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Abstract The present study was conducted to determine
the VOCs concentrations in a service station located in a
residential and commercial area in the city of Rio de Ja-
neiro. This is, to our knowledge, the first published deter-
mination in Brazil, where both ethanol and ethanol-blended
gasoline are used. Electro polished, stainless steel, evacu-
ated canisters were used for sampling. The analysis was
performed by gaschromatography with flame ionization
detection (CG-FID) and by gas chromatography—mass
spectrometry (CG-MS). A total of 80 and 56 compounds
were determined in samples collected at the service station
and control location, respectively. The most abundant
compounds at the service station were in order of
decreasing concentration (units: pg m—): 2-methylbutane
(1,715.7), 2-methylbut-1-ene (1,043.2), isobutene (758.8),
2-methylprop-1-ene (703.7), 2-methylpentane (492.1),
pentadi-1,3-ene (189.7), toluene (157.0), benzene (144.5),
but-2-ene (126.3) and m,p-xylene (123.2). A mean con-
centration of 144.5 ng m~ was determined for benzene,
this value is about ten times the concentration determined
in the control location in this work and about 70 times the
value determined in other locations of Rio de Janeiro using
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charcoal cartridges for the sampling. The mean benzene/
toluene ratios are 0.92 and 0.31 in the service station and
control location, respectively. Since in Brazil service sta-
tion workers are employed to fill customer’s cars (self-
service is not commonly used) the possible risk of cancer
of these workers should be evaluated in a future study.

Keywords Service station emissions - Volatile organic
compounds - Evaporative emissions - Benzene

Mage et al. (1996) have indicated that motor vehicle traffic
is a major source of air pollution in metropolis. In Brazil,
75% of the population lives in cities, furthermore, in the
state of the Rio de Janeiro, this figure rises to 95%.
According to regulatory agencies, in the Metropolitan Area
of Rio de Janeiro (RIMR) 77% of the emissions of total
pollutants and 99% of total carbon monoxide are due to
mobile sources (FEEMA 2004). The city of Rio de Janeiro
has a population of 6,094,183 habitants distributed over an
area of 1,182 km? (IBGE 2005). In the city of Rio de Ja-
neiro the total number of vehicles increased from
1,570,000 in January 2001 to 1,940,000 in January 2006.
Presently, about 88% are light-duty vehicles, which use
gasohol (gasoline with 24% of ethanol), 69.2%, net etha-
nol, 12.4%, and compressed natural gas (CNG), 11.1%
(DETRAN 2006). Storage and distribution of gasoline may
be an important source of volatile organic compounds
(VOCs) emissions (Cruz-Nuifes et al. 2003). In 2005,
1,741,237 m> of gasohol were sold in about 1,100 service
stations in the city. Also, 180,260 m> of ethanol and
2,176,483 m®> of diesel were sold (ANP 2005a).

Several studies discussed the occupational exposure to
VOCs from gasoline emissions (Hartle and Young 1977;
Kearney and Duham 1986; Jo and Song 2001; Lynge et al.
1997; Romieu et al. 1999) and the non-occupational
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exposure to VOCs from evaporative and exhaust emissions
(Wallace 1989; Chan et al. 1991; Weisel et al. 1992; Jo and
Park 1999). In many of these studies, the target VOCs are
benzene, toluene, ethylbenzene, o-xylene and p-xylene
because of their toxicity and because they are considered
tailpipe and gasoline vapor emission markers (Jo and Song
2001). Since 2002, the volume percentage of benzene and
total aromatics in gasohol should be in the range of 1.0%—
1.9% and 45%-57%, respectively, according to the Bra-
zilian legislation (ANP 2005b). The present study was
conducted to determine the VOCs concentrations in a
service station in the city of Rio de Janeiro. This is, to our
knowledge, the first published determination in Brazil,
where both ethanol and ethanol-blended gasoline are used.

Materials and Methods

The samples were collected on 9th June 2004 in a service
station located in Flamengo District, a residential and com-
mercial area in the city of Rio de Janeiro. The service station
has five gasohol pumps and sold approximately 3.0 m® of
gasohol per hour during the sampling period. A total of six
samples were collected beside the pumps and other two
samples were collected at 200 m from the service station at a
location with the same vehicular flux than the station.

About 1.8 L electro polished, stainless steel, evacuated
canisters were used for sampling. To collect each whole
air sample, a stainless-steel valve was slightly opened
and the canister was filled to ambient pressure in about
2 min. The canisters were then shipped to Instituto de
Pesquisas Energéticas e Nucleares (IPEN) and analyzed
within 3 days.

The analysis was performed by gas-chromatography
with flame ionization detection (CG-FID) and by gas
chromatography—mass  spectrometry (CG-MS). The
method follows US EPA guidelines (U.S. EPA 1999).
Briefly, 100 mL aliquots of air from the canister samples
were loaded on a cryo-trap (glass beads in 6” and 1/8”
stainless-steel tubing) in liquid nitrogen (7 = —-180°C),
desorbed from the cryo-trap at ca. 400°C and injected
onto the head of the GC column where the sample was
cryo-focused at —50°C. The column was a DB-1 capil-
lary column, 60 m long and 0.32 mm diameter and
1.0 pm film thickness. The temperature was held at —
50°C for 2 min, and raised from —-50°C to +200°C at
6°C min~'. After leaving the capillary column, the
sample was divided in two and analyzed simultaneously
using the FID and the MS detectors. The analyses were
carried out using a Varian 3800 gas-chromatography and
a Saturn 2000 mass selective detector. The mass spectral
libraries used for compound identification include the
NIST Data Base (1998). Quantitative analysis was per-
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formed using standard mixtures of alkanes (propane,
butane, pentane and hexane) (White Martins), alkenes
(ethene, propene, butene, pentene and hexene) (White
Martins), aromatics (benzene, toluene, o-xylene and
ethylbenzene) (Scott Specialty) and a TO-14 standard
mixture (Scott Specialty). Other compounds were quan-
tified using analogs compounds. All samples were run in
duplicate and the difference was lower than 5%. Blank
runs were also performed before each sample analysis.

Results and Discussion

A total of 80 and 56 compounds were determined in
samples collected at the service station and control loca-
tion, respectively. Compounds determined at the service
station, with average concentrations higher than
12.0 ug m™ are listed in Table 1. Reported values are the
arithmetic means of six samples. Compounds with average
concentrations lower than 12.0 pg m™ are reported in the
footnote of Table 1. In this table, concentrations deter-
mined at the control location and the ratios average con-
centration at the service station to average concentration at
the control location are also shown.

Some compounds were identified in only one of the six
samples: hexane (34.4 pug m™), nonane (7.6 ng m™),
dodecane (4.6 pg m™), 2,6-dimethylhexane (0.2 pg m™),
3,4-dimethylhexane (504.7 pg m™), 2,6-dimethylheptane
(2.4 ug m™), 2-methylnonane (0.1 pg m™), 3-methylnon-
ane (2.9 ug m™), 4-methylnonane (3.1 pg m™), 2,6
dimethyloctane (0.18 pg m™), hex—2-ene (4.8 pg m™),
hept—1-ene (3.5 pg m™), hept-2-ene (5.7 ug m™), oct-1-
ene (14.3 ng m™), heptadi-3,4-ene (0.3 pg m~>), 2-meth-
ylbut-2-ene (366.9 g m™), 1-methylpent-2-ene
(8.8 ng m‘3), 3-methylpent-1-ene (8.8 ng m_3), 2,3-dim-
ethylpent-2-ene (5.8 pg m™), 5,5-dimethylhexadi-1,3-ene
(0.6 pg m™), 2-ethylpent-2-ene (0.5 pg m™), 2-ethylbut-
l-ene (82.8 pg m™), styrene (1.5 pug m™), 2.4,1-dimeth-
ylethylbenzene (3.0 ug m™), 1,3-methylpropylbenzene
(60.7 pg m™), 1,2,3 4-tetramethylbenzene (22.2 pg m™),
1,2,4,5-tetramethylbenzene (62.6 ng m_3).

The two xylene isomers, m-xylene and p-xylene, co-
eluted. The most abundant compounds at the service station
were in order of decreasing concentration (units: pg m—):
2-methylbutane (1,715.7), 2-methylbut—1-ene (1,043.2),
isobutane (758.8), 2-methylprop-1-ene (703.7), 2-methyl-
pentane (492.1), pentadi-1,3-ene (189.7), toluene (157.0),
benzene (144.5), but-2-ene (126.3) and m,p-xylene (123.2).

In Figs. la, b the distribution of the main groups is
shown. Clearly, the gas mixture collected in the service
station, is richer in alkanes, mainly 2,2-dimethylbutane
(149.5 times), 2,3-dimethylbutane (48.1 times), 2-meth-
ylbutane (29.2 times) and 2,3-dimethylpentane (23.6 times).
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Table 1 Average concentrations (in pg m™) for the main volatile Table 1 continued
organic compounds determined in the service station and in the
control location Compounds Service Control  Ratio
station (SE) (SE/control)
Compounds Service Control  Ratio
station (SE) (SE/control) Tert-butylbenzene 16.9 1.3 13.1

Alkanes Others® 21.6 4.4
2-Methylbutane 1,715.7 58.9 292 * Decane (5.8), 2-methyloctane (1.3), 4-methyloctane (1.9), undecane
2-Methylpentane 492.1 247 199 ©.1), 2f$Zth§lE22—3—en: nég(),' 3:mef§;1ﬁex’-3iﬁ 20:8)1 ;(;net}f;lle
Heptane 72.2 8.0 9.0 hexadi-2,4-ene (0.09)
2,3-Dimethylbutane 69.9 L5 48.1 ¢ Cyclopropylbenzene (9.6), 1,3,5-trimethylbenzene (12.0)
3-Methylhexane 65.0 5.2 12.4
2,4-Dimethylheptane 26.8
2’3_D%methy Ipentane 259 L1 236 The distribution of individual compounds in the main
2.2-Dimethylbutane 19:5 0-1 149.5 groups is also shown in Fig. 1. The main three alkanes are
24-Dimethylpentane 167 2-methylbutane, isobutane and 2-methylpentane in both,
2,5-Dimethylhexane 14.8 L5 08 the service station and the control location.
Others 199 6.8 The most abundant alkene, at the control location, is
Alkenes 2-methylbut-1-ene (70%) while at the service station,
2-Methylbut-1-ene 1,043.2 811 12.5 2-methylbut-1-ene, 2-methylprop-1-ene and pentadi-1,3-
2-Methylprop-1-ene 703.7 12.0 58.5 ene contribute with 80% to the gaseous mixture.
Pentadi-1,3-ene 189.7 The distribution of aromatics is also different in both
But-2-ene 1263 10.0 12.6 locations, with a higher percentage of benzene in the ser-
3-Methylpent-2-ene 104.7 1.0 107.9 vice station.
2,3-Dimethylbut-2-ene 89.4 In Fig. 2, the concentration of main compounds is dis-
Hex-3-ene 50.8 L1 46.1 played as a function of the boiling point. Data adjust to a
2-Methylpent-1-ene 44.2 1.7 259 third order polynomial (C = 603.9 — 11.4BP + 0.07BP? —
3-Methylhex-2-ene 31.3 1.0 29.9 1.6 x 10 °BP?) with R? = 0.74. This fact may explain the
Others” 10.9 20.5 0.5 differences in VOCs distribution within the groups, since
Aromatic hydrocarbons evaporative emissions should be more important in storage,
Toluene 157.0 45.1 3.5 distribution and refilling of fuels.
Benzene 144.5 13.9 10.4 A mean concentration of 144.5 pg m— was deter-
p.m-Xylene 123.2 314 3.9 mined for benzene, this value is about ten times the
1,2,4-Trimethylbenzene 56.0 8.6 6.5 concentration determined in the control location in this
0-Xylene 46.7 11.6 4.0 work and about 70 times the value determined in other
1,2-Ethylmethylbenzene ~ 44.2 10.2 43 locations of Rio de Janeiro using charcoal cartridges for
Ethylbenzene 35.8 114 32 the sampling (Martins et al. 2007a, b). It should be noted
1,2,3-Trimethylbenzene 32.1 112 29 that gasoline pumps in Brazil do not have vapor recovery
2-Ethyl-1, 27.9 37 76 and the samplings were short-time measurements (1—

4-dimethylbenzene 2 min). The value obtained in this work is in the same
1,3-Ethylmethylbenzene ~ 26.3 43 6.2 range than those reported by Lynge et al. (1977) for
1-Ethylmethylbenzene 25.4 45 5.7 Nordic countries and by Romieu et al. (1999) for Mexico
1,4-Methyl 21.7 City. Anyway, it should be noted that the other studies

(1-methylethyl)benzene were not conducted in gasohol service stations. More
Propylbenzene 18.0 0.4 473 samples should be collected in a further work in order to
1-Butenylbenzene 17.4 assess the differences due to the use of ethanol and
4-Ethyl-1, 17.3 1.3 13.1 ethanol-blended fuel.

2-dimethylbenzene The mean benzene/toluene ratios are 0.92 and 0.31 in
1,4-Methyl 17.0

(1-ethylpropyl)benzene

the service station and control location, respectively.
Ambient ratios in various cities around the world have been
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Note: MH = 3-methylhex-2-ene + 2-methylhex-3-ene + 3-methylhex-3-ene + 5-
methylhex-1-ene; Mbutene = 2-methylbut-1-ene; Mpropene = 2-methylprop-1-
ene.
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Fig. 1 Distribution of VOCs (/), alkanes (2), alkenes (3) and
aromatics (4) for samples collected at the service station (a) and the
control location (b )

reported ranging from 0.25 to 0.50 (Martins et al. 2007b).
The higher ratio determined in this work is also a clear
indication of the important contribution of evaporative
emissions in the service station.

Elevated concentrations were also determined for ben-
zene derivates. For toluene, ethylbenzene and xylenes,
concentrations at the service station are about three times
the values obtained at the control location.

To our knowledge, no studies have been conducted in
order to avaliate the incidence of leukemia in Rio de Ja-
neiro and the correlation between benzene exposure and
the incidence of cancer.

Since in Brazil service station workers are employed to
fill customer’s cars (self-service is not commonly used) the
possible risk of cancer of these workers should be evalu-
ated in a future study.
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Fig. 2 VOCs average concentration in the service station as function
of the boiling point of each compound

Acknowledgments We thank CNPq (Conselho Nacional de De-
senvolvimento Cientifico e Tecnoldgico) and FAPERJ for financial
support. We also thank Simone Lorena Quiterio (IQ/UFRIJ) for her
kindly assistance with the edition of the manuscript, Amélia Yama-
zaki (IPEN/USP) for technical assistance in the chromatographic
analyses and Claudinei de Souza Guimardes (IQ/UFRIJ) for his help
with the handling of the samples.

References

ANP (2005a) http://www.anp.gov.br/petro/dados_estatisticos.asp ac-
cessed in May 2005

ANP (2005b) http://www.anp.gov.br/petro/legis_qualidade.asp ac-
cessed in May 2005

Chan CC, Ozkaynak H, Spengler JD, Sheldon L (1991) Driver
exposure to volatile organic compounds, CO, ozone, and NO,
under different driving conditions. Environ Sci Technol 25:964-
972

Cruz-Nufes X, Hernandez-Solis JM, Ruiz-Suarez LG (2003) Eval-
uation of vapor recovery systems efficiency and personal
exposure in service stations in Mexico City. Sci Total Environ
309:59-68

DETRAN (2006) http://www.detran.rj.gov.br/_estatisticas.veiculos/
index.asp accessed in July 2006

FEEMA (2004) http://www.feema.rj.gov.br/ accessed in September
2005

Hartle RW, Young RJ (1977) Occupational benzene exposure at retail
automotive service stations. Draft report. Cincinnati. Ohio:
Division of Surveillance, Hazard Evaluations and Field Studies.
National Institute for Occupational Safety and Health

IBGE (2005) http://www.ibge.gov.br/cidadessat/ accessed in June
2005

Jo WK, Park KH (1999) Commuter exposure to volatile organic
compounds under different driving conditions. Atmos Environ
33:409-417

Jo WK, Song KB (2001) Exposure to volatile organic compounds for
individuals with occupations associated with potential exposure
to motor vehicle exhaust and/or gasoline vapor emissions. Sci
Total Environ 269:25-37

Kearney CA, Duham DB (1986) Gasoline vapor exposures at a high
volume service. Am Ind Hyg Assoc J 47:535-539

Lynge E, Andersen A, Nilsson R, Barlow L, Pukkala E, Nordlinder R,
Boffetta P, Grandjean P, Heikkld P, Horte LG, Jakobssom R,


http://www.anp.gov.br/petro/dados_estatisticos.asp
http://www.anp.gov.br/petro/legis_qualidade.asp
http://www.detran.rj.gov.br/_estatisticas.veiculos/index.asp
http://www.detran.rj.gov.br/_estatisticas.veiculos/index.asp
http://www.feema.rj.gov.br
http://www.ibge.gov.br/cidadessat

Bull Environ Contam Toxicol (2007) 79:237-241

241

Lundberg I, Moen B, Partanen T, Riise T (1977) Risk of cancer
and exposure to gasoline vapors. Am J Epidemiol 145:449-458

Mage D, Ozolins G, Petersen P,Webster A, Orthofer R, Vandeveerd
V, Gwynne M (1996) Urban air pollution in megacities of the
world. Atmos Environ 30:681-686

Martins EM, Arbilla G, Rodrigues F, Milas I, De Paula M, Bauerfeldt
GF (2007a) Experimental and theoretical study of the air quality
in a suburban industrial-residential area in Rio de Janeiro,
Brazil. J Braz Chem Soc 18:342-351

Martins EM, Arbilla G, De Paula M, Bauerfeldt GF (2007b)
Atmospheric levels of aldehydes and BTEX and their relation-
ship with vehicular fleet changes in Rio de Janeiro urban area.
Chemosphere 67:2096-2103

Romieu I, Ramirez M, Meneses F, Ashley D, Lemire S, Colome S,
Fung K, Avila MH (1999) Environmental exposure to volatile

organic compounds among workers in Mexico City as assessed
by personal monitors and blood concentrations. Environ Health
Perspect 107:511-515

U.S.EPA. (1999) Compendium method TO-14 “Determination of
volatile organic compounds (VOCs) in ambient air using
specially prepared canisters with subsequent analysis by gas
chromatography, Center for Environmental Research Informa-
tion, Cincinnati, OH

Wallace LA, Pellizzari ED, Hartwell TD, Davis V, Michael LC,
Whitmore RW (1989) The influence of personal actives on
exposure to volatile organic compounds. Environ Res 50:37-
55

Weisel CP, Jo WK, Lioy PJ (1992) Utilization of breath analysis for
exposure and dose estimates of chloroform. J Expos Anal
Environ Epidemol 1:79-96

@ Springer



	Exposure to Volatile Organic Compounds in an Ethanol and Gasoline Service Station
	Abstract
	Materials and Methods
	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


