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Summary

With the cooperation of the U.S. Environmental Protection Agency (EPA), the Ford Motor
Company, through a Cooperative Research and Development Agreement (CRADA) with the Motor
Vehicle Manufactures Association and the U.S. Department of Energy (DOE), initiated a
collaborative research effort to collect and characterize filter and Tenax trap samples for polynuclear
aromatic hydrocarbon (PAH) compounds. - Samples were collected in July and August 1991 in Kuwait
and around the Persian Gulf region following the Persian Gulf War. Samples were collected using
helicopter-mounted or aircraft-mounted sampling platforms. Near-field helicopter sampling was

conducted by the EPA in the immediate vicinity of the Kuwait oil well fires to a maximum of 50 km
downwind. Far-field sampling, using Pacific Northwest Laboratory’s (PNL’s) Guifstream-1 aircraft, -
was conducted from 112 to 232 km downwind of the Kuwait oil well fires. Extraction and gas
chromatography/mass spectroscopy (GC/MS) analysis of the near-field samples was conducted by the
Ford Motor Company. Extraction and GC and GC/MS analysis of the far-field samples was
conducted by PNL. The results of the sample analysis failed to identify PAH compounds above the
detection limit of the analytical method. These results concur with those found by other independent
‘researchers who conducted similar research in that region. This report presents the collection,
analyses, and results of these samples.
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1.0 Introduction -~

Following their retreat from Kuwait during February and March of 1991, the Iraqi Army set fire to
over 500 oil wells dispersed throughout the Kuwait oil fields (Figure 1). During the period of sam-
pling from July to August 1991, it was estimated that between 3.29 x 10° and 3.75 x 10° barrels per
day of crude oil were combusted (Robinson 1992). The resulting fires produced several plumes of
black and white smoke that coalesced to form a composite "super” plume. Because these fires were
uncontrolled, significant quantities of organic materials were dispersed into the atmosphere and drifted
throughout the Middle East. The organic particulants associated with the . plume of the oil well fires
had a potential to be rich in polynuclear aromatic hydrocarbon (PAH) compounds. Based on the
extreme mutagenic and carcinogenic activities of PAHs found in laboratory testing, a serious health
threat to the population of that region potentially existed. Furthermore, the Kuwait oil fire plumes
represented a unique opportunity to study the atmospheric chemistry associated with PAHs in the
plume. If samples were collected near the plume source and from the plume many kilometers
downwind from the source, comparisons could be made to better understand atmospheric reactions
associated with particle-bound and gas-phase PAHs. To help answer health-related concerns and to
better understand the fate and transport of PAHs in an atmospheric environment, a sampling and
analysis program was developed. The results of this samplmg and analysns program are discussed in
the following sections.
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Figure 1. Map of Kuwait Showing Locations of Major Oil Fields and Numbers of
Well Fires, March 1991




2.0 Experimental

2.1 Sample Collection

Near-field sampling was conducted by the U.S. Environmental Protection Agency (EPA) using a
helicopter as the sampling platform. Sampling was conducted during late July through the middle of
August 1991, Sampling occurred from the plume sources to a maximum distance of 50 km downwind.
Filter and/or Tenax trap samples were collected using a Versatile Air Pollution Sampler (VAPS)
sampling system (Figure 2). The sampler was equipped with 47-mm glass fiber filters with a 1.5-in.
diameter stainless steel nipple packed with 3 g of Tenax gas chromatography (GC) (Olsen et al. 1983).
Pacific Northwest Laboratory (PNL) provided several of the Tenax traps used for EPA’s near-field
sampling effort. Using the sampling arrangement discussed above, concentrations of particulate
associated and gas-phase PAH compounds could be measured. EPA split portions of the glass fiber
filters for confirmatory analysis with PNL and the Ford Motor Company (FMC). Table 1 identifies
the samples EPA sent to PNL/FMC for analysis of critical collection parameters. Following collec-
tion, the filters and Tenax traps were stored at air-conditioned room temperatures in Kuwait, then
hand-carried by EPA staff to Research Triangle Park in North Carolina. The samples were express
mailed to PNL where they were stored at approximately 4°C until being shipped to FMC. Samples
were stored at -20°C at FMC until they were analyzed.

Far-field sampling (from 112 to 232 km downwind of Kuwait) was conducted using PNL’s
Gulfstream-1 aircraft (Figure 3). The flight number in Table 2 identifies the flight path during sample
collection in Figure 3. A detailed description of the aircraft has been reported previously (Busness et
al. 1992). Ambient air samples were directed to measurement systems in the cabin by externally
mounted probes at the right forward side of the aircraft. Two 1-in. probes provided sample input to
the integrated filter collection systems; each probe was monitored by flowmeters connected to the
aircraft data acquisition system. All sample lines and manifolds were either Teflon or Teflon-lined to
minimize contamination or chemical transformation of ambient samples. Air-jet vacuum ejectors
installed on each engine, operating on high-pressure air from the engine compressors, created a
vacuum for pumping samples through the filter-collection system. Manually-operated valves ahead of
and behind each filter holder were used to control the flow through each filter pack.. A specially
designed filter pack for PAH sampling was developed that could easily be installed and removed from
the filter-collection system (Figure 4). The fiiter pack consisted of an anodized aluminum head for
mounting a 1.9-in.-dia. glass fiber filter (Whatman GF/F glass fiber filter) fired at 400°C for 4 hr,
followed by a stainless steel honeycomb mesh for the filter support. The Tenax trap portion of the
filter pack, constructed of stainless steel, slipped inside the aluminum head behind the glass fiber filter
and was secured in place with allen screws. Each trap was packed with glass wool, followed by 4.5 g
of Tenax prewashed in methanol and fired at 325°C under a helium purge, followed by another layer
of glass wool. Segmentation of the chamber within the trap consisted of varying mesh sizes of stainless
steel screen held in place with snap rings (Figure 4). A spacer was mounted to the rear of the Tenax
trap to accommodate installation directly into the filter-collection system without modifications.




3 25umCut  Annular Denuder Tefion Fier ..
Recsiver Jot Collects Mass, H",
(VAPS Body) SO, HNO,, HCI  Elemental Composition
Accelerator

impactor Plate
Fiher
#47 FP
ASagter b Trap
80 mm X 32 mm

Figure 2. Schematic Diagrain of the Helicopter Sampling Configuration and the
VAPS Sampler System used for Near-Field Airborne Sampling




Table 1. Sample and Sampling Parameters for EPA Helicopter Near-Field Sampling

m

Sample ID Sample Type | Date Collected TX:J(Z% Comments
Kuwait 102-SO-1 Standard® NA -
Kuwait 102-UD-1 | Standard® NA -
KA 7-31-3-Q Filter 31-JUL-91 0.700
I&F 73191 Tenax 31-JUL-91 0.690
HF 8-2-91 Tenax 02-AUG-91 -
KA 82-1-Q2 Filter 02-AUG-91 0.050
| KA 8-2-1-Q1 Filter 02-AUG-91 - 0.050
KA 8-3-1-Q2 Filter 03-AUG-91 0.090
KA 8-3-1-Q1 Filter 03-AUG-91 0.090
| HF 8-3-91 Tenax 03-AUG-91 - | no plume
HF 8-5-91 Tenax 05-AUG-91 0.200
KA 8-5-Q1 Filter 05-AUG91 - 0.150
fl KA 8-5-Q2 Filter 05-AUG-91 0.150
KA 8-6-Q1 Filter 06-AUG-91 0.800 _ {
KA 8-6 Tenax 06-AUG-91 - 50-min super plumeé
KA-8-7 Tenax 07-AUG-91 - white plume
KA 8-7-1-Q Filter 07-AUG-91 0.090

(a) NIST SRM 1580 (Shale Oil) or NIST SRM 1649 (PAHs in Urban Dust) standards deposited on
filter
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| Figure 3. Locations of Far-Field Sampling (112 to 232 km downwind of Kuwait) Using PNLs

Gulfstream-1 Aircraft. Bold lines indicate PAH sampling flight paths.

Table 2 lists the samples and collection parameters used during aircraft sampling. A total of seven
samples were collected from August 7 to August 17, 1991. Samples collected were stored at room
temperature after collection. Unfortunately, after completion of the field sampling with the G-1 air-
craft, the samples may have been exposed to extreme temperature in shipping containers in Bahrain
while awaiting shipment back to PNL. Exposure to extreme temperatures may have resulted in
volatilization losses of PAH compounds from the filters. However, the Tenax samples should have
been unaffected because they have a strong affinity for PAH compounds. Upon arrival at PNL, the
samples were stored at 4°C untﬂ they were analyzed
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Figure 4. Diagram of a Specially Designed Filter Pack for PAH Sampling Developed to be Easily
Installed and Removed from the Filter-Collection System

During trip preparations, additional filter and Tenax traps were prepared and refrigerated at 4°C in
the laboratory. These traps and filters are identified in Tables 1 and 2 as laboratory filter blanks and
traps. In addition, blank filters were spiked with known quantities of either National Institute of
Standards and Technology (NIST) Standard Reference Material (SRM) 1580 (Shale Oil) or SRM 1649
(PAHs on Urban Dust). These standards contained know concentrations of PAH compounds as
verified by NIST. Two filters spiked with the respective SRM materials accompanied each set of
filters were sent to EPA for the near-field sampling and with the U.S. Department of Energy team
conducting the far-field sampling. Each set of spike filter samples accompamed the samples sent to the
respective laboratories for analysis.




2.2 Sample Anaiysis

Extraction and analysis of the EPA-collected near-field samples were conducted at the FMC by
Dr. James Ball. All glassware used in the extraction of filters was cleaned with chromic acid solution,
rinsed with reverse osmosis water, rinsed with methylene chloride, and dried at 150°C overnight.
Soxhlet apparatus was purged by refluxing overnight with methylene chloride. All extractions were
carried out in subdued lighting under a positive pressure of dry nitrogen gas. Soxhlet extraction was
carried out for about 16 hours with 3 to 4 cycles/hr. Each Soxhlet apparatus was heated using an oil
bath to minimize local super heating. Local super heating at the glass-heating mantle interface can
cause polymerization of reactive compounds. The temperature of the oil bath was maintained between
70 to 80°C. The methylene chloride extracts were rotoevaporated to a small volume and transferred to
a tared conical vial. The extract was concentrated to between 100 to 400 uL under a stream of dry
nitrogen gas. The two filters spiked with NIST Urban Dust and Shale Qil were concentrated to only
850 and 1750 L, respectively, because these extracts contained considerably more extractable
materials based on their intense yellow-brown color. The volumes were measured by using the weight
of the extract and the density of methylene chloride at room temperature (1.322 g/cc at 23°C).
Methylene chloride extracts of the individual filters were analyzed within 24 hours of being extracted.

Sixteen PAH compounds were analyzed in the near-field samples. The identity, selected mass ions
used for quantification, and the detection limits of each PAH are shown in Table 3. Certified reference
solutions containing these 16 PAHs were purchased from Ultra Scientific (North Kingstown, RI) and
were diluted with methylene chloride in volumetric glassware. A standard curve was generated that
ranged from 0.02 to 7.0 ng/uL depending on the specific PAH (see Table 3).

GC was carried out on a Hewlett-Packard 5890 GC interfaced with a Hewlett-Packard 5971A Mass .
Selective Detector. Two 30-m RTX-200 (0.25 mm id, 0.25 um film thickness crossbonded trifluoro-
propyl methyl polymer) columns were used to separate the PAHs. The first column was used to
analyze the filters from individual plumes and the reference filters, while the second column was used
to analyze the filters from the composite plume downwind from the oil fires (Table 1). The first
column was discarded after injection of the extracts from the very "dirty” filters coated with NIST
Urban Dust (SRM 1649) and Shale Oil (SRM 1580). The following temperature program was used for
. the separation of the PAHs: 40-110°C at 15°C/min, hold at 110°C for one minute; 110°C to 300°C at
3.5°C/min. The injection port was 280°C; the mass detector was at 275°C. All injections were
carried out using 1.0 uL sample volumes, 0.5 gL air, and 0.5 ul. methylene chloride in the splitless
injection mode. The mass selective detector was set to analyze speclﬁc ions of the individual PAHs
based on the retention times of standard PAHs.

Far-field filter and Tenax samples were extracted and analyzed by PNL. All glassware used in the
extraction of filters was cleaned with chromic acid solution, rinsed with Milli-Q water, rinsed with
methylene chloride, and dried at 150°C overnight. Soxhlet apparatus was purged by refluxing with
methylene chloride or methanol, depending on the media to be used for extraction. Methylene chloride
(180 mL) was used to extract the filter samples, and methanol (150 mL) was used to extract the Tenax
traps. Soxhlet extraction was carried out for about 14-16 hours. Each Soxhlet apparatus was heated
using a heating mantle assembly. The methylene chloride and methanol extracts were rotoevaporated
to a small volume and transferred to a tared pear-shaped vial for further concentration. The extracts
were.
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concentrated to approximately 1 mL and transferred to reaction vials and adjusted to a volume of
1 mL. Extracted samples were refrigerated at 4°C until analysis. |

All samples, except sample 2, were blown down to near dryness (~50 pL) using a stream of pure
nitrogen. Samples 1 and 4 through 18 were diluted with 300 pL. HPLC-grade methylene chloride
containing 2-chloro-anthracene as an internal standard. This volume was chosen as it is about the
minimum volume that can be used with the autosampler. Sample 2 was diluted to 25 mL using HPLC-
grade methylene chloride containing the internal standard. Sample 3 was diluted with 500 L. HPLC-
grade methylene chloride containing the internal standard. The internal standard was at a final
concentration of 50 ng/pL. After dilution, the samples were transferred and sealed mto autosampler
vials for analysis.

Calibration standards were prepared at 0.625, 2.50, 10, and 40 ng/pL concentrations by serial
dilution of SV Calibration Mixture #5 (Restek Corporation, Bellefonte, PA) containing 2000 ng/ul
each of the following PAH: naphthalene, acenaphthylene, acenapthene, fluorene, phenanthrene,
anthracene, fluoranthene, pyrene, benz{aJanthracene, chrysene, benzo[b}fluoranthene,
benzo[a]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, dibenz[a,hjanthracene, and
benzo[ghi]perylene. HPLC-grade methylene chioride containing the internal standard was used as
diluent.

All samples were analyzed using a Hewlett-Packard 5880 gas chromatograph equipped with a 15 M
x 0.25 mm inside dia. fused silica capillary column coated with 0.25 pym DB-5 J & W Scientific,
Folsom, CA). The oven was temperature programmed from 50 to 275°C at 4°C/min with a 2-min
hold at the initial temperature and a 5-min hold at the final temperature. The injection port and flame
ionization detector (FID) were operated at 275°C and 300°C, respectively. Helium was used as the
carrier gas at an approximately SO cm/s flow rate. The samples were analyzed using an autosampler
set to deliver approximately 1 pL/injection in the following order: calibration standards, filter -
samples, calibration standards, Tenax trap samples, calibration standards, urban dust sample, and shale
oil sample. Blanks containing the internal standard were analyzed before the analysis of sample sets to
ensure that there was no carryover of PAH compounds from the calibration standards. The urban dust
and shale oil samples, known to contain large amounts of organic compounds, were analyzed last so
that they did not contaminate the system while the lower level filter and trap samples were being
analyzed. A sample of a coal tar test mixture that had been previously characterized by GC/MS was
also analyzed to give the retention txmes of additional PAH compounds for which no standards were
‘made. ,

The average response factors of the individual PAH compounds in the calibration standards were
calculated based on both area and height response. The response factors from the calibration standard,
with the nearest concentration to that found in the actual samples, were used for calculations.
Response factors of the closest eluting standard compounds were used for the PAH compounds for
which there were no standards. Quantitative values were calculated using both area and height
response, after which the results were averaged. Total ng (or ug for sample 2) amounts are reported.
Minimum detectable amounts were about 20 ng for samples 1 and 4 through 18, about 40 ng for
sample 3, and about 1.8 ug for sample 2. All identifications are based on retention time only and may
be representative of co-eluting species.

11




Samples 6, 11, and 17 were also analyzed by GC/MS using a Varian Saturn Ion Trap mass
spectrometer. The chromatographic conditions were as follows: 30 m x 0.25 mm inside dia. fused
silica capillary column coated with 0.25 um DB-5 (J & W Scientific); 60 to 280°C at 7°C/min with a
2-min initial time and a 10-min hold at the final temperature; 1 xL injection.

12




3.0 Results

With the exception of the two standard reference samples, none of the near-field filters showed any
PAH compounds after correcting for the blank filter (Ball et al. 1993). Figure 5 shows a
chromatogram of 1 ng of each PAH compound in the standard mixture. Several of the PAH
compounds eluted as incompletely resolved pairs. For example, the following PAH compounds were
not completely resolved; benzo[a]anthracene and chrysene, benzo[alfluoranthene and
benzo[ah]anthracene. An example of one GC/MS chromatogram of the filter extract is shown in
Figure 6. There are numerous GC peaks present in the extract of filters from the smoke plumes.
However, very few of these peaks correspond to any of the PAH compounds in Table 3. In each filter
extract, including the filter blank, naphthalene was present, and for some filter extracts there were
small amounts of fluorene, phenanthrene, and anthracene. The extract of the blank filters also showed
these PAH compounds at the same concentrations. The chromatogram of a methylene chloride extract
of a clean filter (filter blank) is shown in Figure 7. If these smoke plume filter extracts are corrected
for the presence of PAH compounds in the filter blank, then no detectable PAH compounds are found
in any of the filter extracts. The PAH compounds found in the urban dust sample tend to be the higher
molecular weight PAH compounds, whereas the PAH compounds found in the Shale Oil sample are

. mainly the lower molecular weight PAH compounds listed in Table 3. No attempt was made to
quantify these PAH compounds because of the lack of PAH compounds in the plume filter samples.
There was one possible complication in the extraction of the near-field filter samples. The
concentrated methylene chloride extracts of the filters showed a white, gelatinous material that may
have absorbed PAH compounds. If this occurred, the PAH concentrations measured could have been
artificially low.. This possibility was tested by resuspending a filter extract with methylene chloride
spiked with approximately 1 ng/ul of PAH compounds in the standard mixture. To within
experimental error, there was no apparent loss of PAH compounds to the gelatinous material.

The results of the GC analysis of the far-field filter samples are given in the Table 4. Sample
identification is listed in Table 2. Few compounds were identified that had retention times that
corresponded to the retention times of known PAH compounds. All of the compounds identified as .
PAH (by retention time) in the samples were very minor components in the chromatograms. In .
addition to those PAH compounds quantified in the table, there were some baseline peaks in the
~ chromatograms that p0551b1y could have been PAH, but they were below the minimum detectable limit
of approximately 20 ng in the sample. Other major components were present in all of these samples,
but their retention times did not correspond to those of PAH compounds. A peak with a retention time
that matched anthracene was found in all of the samples at about the same level. Because it was also
present in the blank (sample 1), it is likely that this is a contaminant peak. Because all the compounds
that were identified were basically baseline peaks, it is also highly likely that the compounds quantified
are merely artifacts and not necessarily PAH compounds.

The results of the GC analysis of the far-field Tenax trap samples are given in the Table 5. Sample
identification is listed in Table 2. More compounds that had retention times corresponding to PAH
compounds were detected in the Tenax trap samples than in the filter samples. However, the quanti-
tative results from the Tenax blank (sample 11) also reflected the increased concentration of compounds
detected. Again, the compounds identified as PAH compounds by retention times were not the major

13
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compounds in the chromatograms of these samples but were only minor components, many of which
were again in the baseline of the chromatograms and may be merely artifact. Further analysis by
GC/MS would elucidate the information gathered by GC. -

The results of the GC analysis of the shale oil and urban dust samples are given in the Table 6.
The PAH amounts detected in the shale oil were about two to three orders or magnitude greater than
those detected in the filter or Tenax samples. Because the shale oil was not fractionated into a clean
PAH fraction, the quantitative values reported may also represent co-eluting species that are found in
this highly complex organic mixture. Increased levels of PAH compounds were also detected in the
urban dust samples compared to the filter and Tenax trap samples. There is also the possibility of co-
eluting species present in this complex mixture.

Some of the major components in the samples were phthalate contaminants. Other more minor
components appeared to be high molecular weight aliphatic hydrocarbons. The majority of the
components was not identified, mainly because they were present in both the samples and the blanks,
and the library search of compounds gave matches that were not consistent with the chromatographic
profile. An in-depth analysis for the identification of all compounds present in the chromatograms was
not performed because the chromatographic profiles of the samples and their blanks were nearly identi-
cal, indicating that any identifications performed were only representative of background contamina- -
tion. The GC/MS analysis failed to detect PAH compounds from two to six rings in these samples.
These GC/MS results indicate that the PAH quantified in the Tables 1 through 6 were either at levels
below the detection limit of the GC/MS or that the organic compounds, with retention times corres-
ponding to the PAH compounds, were merely co-eluting non-PAH compounds.
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Table 6. Results from Urban Dust and Shale Oﬂ-Spikéd Filter Samples (Total ng Amounts Detected)

Compound R Sa(zag%l:) 2 | Szz;mg;;l(g 3 |

Napthalene 21 | "
Acenapthylene 44 240 " '
Acenaphthene ' ' , i
Fluorene 18

Phenanthrene 22 - 130
Anthracene 64 210
3-Methylphenanthrene » .25
2-Methylphenanthrene ' _ - 230
4H-Cyclopenta[def]phenanthrene 31 75
Fluoranthene 32 220
Acephenanthrylene

Pyrene ) 7.4 160

| Benzo[a]fluorene . 24

Benzo[b]fluorene

Benzo[a]anthracene 1.9 440

{| Chrysene ’ 6 770
Benzo[b}fluoranthene 22 . 800
Benzo[k]fluoranthene ' 8.3

Benzo[e]pyrene ' 28 410

“ Benzo[a]pyrene } 27 1200
Perylene , 7.7 It
Indeno[1,2,3-cd]pyrene 7 760
Dibenzofa, hlanthracene _ 340

| Benzo[ghiJperylene .. '

(a) less than 1.8 ug when no data

u (b) less than 40 ng when no data
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4.0 Conclusions

There are three possible explanations for the lack of PAH compounds associated with particles
from the Kuwait oil fires and air samples from within the plume of the oil fires. The first possibility is
that the concentrations of PAH compounds associated with the particles and in the gas phase are very
low in the plume, below the level of detection by GC-FID or selected ion GC/MS. The second possi-
bility is that there was an insufficient quantity of particulate matter or air collected during sampling.
Because of insufficient data on the mass of samples collected on the filter samples, there is no way to
distinguish which onpe of the first two scenarios was more likely for the near-field samples. The same
is true for the far-field samples, and the problem is compounded because the integrity of the filter
samples is questionable because of possible exposure to elevated temperatures during shipment.

Reports of other researchers (Stevens et al. 1993) conducting similar sampling of the Kuwait oil
fire plumes failed to identify significant concentrations of PAH compounds associated with the oil well
fires. This conclusion is totally unexpected, given the vast quantities of crude oil burned and the many
reports in the literature stating the production of PAH compounds is favored under no-ideal combustion
- conditions. A possible explanation for failure to find any PAH compounds may be related to the
tendency of the black soot material in the plume to irreversibly bind the PAH compounds to active sites
on its surface.
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