/2004 7:30 4.1 326.1 16.7 80.1
9/23/2004 7:45 4.8 327.7 16.9 75.6
9/23/2004 8:00 3.4 330.8 175 75.7
9/23/2004 8:15 4.2 320.4 17.8 69.6
9/23/2004 8:30 3.7 295.7 18.2 71.1
9/23/2004 8:45 3.3 295 18.7 68.4
9/23/2004 9:00 2.4 272.5 195 64.8
9/23/2004 9:15 3.3 287.9 19.6 64

9/23/2004 9:30 3.4 307.1 20 61

9/23/2004 9:45 3 299.3 20.6 57.4
9/23/2004 10:00 4.3 224.4 20.4 59.3
9/23/2004 10:15 3.5 207.3 20.4 56.9
9/23/2004 10:30 4.1 227.2 21.3 54.6
9/23/2004 10:45 5 292.1 22.3 49.6
9/23/2004 11:00 4.8 284.9 22.6 45.8
9/23/2004 11:15 51 288.2 23 40.6
9/23/2004 11:30 4.4 282.9 23.8 31.6
9/23/2004 11:45 3.9 278 24.6 29.4
9/23/2004 12:00 4.7 295.5 25 32.8
9/23/2004 12:15 6.3 306.2 25.1 33.1
9/23/2004 12:30 6.1 293.6 254 33.1
9/23/2004 12:45 6.2 293.9 25.9 33.6
9/23/2004 13:00 6.5 298 26.2 34.1
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APPENDIX M
Blank, Limit of Detection and Extraction Efficiency Results from the
Automotive Shredding Facility Sampling Episode.

Table M.1. Concentration (in terms of pd/eguivalent concentrations for an 809 af air
sample) of PBDEs in the blank sample matrices. mibant SD is presented for the three
replicates samples.

Congener Filter substrate XAD-2 substrate
Tri-
PBDE 17 ND ND
PBDE 25 ND ND
PBDE 28 ND ND
PBDE 30 ND ND
PBDE 32 ND ND
PBDE 33 ND ND
PBDE 35 ND ND
PBDE 37 ND ND
Tetra-
PBDE 47 0.15+ 0.02 0.16t 0.02
PBDE 49 ND ND
PBDE 66 ND ND
PBDE 71 ND ND
PBDE 75 ND ND
PBDE 77 ND ND
Penta-
PBDE 85 ND ND
PBDE 99 0.16+ 0.03 0.09t 0.02
PBDE 100 0.04+ 0.00 0.03t 0.01
PBDE 116 ND ND
PBDE 118 ND ND
PBDE 119 ND ND
PBDE 126 ND ND
Hexa-
PBDE 138 ND ND
PBDE 153 ND ND
PBDE 154 ND ND
PBDE 155 ND ND
PBDE 166 ND ND
Hepta-
PBDE 181 ND ND
PBDE 183 ND ND
PBDE 190 ND ND
Octa-
PBDE 196 ND ND
PBDE 197 ND ND
PBDE 203 ND ND
Nona-
PBDE 206 ND ND
PBDE 207 ND ND
PBDE 208 ND ND
Deca-
PBDE 209 1.85+0.61 0.92+ 0.21
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Table M.2. The limit of detection for PBDE analyéis expressed in terms of pgjrfor an 809
m® air sample. The meansSD of three replicates are presented. Limit aécon could not
be determined for PBDE 196, 197, 203, 206, 207,d@8to interferences in these analyses.

Congener Limit of Detection
Tri-
PBDE 17 0.073+ 0.022
PBDE 25 0.081+ 0.022
PBDE 28 0.073+ 0.026
PBDE 30 0.049+ 0.018
PBDE 32 0.072+ 0.023
PBDE 33 0.084+ 0.018
PBDE 35 0.080+ 0.023
PBDE 37 0.082+ 0.025
Tetra-
PBDE 47 0.075+ 0.027
PBDE 49 0.084+ 0.029
PBDE 66 0.096+ 0.042
PBDE 71 0.076+ 0.024
PBDE 75 0.069+ 0.017
PBDE 77 0.077+ 0.028
Penta-
PBDE 85 0.103+ 0.029
PBDE 99 0.080+ 0.030
PBDE 100 0.066+ 0.021
PBDE 116 0.095+ 0.030
PBDE 118 0.109+ 0.040
PBDE 119 0.069+ 0.025
PBDE 126 0.150+ 0.072
Hexa-
PBDE 138 0.115+ 0.049
PBDE 153 0.092+ 0.032
PBDE 154 0.075+ 0.024
PBDE 155 0.065+ 0.009
PBDE 166 0.188+ 0.051
Hepta-
PBDE 181 0.286+ 0.108
PBDE 183 0.157+ 0.054
PBDE 190 0.377+0.104
Deca-
PBDE 209 0.534+ 0.072
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Table M.3. Extraction efficiency of PBDEs from éfs used in outdoor air sampling. “ND”
indicates that the analyte was not detected. PRBDE and 208 were not spiked onto the
substrate.

Compound Enriched Amount Background  Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)

PBDE 1 15.00 8.68 ND 8.68 57.8
15.00 9.79 ND 9.79 65.3
15.00 9.02 ND 9.02 60.1

Meanz+ SD 9.16+ 0.57 9.16+ 0.57 61.1+ 3.8
PBDE 15 14.01 111 ND 111 79.5
14.01 9.07 ND 9.07 64.7
14.01 10.3 ND 10.3 73.7

Mean+ SD 10.2+ 1.04 10.2+ 1.04 72.6£ 7.5
PBDE 30 15.00 10.2 ND 10.2 67.9
15.00 13.1 ND 13.1 87.3
15.00 12.5 ND 12.5 83.1

Meanz SD 11.9+ 1.5 119+ 15 79.4+ 10.2

PBDE 47 15.00 10.5 0.12 10.4 69.3
15.00 111 0.12 11.0 73.1

15.00 11.2 0.12 11.1 74.1

Meanz SD 10.9+ 0.4 10.8+ 0.4 72.2¢£ 2.5

PBDE 99 15.00 12.9 0.13 12.7 84.8
15.00 14.3 0.13 14.2 94.7

15.00 12.3 0.13 12.1 80.9

Meanz SD 13.2+ 1.1 13.0+1.1 86.8+ 7.1

PBDE 100 15.00 12.2 0.03 12.1 80.8
15.00 13.2 0.03 13.1 87.8

15.00 12.0 0.03 11.9 79.4

Meanz SD 12.4 0.7 12.4+ 0.7 82.7+ 4.5
PBDE 153 15.00 13.1 ND 13.1 87.5
15.00 14.6 ND 14.6 97.1
15.00 12.8 ND 12.8 85.1

Meanz SD 13.5+ 1.0 13.5+1.0 89.9+ 6.4
PBDE 154 15.00 13.6 ND 13.6 90.7
15.00 14.9 ND 14.9 99.1
15.00 12.7 ND 12.7 84.8

Meanz SD 13.7+ 1.1 13.7+ 1.1 91.6+ 7.2
PBDE 190 15.00 10.6 ND 10.6 70.8
15.00 16.6 ND 16.6 111
15.00 13.2 ND 13.2 88.1

Mean+ SD 13.5+ 3.0 13.5+ 3.0 89.8+ 20.0

PBDE 209 15.15 14.5 1.50 13.0 85.8
15.15 12.3 1.50 10.8 71.0

15.15 13.6 1.50 12.1 79.7

Mean+ SD 134+ 1.1 119+ 1.1 78.8 7.4




Table M.4. Extraction efficiency of PBDEs from XADadsorbent used in outdoor air sampling.
“ND” indicates that the analyte was not detect&BDE 203 and 208 were not spiked onto the
substrate.

Compound Enriched Amount Background Total Mass Recovery
Amount (ng) Measured (ng) (ng) (ng) (%)
PBDE 1 15.00 14.2 ND 14.2 94.7
15.00 14.3 ND 14.3 95.3
15.00 12.7 ND 12.7 84.3
Mean+ SD 13.7+ 0.9 13.7+ 0.9 91.4+ 6.2
PBDE 15 14.01 15.5 ND 155 111
14.01 16.9 ND 16.9 121
14.01 15.8 ND 15.8 112
Mean+ SD 16.1+ 0.8 16.1+ 0.8 115+ 5.5
PBDE 30 15.00 14.3 ND 14.3 95.6
15.00 16.2 ND 16.2 108
15.00 14.2 ND 14.2 94.6
Meanz SD 149+ 1.1 149+ 1.1 99.5+ 7.6
PBDE 47 15.00 11.3 0.13 111 74.1
15.00 12.1 0.13 12.0 80.1
15.00 14.2 0.13 14.1 94.0
Meanz SD 12.5+ 1.5 124+ 15 82.8+ 10.2
PBDE 99 15.00 14.7 0.07 14.7 97.8
15.00 16.0 0.07 15.9 106
15.00 13.9 0.07 13.9 92.5
Meanz SD 149+ 1.0 14.8+ 1.0 98.8+ 6.9
PBDE 100 15.00 12.9 0.03 12.9 85.8
15.00 14.7 0.03 14.7 97.7
15.00 12.8 0.03 12.8 85.2
Meanz SD 13.5+ 1.1 134+ 1.1 89.6+ 7.04
PBDE 153 15.00 15.1 ND 15.1 101
15.00 15.8 ND 15.8 105
15.00 14.2 ND 14.2 94.8
Meanz SD 15.0+ 0.8 15.0+ 0.8 100+ 5.4
PBDE 154 15.00 15.1 ND 15.1 101
15.00 16.6 ND 16.6 110
15.00 15.0 ND 15.0 99.6
Mean* SD 15.5+ 0.9 15.5+ 0.9 104+ 6.0
PBDE 190 15.00 16.0 ND 16.0 107
15.00 15.7 ND 15.7 105
15.00 16.7 ND 16.7 111
Mean+ SD 16.1+ 0.5 16.1+ 0.5 108+ 3.2
PBDE 209 15.15 14.0 0.75 13.2 87.2
15.15 14.4 0.75 13.7 90.3
15.15 13.0 0.75 12.3 81.0
Mean+ SD 13.8+ 0.7 13.1+ 0.7 86.2+4.7
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