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Appendix IV

M easur ements of Ambient Naphthalene and Other Polycyclic Aromatic
Hydrocar bons

V.l  Background

Naphthalene is the most abundant PAH present iatthesphere and exists primarily in the gas
phase under ambient conditions. Major sourcesphthalene are shown in Figure IV-1. The
total estimated inventory of naphthalene in thetB@oast Air Basin (Basin) is 1,535 Ib/day for
2005 (see Chapter 3 of this report).

Naphthalene was identified in 1990 as a HazardouPdllutant (HAP) and classified by ARB
in 1993 as a toxic air contaminant (TAC). The Nia#l Toxicology Program has recently listed
naphthalene as a human carcinogen. AdditiondleyQalifornia EPA Office of Environmental
Health Hazard Assessment (OEHHA) has determinedesnhbaphthalene as a health risk and
as a toxic air contaminant under California’s axits program with a unit risk value of 3.4 x
10-5 (ug/ni)™.

13%

25%

25%

@ On Road Motor Vehicles
B Off Road Mobile Sources

O Consumer Products

O Stationary and other Area Sources

FigurelV-1: Naphthaleneemission inventory in the South Coast Basin.

Particle-bound PAHs are an important class in tmepgiex mixture chemical compounds
observed in ultrafine particles. PAHs and the nigaarbon component of ultrafine particles
have been shown to be directly correlated to marfa@roxidative stress (Li et al, 2000; Li et al,
2003; Cho et al, 2003). Past monitoring in theiBass shown that individual particle-bound
PAHs are minor contributors to risk (SCAQMD, 200@@spite their high carcinogenicity,
because of their low ambient air concentrationcivihiave been decreasing over time (Figure
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IV-2). Also, some PAHSs, such as benzo[g,h,i]pymelehave been suggested to be a tracer for
light-duty vehicle exhaust (Miguel et al, 2005).
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FigurelV-2: CARB trend data from 1990 through 2003 for Benzo[a]Pyrene (BaP),
Benzo[g,h,i]perylene (BGP), and Indeno[1,2,3-cd]pyrene (IDP)

The MATES-II cancer risk assessment showed thgpainicle-bound PAH contribution to

cancer risk was insignificant compared to otherses; however, the assessment did not include
the semi-volatile or the volatile PAHs such as nbplene (SCAQMD, 2000). Before 1994,
measurements (Table IV-1) showed ambient naphteatamging from 750 to 1,300 ngftim the
spring with concentrations reaching more than 4@+ during high NOx or ozone events. In
1996 California Phase Il reformulated gasoline (R#@s introduced which decreased the
amounts of alkenes, aromatics, sulfur compoundstatal volatility. Kirchshstetter et al (1999)
showed that the concentrations of naphthalene engdne in RFG sampled in Berkeley,
California, were reduced significantly. After ingphentation of RFG, significantly lower
concentrations ranging from 200 to 575 nijimere observed in the Los Angeles Basin as shown
in the Southern California Children’s Health St@HS) from 2001 to 2002 and subsequent
studies by Reisen and Arey (2005). Recent measmsnhave shown that annual averages of
naphthalene are at levels about 1,000 times hitjlaerthose of other PAHs (Eiguren-Fernandez,
2004).
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TablelV-1 Previous measurements of ambient naphthalenein the South Coast Air Basin

Period of [Naphthalene] [Naphthalene]
M easur ement L ocation ng/m? (day) ng/m? (night)
198,?' gi‘tgg’ivsigf% high Torrance 3315 2875
1986 é?)‘fsrg:j“e%r smog Glendale 3100 4300
1987 (spring) Reseda 750 1300
1993 (fall, smog episode Los Angeles 6000
1995 Redlands 348 to 715
2001 to 2002 Southern CA 200 to 575
2002 (summef) Los Angeles ~ 350 ~ 140
2002 (summef) Riverside ~ 225 ~ 40
2003 (winter} Los Angeles ~ 1400 ~ 1000
2003 (winter} Riverside ~ 500 ~ 150

‘Arey et al, 1987 “Arey et al, 1989 3Atkinson et al, 1994 ‘Fraser, 1998Gupta, 1995 ;
®Calvert et al, 2002 ; Eiguren-Fernandez et al, 208isen, 2003

PAHs were measured at three of the MATES-III mamig stations using EPA method TO-13A
as a guideline. The Wilmington and central Los Aegaites were selected because of their
proximity to mobile emissions sources. Also, Lake2005) incorporated ambient data from the
Southern California CHS and showed the highest thadme emissions rate in those regions.
The Rubidoux site was selected as a receptormsit@lao for its particle-bound PAH
measurement history as part of the ARB toxics nekw@\lso, collocated samples were done
once a month at the Rubidoux site. Table V-2 mles a list of the 16 PAHs analyzed as part of
MATES-III.

TablelV-2: List of PAHs measured in the MATES 11 Study

Acenaphthene Chrysene
Acenaphthylene Dibenzol[a,h]anthracene
Anthracene Fluoranthene
Benzo[a]anthracene Fluorene
Benzo[a]pyrene Indeno[1,2,3-cd]pyrene
Benzo[b]fluoranthene Napthalene
Benzolg,h,iJperylene Phenanthrene
Benzolk]fluoranthene Pyrene
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IV.2  Methodology

V.21 Sampling

The sampling protocol was based on EPA TO-13A irciwB4-hour integrated air samples were
collected at 8 cubic feet per minute (cfm) in achiFE-1000 PUF (polyurethane foam) monitor.
The particle phase sample was collected on a gfibetzfilter (102 mm) located upstream from
a glass cartridge holding 20 grams of XAD-4 whiokected the semi-volatile and vapor phase
PAHs. XAD-4 was selected as the sampling medialmezit has more surface area than XAD-
2, allowing for higher collection efficiency of tli®AHs. A comparison was done with the
PUF/XAD-4/PUF sandwich to ensure that results wawdtldiffer significantly from other
sampling methodologies, and a breakthrough studydeae to ensure that PAHs were not
escaping through the XAD-4 cartridge.

Since ambient PAH concentrations in the South GBasin have shown seasonal variation
(Eiguren-Fernandez, 2004) with higher and moreawédei concentrations in the winter and lower
concentrations in the spring and summer, the sanwpdee collected every third day in the
winter of 2004 and 2005 and every sixth day ingpeng and summer of 2005. After collection,
the samples were chilled and transported to SowhResearch Institute for extraction and
analysis.

IV.2.2 Sample Extraction

As with sample collection, the extraction protoa@ls based on EPA TO-13A. The method was
enhanced by using higher internal standard (IS¢eatnations of the more volatile PAHs and
lower concentrations of the particle bound PAHschtare reflective of the ratios found in
ambient air. This differs from TO-13A which justassthe same concentration for each
compound in the IS. Prior to extraction, |25of deuterated PAH IS mixture was added into
each sample. The deuterated PAH IS mixture cordaime following compounds:
Nanphthalene-d8 (1000 ng/uL), Acenaphthylene-d® {8§/uL), 100 ng/uL each of
Phenanthrene-d10 and Fluoranthene-d10, and 5.Q egkh ofBenzo[a]anthracene-d12,
Chrysene-d12, Benzo[b]fluoranthene-d12, Benzo[&pgrd12, Indeno[1,2,3-cd]pyrene-d12,
Dibenz[a,h]anthracene-d14, and Benzo[g,h,i]perydh2.

The XAD-4 glass cartridge and the matching filtergextracted together using 1-Liter Soxhlet
extractor with dichloromethane (DCM) as the exiragsolvent. The extraction lasted for eight
hours with a siphoning rate of 3-4 siphons per hdtrthe end of the extraction, the sample
extracts were concentrated to about 20 mL by usirgary evaporator under a gentle vacuum.

With each batch of field samples, four lab QC sa@awmpere created and extracted alongside the
field samples as follows: solvent blank, XAD-4 tatab control spike (LCS), and lab control
spike duplicate (LCSD). The solvent blank had 880of DCM only. The XAD-4 blank
consisted of 20 grams of clean XAD-4. The LCS a@&D each had 20 grams of clean XAD-4
and one clean filter and each was spiked with 26fuarget PAH mix with the concentration
similar to that of the PAH IS. Prior to the extian, each of the QC samples were spiked with
the same amount of PAH IS mixture as describedabov
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IV.2.3 Sample Extract Cleanup for PAH Analysis

One quarter of each sample extract was archiveesasve. The remaining extract was solvent
exchanged into 0.5 mL of hexane. Six mL of hexaae then added to the extract. The extract
was then vigorously partitioned with 2.0 mL of 25ifuric acid in water for 20 seconds.

A disposable pipette (8 mm i.d. x 30 cm long) packeh 5” of activated silica gel was used for
sample extract cleanup. The column was pre-clefirstavith 20 mL of distilled DCM, and

then with 5 mL of hexane. The hexane layer ofatid-washed sample extract was
quantitatively transferred onto the silica gel eniuusing hexane as rinsing solvent. Ten (10)
mL of hexane (~3 mL at a time) was used to elutectiiumn, and the collected eluent discarded.
The PAH fraction was then eluted with 23 mL of DQ@éintane (60/40, ~3 mL at a time).

The collected PAH fraction was mixed well and deddnto two parts. The first portion of the
cleaned-up extract was carefully blown down tanalfvolume of 1.0 mL in DCM using a gentle
stream of charcoal-filtered nitrogen. This finatract was used for naphthalene through pyrene
analysis plus two PAH surrogates.

The second portion of the cleaned-up extract wesfudéy blown down to 100 ulL in two stages.
This final extract was used for benzo[a]anthradeneugh benzo[g,h,i]perylene analysis.

V.24 Sample PAH Analysisby GC/MS

The GC/MS (gas chromatograph/mass spectrometaf)wase an Agilent 6890N GC interfaced
with an Agilent 5973N MSD (mass spectrometer detgctThe column used was a DB-5ms 30
m x 0.25 mm i.d. with 2%m film thickness. The GC injector and GC/MS inded temperature
were held at 29C. The GC oven temperature program was as folld@&C held for 1.5
minutes, 15C/min to 220°C, then 8C/min to 310°C and held for 3.5 minutes. The carrier gas
was helium at a constant flow rate of 1.5 mL/min.

The GC/MS was operated under EI/PI/SIM mode (ebecitmpact/positive ion/selective ion
monitoring). Only the characteristic ions suchradecular ions of PAH ISs, and molecular and
major fragment ions of PAH targets were monitorédenaphthene-d10, pyrene-d10, and
benzo[e]pyrene-d12 were used as recovery stan(la&y. These RSs were spiked into the
final sample extracts just prior to GC/MS analysisl were used to quantify the recoveries of the
11 PAH ISs.

The GC/MS analysis was carried out in two staghks: first GC/MS analysis quantified for
naphthalene through pyrene on diluted sample ex{da® mL); the second GC/MS analysis
guantified for benzo[a]anthracene through benzg]ggrylene on a concentrated sample extract
(0.1 mL). Also the lowest calibration point wasd@YuL instead of 100 pg/uL as listed in Table
4 of TO-13A.

A five-point initial calibration (ICAL) curve wasstablished using five PAH standard mixtures
containing all PAH targets, PAH ISs, surrogatesl B8s. The PAH targets in the five point
curve were at five different levels namely 10, 300, 300, and 1000 pg.. The relative

response factors (RRFs) of the PAH targets wesbksthed using the 5-point curve. The
relative standard deviation (RSD) of the RRF ofhrel@éH target had to be equal to or less than
25% in order for the ICAL to be considered valithe RRFs for the ISs relative to the RSs were
also established for the five calibration standamdbe same way. The ISs and RSs were at 750
pg/uL for all calibration standards.
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At the beginning of each sample analysis sequencentinuing calibration (CC) PAH standard
mixture at 300 pgiL was analyzed. The RRF of each PAH target wasbéshed using this CC
standard. The percent difference of the RRF ofi &&H target in the CC compared with the
mean RRF of the ICAL had to be equal to or lesa 2&£6. This CC criterion had to be met
before the sample analysis could proceed. The salit@ation criterion applied to the ISs as
well.

V.25 Analysisof Standard Reference Material (SRM) from the National I nstitute of
Standards and Technology (NIST)

The PAH SRM 1597 was diluted 160 folds and 320datdDCM. An aliquot of each of the
diluted SRM was then spiked with the same PAH I8 which had been spiked into the field
and lab QC samples prior to their extraction. W@ NIST PAH SRM solutions were then
analyzed alongside the field and lab QC samples.

The analytical concentrations of various PAHs m difuted SRM solutions were then compared
with that of the expected PAH concentrations basethe NIST certified values. A list of PAH
concentration ratios, expected/found, was estaddisbr those PAHs which had a value in the
SRM certificate of analysis. These ratios weradusscorrection factors to adjust the found
PAH concentrations of the field ambient air sampl&kis is an improvement from TO-13A
which just calls for stating the percent recoverihe particular component.

V.3 Results

The monthly averages for naphthalene over the mong period for PAHs are shown in Figure
IV-3.

Table 1V-3 summarizes the results of the PAH amtmeonitoring for MATES Il Year 2.
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TablelV-3 MATESIII Year 2 Monitored PAH Levels (ng/m°)

Site
Central LA  Rubidoux Wilmington
Acenaphthene Avg 7.61 4.65 8.49
SD 4.76 2.92 6.70
N 91 91 91
95% Cl 0.98 0.60 1.38
Max 21.39 13.42 34.78
Min 0.85 0.80 1.46
Acenaphthylene Avg 5.08 4.40 5.23
SD 4.05 4.50 5.38
N 91 91 91
95% ClI 0.83 0.92 1.10
Max 16.02 20.92 24.68
Min 0.51 0.29 0.56
Anthracene Avg 1.19 0.72 1.07
SD 3.07 1.62 2.53
N 91 91 91
95% ClI 0.63 0.33 0.52
Max 21.64 10.67 22.34
Min 0.09 0.06 0.12
Benz(a)Anthracene Avg 0.10 0.12 0.14
SD 0.08 0.12 0.13
N 91 91 91
95% ClI 0.02 0.03 0.03
Max 0.34 0.46 0.65
Min 0.01 0.01 0.01
Benzo(a)pyrene Avg 0.12 0.14 0.18
SD 0.10 0.15 0.17
N 91 91 91
95% ClI 0.02 0.03 0.04
Max 0.51 0.62 0.82
Min 0.01 0.02 0.02
Benzo(b+j+k)Fluoranthene Avg 0.34 0.40 0.39
SD 0.26 0.37 0.37
N 91 91 91
95% Cl 0.05 0.08 0.08
Max 1.03 1.38 1.59
Min 0.04 0.03 0.03

Appendix V-8



MATES 1l

DRAFT for Public Review

TableVI-3 MATESIII Year 2 Monitored PAH Levels (ng/m®)

Site
Substance Central LA Rubidoux  Wilmington
Benzo(ghi)perylene Avg 0.35 0.33 0.40
SD 0.24 0.31 0.36
N 91 91 91
95% Cl 0.05 0.06 0.07
Max 1.04 1.33 1.85
Min 0.04 0.04 0.04
Chrysene Avg 0.32 0.35 0.43
SD 0.19 0.29 0.31
N 91 91 91
95% Cl 0.04 0.06 0.06
Max 0.89 1.15 1.51
Min 0.08 0.03 0.05
Dibenz(a,h)anthracene Avg 0.03 0.04 0.06
SD 0.02 0.05 0.06
N 91 91 91
95% Cl 0.01 0.01 0.01
Max 0.13 0.44 0.53
Min 0.00 0.00 0.00
Fluoranthene Avg 2.12 1.37 1.90
SD 0.86 0.64 1.07
N 91 91 91
95% Cl 0.18 0.13 0.22
Max 4.37 3.09 4.84
Min 0.48 0.33 0.54
Indeno(1,2,3-cd)pyrene Avg 0.17 0.18 0.18
SD 0.12 0.16 0.17
N 91 91 91
95% Cl 0.02 0.03 0.03
Max 0.53 0.60 0.70
Min 0.02 0.02 0.01
Naphthalene Avg 201.29 154.91 183.78
SD 110.52 110.68 150.79
N 91 91 91
95% Cl 22.71 22.74 30.98
Max 447.60 533.56 726.14
Min 35.29 24.30 29.95
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TableVI-3 MATESIII Year 2 Monitored PAH Levels (ng/m®)

Site

Substance Central LA Rubidoux  Wilmington

Phenanthrene Avg 14.35 8.96 13.65
SD 6.52 4.39 8.40
N 91 91 91
95% ClI 1.34 0.90 1.73
Max 34.54 20.99 37.59
Min 2.62 2.24 3.47

Pyrene Avg 1.67 1.19 1.68
SD 0.73 0.70 1.01
N 91 91 91
95% ClI 0.15 0.14 0.21
Max 3.41 3.56 5.09
Min 0.42 0.25 0.39
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