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Executive Summary

An air quality survey of airborne toxic arganic compounds and carbon monoxide was conducted in the
vicinity of Seattle-Tacoma International (Sea-Tac) Airport. Samples were callected during four late fall to
early winter days in 1993 at locations within the Airport QOperations Area, upwind cf the airpart, downwind
of the airport, near International Bivd, and at a residential location in Normandy Park. The sampling periods
were selected to contrast different meteorological conditions and carresponding modes of airpon operation.

EPA reference mathods were usad to collect volatile arganic compounds (VOCs}), including benzene, with
evacuated canisters, and carbenyl compounds, including formaldehyde, with reagent coated cartridges.
Approximately 50 % of the VOCs tested far in the study were detected in the evacuatad canisters. Benzane,
a specific target, was found in every sample collected. In ganeral the canister sampling data did not indicate
variations with meteorology or mode of airport operaticn. Generally higher concentrations were collected
at Gate B3 and next to International Blvd, while relatively lower concentrations were observed at the
residential location in Normandy Parlk. However these trends were not consistent far every compound or

sampling period, and the monitoring netwark did not discern significant differences in upwind versus
downw:nd concentranons

While nat directly comparable, concentrations of several of the VOCs collected at Sea-Tac Airpart were
higher than the screening criteria used by the Washington on Department of Ecology for assessment of toxic

atypicai, with measured concentrations within the range obsewed in gther urban areas. The signature or

ratios of several key VOCs were indicative of : automobnle exhaust and did not resemble the VOC profiles
_assgciated with aircraft emissions.

The canister samples collected in the study were also analyzed for carbon monoxide. The carbon mongxide
levels observed in the siudy did not follow any distingtive temperal ar spatial pattern. The monitoring
network did not indicate that Sea-Tac Airport airfield operations were a significant source and all carban

manoxide concentrations in the survey were less than the B-hour average national ambient air quality
standard.

The survey included measuraments of formaldehyde and other carbonyl compeunds at three locations,
representing a potentiai source area site, an upwind site, and a downwind sits. Formaldehyde and
acetaldehyde were present in all the samples and acrolein was always detected at Gate B3. The average
concentrations of these compounds were higher for the sampling periods when the airport was in a south

JE

ﬂow mcde of operation. The relatively higher values also occurred for the sampling periods which included

the Iate afternocn and it is unclear whether the higher values were caused by different modes of operation

ar different periods of the diurnail cycle. Samgles of formaldehyde, acetaldehyde, and acrolein were higher
at Gate B3 than at the upwind or downwind locations. The upwind/downwind carbanyl sampiing data
collected in this study were indicative of active sourcas at Sea-Tac Airport.

Formaldehyde, acetaldehyde, and acrolein samples callected in the study were higher than the new
stationary industrial source screening criteria applied by the Washington Department of Ecalogy for these
compounds. Farmaldehyde, acstaldehyde, and acrolein concentrations observed at Sea-Tac Airport were
within the range reported for other urban areas.
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1.0 Introduction

An air guality survey was conducted of airborne toxic organic compounds and carbon monexide in the
vicinity of Seattle-Tacoma International (Sea-Tac) Airport. The study was performed by the Atmospheric
Sciences Group of McCulley, Frick and Gilman, Inc. on behalf of the Port of Szaftle. Samples were
callected during the period from October to December 1993, within the Airport Operations Area (AQA},
upwind of the airport, downwind of the airpornt, near a major roadway, and at a residential location in

Normandy Park. The methodologies that were employed for sample collection and the results of the study
are described in the remainder of this report.

1.1 Background

The Washingten Department of Ecolegy (WDOE) conducted a screening level assessment of emissions and
concentrations from airport sources based on the application of the FAA's Emissions and Dispersion
Maodeling System (EDMS)." While the 1891 study was only intended as a screening assessment and did
.not include an air sampling pregram, WDOE's report evoked a very concerned response from the nearby -
community. The report suggested that the airport might be a significant source of toxic air peilutants, and
that the neighboring community might be at risk. The WDOE report has been cited by citizens opposed to
proposals to expand Sea-Tac Airport's operational capacity and to develop the South Aviation Support Area.

WODOE's study suggested the primary toxic pollutants of concern were benzene and other volatile organic
compounds (VOCs). Benzene, toluene, isomers of xylene and other VOCs are present in jet fuel and are
contained in jet turbine exhaust due to incomplete combustion. Evaporation of fuel during starage, refueling,
and fuel handling operations also results in emissions of these VOCs. These same compounds are alsa

contained in gasaline and automatile exhaust, and elevated levels observed in many urban areas have been
attributed to automobiles.?

In addition to YOCs emitted by aircraft operation, members of the study steering committee expressed
concern over formaldehyde and carbon monexide (CO) levels near Sea-Tac Airport. The steering committee
is comprised of representatives from concerned citizens graups and regulatory agencies. Formaldehyde
has received regulatory attention as a possible carcinogen and CO is a criteria pollutant reguiated under the
Clean Air Act. Formaldehyde and CO are directly emitted as the result of incamplete combustion.
Formaldehyde, acetaldehyde, and other aldehydes can also be formed in the environment as the products
of oxidation of virtually all hydrocarbons and play an important role in phetochemical processes.
Formaldehyde and acetaldehyde are emitted by vehicles that use oxygenated fuels !ike methanal and have

also been reported in the literature as one of the principal hydrocarbon components of jet turbine
exhaust.®*
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1.2  Objectives & Study Overview

The field sampling program was designed to provide a preliminary survay of VOC, carbonyl, and CQ levels
in the vicinity of Sea-Tac Airport with the intent of addressing many of the concerns raised by the WDQE
report and the steering committee. The objectives of the samgling program were as follows:

. to assess the concentrations of VOCs, carbonyl compounds, and CO near Sea-Tac Airport
. to compare concurrent upwind, dawnwind, and residential concentrations of the target compounds

| s CAgnacs,
. assess sampling techniques that could possibly be employed in more extansive air quality surveys

The study was intendad as a survey and not dasigned to evaluate all regulated air pollutants or provide
comprehensive identification of all potential emission sources.

VOC samples were ccllected with evacuated canisters and analyzad with Gas Chromatography according
to EPA Method TO-14.%% In order to address the concerns of the steering commitiee, the evacuated
canisters were alsa analyzed for CO using method ASTM D-3416.7 Canister samples were collected at 9
locations, on 4 different days. The sampling periods correspanded to different meteorological and/or
operational scenarios. The sampling network was spatially diverse to compare VOC levels downwind of
patential airport sources with respect to upwind monitoring locations and other receptors of interest, for

example next to International Bivd and at a residence in Noermandy Park, a residential city west of the
airport.

EPA recommends a different approach far the collection of formaldehyde and other carbanyl compounds
(asldehydes and ketones) which are not stable or degrade in the canisters. These compounds were cellected
and analyzed accerding to EPA Methad TO-11.2 This method involves drawing ambient air at a constant
rate through a coated adsorbent cartridge followed by High Fressure Liquid Chromatography (HPLC).

Cartridge sampling was conducted at 3 locations during the same 4 periods to coincide with the canister
sampling.

As an alternative to the conventional canister based method, a related study also employed a remote
sensing Fourier Transform Infrared (FTIR) spectrometer for quantification of gasecus compounds near
possible airport sources. FTIR spectroscopy is an emerging technolegy in air pellution menitoring and the
pragram tested the utility of this device at Sea-Tac Airport. Staff fram the University of Washington were
responsible fcr the operation and deployment of the remote sensing FTIR. The FTIR spectrometer
investigatian at Sea-Tac Airpert showed promise for future use, but as discussed further in Section 2.6, the
instrument employed in the study was not able to provide sufficient quantitative data in field conditions.

The sampling methedologies employed in the current study are presented in Section 2, including
descriptions of the evacuated canister sampling program, formaldehyde sampling program, the FTIR
spectrometer investigation, and QA/QC procedures. The results of the data analysis are presented in
Section 3. The data were compared by location and sampling peried. The data were assessed in the
context of upwind/downwind differences, and compared with similar data from ather urban areas and with
ambient air quality criteria. The report concludes with a summary, references, and supporting appendices.

Sea-Tae Airport Air Cuality Survey Repart -2. January 18895



2.0 Sampling Methodology

The field program surveyed the magnitude and spatial distribution of VOCs, CO, and carbanyls in the
immediate vicinity of the major sources at Sea-Tac Airport and in the surrounding community. The
techniques used in the study were outlined previously in a Sampling Plan developed fer review by interested
parties.” The principal siudy focus was on benzene and other VOCs sampled by evacuated canisters
according to EPA Method TO-14. The evacuated canisters also provided the means of sampling for CQ.
Formaldehyde and other carbenyl compounds were sampled with EPA Methad TO-11 using reagent coated
cartridges. The FTIR spectrometer was alsa employed ta test the utility of this instrument for future

applications. The remaincer of this section more fully describes the sampling methods that were employed
in the field program.

2.1 Evacuated Canister Sampling
2.1.1 Volatile Organic Compounds

EPA Method TO-14 invaives the collection of whole air samples with evacuated canister sampling systems
and subseguent analysis by Gas Chromatagraphy coupled with a Mass Spectrometer (GC/MS). There are
many methods of sampiing for gaseous hydrocarbons in the ambient air including scrbent tubes, evacuated
canisters, partable gas chromatographs, and open-path optical remate sensing technigues. The selection
of the EPA Methed TO-14 was based on considerations of the hydrocarbon species of interest; regulatory
preferences; the number, duration and frequency of sampling; and budget.

Collection of air samptes with an evacuated canister sampling system and analysis with GC/MS is a recent
development in hydraocarcon sampling. The method is widely employed in sampling programs concerned
with VOCs, especially ccmpounds like benzene, chloraform, isomers of xylene, vinyl chloride, and others,
The sampling system emcloyad 6 liter SUMMA passivaied stainless steel canisters with flows reguiated by
critical flow orifices. The gpressure differential between the canister and atmospheric pressure allowed a time-
integrated sample to be callected for 6 to 8 hours. Flow into the sampler is continuous and steady as long
as the pressure differantizl remains above a critical value. The entire sampling system was obtained from

the laboratery,” where the canisters were batch-certified clean according to the protocols cutlined in EPA
Method TO-14.

The evacuated canister systems were mounted on 1.5 m sampling platforms or attached to chain-link fences
at some sites. The systems consisted of an evacuated canister fitted with a critical-low orifice, pressure
gauge, and particle filter. The field operators manually initiated the sample collection, then routinely checked
the flow throughout the sampling peried with a calibrated rotameter. Flow rates typically were set at about
8.5 ch/min. resufting in the collection of a 4 liter sample in 8 hours. Rotameter and pressure gauge
readings were recorded in an operator log with visual observations concerning pcotential nearby sources,
mode of airport operaticn, and the weather. Sampling was manually terminated at a specified time or when

All samples from the field sampling program were analyzed by Air Toxics Ltd. in Folsom, CA. Air
Toxics is a Tier 1 appraved Subcantract Laberatory for the Special Analyticai Services Branch of
the EPA.
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the pressure readings approached a minimum critical vacuum. At the end of the sampling period, the

partially filled canisters remain under a slight vacuum. Thae filled canisters where then collected and sent
via 2-day air freight to the analytical laboratory.

The TO-14 list of VOCs is presented in Table 1. The minimum detection limit (MDL} for these compounds
using GC/MS within an lon Trap detector is approximatealy 0.1 part-per-billion (ppb). Actual detection limits
were approximately 0.2 ppb due to the necessary purging used in the laboratory to obtain samples from
the canisters. The GC/MS analyses target the TO-14 compound peaks on the chromatograph and certified
gas phase standards were used to ensure accurate quantification. In addition to the assessment of the
standard TO-14 list of VOCs, the laboratory reported the top 10 other tentatively identified compounds (TICs)
in the canisters based on examination of the peaks in the chromategraph. Depending an the compaound,

quantification of the TIC is less accurate and less precise than for the compounds contained in the standard
TO-14 VOC list.

The laboratory also examined the chromatograph records for each sample and assessed the total petroleum
hydrocarbons (TPH) present in the canisters. The method is based on the integral of the area under the
chromatagraph and a qualitative match to a hydrocarbon referance. Due to the nature of the sampling in
the study, the reference chasen for the analysis was Jet Fuel (molecular weight 138). Note that the TPH
values listed in this report do not identify the mixtures in the canisters as Jet Fuel.

2.1.2 Carbon Monoxide

The EPA reference method for CO involves continuous measurement by Nondispersive Infrared
Spectrometry. This method was not practical for the current study, because the method is not portable and
the costs of a multi-staticn network were prohibitive. As an alternative, the ambient samples collected with
gvacuated canisters were anaiyzed for CO using Gas Chromatography according to ASTM D-3416. The

_ MDL for this method is approximately 1 part-per-million (ppm). After laboratory dilution of the partially filled

canisters, the actual MDL was about 2 ppm.

2.2 Formaldehyde Sampling

Aldehyde and ketone organic compounds including formaldehyde were collected accarding to EPA Method
TO-11 which invoives solid adsorbent exposure followed by HPLC. A knawn volume of sample air was
drawn though a prepacked Sep-Pak chromatographic grade cartridge coated with a reagent {ONFH or 2,4-
dinitrophenylhydrazine) which fixes the carbonyl compounds. The volume of air passing through the
cartridge was controlled by a pump and maonitored by routine inspection of a calibrated rotameter. At the
laboratory, formaldehyde and other carbonyl compounds of interest were desorged, then identified and
quantified by compariscn of their retention times and peak heights with thase of standard solutions. The
primary disadvantage of this method involves ¢ollecting enough formaldehyde for detection and ensuring
that the formaldehyde reacts with the DNPH, while avoiding the total carbonyl adsorption capacity of the
cartridge.
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Tahle 1. EPA Method TO-14 Compound List

Chemical Abstracts

Compound ¥ System (CAS) Number
Freon 12 75-71-8
Frecn 114 . _ 76-14-2
5045 ~Methyl chlorigeChlersd ibrmieHens 2, 40 4
Vinyl chlaride 75-01-4
Methyl bromide 74-83-9
Ethyl chlaride : 75-00-3
Freon 11 75-69-4
Vinylidene chioride 75-35-4
Freon 113 76-13-1
“Dichloromethane 344 d 75-09-2
_, 1.1-Dichloroethane 74-34-3 .
XEis-1,2-Dichloroethylene 3T 156-59-2 {07 CbV2
vChicroform §19.3 67-868-3
1,1,1-Trichloroethane 71-55-6
/Carbon tetrachioride i53. %4 56-23-5
/Benzene 7§ 71-43-2
1,2-Dichloroethane 1% 107-06-2
vTrichloroethylene 13j.4¢ 79-01-6
/1,2-Dichioropropane i12.7% 78-87-5
cis-1,3-Dichloropropene 10061-01-5
Toluene 108-88-3
trans-1,3-Dichloropropene 10061-02-6
1,1,2-Trichioroethane 79-00-5

jt5:%35 ~Tetrachloroethene Parhlor E‘ei‘hﬂléf“_/ 127-18-4
[¥1%¢ “1.2-Dibromoethane erhytene Dibromide 106-93-4

Chiorobenzene 108-90-7
Ethylbenzene 100-41-4
m.p-Xylene 1330-20-7
o-Xylene 95-47-6
Styrene 100-42-5
1.1,2,2-Tetrachloroethane 79-34-5
1,3,5-Trimethylbenzene 108-67-8
1.2,4-Trimethylbenzene 85-63-6
m-Oichiorcbenzene 541-73-1
p-Dichlarcbenzene 106-46-7
Benzyl chloride 100-44-7
o-Dichlorobenzene ' g5-50-1
1.2.4-Trichlorobenzene 120-82-1
Hexachlorobutadiene 87-68-3

I 3-Buradianeg = W06 499-¢

@ Minimum detection limit of 0.1 ppb by volume

FU( ﬂ’\-.‘L\ C'l'e—"\3 da 29.04 'f\:'__ -t
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Table 1. EPA Method TO-14 Compound List

Compounrd @

Freon 12
Freon 114

Vinyl chicride
Methyl bromide
Ethyl chioride
Frean 11
Vinylidene chloride
Freon 113
“Dichloromethane 344}
_1.1-Dichloreeihane _
JCis-1.2-Dichlaroethylene <=1
vChioroferm {1.3)
1.1,1-Trichioroethane
/Car'.::on tetrachloride 153 %+
“Benzene 7%
/1,2-Dichiorcethane 1%\t
v Trichlaroethylene :3j.4¢
A 2-Dichloropropane (2.7
cis-1,3-Dichloropropene
Toiuene
trans-1 3-Gichloropropene
1,1,2-Trichloroethane

Chlorobenzene
Erhylbenzene
m,p-Kylene
o-Kylene
Styrene
1.1.2,.2-Tetrachlaroethane
1.3.3-Trimethylbenzene
1.2, 4-Trimethylbenzene
m-Dichlorobenzene
p-Dichiorchenzene
Benzyl chloride
o-Dichiorobenzens
1.2.4-Trichlarobenzene
Hexachlorobutadiene

Chemical Abstracts

System {CAS) Number

75-71-8
76-14-2

areme g Hrenes D
3747 Methyl chlorideCinlorsd ipmmieHene o) ag

73-01-4
74-83-9
75-00-3
73-69-4
73-35-4
76-13-1
75-08-2
74-34-3

158-59-2 1075692

6§7-65-3
71-33-8
56-23-5
71-43-2
107-06-2
72-01-6
78-87-5
10061-01-5
108-88-3
10081-02-8
78-00-5

165,53 < rracwloroethenePJrJ‘Cf‘3'“ 20¢127.18-4
%7 ¢ “4.2-Dibromoethane ;i-}\..«. lene .uCr..n 2¢.106-83-4

108-20-7
100-41-4
1330-20-7
95-47-6
100-42-5
79-34-5
108-67-8
95-63-6
541-73-1
106-46-7
100-44-7
95-50-1
120-82-1
87-53-3

' 3-BuramenNg = \(CE-g9.¢

1a}

Minimum detection limit of 0.1 ggb by vaiurme

-
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Tahle 2. EPA Method TO-11 Compound List

Compaund @ CAS Number
~Formaldehyde 50-00-0
s Acetaldehyde 75-07-0
Acrolein . 107-02-8
~“Acetone 57-64-1
Propionaldehyde 123-38-6
Crotanaidehyde 4170-30-3
Isobutyraldehyde 78-84-2
Methyl Ethyl Ketone 78-93-3
Benzaldehyde 100-52-7
Vaieraldehdye 110-62-3
o-Tolualdehyde 529-20-4
m-Tolualdehyde 620-23-5
p-Tolualdehyde 104-87-0
Hexanaldehyde 66-25-1
(a) Minimum Detection Limit 0.1 yg or for a 8-haur sampling
rate of 1 1/min, MDL = .2 pg/m™.
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The formaldehyde sampling system consisted of a battery-operated pump connected to the DNPH coated
cartridge with about 1 m of sampling line. The sampling systems were partable and placed next to the VOC
canister systems with a sampling inlet about 1 m above the ground. Flow through the cartridge was
measured with a calibrated rotameter and routinely recorded by the field operators. The ONPH cartridges
were received from the laboratory and refrigerated until use in the field. After the sampling was complete

the exposed samples were sealed in glass vials, then placed in a small cooler far avernight shipment to the
laboratory.

EPA Method TO-11 recommends that the sampie inlet be heated for application in environments where
temperatures are much colder than 60 °F. For the first two sampling periods, the samples were collected
at ambient temperatures averaging about 55 °F. Due to the patential for colder weather and concerns
regarding the reactivity of the formaldehyde with the reagent, the sampling systems were enclosed and
heated with a small lamp during the last two sampling perieds. A thermometer placed inside the enclosures
indicated that temperatures cf 100 °F were attained during the fast two sampling pericds. Although the
sampling configuration did not allow direct temperature measurements of air entering the cartridges, the

relatively high enclasure temperatures were expected 1o result in sampied inlet temperatures above the
recommended 60 °F.

A list of the EFA Method TO-11 compounds is presented in Table 2. The method was written spacifically
for formaldehyde, but the laboratory was also asked to quantify the other carbonyl compounds on the
cartridge using an extension to the standard method. The MDL for formaidehyde and these compounds
using HPLC with an ultraviolet-visible detector was 0.1 microgram (uyg) on the cartridge. Flow rates were

typically adjusted to about 700 cm?/min by the field aperators, which for an 8-hour sample results ina MDL
of 0.30 ug/m? or 0.24 ppb for formaldehyde.

2.3 Sampling Locations

Sampling locations were based on consideration of possible sources at the airpert, the potantial impact
areas identified by WDCE's EDMS modeling, accessibility, security, metecrology, and consuitations with the

Port of Seattle regarding aircraft operations. Specifically, each sampling peried had evacuated canister
samples collected at:

- 2 upwind sites dependent on wind direction, these sites were placed in locations to
assess tha gquality of air upwind of airport operations. Two sites were used
to assess the expected spatial variability In upwind ambient VOC and CO
concentrations

- 4 downwind sites placed downwind of possible sources at Sea-Tac Airpart to contrast with
the upwind data and provide preliminary data concerning the crosswind
extent of the VOC and CO plumes and relative importance of different
airport sourca groups or activities

- source ared sita located within a potential Sea-Tac Airport VOC and CO emissions scurce
' area. This site was fixed and used as a reference for the
upwind/dawnwind monitoring locations
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- residential site located in Normandy Park (2 miles west of the airport) to provide
background information in an offwind direction, remcved from major
roadways and the airport

- roadway site located adjacent to International Blvd (SR-99) to provide an indication of
VOC and CO concentrations assaciated with automaobiles

- QA/QC site Quality Assurance/Quality Control (QA/QC) samples were located next to
one of the sites to assess the overall precision of EFA Method TO-14

Figure 1 and Figure 2 show the lacations of the canister sampiing network for northerly and southerly flow,
respectively. Northerly flow refers to winds from the north, with aircraft taking off to the north and landing
from the south. Southerly flow refers to winds and aircraft operations in the opposite direction. The
locations and site exposures are further described in Table 3. Site 1 was located at Gate B3 near the main -
terminal and corresponds to the saurce area or reference location. Site 2 was near International 8ivd and
corresponds to the roadway site. A residential site (Site 7) was located in Normandy Park and Site 10 &
Site 13 were used for QA/QC purposes. The remainder of the sites were placed to provide indications of
the potential upwind/downwind differences in VOC and CO concentrations from aircrait activity. Downwind
sites carrespond to areas identified in the WDOE study, areas downwind of the terminal, or downwind of
aircraft queued on the taxiways. Sites 1,2,4,5,7,8.9 and a QA/QC site were used for all sampling periods.

Site 3 and Site 6 were downwind during northerly winds and Site 11 and Site 12 were downwind during
southerly flow,

The formzidehyde sampling program was conducted on a more limited spatial scale than that of the canister
sampling program. For each sampiing period, upwind, downwind, and source area samples were collected
at the same locations as three of the canister sampling sites. The sampling locations corresponded to Sites
1.4, & 9 as shown in Figure 1 and Figure 2. While this network was not as extensive as for VOC's and CO,

it provided a preliminary survey of farmaldehyde levels near Sea-Tac Airport and resuited in data which was
also used to contrast upwind/downwind levels.

2.4 Sampling Periods

The sampling program provided preliminary information concerning the temporal variability in VOC,
formaldenyde, and CO concentrations due to differing meteorology and source activity at Sea-Tac Airport.
Individual sampling periods were based on projected aircraft activity, wind conditions, and logisticai
considerations concerning sampling within the AQA. Based on consultations with the Pert of Seattle and
the study stesring committee, the study goals called for sampling during four pericds as fcilows:

. (1 cr 2) north flow aircraft operation mode, persistent winds from the north
. {1 cr 2) south flow aircraft operation made, persistent winds from the south

. (1} stagnation condition, light and variable winds
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Table 3. Canister Sampling Locations

Site
Number Location Purpose Exposure/Comments @
1 Gate B3 source area site fair exposura
Budget rental car lot
South of Gataway Hotel 20 m from roadway
2 International Blvd roadway site good exposure
24th ave 3 & 3 194th
3 next to Tyee Golf course north flow downwind good exposure
north flow downwind
4 SE Corner of AQA south flow upwind excellent exposure
e north flow downwind
t 5 SW Carner of AOA south flow upwind excellent exposure
Farmer Maywood School on roof
6 |.S-200th-St——— narth flow downwind excellent exposure
. Residence ™
7 1117 Sharemont Ave SW 7 offwind residential in front yard
Normandy Park s background site fair expaosure
h north flow upwind
8 NW Cerner AQCA south flow downwind excellent exposure
narth flow upwind
NE Corner AQA south flow downwind excellent exposure
10 located next to site 1 QA site fair exposure
Former Rasidence in backyard
11 26th Ave 8 south flow downwind good exposure
Maintenance Yard
12 Off Host Rd south flow downwind good exposure
13 located next to site 12 QA site gced exposure
AQA refers to the Airport Operations Area
@ The exposure of each sampiing location to wind was subjectively assessed using the
following classes:
excellent - sample location was free from surrounding objects and received
uncbstructed exposure to winds from all directicns
gocd - sample locaticn was within 2 heights of a surrounding object for winds from a
90° sactor, unobstructed exposure for other wind directions
fair - sample location was within 2 heights of a surrounding object for winds from a
1809 sector, unobstructed exposure for other wind directions
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Table 4. Meteorological Conditions at Sea-Tac Airport During the Study

Time Temp  Rel Humi Wind Dir Wind Spd  Press

Date (PST) {F) {96) (deg) {knats) {"Hg) Comments
10/25/93 530 44 93 <] 4 ag.44
10/25/93 6§30 45 83 20 4 30.46 Patchy Ground Feg
10/25/93 734 350 4 30.46 Patchy Ground Fog
10/25/93 750 45 a9 20 5 30.47 Petchy Ground Fog
10/25/33 850 47 85 calm calm 30.47 Fog Bank South ta NE
10/25/83 945 10 5 30.48
10/25/93 850 49 as 20 5 30,48
10/25/593 1050 8535 69 20 5 30.48
10/25/93 1150 58 B2 ao 8 30.47
10/25/93 1250 358 57 3sa 12 30.47
10/25/93 1350 60 58 10 8 30.47
10/25/93 1450 &1 51 360 10 30.47
10/26/33 £50 45 93 20 10 30.50
10/26/93 650 45 as 20 =} 30.48
10/25/93 750 45 =] 20 8 30.48 Fog Bank Westto NE
10/26/93 850 49 86 380 8 30.49 Patchy Ground Fog
10/26/23 850 -] 74 30 g 30.48
10/26/93 1050 56 59 10 8 30.47
10/26/93 1150 53 57 as0 -] 30.46
10/26/93 1250 81 1] 320 S 30.43
10/26/93 1350 80 80 10 9 30.42
10/26/93 1450 59 62 330 7 30.40
11/28/93 1051 49 sQ 180 8 30.23
11/25/93 1151 43 45 180 4 30.21
11/26/33 1251 45 47 250 5 30.20
11/26/93 1353 42 55 200 -] 3013
11/26/93 1450 44 51 200 7 30.20
11/26/93 1550 41 85 210 8 30.19
11/26/93 1650 38 70 160 5 30.18
11/26/83 1750 41 44 150 8 30.17
12/14/93 1150 48 73 180 4 25.82 light rain showers
12/14/83 1244 220 4 29.83 light rain shawers
12/14/93 1250 47 886 calm ¢alm 29.83 light rain showars
12/14/93 1350 47 88 300 5 29.84
12/14/93 1436 260 4 29.85
12/14/93 1480 47 86 ealm calm 29.85 light rain shawers
12/14/93 1551 47 88 280 3 29.87
1214/93 1652 45 a8 260 3 29.89
12/14/93 1752 47 86 180 4 29.M
12/14/93 1851 45 a3 290 4 29.93




Using these guidelines and the wind forecasts obtained from the National Weather Sarvice (NWS) Aviation
Forecasting located at Sand Point, sampling was conducted on Qctober 25, 1583; Cctober 26, 1993;
November 26, 19%3; and December 14, 1993.

The meteorolagical conditicns at Sea-Tae Airport during the sampling events are shown in Table 4. October

25 and 26 corresponded to pericds of northerly fiow and with the exception of a 1-hour period during the

morning on Qctober 25, the airport was under a northerly mode of operation. Samgling on these days

commenced between 0600 to 0800 PST and ended between 1400 to 1500 PST. The sampling encompassed

periods of increased aircraft activity, with peak d‘epar‘tures in the marning and peak arrivals around midday.

Wind rosas canstructed for October 25 and Qctober 26 are displayed in Figure 3 and Figure 4, respectively.

October 25 was characterized by light and variable winds in the early morning with assaciated ground fog,
becoming sunny and relatively warm in the afternoon with moderate northerly winds. Northerly flow

continued on Cctaber 26 with persistent winds averaging 8 knots (kis). Temperatures for both sampling

periods were near 45 °F in the morning and rose to 61 °F in the early afternoon.

During the sampling on November 26 and December 14, Sea-Tac Airport was under a southerly mode of
operation with aircraft taking off to the south. Sampling on these days commenced around the midday peak
in airport activity and ended after a secondary peak in activity that occurs near 1800 PST. Novemnber 26
was the Friday after Thanksgiving, typically a day with relatively high passenger volumes. Wind roses for
Movermoer 26 and December 14 are displayed in Figure 5 and Figure 6, respectively. The November 26
sampling pericd was avercast and cold at 42 °F, with southerly winds averaging 6 kts. The December 14
sampling cccurred during a period of tight rain with an average temperature of 47 9F. Winds on December

14 were light (averaging 3 «is), with flow from the south shifting to winds fram the west with the approach
of frontal system.

Although wind velocities were less than average for the majority of the sampling pericds, the study did not
capture a ciassical stagnation episade. Calm conditions were recorded on both Octoter 25 and December
14, but these conditions did not persist on October 25 and the later period was nat accompanied by a
subsidence inversicn. On October 25, a brown haze north of Sea-Tac Airport was clearly avident under a
low level temperature inversion, but this layer dissipated with the arrival of stronger ncrthery winds in the
early afternocn.

2.5 Quality Control & Quality Assurance
2.5.1 Canister Sampling

The sampling program followed the QA/QC recommendations outlined by EPA Method TO-14 for both the
anaiytical and field aspects of the sampling. Batch-certified clean evacuated canisier sampling systems were
obtained from the [zboratary. The risk of outside contamination was reduced because tha sampling systems
do not involve external pumps, mass flow controllers, ar tubing. Potential degradation of campounds in the
canisters was reduced by returning the samples to the laboratory well within the tvo-week recommended
time pericd. ‘




An analytical blank, duplicate, and Method Spike were perfcrmed by the laboratery for every 10 samples
analyzed. Quantities of TO-14 compounds, CO, and TICs were not detected in any cf the analytical blanks
analyzed. With the exception of one freon 12 sample; Method Spike reccveries ware within the quality
control recovery limits of 70 to 130 % for all TO-14 compounds detected in the siudy. The analytical
precision of the canister sampling for the TO-14 compounds, CO, and TPH is shown in Table 5. The relative
standard deviations (RSD) of the differences between the replicates were less than 14 % for ail compounds
detected except freon 12.

The overall precision of the canister sampling program was assessed by comparing ha results of 5 side-by-
side samples. These samplies were collected at Site 1/10 (Gate B3) and at Site 12/13. The results of the
side-by-side sampiing for the TO-14 compounds are presentad in Table 6 and for tha TICs in Table 7. With
few exceptians the overall precision of the method for the TO-14 compounds was aczantable and less than
that exhibited by the TiCs. Note, that anly the top 10 TiCs were reported by the labaratory for each sample.
The RSDs for benzene, taluene, CO, and TPH were 16 %, 19 %, 15 %, and 40 %, respectively.

Based on experience with the TO-14 Method, duplicate field sample results often have a relative percent
difference (RPO) of up to 50 %, especially for the TICs.'® Using this as a criteria, relatively low overall
precision was found for freon 12, 1,1,1-trichiaroethane, isopropy! alcohol, methyl ethyl ketone {MEK), methyl

isobutyi ketane (MIBK}, and benzaldehyde. The reasons for the imprecision are unclear but could be related
to any ane of the following:

. contamination of the sample in the field. This is unlikely due to the simplicity of the sampling

system. Ail components upstream of the canister were obtained from the laboratory, batch certified
clean. :

N contamination of the sample in the laboratory. This is uniikely since the compounds were not
detected in the analytical blanks.

. the TICs reported were not corrected identified. With the exception of benzaldenyde which was
identified based on a match to a library of chromatograph signatures, the compaunds in question
were identified based on experience with calibration gases containing thess compounds.

. analytical imprecisicn. The low performance for freon 12 can be attributed tc analytical imprecision
as demonstrated by the analytical duplicates.

. degradation of the compound in the canister. Some degradation of the polar hydrocarbon
compounds like MEK have been reported in the literature for samples with low humidity.

. the canister system was not efficiently cleaned. Although the canisters were certified clean, not
every canisier was checked by the laboratory. The canisters were cleaned in batches, then samples
at random were checked. In one instance a high MEK result in the duplicate could be traced to a
very high value (8C00 ppb) in the same canister from a prior analysis. Hcwever, in general no
pattern ¢f historicaily high values in previous samples could be established.




Table 5. EPA Method TO-14, Precision of Analytical Duplicates

10/25/93 10/26/93 11/26/93 12/14/33 Mean
QA HAPD QA  APD QA RPD QA AFD RPD RSO
Compaound Site? Dup (%) | Site7 Dup (%) | Sited Dup (%) | Ste7 Cup {36 |Na. (38) (%)
Freen 12 ppb) Q3¢ 085 737 0.77 033 800 032 064 687 022 027 204 4 202 705
Freon 114 [{afels)] ND NO ND ND ND ND ND ND 0
Mathyl chloride (pp) Q.25 0.27 7.7 088 086 23 018 023 244 ND NO 3 99 135
Vinyl chiaride ety  ND ND ND ND ND NO ND ND o
Mathyl bramide (ppb) ND ND MND ND ND ND ND ND 0
Ethyl chiarde {opiz} ND ND ND ND ND ND N ND 0
Frecn 11 {ppb) 029 027 -7 0.33 0.356 8.7 034 034 006 034 02% -15.9 4 35 104
Vinylidene chlaride (pob) ND ND NG ND ND ND NO ND s}
Freon 113 (pob) ND ND ND ND ND ND ND ND o]
Dichleramethane peb} 033 0.19 -538 ND ND ND ND ND ND 1 -53.8
1,1-Diehleraethane (ppb) WO ND ND ND ND ND ND ND 0
cis-1,2-Dichlarcethylene  {ppb) ND ND ND MND ND ND ND ND 0
Chleroform (eph).  ND ND ND ND ND ND ND ND 0
1,1,1-Trichloroethane  ~ (peb) . 020 020 0.0  ND  ND 0.42 041 24 025 023 -122] 3 49 65
Carbon tetrachlonde (ppb)  ND ND ND ND ND ND NC ND 0
Benzene R} 140 130 74 026 029 109 210 200 49 220 200 95| 4 27 53
1,2-Dichloroethane {ppb) ND ND ND ND ND ND ND ND 0
Trichloroethylene {ppb) ND ND ND ND ND ND ND ND 1]
1,2-Dichloropropane {(ppb)  ND ND ND ND ND ND ND ND 0
cis-1,3Dichloropropene  {ppb) ND ND ND ND ND ND ND ND 0
Teoluena ppb} 390 390 0.0 ND ND 380 3.60 0.0 420 400 43| 3 -186 28
trans-1,3-Dichloropropen (ppb) ND ND ND ND ND ND ND ND Q
1,1,2-Trichlorcathane {ppb) ND ND ND ND ND ND ND NO 0
Tetrachiorosthena (ppb) ND ND ND ND ND ND 020 o020 0.0 1 0.0
1,2-Dibromoethane Fpo) ND ND ND ND ND ND NO ND 0
Chlorobenzene (ppb) ND NC ND ND ND ND ND ND v
Ethyl Banzene (ppb) QB3 082 -t6 ND ND 070 076 82 080 073 82| 3 08 87
m,p-Xylene ek} 230 230 00 ND ND 240 240 Q0 270 260 3813 13 22
a-Xylene {(ppb) 0868 083 36 ND ND 00 0B 45 100 099 10} 3 30 18
Styrene (ppb) 030 0.27 -10.5 ND ND ND ND 054 051 57| 2 81 34
1.1,2,2-Tetrachloroethane (ppb) ND ND ND ND ND ND ND ND 0
1,3,5-Trimethylbenzene  (ppb) ND ND ND ND 0.3¢ 030 00 020 019 51} 2 26 36
1,2,4-Timethylbenzene (ppcb) 0.47 047 0.0 ND ND 0.84 0.94 00 ¢854 083 16| 3 05 08
m-Dichlorabenzena (ppb) ND NO ND ND ND ND ND ND 0
p-Bichlerobenzara (epk) NOD ND ND ND ND ND ND ND 0
Benzyl chioride (ppb)  ND ND ND ND ND ND MO ND o
a-Dichlarobenzere (peb) ND ND ND ND ND ND NO ND 0
1,2,4-Trichiorcbenzens  (ppb) ND ND ND ND ND ND ND ND 0
Hexachlarobutadiena [{=lels)] ND MND ND ND ND ND ND ND 0
TPH {Ppb) 41 35 153 61 B5 8.3 240 220 -8.7 350 4C0 251 4 -39 102
Carbon monoxide (G0 (pom) 5.0 47 5.2 ND ND 3.8 4.1 13.0 2.3 34 194] 3 8.7 133
ND: Compound below minimum detecticn limit (MDL)
TPH: Total Petroleum Hydracarbons referenced to Jet Fuel
CO: Based on ASTM D-3418
RPD: Relative percent difterence based on 200{dup-cbs)/(dup+obs)
ASD: Standard deviation of RPD
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taxiways. Owing to the long path length of the beam and the masking of the hydrocarbon signature by the
presence of water vapaor, the resulting signal was not strong enough to provide a quantitative measurement
of organic compounds in the aircraft exhaust plumes."" However, the methed did detect the exhaust
plumes and qualitative matches for several arganic compounds were obtained including benzene. The FTIR
remote sensing technique showed promise for future application to measurement of aircraft emissions in

the field, providing a more powerful FTIR spectrometer and improved sarmpling techniques could be
employed.
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. different air masses were sampled. In some instances, sample flow rates into the canisters were
variable caused by small leaks in the sampling system. However, the operators logs for the

duplicate sampling program indicated that the side-by-side sampling had very similar input flow
histories.

The reasons for the relatively low methad precision for several of the compounds could not cleary be
estabiished in this study. The summary tables in the following sections are flagged when data for freon 12,
1.1,1-trichloroethane, isopropyl alcchal, MEK, MIBK, and benzaldehyde are presentsd. In saveral instances,
one of the samples had a concentration that was much higher than the canister next to it and out of line

with any samgle in the netweork. These "outliers” were used in the data summaries but statistics based on
these values should be cansidered uncertain.

2.5.2 Formaldehyde Sampling

The analytical and field aspects of the sampling followed the QA/QC recommendations outlined by EPA
Methed TO-11. Batch-certified clean DNPH coated Sep-Pak sampling cartridges centained in glass tubes -
were obtained frem the laboratory for the EPA Method TO-11 sampling program. Cn receipt from the
laboratory the cartridges were stored in a refrigerator until use in the sampling program. After the sampling
periad, the exposed cartridges were capped, placed back in the glass transport tubes, and refrigerated until

transport back to the laboratory. Transport times were kept under 48-hours using an overnight courier
service.

The TO-11 sampling program inciuded laboratory blanks and method spikes far every 3 samples analyzed.
The sampiing pregram also included one field blank, one field spike, and one side-by-side duplicate.
Recoveries from the trip and analytical method spikes were all within recognized methed limits. The
analytical blanks indicated that small amounts of acetone and MEK were sometimes presant in the blanks,
When identified the blank values were subtracted from the total mass of that compound found on the
cartridge. Inthese instances the summary tables were flagged to indicate that a blank has been subtracted.
Recoveries from the trip and analytical method spikes were all within recognized method limits,

Table 8 presents the rasults of a side-by-side sample taken on December 14 at Gate B3 and provides an
indication of the method's overall precision. The absolute relative percent differenca for formaldehyde was
12.2 %, acetaldehyde was 20.4 %, and for acrolein was 7.7 %. The precision for some of the other

compounds found on the cartridges were less satisfactory and these compounds are identified in the
summary takles in the fcllowing sections.

2.6 FTIR Spectrometer Sampling Program

The University of Washington deployed its FTIR spectrameter for direct measurement of aireraft exhaust an
November 26 to coincide with the VOC canister sampiing pragram, and on a separate cccasion on January
26, 1994. The sampiing beam of the FTIR spectrometer was positioned across the taxiway as aircraft
passed and in several instances across the runway as aircraft were taking off. A large variety of exhaust
plumes frem diiferent aircraft were sampled. A relatively long path length {near 100 m) was required during
the sampling pericés due to restrictions concerning the placament of the instrument near the edge of the




3.0 Sampling Results

The sampling methodologies described in the preceding section were applied to collect VOC, CO, and TPH
using evacuated canisters and to collect formaldehyde and other carbaonyls using DNPH coated cartridges.
Six to B-hour samples were collected cn the maornings of October 25 and October 26, 1993 and on the
afterncons of November 26 and December 14, 1993, This section presents the results of the sampling
programs. The data are compared by location, by date, and in an upwind versus downwind context.
Comparisons are pravided to similar data from other urban areas and to ambient air quality criteria. The

results of the canister sampling program are presented in Section 3.1 and the formaldehyde sampling results
are in Section 3.2

3.1 Canister Sampling Resuits -

Canister samples collected at 3 locations on 4 days were analyzed for the TO-14 list of VOCs, CO, and TPH.

in addition to the TO-14%ist of compounds; the top 10 TICs were also reported. The focation of the sampling -

sites (Figure 1'and Figure 2) and the sampling conditions were described in the previcus section. Complete
listings of the sampling rasults for each sampling period and location are presented in Appendix A. Plots
of selected resulls are also contained in Appendix A, where the sample results for benzene, toluene, isomers
of xylene, CO and TPH are posted on a base map of Sea-Tac Airport and vicinity.

Table 2 presents the TO-14 list of VOC, TPH, and CQ data summarized by sampling period. Approximately
50 % of the TO-14 list of VOCs were detected by the canister sampling program and 13 of the 39
compounds were above the MBLs for at least one site on every date sampled. Benzene was dstected in

every sample ccllected, and freon 12, freon 11, toluene, sthylbenzene, isamers of xylene, and 1,2,4-
trimethylbenzene were found in all but a few canisters.

With a few exceptions, the spatially averaged data in Table 9 could naot be stratified by sampling period.
Considering the precision of the method, the concentrations of TO-14 compounds were similar for north flow
(October 25 and 26) versus south flow (November 26 and December 14) modes of aircraft operation.
Exceptions were dichloroethane which was anly found during norih flow and carbon tetrachloride which was
only found under southerly winds. TPH values tended to be higher for the last two sampling perieds (scuth
flow mode of operation), while CO was highest for the first sampling period. Meteaorclogical influences suc
as —- temperature were not discernitle in the concentration data collected.

In addition to the TO-14 list of compounds, a summary of the TICs identified in the canisters is displayed
in Table 10. Ethyl aicohol (ethancl), acetone, iscpropyi alcohal, butane, iscpentane, and pentane were faund
in almost very sample collected. MEK, MIBK, hexane, and benzaldehyde occurred less frequently, and
several compounds were only reparted in a few of the sampies collected.

Table 11 provides information cancerning the average spatial differences of the canister sampling results.
The overall statistics of the entire sampling program including the mean, median, minimum, maximum, and
standard deviation of the data are also presented. Site 1 (Gate B3) and Site 2 (next o International Bivd)
usually had the highest average concentrations for the more frequently detected compounds, but this trend
was not consistent for all compounds or sampling periods. With the exception cf a few "outliers’, differences

:L g ;,.\_‘{"\"C%’::*‘ H
ct\_ﬁ rpn i,



Table 9. Summary of Canister Sampling by Date

e Cverall Maan

CAS No. Compound 10/25/93  10/26/93  11/26/83 12/14/93
75-718 Freon 12 {ppk} * 0.63 0.48 0.38 .45
76-14-2 Freon 114 {ppb) ND ND ND ND
74-87-3 Methyl chloride (Ppb) 0.18 0.44 0.23 022
75-014 Vinyl chioride {ppb) ND ND ND ND
74-83-9 Mathyl bramide {ppb) ) ND ND ND . ND
7500-3 Ethyl chloride (ppb) ND ND ND ND
75694 Frean 11 . {pRb) 0.34 0.29 0.30 Q.30
75-35-4 Vinylidene chloride {ppby ND ND ND ND
76-13-1 Freon 113 {(PRb) ND ND ND ND
7509-2 Dichloromethana {ppb) a.25 083 ND ND
74343 1,1-Dichlorcethans {Ppb) ND © ND ND NO
156-58-2 cis-1,2-Dichioroathylene {prb) 013 °  ND ND ND
67-66-3 Chloroform (ppb) ND - ND ND ND
71-556 1.1,1-Trichlargethane (ppb) * 0.31- 4,55 433 0.23
§6-23-5 Carbon tetrachioride " {ppRb) - 'ND ND 0.10 0.12
7143-2 Benzena - {ppb) 227 1.38 2.28 2.21
107-06-2 1,2-Dichloroethane - {ppb) ND ND ND - ND
79016 Trichloroethylens {ppb) 0.25 ND ND ND
78-87-3 1,2-Dichlarepropane (ppb) ND ND ND ND
10061-01-3  cis-1,3-Dichloroprapens (ppbd) ND ND ND ND
108-883 Toluene {peb) 5.67 8.85 4.49 6.29
10061-02-6 trans-1.3-Dichlcropropens {ppb) ND ND ND ND
79-00-5 1,1.2-Trichicreethane (ppb) ND ND ND ND

127-184 Tetrachloroethens (Ppb) 012 . 047 014 018

106-934 1.2-Dibromoethane -~ - fppb) f -7 ND 7 ND “ND Z"TTND
108-30-7 Chlorobenzens (ppb) ND ND ND ND
100414 Ethyl Benzene (poby .87 0.62 0.7¢ 1.14
1330-20-7 m,p-Xylene {ppb) 3.03 212 238 417
95476 o-Xylene {ppb) 1.09 0.76 0.87 1.59
100-42-5 Styrene {ppb) 0.23 0.14 0.10 0.27
73345 1,1.2,2-Tetrachloroethane {ppb) ND ND ND ND
108-67-8  1,3,5-Trimethylbenzene (ppb) 0.2z 0.16 0.20 0.31
85-53-5 1,2,4-Trimethylbenzene {ppb) 0.85 0.58 071 099
541-73-1 m-Dichlorobenzens {ppb) ND ND ND ND
106-46-7 p-Dichlorobenzens {(peb) ND ND ND ND
100-44-7 Benzyl chlorida {pph) ND ND ND ND
95-50-1 o-Dichiorobenzena {ppi) ND ND Q.12 ND
120-82-1 1,2.4Trichlorobenzene (ppb) ND ND ND ND
87-63-3 Hexachiorobutadiene {epb) ND ND ND ND
TQ-14 Detection Limit {ppb) o1 0.18 0.18 022
Number of Samples 9 9 9 9
TPH . (PRbY 50 182 237 397

Carban manaxide (CO) (ppm) 5.7 3.9 43 a6 | 5%
Start Time (PST) 07:10 06:41 1112 12:24
Stop Time (PST 14:14 14:50 17:37 18:51
Sampling Buration {hra) 07.04 08:08 06:25 06:24
ND: Compound below minimum detection limit (MDL) for entire data group
TPH : Tetal Petrofeum Hydrocarbona raferenced to Jet Fuel
CO: Based on ASTM D-3416 ‘
* : Relatively low methed pracision for this compound
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Table 10. Summary of Top 10 Other Tentatively Identified Compounds

10/25/93 10/26/93 11/26/83 12/14/93

CAS No. Compeund ns mean | ns mean | ns mean | na mean

€4-17-5 Ethyl Alconal (epb) 8 17.6 8 17.0 9 18.6 ] 8.5

67641 Acstone Ppb) 9 12.7 9 171 g 132 8 72

67630 [lsopropy! Alechel ppb) *| 7 34| 7 " 38| 7T .74 5 -." 123

78-93-3 * Methyl Ethyl Ketone (ppb) * 6 29 7 3.0 4 a7 7 367
106-97-8 Butane {ppk) 9 9.2 9 7.1 g 8.2 9 9.1

78-78-4 [sopantane {(ppb) 9 4.5 7 3.9 ] 43 9 4.1
109-66-0 Pentane {Ppb} 9 2.8 7 22 ] 2.8 8 2.6
110-54-3- Hexane (ppb) 8 4.9 4 23 3 52 2 55

71-36-3 'Butyl Alcohal (ppb) 4 3.5 4 29 3 1.3
108-10-1 Methyl lsobutyl Ketone  (ppb)  * 4 178 3 125| 4 148 4 12.6
100-52-7 Banzaldehyde (Pph). * 5 as| s 441 1 33} 3 3.9
127-19-5 n.n-Cimethyl Acetamide - - {ppb) 1 2.2 3 7.1 ’
6§24-32-0 Dimethyl Disulfide - (ppb) 1 a7

€6-25-1 Hexanaldehyde (ppb) 2 5.3

108394 m-Cresal {prb) 1 26

622-96-3 4-Ethyi Toluena Ppb) 1 0.9

110-623 Valeraldehdye (epb) 2 56| 2 as

111-71-7 n-Heptaldehyde {Ppb) 1 8.9 1 2.7

124-13-0 Octanal (ppb) 1 5.4 :

123-81-1 1,4-Dioxane {ppb) LA 13

$8-35-2 Methyl Phenyi Ketone epby

108054 Vinyl Acetate (ppb)

142-82-5 Heptzne {ppb)

108-35-2 Phenal [Ppb)

111-65-3 Octane {pRB)

mean ; includes eniy those samples reportad. Does rot include QA values.

ns: number of imes reported out of 9 samples per sampling pericd '
* : relatively low method precision for this compound




Table 11. Summary of Canister Sampling by Site
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Table 8. EPA Methad TQ-11, Precision of Side-by-Side Sampling

Sampling Date 12/14/33
Site 1 Site 10 {QA)

Cas No. Campound MOL  Cene. MDL Cone. RPD (%)
S0-00-0 Formalcehyde {peb) 0.23 .38 0.23 3.32 -12.2
75070 Acetaldshyde fopb) | 016 255 0.18 2.08 -20.4
107028 Acrolein {Fph) 213 16.29 a.13 15.08 -7.7

123388 Propionaidehyde (ppby) 0.12 ND a2 ND
§7-G+1 Acetone (PRB) 012 283 .12 233 b -22.7

4170303 Crotonaldenyda {ppby 010 ND 0.10 ND

78342 Isobutyraldehyde {ppb) 0.10 ND g.10 ND
78-93-3  Methyl Ethyi Ketone (ppb) | 0.10 117 0.10 4.59 118.8
100-52.7 Benzaldehyds {ppb) | 007 128 0.07 1.19 -5.1
110623 Valeraldehdye {pph) 008 228 0.08 0.31 -152.1

528-20~% o-Tolualdehyde {prb} NA ND NA ND

§20-23-5 m-Tolualdehyde {ppb) NA ND NA ND

104371 p-Tolualdehyda {ppb) NA ND NA ND
§5-25-1 Hexanaldehyde fob) |  0.07  3.30 0.07 1.59 70.2

Start Time (PST) 12:07 12:08

Step Time (FSTY 18:58 18:58

Samoling Curaton {hrs) 08:51 08:50

NQ: Compound below minimum detecton iimit (MOL)
b: Carrected for amount in laboratory blank
FPD: Relative percent difference caleuiatad from 200(dupl-obs)/{obs +dupl)




between the sampling loecations often only ranged by a factor-of-two between tne highest and lowest
samples. Site 7 (Normandy Park) usually had the lowest average concentrations fcr most of the TO-14

compounds, especiaily on Octaber 26 when most compound concentrations at this site were below the
MDLs.

Benzene was the primary toxic compound of concern identified in the earlier WOCE screaning study. For
the 36 canister samples collected for this project, the average benzene concentraticn was 2.0 ppb with a
standard deviation of 0.8 ppb. The highest average benzene concentration of 3.0 ppb was collected at
Site 2 (next to International Blvd), followed closely by 2.9 ppb at Site 1 (Gate £3). The highest single
benzene sample of 4.2 ppb was collected at Site 2 during northerly flow on October 23, followed by 4.0 ppb
at Site 1 during southerly flow on November 26. The lowest average congentraticns of benzene (1.4 ppb)
occurred during northeriy flow at Site 6 {Maywood Schoal). This site was downwind of the airpert. Benzene
concentrations in an offwind direction at Site 7 (Normandy Park) were also relatively low, averaging 1.5 pph.
Site 7 had the single lowest sample of benzene recorded on October 28 of 0.3 ppb. The observed levels
were well below the modeled values of up to 160 ppb in the WDQOE screening stucy.

In addition to the TO-14 list of VOCs, Tahie 11 also provides an indication of the sgatial differences in CO
and TPH concentrations found in the canisters. TPH concentrations followed the general pattern exhibited
by benzene, toluene, and isomers of xylene, with Site 1 and Site 2 having the relatively higher average
values. The highest average TPH values in the study occurred during scutherly flow at the downwind Site
11 and Site 12. Carbon monoxide concentrations did not follow this trend except that the lowest average
concentrations were at Site 7 (Normandy Park). The highest average CO concentration was 5.0, at Site 9
(NE corner of the AQA). This site also recorded the highest 6 to 8-hour concentration of 7.3 ppm. The
highest CO concentration occurred during northerly flow when Site 9 was upwind cf the airport. All CO

samples were below the 8-hour national ambient air quality standard of 9 ppm and the hourly values
indicated in the WOOE screening study.

In arder to further examine the spatial results of the evacuated canister sampling zrogram, Table 12 and
Table 13 present the upwind versus downwind concentrations far north flow and south flow operating
conditions. respectively. For beth nartherty and sautherly flow, concentrations of YQCs at the downwind
samgling locations were not signlficaritly different than observed at the upwind monitoring sites. While
concentrations of these compounds were often higher in potential source areas at Sitz 1 (Gate B3) and at

Site 2 (next to International Blvd), the sampling network did not discern significant upwind/downwind
differences.




Table 12. Upwind vs. Downwind Summary of Canister Sampling for Northerly Flow

Average Concentrations on 10/25 & 10/26/33
N C Upwind _Bownwind Gate B3 Rcadsida Nmdy Pard
CAS No. Comoeund ite 3&9 Site 3-8 Site 1 Site 2 - Sita 7

75718 Frean 12 ppb) " 0.49 0.64 0.50 0.43 0.54
76-14-2 Freon 114 (ppb) ND ND ND ND NO
74-87-3 Methyl chlaride (ppb) 0.45 0.22 0.24 0.18 0.57
75014 Vinyl chioride {ppb) ND ND ND ND ND
74-83-3 Methyl bromide {eph) ND ND ND ND ND
75003 Etnyl chloride (ppb) ND ND ND ND ND
75-66-4 Frean 11 {ppb) 0.26 0.33 0.33 0.36 0.31
75-354 Vinylidene chleride (peb) ND ND ND ND ND
76-13-1 Frean 113 {ppb) ND ND ND ND ND
75-09-2 Cichloromathana (PPB} 0.21 0.19 2.15 0.38 0.21
74-34-3 1.1-Cichlorcethens [{s]el)] ND ND ND ND ND
156-59-2 ¢is-1.2-Dichlorcethylena  (ppb) 0.15 ND ND ND ND
67-66-3 Chlorcform {ppb) NO ‘ND ND ND ND
71-85-6 1.1,1-Trichicroathane {ppR) * 422 217 0.27 0.35 0.14
56-23-5 Carbon tetrachloride {ppB) ND MND ND ND ND
71432 Benzene (=]=]=]1 1.75 1.66 235 3.10 0.83
107-06-2 1.2-Cichleroathana (pPB) ND ND ND ND ND
.78-01-6 Trichlersethylene i=l=l~)] 0.38 0.12 ND ND ND
78-87-5 1.2-Dichlorapropane [{=]=la]] ND ND ND ND ND
10061-01-5 cis-1,3-Richlarapropane (ppb) NO ND ND ND NO
108-88-3 Toiuene {ppb) 13.83 7 5.03 8.75 6.65 1.99
10061-026 trans-1,3-Dichicropropene (ppb) Rzbhe. ND ND ND ND ND
78-00-5 1,1,2-Trichloreethane {pEb) v’;ﬁ"—;‘ ND ND ND ND ND
127-18< Tetrachloroathene (Ppb) 043 0.15 0.18 Q.15 ND
106-334 1.2-Dibramcathane (PRE) ND ND ND ND ND
108-90-7 Chiorozenzene (ppb) ND ND ND ND ND
100-41-4 Ehyl Benzene {Ppb) Q.70 0.867 1.15 1.14 0.36
1330-20-7 m,p-Xylene {ppb) 2.40 2.28 415 4.00 1.19
95476 o-Xylena {epb) 0.87 0.81 1.45 1.40 0.47
100-42-5 Styrene {ppb) 0.186 0.16 0.34 017 0.19
79-34.5 1,1.2.2-Tetrachlorcethane ({pph) ND ND ND ND ND
108678 1,3.5-Trimethylbenzene (prb) 0.15 0.14 0.43 0.33 ND
95536 12.+Trmethylbenzene  (ppb) 0.56 0.62 1.35 1.01 0.28
541-73-1 m-Cichlorcbenzens {ppb) ND ND ND NO ND
106-46-7 p-Dichlorobkenzene {ppk) ND ND ND ND ND
100-44-7 Benzyi chioride {ppb) ND ND ND ND ND
§5-30-1 co-Cichlorobenzene {ppby ND ND ND ND ND
120-82-1 1.2.3-Trichiorobenzane {ppi) ND ND ND ND ND
87-68-3 Hexachlorobutadiens f{alala)] ND ND ND ND ND
TC-14 Cetection Limit (pRb) 0.21 0.20 0.20 0.19 0.18

Nurniser of Samoles 4 8 2 2 2 ‘
TFH {pRb) 74 127 250 265 51
Carbon monoxide {CO) {opmy) 5.7 5.0 4.5 4.5 29

ND : Campound below minimum dataction limit (MDOL) for entire data group
TP : Total Peroieum Hydrecarbons referenced to Jet Fued
CO: Eased an ASTM D-3416
Mean : Meen uses MCL/2 when the sampile was below tha MOL and does not include QA Values
* . Restively low averail method precision far *his compound
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Table 13. Upwind vs. Downwind Summary of Canister Sampling for Southerly Flow

Average Concentrations on 11/26 & 12/14/93
Upwind Downwind Gate B3 Roadside Nmdy Park
CAS No. Campound Site 445 Sita 8-12 Sita 1 Site 2 Sita 7
75718 Freon 12 {ppb) *~ 0.53 a.41 0.47 0.25 0.25
76-142 Freon 114 {ppb) ND ND ND - ND « ND
74-87-3 Mathyl chleride (ppb) 0.23 0.25 0.24 0.16 '0.16
75314 Vinyl chloride {epb) ND ND ND ND ND
74-83-9 Methyl bromide {pEb) ND ND ND ND ND
7500-3 Ethyl chloride (ppb) ND ND ND ND ND
75694 Freon 11 {ppb) 0.31 0.30 0.31 .31 0.31
75354 Vinylidena chicrice {pph) ND ND NO ND ND
78-13-1 Frean 113 {ppb) MO ND ND ND ND
750%-2 Dichleromethane {PPD) ND ND ND ND ND
74-32-3 1,1-Dichlaroathana {ppb) ND ND ND ND ND
156-58-2 cis-1,2-Dichlarcethylene (Pob) ND ND ND ND ND
&§7-68-3 Chlarofarm (ppiy) ND NO ND ND ND
71-55- 1,1,1-Trichlorcethane (ppo) * .21 a.25 C.860 0.86 17.63
56-23-5 Carbon tetrachieride (ppB} ND 0.12 ND ND ND
7143-2 Benzdne {=]=]=}] 1.78 2.06 3.40 2.85 2.15
107-06-2 1,2-Dichlorosthane (epb) ND ND ND ND ND
79-01-6 Trichiorcethylene {Ppb) ND NO ND ND ND
78-87-5 1,2-Dichleroprapane {peb) ND ND ND ND ND
10061-01-5 cis-1,3-Dichioropropene  (ppb) ND ND ND ND ND
108-88-3 Teluene (ppb) 5.38 4.84 6.90 7.55 3.95
10061-026 trans-1,3-Dichleropropens (ppb) ND ND ND ND ND
78-00-5 1,1,2-Trichlorcethane {ppb) ND ND ND ND ND
127184 Tetrachlorcethena {peb) Q.18 0.13 0.23 0.20 018
106-93-% 1,2-Dibromeethane (prb) ND ND ND ND ND
108-90-7 Chlorobenzene (ppb} NO ND ND ND ND
100-41=4 Ethyl Benzene (FRb} 0.86 0.81 1.25 1.33 0.72
1330-20-7 m.p-Xylene [{=1=1=]] 3.10 2.86 4.60 4.80 2.40
95476 o-Xylens {pPb) 1.18 1.09 1.85 1.80 0.89
100-42-5 Styrene {ppb) ND 0.19 ND 0.29 0.32
79-34-5 1,1,22-Tetrachioroethane (ppb) ND ND ND ND ND
108-67-8 1,31,5-Trimethylbenzena {pph) 0.27 0.18 0.54 0.33 0.15
85-63-6 1,2.4-Trimethylbenzena {Ppb) 0.85 0.68 1.65 1.01 0.57
541-73-1 m-Dichlorobenzena {ppb) ND ND ND ND ND
106-46-7 p-Dichlorobenzana {pob) ND ND ND ND ND
100-44-7 Benzyl chloride {ppb) ND ND ND ND ND
95-50-1 o-Dichlorebenzena {ppb) ND ND 0.24 ND ND
120-82-1 1.2,4-Trichlerobenzene {ppb}) ND ND ND ND ND
87-68-3 Hexachlorabutadiena (ppib) ND ND ND ND ND
TO-14 Datection Lmit (ppb) 0.21 0.20 0.19 0.22 0.18
Number of Samples 4 ] 2 2 2
TPH (Peb) acs 283 400 385 340
Carben monexide (CD) {(ppm) 39 3.9 4.0 4.3 3a
ND : Cempound below minimum detection limit (MDOL) for entire data group
TPH: Total Petroleum Hydrecarbons referenced ta Jet Fuel
CO: Based on ASTM D-3418
Mean: Mean uses MCL/2 when the sample was below the MOL and daes not includa QA Values

Faiativelv low avarall method orecision for this comoound
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- While several of the compounds were found ~above the WDOEs annual ASILs, these levels are not

It was not within the scope of this study to assess the implications of the measurements to human heialth';”’k'
However, the predicted concentrations attributabie to a new industrial stationary source of toxic air pollutan
are often compared to the WDOE's Acceptable Source Impacts Levels (ASILs).” Predicted concentrations
from an industrial stationary source below the ASILs are considered insignificant, while estimates above :
these values may trigger more refined health risk analyses or control technalogy reviews. Suspected
carcinogens have risk-basad annual ASILs and other toxic air pollutants have threshoid-based 24-hdi
average criteria. '

L

"The ASlLs were not calculated or tntended for assessment of health nsks from concentratlons -m a muiti-~
source urban environment. The comparisons of the measurements in this study with the ASILs are only
intended to indicate which compounds or sources may be relatively mare important than others. The ASILs
are not absolute expasure limits or a numerical ambient air quality criterion and concentrations above the
ASILs are allowable and typically observed in urban areas. '

The overall results of the TO- 14 sampllng are Compared to the WDOE ASlLs in Table 14." The overall ;
“average values of d:chloromethane carbon tetrachloride, benzene, and trichlorcethylene were above th
annual ASILs. Referring to Table 11, the average values at Site 1, Site 2, and Site 4 were greater than the
dichloromethane ASIL; Site 8 and Site 9 were above the carbon tetrachioride ASIL; Site 6 and Site 9 were
above the trichloroethylene ASIL; Site 1, Site 2, Site 4, and Site 5 were above the tetrachioroethene ASIL,

and all sites were above the benzene ASIL. No samples were collected which exceeded the 24-hour ASILs

Ee

e

uncommon in urban ?,"EEE .\ET%QEFJ-E g:_ ] par&s the med:an concentratlons of selected pollutants *:wth data
" obtained from the EPA's Toxic Air Monttormg System T AMS) and other data from the screnttfic
literature.®'*> The TAMS sites are usually selected because of high industrial source emissions in f'l ‘
surrounding areas, while the natlonal VOC (NVOC) database sites (in Table 15) are lacated in areas more
likely influenced by automobiles.'? Both the TAMS and NVOC data were collected over a 24-hour period _
while the present data were obtained from 6 to 8-hour samples during the day. Sirce suspected source ‘
activity is likely higher during the daytime hours, the present study's samples are biased towards hlgh
concentrations. Considering-this bias, the concentrations observed near Sea-Tac Airport are wrthtn ‘the "

range exhtbtted in other urban areas espemally the data from the NVOC database.

Ethylbenzene tolueneg, benzene, and isomers of xylene {(ETBX) ratics are sometimes used to |dentrty volattle .
. hydrocarbon mixtures. Table 18 presents a comparison of the overall ETBX ratios from the present study
© with the data contalned in Table 15 for other urban areas; composite source profiles for automobile exhaust
- and gasoline vapors;"™ and source profiles for aircraft exhaust®'* and a compasite profile for commercual
aircraft landing and takeoffs. The ETBX ratios from the present study including the overail mean and those
‘ observed at Site 1 (Gate BS) are lndtcatwe of automobiles and do not resemble the available aircraft exhau
proftles found in the literature.’ The levels of VOCs in the other urban areas also have been prtrnarlly
attrrbuted to motor vehicle emtssxons '

According to WAC 173-460-020 an ASIL "means a concentration of a toxic air pollutant in the
outdoor atmosphere in any area which does not have restricted or contrelled public access that 1s
~ used to evaluate the air quality impacts of a single source. There are three types of ASILs: R|sk-
based, threshold based, and special. Concentrations for these three types of ASILs are determlned
as pravided in WAC 173-460-100. ASILs are listed in WAC 173-460-150 and 173-460-160."




Table 14. Comparison of TO-14, Compounds with WDOE ASILs - . . °

. Qverall Aesults (ppb) WODOE ASIL {ppb)
- S std o
CAS No Compound mean median  min max dev annual 24-hr
S 75-71-8 Freon 12 : WU = 0.55  .0.10 077 .. 021 ~-3- 3237.6
76-142 Freon 114 ' ~ ND MD MND ND 32921
74873 Mathyl chloride - o.08
75014 Vinyl chloride ,.- IR
% 74839 Methyl bromide’
75003 Ethyl chladde ND ND ND ND ND 3792.0
756594 Freon 11 0.31 0.30 0.09 0.40 0.05 3383.7
75-35-4 Vinylidene chloride ND ND ND ND ND 16.9
76131 Freen 113 "ND “ND ND ND ND - 35254
75-08-2 Dichloromel:hana 027 0 0N 0.08 4,20 0.68 0.161
v : : £
74343 1 1-D|chloroeﬂ'13ne » ND .
156-58-2 cis-1 2-D|chlo_roethyfene = 0.30
67661 Chiarcform = = ND .
71-585-6 1,1,1-Trichlorcethane : . e o 35 oo
§8-23-3 Carban tetrachioride * T 010 610 - o o& ‘0.22
71-43-2 Benzens ‘ SJ204 210 026 420 °
107-06-2 1.20ichlorogthane = . - - ND NO . ND ND -
79018 Trchloroethylens .. |- .-013 . 010 008 120
78-87-5 1,2-Dichloropropane . ;
10061-01-5 cis-1 S-Dmhloropropone
10&-38-3 Toluona
ﬂoosmzs _‘trans-1{,3-Dichloropropens
' 79005 1,1.2-Trichlorcethana
127-18-4 Tetrachloroathene .
106-334 1,2-Dibromoethane
108-90-7 Chlerobenzene ) .
1004314 Ethyl Banzene 0.83 0.77 0.09 1.8Q 0.37 230.4
1330-20-7 m,p-Xylene 292 270 009 6.60 1.42 5.7
95478 o-Xylene --:- ., 1.08 0.95 0.09 2.60 0.55
. 100425 Styrena 21019 - 0.12
79345 1,1.2.2-Tetrachloroethane ND
' 108678 1,3,5-Trimethylbenzene - 0.15
95536 1.2.4Trimethylbernzene 0.40
541.73-1 m-Dichlcrobenzena ND| - - L
106-45-7 p-Cichlorobenzens NO " 0.250
100-44-7 Benzyi chloride | ND .33
95-50-1 o-Dichlorobenzene O 05 - 1664
120-82-1 1,2,4-Trichiorobenzene " ND - 16.2
8§7-68-3 Hexachlorobutadiene ND o NA
ND: Compound below minimem detactlon Iumd (MDL) for enhre data group o D e
Stats: Mean, Min, Max & Std use MDL/2 when the sample was below tha MDI_ ‘Does not |r|cluda QA Values
NA: Compound dees not have a WOOE ASIL. ‘
ASIL - Acceptable source impact levels, revised 2/2/94 (WAC 173-460), converted to pph.
L Fteiauvely Iow method proctston for this :ornpound
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f Selected TO-14 Campounds with Other Urban Data

“Table 15. Comparison o
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3.2 Formaldehyde Sampling Results

DNFPH-coated cartridge samples were collected according to EPA Method TO-11 at 3 locations on 4 days.
The sampling locations correspond to Sites 1, 4, and 9 as shown in Figure 1 and the sampling periods
coincided with the canister sampling program. The exposed cartridges were analyzad for formaldehyde,
other aldehydes, and ketones. Complete listings of the sampling results for each sampling period and
location are presented in Appendix B. The formaldehyde results for each sample period are also plotted
on a base map of Sea-Tac Airpart and vicinity in Appendix B,

Table 17 summarizes the TO-11 data by sampling periad. Formaldehyde and ace:zldehyde were found in
every sample taken. MEK and acetone were also commonly contained on the cartridges and acrolein levels
above the TO-11 MDL were always present at Site 1 (Gate B3). In general the TO-11 samples wera higher
for the last two sampling periods which occurred during a southerly mode of airport operation.” These latter
two sampling periods also occurred in the afternoan, while the former sampling during northerly flow
primarily occurrad in the morning. Afternoon peaks in faormaidehyde and acetaldehyde have been predicted
in modeling studies due to oxidation of other VOCs."® Formaldehyde and acetzidehyde cancentrations
were the highest on the afternoon of November 26, a cold day with temperaturzes around 42 °F, This
sampling period had persistent southerly winds averaging 8 kts, Acrolein concentrations were much higher
on the afterncon of December 14, This day had the lowest overall average wind speed at 3 kts and the
winds had a westerly component for some of the sampiing period.

Table 18 contrasts the TO-11 data by sampling location and presents overall sampling statistics by
compaund. Upwing versus downwind comparisans for both southerly and northerly flow are indicated in
Table 19. Samples for the primary carbanyl compounds of concern including formazidehyde, acetaldehyde,
and acrolein were higher at Site 1 (Gate B3) than at the north or south ends of the AQA. In contrast to the
canister sampling program, the resuits of the TO-11 sampling indicated that the downwind monitoring site's
samples were typically higher than the upwind location's concentrations. Formaldenhyde and acetaldehyde
samples were approximately 40 % higher at the downwind site when compared to the upwind location.
During southerty flow, acrolein values were 8.5 times higher at the downwind site.

The TO-11 sampling resuits are ¢ompared to corresponding WDOE ASILs and to data from other urban
locations in Table 20 and Table 21, respectively. In the context of this study, the ASILs are indicators of
relative importanca, not absolute heaith risk or for comparisans as a regulatory limit. All the formaldehyde
and acetaldehyde sampies collected were above the annual ASILs for these compounds. However, the
formaldehyde and acetaidehyde concentrations observed at Sea-Tac Airport were within the range reparted
for other urban areas as indicated in Table 21.'* Six ta 8 hour average acrclein gconcentrations were also
above the 24-hour WDCE ASIL for 50 9% of the samples collected.

Sampiing data for acrolein in other urban areas are more limited than for farmaldenhyde and acetaldehyde,
but are reported to range from 0 to 14 ppb in a survey of published data from Los Angeles, New Jersey,
Scuth America, and the Nethertands.'” Recent photochemical simulations of the Los Angeles air basin

The TC-11 samgling enclosures wera heated for the last two days of the study. [t is unknown
whether heating tha sample environment, differing modes of cperations, ar other influences were
the causa ¢f the relatively higher values on these days.
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Table 17.

Summary of TO-11 Sampling by Date

CAS Na.

Compound

Mean for Each Sample Pericd

10/25/93  10/26/33 11/26/93  12/14/93
§0-000 Formaldehyda (Bpb) 2.08 1.68 5.33 2.80
75070 Acetaldehyde (epb) 1.48 1.24 3.06 1.91
10702-8 Acrolein {ppb) 0.1 0.09 1.23 10.61
123-38-5 Propionaidehyda (ppi) ND ND NO ND
6§7-64-1 Acatone (PPR) 1.61 1.54 1.72 3.57
4170-30-3 Crotonaldehyda {ppb) ND ND ND ND
78842 Ischutyraldehyde {Prb) ND ND 1.2¢ ND
78-93-3 Methyl Ethyl Ketone {alals)] 0.78 1.92 ND .78
100-52-7 Benzaldehyde {ppb) ND ND Q.40 1.56
110-62-3 Valeraldehdye {pph) ND ND ND 1.78
520-204 o-Tolualdehyds (pek) ND ND ND ND
§20-23-5 m-Tolualdenyde (ppk) ND ND ND ND
104-87-0 p-Toivaldehyde {ppb) ND ND ND ND
£6-25-1 Hexanaldehyde {ppb) ND ND ND 3.40
ND : Compound below minimum detection limit (MDL) for entire data group
Mean : Means use MDL/2 when samples were balow the MOL and do not include CA vaiues.

Relatively low avarall method precision for this compound




indicate values of acrclein in the range of 1 to 2 ppb.’® These monitored and modeled values are also
comparahble to the acrotein sampling data collected in the present study.

Formaldehyde, acetaldehyde, and acralein are emitted directly by mobile and stationary sources and are
also secondary pollutants formed in the atmosphere by reaction with other compounds. The ratio of
formaldehyde to acetaldehyde indicated in this study was also observed in several of the other urban areas,
but no consistent pattern or identifiable source group was apparent. This may be attributed to the nature
of these paoilutants which are influenced by reactions and removal mechanisms in the environment which
make it difficult to compare source profiles with ambient concentration data. These coampounds and acrolein
are directly emitted by aircraft’ and are also assaciated with emissions from motar vehicles using the
oxygenated fuels methanol and ethanal.'® The formaldehyde and acetaldehyde samples at Sea-Tac Airport
were highly related and had a linear correlation coefficient of 0.94.

The correlation between formaldehyde/acetaldeiyde concentrations and acrolein were not significant,
indicating that different scurces or ambient mechanisms may be affecting concentrations of these
compounds. Photochemical model simulatians indicate that the diurnal cycle of acrclein may be different
than that for formaldehyde or acetaldehyde.'®
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Table 18. Summary of TO-11 Sampling by Site

Site Average

Overall atd

CAS No. Compound Site 1 Site 4 Site 9 mean median min max dev
50-000 Formaldehyde {ppb) 4.14 212 2.72 2.89 3.03 1.12 6.90 1.78
75070 Acetaldehyds {ppb) 2.34 1.68 1.75 1.92 1.67 0.89 3.89 0.88
107028 Acrclein {rpb) 5.08 0.44 3.53 3.1 Q.15 0.08 16.29 5.77
123-38-6 Propionaldehyde {ppb) ND ND ND ND ND ND ND ND
67-64-1 Acstorne {pph) 2.29 2.19 2.18 2.21 2.30 0.05 5.20 1.22
4170-30-3 Crotonaldenydae (ppb} ND ND ND ND ND ND ND ND
78-84-2 Isabutyraldehyds {ppb) Q.48 ND 0.57 0.36 0.05 0.04 212 Q.73
78-33-3 Methy! Ethyl Ketone (ppb) 1.07 2.33 297 2.12 1.17 0.04 9.34 2.92
100-52-7 Benzaldehyde (pob) 0.62 0.35 0.5 Q.51 0.04 0.03 2.14 0.74
110-62-3 Valeraldehdye (pPb) 0.80 0.35 0.48 0.48 0.04 0.04 2.28 0.82
§29-20-4 o-Tolualdenyds {epb) ND ND ND ND ND ND ND ND
620-23-5 m-Tolualdenyde {ppb) ND ND ND ND ND NG ND ND
104870 p-Telualdehyde {peh) ND NO ND ND ND ND ND ND
66-25-1 Hexanaldehyde {ppb) 0.85 2.73 1.05 0.87 0.04 0.03 4.10 1.55

ND : Compound below minimum deteetion limit (MDL} for entire data graup
Stats :  Cverall statistics used MOU2 when samples were belaw the MOL and da not include QA values,
* . Raiatively low overail methad precision for this compound




Table 19. Upwind vs. Downwind Summary of TO-11 Sampling

Morth Flow South Flaw
i Upwind Downwind Gala B3 Upwind Downwind Gate B3
' CAS No. Compound Site 9 Site 4 Site 1 Sita 4 Site § Sita 1
50-00-0 Femmaldehyde (PRb) 127 1.56 2.83 2.68 417 5.44
75070 Acawsidshyde (ppb) 1.06 1.56 1.46 1.79 2.44 32
107028 Acreisin {ppb) ND ND 0.17 0.82 7.01 9.93
123-38-5 Precionaldehyde (ppb) ND ND ND ND ND ND
B7-84-1 Acatene {ppb) 1.69 1.68 1.97 2.71 253 261
4170-30-3 Crotanaldehyde {ppb) ND ND ND ND ND ND
78-84.2 lscbutyraldehyde {ppb) ND ND ND ND 1.09 0.87
78-83-3 Methyl Ethyl Ketone (ppb} * 1.25 1.24 1.52 3.42 4.5% 0.61
100-52.7 Benzaidehyde {ppb} ND ND ND Q.66 1.09 1.20
110-62-3 Vaieraidehdye {epb) * ND ~ND ND Q.65 0.92 1.16
528-20-4 o-voiualdehyde {ppb) ND ND ND ND ND ND
: 620-23-5 m-Tciuaidehyce {ppb) ND ND ND ND ND ND
. 104-870 p-Teivaldenyde (ppb) ND ND ND ND ND ND
66-25-1 Hexanaldehyde Ppb) * ND ND ND 1.42 2.06 1.67

ND: Compound balow minimum detection limit (MDL) for entire data group
Staty : Cverall statistics used MDL/2 when samples ware helow the MDL and do not include QA values.
‘ ;'\ 7 Felatvely low overail methed precision for this compound
Morth :  Average of samples on 10/25/93 & 10/26/93
South : Average of samplea on 11/26/93 & 12/14/83

T S TR,




4.0 Summary

This report presented the results of a survey of airborne toxic organic compounds and carbon monoxide
callected in the vicinity of Sea-Tac Airport. The study was initiated in response to concern over the results
of a screening analysis conducted by the WDOE which indicated that airport operations could be a
significant source of toxic air pollutant ernissions. Samples were collected during four periods in the late
fall and eary winter of 1893. Samples were collected at locations within the AQA, upwind of the airport,
downwind cf the airport, near Internaticnal Blvd, and at a residential location in Normandy Park. The
sampling periods correspanded to two mornings with generally northerly flow (October 25 and October 26,
1993) and two afternocons with southerly flow (November 26 and Decermber 14, 1993). These periods were
sefected to contrast different meteoroicgical conditions and correspending mcdes of airport operation.

While the study did not sample during a classical stagnation episode, dispersive conditions for three of the
four periods were characterized by pericds of light winds.

VOCs including benzene were sampled with evacuated canister systems according to EPA Methed T0-14,
while carbonyl compounds including formaldehyde were sampled with reagent-coated cartridges using EPA
Method TC-11. The avacuated canister samples were also analyzed for CO and TPH. The laboratory also
reparted the cther top 10 TICs found in each sample. Analytical and field QA/QC procedures outlined by

the EFPA were followed and the quality of the data collected for the primary compounds of concern was
acceptabie for the purposes of the survey.

Approximately 50 % of the VOCs cansidered in the study were detected in the evacuated canisters and
benzene was found in every sample collected. Freon 12, fracn 11, toluene, ethylbenzene, isomers of xylene,
and 1,2,4-trimethytbenzene were found in all but a few canisters; ethyl alconaol (ethanal}, acetone, isopropyl
alcohol, butane, isopentane, and pentane were TICs frequently reported. In general the canister sampling
data did not indicate variations with metearology or mode of airport operation. Spatial differences were
evident in the VOC data. with generally higher samples collected at Site 1 (Gate B2) and Site 2 {next to
International Blvd), and the lowest concentrations were found at the residential location in Normandy Park.
However, these trands were not consistent for every compound or sampling period. Significant differences
in upwind versus downwind concentrations of the VOCs were not apparent in the study. Benzene levels
were considerably beiow the values predicted in the WCQE screening study.

Concentrations of saveral of the VOCs collected at Sea-Tac were higher than the WDOE ASILs. which are
often used as screening criteria for assessments of toxic pollutant emissions from a new stationary industrial
source. Comparisans with the ASILs in this study wera intended to identify the more important compounds
and not to assess a reguiatory limit. When compared to monitoring data from other studies, the levels of
these compounds at Sea-Tac Airpart were not atypical and within the range observed in other urban areas.
The signature or ratios of several key VOCs were indicative of automobile exhaust and did not resemble the
available VOC profiles associated with aircraft emissions.

Every evacuated canister sampie callected in the study was anaiyzed for CO. The CO levels observed in
the study did not follow any distinctive pattern that would indicate that Sea-Tac Airport aircraft operations
were a significant source of CO. The highest levels cbsarved were at the upwind sampling locaticons during
northerly flow. All concantrations of CO in the survey were less than the 8-hour average national ambient
air quality standard and the maximum predictions from the WOOE scraening study.



Tahle 20. Comparison of TO-11 Compounds with WDOE ASILs

Qverail Results (pphb) WBOE ASIL (ppb)
std
Cas No. Compound maan median min max dav annual 24-hr

50-00-0 Faermaidehyde 299 3.03 1.12 6.90 1.79 0.063

75-070 Aceteldehyde 1.92 1.67 0.89 3.89 0.89 Q.250
107-02-8 Acrolein 3.01 Q.15 0.06 16.29 577 0.009
123-38-6 Propionaldenyde ND ND NG ND ND NA
67-64-1 Acatone 2.21 2.30 Q.05 3.20 1.22 2485.4
4170-30-3 Crotonaldenyde ND ND ND ND ND 7.0
78-84-2 Iscbutyraldehyde 0.38 0.05 0.04 212 0.73 NA
78-83-3 Methyl Ethyl Ketons 2.12 1.17 0.04 5.34 2.92 33g8.3
100-52-7 Benzaldehyde Q.51 Q.04 0.03 2.14 Q.74 NA
110-62-3 Veleraldendye 0.48 0.04 0.04 2.28 0.82 167.6
529.20-4 o-Tolualdehyde ND ND ND ND ND NA
620-23-5 m-Tclualdenyde NQ ND ND ND ND NA
104-87-0 p-Taiualdehyde ND ND ND ND ND NA
B6-25-1 Hexanaidehyde 0.a7 0.04 0.03 4.10 1.55 NA

ND : Compound below minimum detestion limit (MOL) for antrs data group
Stats :  Overall statistics used MOL/2 when samples wera baiow tha MDL and do not include QA values.
NA: Compound does not have a WOOE ASIL.
ASIL: Acceptable Source Impact Levels, revised 2/2/94 (WAC # 173-460), canverted to ppb
* . Ralagvely low averall methad precision for this compound

.t .



The survey included measurements of formaldehyde and other carbonyl compounds at three lacations
representing a source area site, an upwind site, and a downwind site. Formaldehyde and acetaldehyde were
present in all the samples and acrolein was always detected at Site 1 (Gate B3). The average concentrations
of these compounds were higher when the airport was in a southerly mode of operation. Samples of
formaldehyde, acetaldehyde, and acralein were higher at Gate B3 than the other two sampling locations.

Concentrations at the downwind monitoring site were typically higher than at the upwind location, suggesting
that sources were potentially within the AQA.

Average formaldehyde and acetaldehyde concentrations at al! locations were above tha WOOE annual ASILs
for these compounds and 50 % of the samples had acrclein concentrations greater than the 24-hour ASIL
Formaldehyde, acetaldehyde, and acrolein concentrations observed at Sea-Tac Airport were within tha range
reported for other urban areas. The formaldehyde and acetaldehyde samples at Sea-Tac were highly related
while similar correlations with acrolein were not significant, indicating that different sources or reaction
mechanisms may be influencing ambient concentrations of these compounds.
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Results from EPA Method TO-14

Date: QOctober 25, 1993

. QA

Caompaund Sitel Site2 Site3d Sited4 Site5 SitaB Sita7 Site8 Site9 Site 10 mean
Frean 12 PPy  0.63 0.75 0.57 0.72 .60 0.73 0.30 0.67 0.72 0.30 0.63
Frean 114 (PR} ND ND ND ND ND ND ND ND ND ND ND L
Mathyl chiaride (PPB) 024 026 ND 028 ND ND 025 ND ND 029 0.8 f5-25357¢
Vinyl chlerdea {(rpb) ND ND ND NO ND ND NOD ND ND ND ND
Mathyl bromide [{<]s]s]] ND ND ND ND ND ND ND ND ND ND ND
Ethyl chlorida fp) NO ND ND ND ND ND ND ND ND ND ND
Fragn 11 (rrz) Q.38 0.40 0.37 0.29 0.30 g.32 0.29 0.30 0.3 2.29 0.34
Vinylidane chlarids {ppo) ND ND ND ND ND MD ND ND NO ND ND
Freon 113 (Pen) ND ND ND NO ND ND ND ND ND ND ND
Dichlaromethane (peb) ND Q.32 ND 0.23 .33 NO 0.33 0.33 0.34 0.29 0.25
1,1-Dichloraethans (PrB) ND ND ND ND NGO ND ND ND ND ND ND
cis-1.2-Oichlorcethylene  (ppo) 'ND  ND ND ND NDO ND ND ND 030 ND 013 f1.25 S:Fo
Chloraferm [{=]=1-}] ND ND ND ND ND ND ND ND ND ND ND
1,1,1-Trichlarcethans (eod}) 0.25 0.47 0.33 0.35 0.30 0.32 0.20 0.27 Q.30 0.28 0.31
Carbien tetrachiorics {ppb) ND ND NO NO ND ND ND ND ND ND ND
Benzene peb) 2.2¢ 4.20 2.50 1.50 2.20 2.00 1.40 1.20 2.50 3.40 2.27
1,2-Dichlorcethana [{=]=L~}} NO ND ND ND ND ND ND ND ND ND ND
Trichloraethylene (ppb) ND ND ND NO ND 0.33 ND ND 1.20 0.27 0.25
1,2-Dichloropropane {ppb) ND ND ND ND ND ND ND ND NO ND ND
cis-1,3-Dichlerepregene  {gph} ND ND ND ND ND ND ND ND ND ND ND .
Taluena (peb) 6.30 8.40 5.40 5.10 6.00 5.10 3.90 4.80 5.20 7.60 5.67 | i)
trans-1,3-Oichlareprepene (ppia) NG ND ND ‘ND ND ND ND ND NDO- - NDO' ND
1,1.2-Trichlarcsthane (PR} ND ND ND ND ND ND ND ND ND ND ND
Teatrachlorcethens (Pppo) ND NO ND 0.18 ND ND ND ND ND ND 012
1,2-Dibremcathane (erB) ND ND ND ND ND ND™ ND ND ND ND ND
Chlerabenzens (PEB) ND ND ND ND ND MD ND ND ND ND ND
Ethyl Benzens {ppeo) 1.10 1.40 0.77 0.73 0.84 0.72 0.63 0.72 0.29 1.30 0.87
m,p-Xylane feeb) 350 490 270 260 280 250 230 240 320 440 2.03
o-Xylena {pet) 1.40 1.70 0.97 0.99 0.97 0.35 0.86 0.87 1.20 1.60 1.09
Styrena {peb) 0.3 024 Q32 o0.28 NO 0.25 0.20 ND ND 0.44 023
1.1,2,2-Tetracnlorgethane  (pph)  NO ND ND ND ND ND ND MND ND ND ND
1.3,5-Trimethyibenzena (o) 0.41 Q.44 ND 0.25 ND ND ND NO 0.29 0.45 0.22
1,2,4-Trimethylbenzene ek} 130 130 075 084 070 084 047 083 100 140 088
m-Dichlorebenzene [{=1=1=]} ND ND ND ND ND ND ND ND ND ND ND
p-Dichlorokenzere (prey NO ND ND ND ND ND ND ND NO ND ND
Benzyl chlorida (pel) ND ND NO ND ND ND ND ND ND ND ND
o-Dichlarckbenzena (reb) ND ND ND ND NO ND ND ND ND ND ND
1.2, 4-Trichlorobenzene (Brb) NO NO MD NG ND ND ND NG ND 0.28 ND
Hexachlorebutaciene [{=]=]=]] ND ND ND ND ND ND ND ND ND ND ND
TO-14 Detaction Umit {pcdy  0.20 0.16 0.24 0.18 0.22 0.25 0.19 0.24 0.25 0.21 Q.21
TPH {prE) 250 210 (1] 67 539 45 41 23 48 320 S0
Carben menaxida (CJ) (epm) 4.3 5.4 5.8 8.5 5.4 5.5 5.0 5.7 7.3 4.5 57 =574
Start Time (PST) ©6:10 06:35 06:55 08:09 07:36 07:20 07:42 0710 O06:55 0606 07:10
Step Time (PST) 13:153 13:47 14:00 14:48 14:30 14115 1435 1415 1466 13:55 14:14
Sampiing Curaticn (hrs}  07:45 0O7:12 07:05 06:39 06:54—06:55 06:53 0708 07:11 0749 0O7:04

NO - Cempound beiow minimum detection fimit (MDL)

TPH - Totai Petreleum hydrocarbons referenced to Jet Fuel

CO - Based an ASTM D-3418 ' . .
Mean - When a sampie was teiow the MDL, the sample's MDL/2 was used for the mean. Dees nat Include CA vaiuea.
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Tentatively Identified Compounds - Top 10 Reported

Date: October 25, 1993

QA

Compound Site1 Site2 Sited Sited Site5 Site6 Site?7 SiteB Site9 Site10 mean
Ethyl Alechal PPE) 200 200 18.0 200 160 120 168 190 220 176 |
Acatona {ppb) 13.0 18.0 12.0 14.0 1.0 16.0 11.0 13.0 B.3 11.0 12.7
Isaprepyl Alechel (Ppb) 3.8 2.4 2.8 a.1 1.7 25 2.6 8.0 3.4
Mathyl Ethyl Ketone {ppb) a2 37 25 2a 27 25 27 23
Butane {epb) 12.0 14.0 13.0 8.4 7.4 6.8 5.8 6.5 8.7 11.0 9.2
Isapentana (rpb) 6.7 7.5 51 4.2 3.7 32 29 3.2 4.2 74 4.5
Pentana (ppb) 3.9 4.7 3.2 28 23 2.1 1.9 1.9 2.5 4.1 2.8
Hexane (PpE) 1.8 31 86 24 78 37 &1 54 18 43
Buty! Alechel (PRB) 1.8 4.9 2.8 4.6 35
Methyl lsobutyl Ketone (Ppb) 27.0 21.0 15.0 8.3 17.8
8enzaidehyde (ppb) 1.5 49 3.8 5.1 28 10.0 3.6

Unknown Hydrocarbons  (ppb) 3.4 6.3 2.8 4.5 1.8 2.4 2.0 2.3 2.5 3.8 3.1

mean - includes oniy these samples reparted. Coes not include QA values.
uninown hydrocarens - may include one or more peaks on the chromategraph
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Results from EPA Method TO-11

Date: October 25, 19983

Sita 1 Site 4 Site 3

Camoeund MOL  Conc. MDL Conc. MOL  Cone. Mean
Farmaldehyda (ppb) 0.24 .14 0.27 1.7 Q.25 1.41 2.09
Acetaldenyde {PPE) 0.16 1.64 0.19 1.67 0.17 1.13 1.48
Acrolein " (ppB) 043 0.9 015  ND 013 ND o1
Prapionaldehyds {ppb) 0.12 ND 0.14 ND 0.13 ND ND
Acateane {ppk) 0.12 145 b Q.14 1.63 0.13 1.77 1.61.
Crotonaldehyds {PpBY 010  ND 012  ND 0.1 ND ND
Isobutyraldehyde (ppo) 0.10 ND 0.11 ND 0.10 ND ND
Mathyi Ethyl Ketone (pohb) 010 071 b 011 0.76 0.10  0.a2 0.76
Benzaldehyde (epb) 0.07 ND 0.08 ND 0.07 ND ND
Valeraidehdye (rpb) 0.08 ND 0.09 ND c.08 ND ND
a-Tolualdehyde ' {(Prb) NA ND NA ND NA ND ND
m-Tolualdehyde (pRb) NA ND NA ND NA ND ND
p-Tolualdehyda (ppb) MNA ND NA ND NA ND  ND
Hexanaidehyde zizlz)] 0.07 ND 0.08 ND Q.07 ND ND
Start Time {PST) 08:15 08:07 0&:53 07:05
Stop Time (PST) 13:5¢ 14:48 14:06 14:15
Sampling Duration [hrs) 07:36 C5:41 g7:13 07:10

ND - Compound below minimum detection limit (MDL)
B - Cerrested for amount in laboratary blank

Mean - When a sample was below the MDL, the sample's MDOL/2 was usad for the mean
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Results from EPA Method TO-11

Date: October 26, 1993

Site 1 Sita 4 Site 9

Cempound MDL  Corc. MOL Conc. MDL  Corc. Mean
Farmaicehyde {PPb) 021 253 022 141 0.21 1.12 1.69
Acataidahyds {pph) 0.14 128 0.15  1.45 0.14 098 1.24
Acrclein {(epb) o.M 0.15 0.12 ND 011 ND 0.09
Propionaidehyde (reb) a.11 ND 0.12 ND 011 ND ND
Acatane (rpb) a.11 250 b 012 173 0.11 1.60 1.84
Cratanaldehyde [{<]a]s}] 0.09 ND 0.10 ND Q.09 ND ND
lsckbutyraidehyde {peb) 0.09 ND Q.09 ND 0.09 ND ND
Methyl Sthyl Katana fepb) 009 233 b o008 173 0.09  1.69 1.92
Benzaldehyda {peb) 0.06 ND 0.06 ND 0.08 ND ND
Valerzidehdye {epb) 0.07 ND 0.c8 ND 0.07 ND ND
o-Tolualdehyde {ppb} NA ND NA ND NA ND ND
m-Telualdehyde {peb) NA ND NA ND NA ND ND
p-Tolualdehyde {Ppb) NA ND NA ND NA ND ND
Hexanaidenryde {pph) Q.08 NO 0.07 ND 0.08 ND ND
Start Tima (PST) 05:48 06:28 £5:486 06:20
Stop Time (PST) : 14:25 14:35 15:22 14:47
Sampling Duraticn {hrs) 08:37 08:07 08:36 0a:26

ND - Compeund belew minimum detection limit (MDL)
b - Camscted for amount in faboratory blank

Mean - When a sample was below the MCL, tha sample's MOU/2 was used for the mean




Results from EPA Method TO-11

Date: November 26, 1993

Sita 1 Site 4 Site 9

Compound MOL Cone. MDL  Cenc. MOL Cone. Mean
Farmaidehyds (PpB) 0.24 690 0.26 3.95 021 53 5.38
Acetaldehyde (ppb) 0.16 3.89 0.18 2.69 0.14 2.61 3.08
Acrelein {ppb) 0.13 3.57 0.14 ND 0.1 ND 1.23
Propicnaldehyda {ppb) Q.12 ND 0.14 ND 0.11 ND NO
Acetons {reh) 012 230 b 0.14 282 b 011 ND 1.72
Crotanaldehyde (peE} 0.10 ND 0.11  ND 0.09 ND ND
Isabutyraldehyde (ppb) 0.10 1.68 Q.1 ND 0.09 212 1.29
Methy! Ethyl Kaetane {ppB) 0.19 NO 0,11 NO 0.09 ND ND
Benzaldehyde (ppb) 0.07 1.14 0.07 ND 0.06 ND 0.40
Valeraldehdye {ppb) 0.08 ND Q.09 ND 0.07 ND ND
c-Tolualdehyde {Epb) MNA ND NA ND NA ND NO
m-Toluaidenyde {pob) NA NO NA ND NA ND ND
p-Tolualdenyds {ppb} MNA ND NA ND NA ND ND
Hexanaldehyde (ppb) 0.07 ND 0.08 ND 0.06 ND ND
Start Time {PST) 10:45 11:00 11:20 11:01
Stop Time {PST) 1726 17.58 18:05 17:49
Sampling Duration {brs) 08:41 08:58 06:45 06:48

ND - Compound below minimum detection limit (MOL)
b - Corrected for amount in labaratory biank
Mean - When a sample was below the MOL, the sample's MOL/2 was used for the mean
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Results from EPA Method TO-11

Date: December 14, 1993

Site t Site 4 Site 9 Site 10 (QA)

Compound MDL  Cuene. MDL Cone. MOL Conc. MOL Cene. Mean
Formaldehyde [(=1=1-]] Q.23 3.58 Q.23 1.40 Q.30 3.03 g.23 3.32 2.80
Acetaldehyde {Peb) Q.16 2.55 Q.15 .89 0.21 2.27 .16 2.08 1.1
Acrolein li=]<]s)] 013 18.29 Q.12 1.58 0.16 13.56 c13 15.08 10.61
Propionaldehyde {peb) Q.12 NO 0.12 ND Q.16 ND 012 ND ND
Acatona {peb) 0.12 283 b 012 2.60 a.16 520 G2 233 b 3.57
Crotonaldehyde l(=]=]+)] 0.10 ND a.10 ND 0.13 ND c.10 ND MD
lsohutyraldehyde (reb) 0.10 ND Q.co ND .13 ND 0.10 ND ND
Methyl Ethy! Ketone [{e]a]s)] Q.10 . 117 0.09 B.79 0.13 9.34 .10 4.59 5.76
Benzaldehyde (Peb) 0.07 1.26 0.06 1.28 009 214 ¢.07 1.18 " 1.58
Valeraldehdya (Feb) .08 2.28 Q.08 1.26 Q.11 1.80 .08 0. 1.78
o-Tolualdehyde {reh) NA ND NA ND NA ND NA ND NO
m-Telualdehyde (eeb) NA ND NA ND NA ND NA ND ND
p-Tolualdehyds (peb) NA, ND NA ND NA ND NA ND ND
Hexanaldehyde (pob) 0.07 3.30 0.07 2.79 0.09 4.10 Q.07 1.55 3.40
Start Time (PST) 12:07 11:40 12:37 12:08 12:08
Stop Time (PST) 18:58 18:45 19:20 18:58 19:01
Sampling Duration {hrs) 08:51 07:05 06:43 06:50 06:53

ND - Compaund below minimum datection limit (MOL)

b - Corrected for ameunt in labaratary blank

Mean - When a sampie was below the MDL, the sample's MOL/2 was used far the mean. Does not ineluds QA valtiag,
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Results from EFPA Method TO-14

Date: October 26, 1993

Compeound Site1 Site2 5Sita3 Sited Sites Sited Site?7 Site8 Site§ Site 10 mean
Freon 12 (PRB) NA NO Q.64 0.72 .61 Q.32 a.77 0.18 0.28 0.37 0.48
Freon 114 (ppb) NA ND ND ND ND ND NO ND ND ND ND
Mathy! chloride lpp) NA  ND 033 030 033 024 08 130 025 023 0.4
Vinyl chloride (ePb) NA ND ND ND ND ND ND ND ND ND ND
Methyl bromide {prb) NA ND ND NO ND ND N NG ND ND ND
Ethyi chlarice {ppb) NA ND NC ND ND ND ND ND NOD NO ND
Freon 11 {epb) NA 0.32 030 .34 c.29 0.29 0.33 ND 0.32 0.31 029
Vinylidene chicride {ppE) NA ND ND ND ND ND ND ND ND ND ND
Frean 113 (ppb)  NA ND ~ ND ND ND ND NO  ND NO WD ND
Dichleromethane {ppb) NA 0.43 Q.30 0.25 ND ND ND ND ND 4.20 0.63
1,1-Diehlcroethans {rpB)  NA ND ND ND ND ND ND ND ND ND ND
cis-1,2-Dichloroethylene {prb) NA ND ND ND ND ND ND NO ND ND ND
Chloroform (PEB) NA ND ND ND ND ND ND ND NO ND ND
1,1,1-Trichloroethane {opb) NA 0.23 23.00 Q.50 .28 0.24 ND 1600  0.29 0.23 4,55
Carton tetrachloride (ppb) NA ND NO ND ND ND ND ND ND ND ND
Benzane (prb) NA 2.00 1.40 1.40 1.40 Q.80 0.26 1.30 1.30 2.50 1.38
1,2-Dichloroethane (rol)  NA ND ND ND ND O ND NO ND NDO ND ND
Trichlorcethylene {=]a]s]] NA ND ND ND ND ND ND ND ND ND ND
1,2-Dichloropropana (peb) NA ND ND ND ND ND ND ND ND ND ND
cis-1,3-Cichlaropropena  {ppb)  NA ND ND ND ND ND ND ND ND ND ND
Toluene {ppb) NA 4.9Q 4.40 3.80 4.80 5.80 ND 40.00 510 11.00 8.85
trans-1,3-Dichlaropropene (ppbl  NA ND ND - ND ND ND ND ND ND ND MND
1,1,2-Trichloroethane (epb) NA ND ND ND ND ND ND ND _ ND ND ND
Tetrachlarcethena {ppR) NA 0.21 ND 017 025 018 ND ND 019 o028 017
1,2-Dibromoethana (ppb)  NA ND ND ND ND ND ND ND ND ND ND
Chlorckenzena {fppb} NA ND ND ND ND ND ND ND ND ND ND
Ethyl Benzene (ppi} NA 0.87 0.69 Q.28 0.44 0.35 ND 0.51 0.68 1.20 0.62
m,p-Xylene {epb) NA 3.10 2.30 1.90 1.50 1.8Q0 ND 1.70 2.30 4.40 2.12
o-Xylene {ppBE)  NA 110 0683 Q72 0352 0.4 ND 064 G788 150 078
Styrene (prb)  NA ND ND ND ND ND ND Q20 020 037 044
1,1,2,2-Tetrachlorcethane (pph) NA ND ND ND ND ND ND ND ND ND ND
1,3,5-Trimethyibenzene {ppb) NA g.22 0.18 a7 ND N NO ND ND 0.44 0.16
t,2,4-Trimethyibenzene (poby) NA 0.72 .65 0.57 0.35 0.48 NO 0.46 0.54 1.40 0.58
m-Dichlercbanzene [{=]al=}] NA ND ND ND ND ND ND ND ND ND ND
p-Dichlorcbenzene {FPB) NA ND ND ND ND ND ND ND ND ND ND
Benzyi chleride (ppb)  NA ND ND ND ND ND ND ND ND ND ND
o-Dichlorcbenzens {ppk) MNA NO ND ND ND ND ND NE ND ND ND
1,2,4Trichlorebenzene {PRE) NA ND ND ND ND ND ND ND ND ND ND
Hexachlorcbutaciene (ppb}  NA ND ND NO ND ND ND NO ND ND ND
TC-~14 Detecton Limit {pob)  NA 0.21 0i8 06 016 048 017 048 018 020 048
TPH {prk} NA 320 260 240 110 170 B1 160 33 250 182
Carbien menoxide (CQ) (pem)  NA 35 3.0 5.3 4.4 asg ND 4.5 5.2 4.7 3.9
Start Time (PST) NA 0B:20 06:38 0Q6:23 07:14 08:54 07:20 08&:35 06845 03544 0641
Step Time (PST) NA 14:20  14:38  13:34  14:54 14:54 1520 1509 1517 1424 14:50
Samaling Duration {hrs) NA 08:00 08:C0 08:17 07:40 (8:00 @08:00 08:114 08:32 (08:40 0808

ND - Campound belew minimum detection limit (MDL)
TPH - Total Percleum hydrocarbons referenced to Jot Fuel
CQ - Based on ASTM 0-3415

Mezan - When a sample was below the MOL, the sampie's MDL/2 was used for the mean

i.3
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Tentatively Identified Compounds - Top 10 Reported

Date: November 26, 1993

QA QA

Caompaund Site1 Site?2 Sited SiteS Site? Sited Site 9 Site 11 Sita 12 Site 10 Site 13 mean
Ethyi Alcohol (ppb) 37.0 310 240 9.4 240 9.9 9.1 14.0 18.0 34.0 28.0 19.6
Acatone (ppb) 120 74 210 64 380 69 59 6.5 140 a6 260 132
lsopropyl Alcahal {ppb) 5.0 76 250 5.1 0.9 1.0 4.8 4.7 12.0 71
Mathyl Ethyl Ketone (epb) 2.3 25.0 5.9 11 18.0 8.7
Butane {ppb) 2230 1t1.0 8.1 5.4 72 52 6.9 6.9 50 200 1.0 9.2
Isopentane {ppb) 11.0 4.8 3.8 2.2 3.6 2.7 3.2 2.9 42 120 5.0 4.3
Pentane {ppb) 6.3 3.0 2.4 1.4 1.7 2.0 6.2 3.0 2.8
Hexane (ppb) 89 2.5 4.2 5.2
Methy! Iscbutyl Ketone [{=1=1=}] 17.0 13.0 18.0 11.0 5.8 14.8
Baenzaldehyde [{=]=1-)] 33 33
Butyl Alcohol [{=1=1-)] 2.5 2.9 1.5 0.9 5.1 2.0
Valeraldehdye (ppb) 1.5 5.0 3.5
n.n-Dimethy! Acetamicde  {pph} 4.2 62 11.0 7.1
Hexanaldehyda {ppb)
n-Heptaldehyde (pEb) 2.7 2.7
Methyl| Phenyl Ketcne [[o]=1=)] 33 3.3
Viny! Acetate {PPb) 5.0 5.0
Heptane (ppb) 0.9 0.9
Unknown Hydrocarbons {ppb) 11.8 8.3 3.3 4.6 2.3 9.2 22.5 14,2 3.5 8.9

mean - includes only thoze samples reported. Does not QA include values.

unknown hydrocarbans - may include one or more peaks on the chromategraph
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Results from EPA Method TO-14

Date: November 26, 1993

CA QA

Compound Site1 Site2 Sited4d Site5 Site7 Sita8 SiteS Sitet: Site 12 Site 10 Sitea 13 mean
Freen 12 (ppb) Q.38 Q.38 0.32 0.58 0.27 0.21 0.39 0.47 0.26 Q.49 ND 0.38
Freon 114 [{=]=)=)] ND NO ND ND ND ND ND ND ND ND ND ND
Mathyl chlonde (ppl) 0.25 0.20 0.18 ¢.21 0.23 0.25 0.23 0.25 0.23 0.2% 0.22 0.23
Vinyl chloride {ppb) ND ND ND ND ND ND ND ND ND ND ND ND
Methyl bromide {ppb) NI ND ND ND ND ND ND ND ND ND ND ND
Ethyl chlaride {ppb) ND NO ND ND NO ND ND ND N NO NO ND
Frean 11 {ppb) 0.33 0.33 0.34 0.29 0.28 0.3 0.30 0.27 0.29 0.33 0.43 0.30
Vinylidena chlaride (ppi) ND ND ND ND ND ND ND ND NO ND ND ND
Freon 113 [{+1=1-] ND NO ND ND ND NC ND ND ND NO ND ND
Cichleromethane [[=]=1=)] ND NG ND ND ND ND ND ND ND ND ND ND
1,1-Dichlorcethane (PRB)  ND ND ND ND ND ND ND ND NQ ND ND ND
cig-1,2-Dichlcroethylena  (ppb) ND ND ND ND ND ND ND ND ND ND ND NOD
Chloroform {epb) ND NO ND ND ND ND ND ND ND ND ND ND
1,1,1-Trchlorcethane {PRb) 1.10 1.30 0.42 017 3500 Q.21 0.24 a3 0.23 1.70 310 4.33
Carbon tetrachloride (pob) ND ND ND ND ND ND 0.18 ND ND ND ND 0.10
Benzene (PpR) 4.00 2.50 2.10 1.50 2.10 1.70 2.20 1.90 2.40 4,10 2.60 2.28
1,2-Dichloraathane {eph) ND ND ND ND NI ND ND ND ND ND ND ND
Trchiaroethylene {(pRD) ND ND ND ND ND NO ND ND ND ND ND ND
1,2-Dichloropropane {ppb) ND ND ND NC ND NG ND ND ND ND ND ND
¢cis-1,3-Dichloropropena  (ppb) NO ND ND ND ND ND ND ND ND ND ND ND
Toluens (pob) 8.40 &.40 3.60 3.20 3.70 2.60 4.20 3.70 4.60 9,30 B.40 4.49
trans-1,3-Dichlorcpropen (ppo)  NO ND ND ND ND ND ND ND ND ND ND ND
1,1,2-Trichlercethana {FpDb) ND ND ND ND ND ND ND NO ND ND ND ND
Tatrachloroethena ppb) 0.18 ND ND 0.19 ND NO 018 ND 021 ND ND 0.14
1.2-Dibramoethane (ppE) ND ND ND ND MND ND ND ND ND ND ND ND
Chilorobenzena {ppb) ND ND ND ND ND ND ND ND [n] ND ND ND
Ethyl Benzene (peb) 1.50 .88 0.70 0.35 0.83 0.43 0.66 0.48 a.57 1.80 1.10 0.70
m,p-Xylene (ppb) 5.40 3.00 2.40 1.10 210 1.40 2.20 1.60 220 5.20 3.8 238
o-Xylene (pPB) 150 100 090 042 078 054 081 055 0383 1.80 150 087
Styrens {peb) ND 0.20 ND ND ND ND ND ND ND Q.18 019 040
1,1.2,2-Tetrachlorcaethana (ppb) ND ND ND ND ND ND ND ND ND ND ND ND
1,3,5-Trimethylbenzene {ppb) 0.57 0.22 0.30 ND ND NO ND ND 0.20 0.87 0.20 0.20
1,2, 4Trimethylbenzene (ppb) 2.00 a.72 0.94 0.28 0.5a 0.34 0.53 0.41 0.69 1.7Q 0.71 0.7
m-Dichlorobenzense (ppE)  ND ND ND ND ND ND ND ND ND ND ND ND
p-Dichiorobenzene (ppb) ND ND ND ND NO ND ND ND ND ND ND ND
Benzyl chioride It=1=1-}} ND NE ND ND NO ND ND ND ND ND ND ND
e-Dichlorobenzena (ppk) 0.28 ND ND ND ND ND ND ND ND ND ND .12
1.2,4-Trichlarcbenzene {ppb) NO ND ND ND ND ND ND ND ND NG ND ND
HMexachlorabutadiena {Ppb) ND ND ND ND ND ND ND ND ND ND ND ND
TO-14 Detection Limit (pob)  0.17 .20 0.18 0.16 0.19 0.18 0.19 0.20 0.18 0.16 0.18 ¢1a
TPH (PPB) 380 250 240 170 290 80 160 220 330 3% 210 237
Carbon monoxide (CC}  (ppmy) 4.4 5.0 36 7 48 4.1 4.4 5.0 39 49 3.2 4.3
Slart Time (PFST) 10:45 10:30 10:34 11:50 10:30 11:36 11:20 11110 11:55 10:34  11:55 1112
Stop Time (PST} 17:26 17:40 17:46 16:09 17:54 18:14 18:03 1809 17118 17:26 17:20 1737
Sampling Ouration {hrsy  08:41 07:10 08:52 04:19 47:04 ©8:38 08:43 06:59 0523 06:52 (05:25 06:25

NO - Compound belew minimum detection fimit (MDL)

TPH - Total Petroleum hydrocarbans referenced to Jet Fuel

CO - Based on ASTM D-3415
Mean - When a sample was below the MOL, the sample's MOL/2 was used for the mean. Does not inciude QA sites
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Results from EPA Method TO-14

Date: December 14, 1993

QA QA

Compaund Site1 Site? Siled SiteS Site7? Site8 Site3 Site 11 Sita 12 Site 10 Site 13 mean
Freon 12 (ppb) Q.55 ND 0.69 0.76 0.22 0.62 0.54 ND 0.45 NO NO D.45
Freon 114 {epb)  ND ND ND ND ND ND ND ND ND ND ND ND
Mathy! ehlorida (ppb) 0.22 NOD 0.40 ND ND 0.27 0.29 0.34 ND 0.25 0.30 0.22
Vinyl chioride [ppb) ND ND ND ND ND ND ND ND ND ND ND ND
Mathyl bromide (ppk} ND ND ND ND ND ND ND ND ND ND ND ND
Ethyl chleride [{=]=1=}] ND ND ND ND NO ND ND ND ND ND ND ND
Freon 11 {epd) 029 0,29 Q.30 0.30 0.34 .29 0.29 0.3 0.30 0.39 0.29 0.30
Vinylidena chiaride {ppb) ND NO NO wND ND NO ND ND NQ ND ND ND
Freon 113 {ppb) ND- ND ND ND ND ND ND MO ND ND ND ND
Dichloromethanae {(ppb) ND ND ND ND ND ND ND ND NO ND ND ND
1,1-Dichloraathane {ppk) ND ND ND ND ND ND ND ND ND ND ND ND
cis-1,2-Oichioraethylena  {ppb) ND ND ND ND ND ND ND ND ND ND ND ND
Chlarafarm {prb} ND ND ND ND NO ND ND ND ND ND ND ND
1,1,1-Trichloraethane (ppb) ND 0.41 ND NO 0.26 Q.28 0.25 0.24 0.27 0.29 0.22 0.23
Carton tetrachiorida (epd)  ND ND ND ND ND 0.22 ND ND ND ND ND a.12
Benzene {pRE) 2.80 3.10 1.30 2.20 2.20 1.90 2.20 1.5Q 2.70 2.90 3.00 2.21
1,2-Dichloroethane {(pek) ND NO ND ND ND NOD ND ND ND ND ND ND
Trichloreathylene {pEb) ND ND ND ND ND ND ND ND ND ND ND ND
1,2-Diehlorapropans {epb) NO ND ND ND ND NO ND ND NO ND ND ND
cis-1,3-Cichloropropene  (pph) ND ND ND ND ND ND ND ND ND ND ND ND
Teluene (pob} 5.40 B.70 8.90 7.80 4.20 5.20 7.10 4.10 7.20 3.20 6.40 6.29
trans-1,3-Dichleropropen (ppb)  ND ND ND ND ND ND ND ND ND ND ND ND
1,1.2-Trichloroethane (ppb) ND ND ND ND ND ND ND ND ND ND ND NO
Tetrachlorcethene (ppe) 0.28 029 0.33 ND 0.20 ND ND ND ND ND ND 0.18
1.2-Oibromcethans (epk) ND ND ND ND ND ND ND ND ND ND ND ND
Chlorobenzens (ppb) NOD ND ND NG ND ND ND ND ND ND ND ND
Ethyl Benzene {ppo) 1.00 1.80 1.20 0.87 .80 1.20 0.78 Q.81 1.20 1.80 1.10 1.14
m,p-Xylene {ppb)  3.80 5.60 5.80 3.10 2.70 4.20 2.70 2.30 5.70 B8.20 4.20 417
aXylens {ppE} 1.40 2.60 2.30 1.10 1.00 1.80 0.g2 0.96 2.40 2.10 1.80 1.99
Styrene (pek) ND 0.38 ND ND 0.54 023 0.26 0.24 0.39 0.42 0.29 0.27
1.1,2,2-Tetrachlorcethane (ppb) NG ND ND ND ND ND MD ND ND ND ND ND
1,3.5-Trimethylbenzene (ppo) 0.41 0.44 0.24 0.45 0.20 0.30 ND 0.22 .42 Q.58 Q.31 0.
1,2.4-Trimethylbenzene (ppk) 130 130 077 140 084 08 083 070 130 180 100 059
m-Dichlorobenzens [{=a]s]] ND ND ND ND ND ND ND ND ND ND ND NO
p-Cichlorekenzene {=T=1-]] ND ND ND NO ND ND ND ND ND ND ND ND
Banzyl chloride {PEb) ND ND ND NO N ND ND ND ND ND ND ND
o-Dichlorcbenzenea {pph) ND ND ND ND ND ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene  (ppb) ND = ND ND ND ND ND NO NO ND ND ND ND
Hexachlarcbutadiens (pob) ND ND ND ND ND ND NO ND ND ND ND ND
TO-14 Detaction Limit (peb)y  0.21 Q.24 0.24 0.25 0.16 0.22 0.24 0.19 0.22 0.17 Q.20 0.22
TPH {ppb) 420 480 430 380 380 370 310 440 340 480 830 397
Carbon monexide (CC) {epm) 36 3.9 4.5 39 2.8 3.2 3.7 2.8 3.8 2.8 3.4 3.6
Start Time {PST) 12:19 1125 11:43 13:35 12:00 12:48 12:40 12:20 12:33 12:10 12:85 12:24
Step Time (PST) 18:22 18:30 18:36 19:44 18:45 19:30 19115 1907 %21 1822 17:21  18:51
Sampling Buratian (hrs) 06:03 Q708 (06:53 06:09 08:45 06:42 06:35 06:47 0823 (512 04:26 0624

ND - Cempound below minimum detection limit {MOL)

TPH - Total Petraleum hydrocarbons referenced to Jet Fuel

CO - Based cn ASTM D-3418
Maan - When a sample was below the MOL, the sampia’s MDI/2 was usad far tha mean. Coas nat include CA sites
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Tentatively Identified Compounds - Top 10 Reported

Date: December 14, 1993

QA QA

Campound Site1 Site2 Sited4 Site5 Site7 Site8 Sited Site 11 Site 12 Site 10 Site 13 mean
Ethyl Aicahal ppR) 1540 130 81 1.0 85 5.8 7.8 6.7 12.0 230 11.0 9.5
Acetone (ppb) 49 7.4 150 8.8 1.4 4.5 3.7 5.5 14.0 8.3 12.0 72
lsapropyl Alcohal {ppb) 4.4 1.9 51.0 2.5 1.6 12.3
Methyl Ethyl Kalena [{=1=1-)] 58 13.0 32 2200 11.0 1.6 2.1 57.0 4200 __Z36.7.
Butane {(ppb) 14.0 120 4.3 6.6 9.2 6.5 6.9 12.0 10.0 17.0 9.0 9.1
Isopentane fppb) 70 82 22 33 25 30 34 5.2 5.1 12.0 56 4.1
Fentaneg {ppb) 4.0 3.3 1.3 2.2 2.1 2.2 2.6 3.2 6.3 3.2 2.6
Hexane {Ppb) 10.0 1.0 3.8 1.0 5.5
Methyl Iscbutyl Katene [[s]els)] 18.0 16.0 9.7 8.3 4.3 128
Benzaldehyde {ppb) 4.3 3.5 3.8 3.9
Butyl Alcahel (ppb) 1.6 1.2 1.0 1.3
Phenol (ppDb) 6.8 15.0 10.9
Methyl Phenyl Ketcna H{=]=1=]] 3.6 KR:) 3.7
Sulfur Dioxide {pph) 17.0
1 .4-Dioxane {ppb} 110 11.0
Qctana (peh) 0.8 0.8
Unknewn Hvdrocaribons  fpob)  18.2 114 224 38 4.7 2.4 45 101 225 8.8

mean - includes aniy thase samples reported. Does net QA include values.
unknown hydrecartons - may include one or more peaks an tha chromatagraph
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