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Objectives: Many toxic compounds are present in automobiles exhaust gases. Concentration of these compounds is markedly increased 
when a defective engine is running. Presence of exhaust gases was linked with asthma, neurotoxicity, cancer and other serious health haz-
ards. The goal of this work was to measure the concentration of volatile organic compounds that are present in the atmosphere when a 
defective vehicle passes by. 
Methods: A head space gas chromatographic technique coupled with flame ionization detection was used to measure total concentration 
of volatile organic compounds into the air. 
Results: Unexpectedly high concentrations of volatile organic compounds, up to 1.04 mg C/L of air, were measured in outdoor air. Every day 
high number of children is passing through these tested areas when they go to school or back home from school being exposed to such high 
concentrations of pollutants. 
Conclusions: Faulty cars are the major source of volatile organic compounds and children can be affected by exposure to peak concentra-
tions of such substances. 
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Introduction
Volatile organic compounds (VOC) are known pollutants 
of both indoor and outdoor air. Indoor presence of these 
compounds is due to evaporation from furniture, building 
materials and is causing the “sick building syndrome” [1]. 

Outdoor presence of these compounds is mainly due 
to incomplete burning of hydrocarbons in internal com-
bustion engines. A broad range of VOCs have been iden-
tified in both diesel and gasoline engines. Health effects 
of exposure to the entire mixture have not been charac-
terized but the toxicity of many individual components 
is well understood. Some of the compounds present in 
exhaust gases are: 1,3-butadiene (irritating, cardiovascu-
lar disease risk, human carcinogen), benzene (leukemia, 
cancer, neurotoxicity), toluene (neurotoxicity), formal-
dehyde (irritant, sensitizer, probable human carcinogen), 
benzo(a)pyrene (immunosuppressant, anemia, human 
carcinogen), aliphatic hydrocarbons (hepatotoxicity, neu-
rotoxicity) [2–6].

Asthma incidence in young population is correlated 
with the exposure to exhaust gases [7,8].

There are no regulations regarding the maximum 
amounts of VOC that can be present in urban regions. 
Sometimes individual compounds concentrations are re-
stricted.

Strict regulations that restrict automobiles emissions are 
employed since Romania joined European Union. Howev-
er, on a daily basis one can see cars that emit high amounts 
of smoke into the air. The smoke can be organoleptically 
detected sometimes for minutes after the car passes. Fur-
ther more, passengers of the cars that follow such a pollut-
ing vehicle can be exposed to high amounts of pollutants. 

Gas chromatography (GC) with flame ionization de-
tection (FID) or mass spectrometry detection (MS) are 
used to quantify these compound into the air [9,10].

The goal of this paper was to measure the amounts of 
VOCs present in:

ff outdoor after an intense polluting vehicle pass by. 
(Polluting vehicle was considered any vehicle that 
emits large amounts of smoke. Sample collection was 
made on the sidewalk.) 

ff inside a car that follows such a polluting vehicle. In 
order to do that authors followed a car that emitted 
visible amounts of smoke.

GC-FID was selected as apparatus suitable for this analysis.

Methods
Head space GC system with FID: THERMO SCIEN-
TIFIC TRACE GC ULTRA Thermo-Finnigan. DB-624 
30 m column.

Reagents
ff GC purity tholuene, Merck KgaA Germany
ff N-heptane p.a., Merck KgaA Germany.

GC system setup:
ff analysis time: 33 minutes
ff initial temperature: 50°C
ff heating rate: 15°C/min
ff column final temperature: 250°C
ff injection mode: splitless
ff injection volume: 1 ml from the gas phase
ff mobile phase: nitrogen 2 ml/min
ff hydrogen debit: 35 ml/min
ff air debit: 350 ml/min
ff detector temperature: 250°C
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Sample treatment:
ff samples were collected from the sidewalk at about 1.7 
m from the ground in headspace vials, by removing 
(with a tube inserted into the vial) gas about 20 times 
the volume of vial. This way it was ensured that no re-
sidual air remains into the vial and composition of gas 
in the vial is similar to that in the studied air. Samples 
were taken in comparable meteorological conditions.

ff vials were immediately hermetically sealed and trans-
ported to the laboratory for the analysis

Standard gases:
ff in two 2.8 l flasks, containing aluminium pellets, 20 µl 
of toluene or 20 μl of heptane were introduced. After 
shaking the flasks for two minutes a sample was collec-
ted in a headspace vial (inserted into the bottom of the 
flask) that was immediately airtight sealed. Sampling 
was made in a similar manner as the tested air.

Results

Method performance evaluation
Lacking an MS detector we were not able to identify each 
peak that appeared on chromatograms. Results were cal-
culated by summing all peaks area and are given as mg of 
volatile carbon found in each liter of air: mg C/L. Figure 1 
shows a typical chromatogram obtained during the study.

Linearity
Since FID detector shows a good linearity over large range 
of concentrations we decided to not obtain a calibration 
curve but to use a single point standard. 

Response of the FID detector to the amount of carbon 
present in the samples was evaluated using the two stand-
ard gasses (toluene, heptane). Average detector response for 
a carbon concentration in air of 1 mg/L was 1.95 × 106 
μV*s (microvolts × second). Difference between hydrocar-
bons was insignificant. Repeating the standards analyses 5 
times, the coefficients of variation were less than 4%. 

Results were calculated using formula: Cair = Area air/
ADR; where Cair is the concentration of VOCs in air ex-
pressed as volatile organic carbon, Area air is the sum of all 
peak areas, ADR is the average detector response.

Specificity
Since FID detector is unable to detect other atoms than 
carbon a good specificity is ensured for VOCs.

Air samples were collected in areas that were considered 
not polluted (blanks). Peaks that appeared in the blanks 
were subtracted from the calculations.

Lower limits of detection and quantification (LOD and LOQ)
LOD and LOQ were not computed since the results are 
sums of areas of peaks. All peaks taken into calculations 
were higher than 10 times the height of noise and all sam-
ples contained concentrations far beyond the limits of the 
method.

VOCs concentrations
Seven peaks were common to almost all chromatograms 
(Table I, Figure 1). This observation suggests that regard-
less the vehicle type, there is no significant difference be-
tween the compounds released into the atmosphere. 

Using the described method we were able to measure 
high amounts of VOCs into the air of Tîrgu Mureş. High-
est concentration measured was 1.04 mg C/L. The results 
are summarized in Table II.

Discussions
Our results show that malfunctioning vehicles can signifi-
cantly contaminate air in the major cities. Presence of these 
kinds of compounds into the air can be a health hazard 
especially for children, whom can be sensitized. The sensi-
tization induced by VOCs is a risk of developing airways, 

Table I.  Characteristic retention times observed on chromato-
grams

No Retention time

1. 8.61

2. 9.59

3. 9.70

4. 10.55

5. 10.98

6. 11.95

7. 12.54

Table II.  Measured VOCs concentrations 

Sample source Concentration 
mg C/L air

Sample type Number of 
samples

1 Dec 1918 Blvd 0.60–1.04 Outdoor 4

22 Dec 1989 Street 0.74–0.83 Outdoor 3

Gh Doja Street 0.37–0.75 Outdoor 8

Gh Doja Street 0.72–1.00 Indoor 5

Revolutiei Street 0.57–0.76 Outdoor 10

1848 Blvd 0.42–0.84 Outdoor 5

City center 0.50–0.64 Outdoor 5

Papiu Ilarian Street 0.50–0.92 Outdoor 5

Gh Marinescu Street 0.52–0.85 Outdoor 5

Fig. 1.  Typical chromatogram obtained during the study
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hematological and neurological problems [5–8]. VOC 
concentrations measured during this study are certainly 
a health risk, and such concentrations can be present for 
minutes in the air in the absence of wind. 

Samples were taken from places where usually children 
pass by when they walk to school or back home. Results 
show that they are certainly inhaling on an every day basis 
these compounds.

When samples of air are taken by monitoring authorities, 
this is done by passing slowly large volumes of air through 
an adsorbent. This way only an average concentration can 
be computed and peak values are lost. Unfortunate those 
peak values can affect the health of people that pass by.

Toxicologically important concentrations were recorded 
in cars that follow a polluting car. This means that drivers are 
as affected by this type of pollution as much as pedestrians.

Unfortunate literature lacks data regarding VOC deter-
mination in the cities air; there are available data only for 
individual compounds measurements. This is probably due 
to the fact that limits are stated for individual compounds 
only not for VOC as a mixture. Most of the accepted val-
ues are in the ppb range but our results exceed sometimes 
the ppm levels. This means that measured concentrations 
are of toxicological importance.

Conclusions
Concentrations of VOCs in the air can be easily monitored 
by using a GC-FID, and direct gas phase analysis should 
also be made to observe peak concentrations. 

The problem of malfunctioning vehicles is an impor-
tant issue in Târgu Mureş and probably other major cities 
in Romania affecting especially young population. Such 
pollution can be easily reduced if authorities would be in-
terested in maintaining a reasonable air quality.
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