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ABSTRACT 
Multi – storey parking structures have potentially high concentrations of benzene (B), toluene (T), 

ethyl benzene (E) and xylene (X),  as known BTEXs, which could have adverse effects on human 

health  This study aims to estimate BTEX levels and sources and to assess the occupational health 

risk for safeguards in underground parking garages in high buildings in Hanoi. 27 samples were 

conducted using active diffusion monitors and analyzed by a GC/FID device. Health risk 

assessment was conducted using chronic daily intake (CDI) and slope factor (SF). Benzene, 

toluene and xylene were detected in all selected parking lots. In contrast, those of ethyl benzene 

were not detected. The mean concentrations were 16.99 µg/m
3
, 200.36 µg/m

3
 and 625.22 µg/m

3
 

for benzene, toluene and xylene, respectively. Petroleum vapor and vehicle emission were two 

main sources to contribute to BTEX compounds. Non- carcinogenic risks from toluene and xylene 

were low when values of hazard quotient (HQ) were lower than 1. Benzene showed upper-bound 

lifetime cancer risks that exceeded the US. EPA benchmark of one per million, exposing the 

moderate risk. 
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TÓM TẮT 
Hệ thống đỗ xe nhiều tầng có khả năng phát sinh các chất có nồng độ cao BTEX ( Benzene (B), 

Toluene (T), Ethyl benzene (E) và Xylene (X)), là những chất gây ảnh hưởng xấu đến sức khỏe 

con người. Mục đích của nghiên cứu này là xác định nồng độ BTEX, nguồn phát sinh và đánh giá 

rủi ro sức khỏe đối những người bảo vệ làm việc tại các bãi đỗ xe hầm tại một số tòa nhà cao tầng 

Hà Nội. 27 mẫu khí được lấy chủ động và phân tích bằng GC/FID. Mô hình đánh giá rủi ro sức khỏe 

được sử dụng dựa trên liều lượng hấp thụ hàng ngày (CDI) và hệ số ung thư (SF). Benenze, Toluene, 

Xylene đã được phát hiện tại các hệ thống đỗ xe tầng hầm được khảo sát, loại trừ Ethyl Benenze. Nồng 

độ trung bình được phát hiện là 16,99 µg/m
3
, 200,36 µg/m

3
 and 625,22 µg/m

3
 đối với B, T và X, tương 

ứng. Phát thải từ xăng dầu và khí thải động cơ là hai nguồn chính đóng góp vào phát sinh BTEX. Rủi ro 

không ung thư đối với Toluene và Xylene là thấp do HQ <1. Rủi ro ung thư đối với Benzene là trung 

bình do hệ số ung thư trọn đời vượt qua giá trị ngưỡng của EPA (10
-6
). 

Từ khóa:  Đánh giá rủi ro sức khỏe; BTEX, đỗ xe tầng hầm; phơi nhiễm; Hà Nội. 
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1. Introduction 

The automobile underground parking acts as a 

microenvironment in which the pollutants of 

concern are accumulated and cause a serious 

health threat to people working inside. The 

increase in exhaust emissions, running losses 

and resting in a closed area and insufficient 

ventilation may cause the accumulation of 

pollutants in the underground parking. 

Vehicle emissions from their activity in car 

parks have become the main source of BTEX 

and other pollutants associated with health 

problems [1]. Personal exposure to benzene 

during commuting by bus, taxi, and 

motorcycle were apparent in Ho Chi Minh 

City, Vietnam, in which motorcycle drivers, 

petrol filling employees and street vendors 

were suffered from high daily exposure [2]. 

Accordingly, the human health effects of 

outdoor workers exposed to the traffic-related 

air pollution of BTEX were also done in 

Bangkok, Thai Land. These workers were 

mainly exposed to BTEX via the inhalation 

route, especially in a high level of benzene 

exposure in the places with traffic congestion 

[3]. The research in India found that workers, 

who exposed to VOC and CO in Indian 

underground parking, suffered from the 

cancer risk of benzene and CO exceeded the 

safe value of the WHO recommendation [4]. 

Two enclosed car parks were used for 

identifying the accumulation of BTEX 

concentrations, depended on the vehicle 

density and ventilation rate of the building in 

Athens, Greece, in which, benzene 

concentrations were higher than air quality 

limits set by NIOSH [5]. In Hanoi, published 

data indicated to BTEX levels indoor and 

outdoor, or the health risks of personal exposure 

to BTEX has been limited. Therefore, the main 

objectives of this study are to determine BTEX 

levels and sources and to assess their health risk 

for safeguards who work in underground 

parking lots in Hanoi. 

2. Materials and methods  

2.1. Sampling and analysing 

The sampling campaign was carried from 

March to April in 2017 in underground 

vehicle parking lots at high buildings within 

Hanoi metropolis. 27 underground parking 

lots with different construction scale and 

locations in Hanoi were chosen to conduct the 

study. All air samples were taken following 

NIOSH Manual of Analytical Method 1501. 

Indoor and outdoor sampling was carried 

simultaneously by SKC samplers for 1 hour.  

SKC personal samplers (flow rate of 0.2 

L/min) and charcoal sorbent tubes placed at 

stationary points at height of breathing zone 

(1.5 m). An In-depth interview was conducted 

to investigate the demographic information 

via questionnaires (lifetime styles, personal 

behaviors, numbers of vehicles and others). 

The results from questionnaires was used to 

estimate the chronic daily intake of BTEX for 

the safeguards to assess the potential health 

risk assessment. 

Diffusive samplers were desorbed with 1ml 

carbon disulfide (CS2 free benzene), then 

being shaken gently for 30 minutes. The 

solvent was transferred into vials and 

quantified by using a gas chromatograph (GC 

2010-Plus, Shimadzu) equipped with FID 

detector using a HP-5 capillary column (30 m 

x 0.32 mm x 0.25 μm). Aliquots of 1 mL 

were injected into a capillary column. Injector 

and detector temperature was set at 250 
o
C 

and 280 
o
C, respectively. The Oven 

temperature was programmed at 40 
o
C for 10 

min and then 8 
o
C/min to 165 

o
C.  

2.2. QA/QC 

Quality assurance and quality control (QA-

QC) measures were implemented in the 

sampling and analysis procedures as well as 

the blanks. Precision and accuracy values are 

available. The majority of the samples were 

above the limits of detection. BTEX 

coefficient desorption from the charcoal tube 

is defined as 98% for all analyses. 

2.3. Health risk assessment 

The potential adverse health effect of 

inhalation exposure to BTEX was estimated 
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following the four steps risk assessment of the 

environmental protection agency [6]. For the 

risk estimation, the inhalation reference 

concentration and cancer slope factor were 

obtained from IRIS (Integrated Risk 

Information System) and the Office of 

Environmental Health Hazard Assessment 

(OEEHA). The inhalation cancer slope factor 

(CSF) of benzene, ethylbenzene was 2.73×10
-2 

mg/kg.day and 3.85×10
-3

 mg/kg.day, 

respectively. The inhalation reference 

concentration (RfC) of toluene, xylene were 5 

mg/m
3
, 1×10

-1 
mg/m

3
, respectively. The 

chronic daily intake (CDI), the risk index 

from inhalation exposure was evaluated 

according to the risk assessment guidance for 

superfund [6]. 

CDI = (CA × IR × ET × EF × ED) /(BW × AT)           (1) 

   EC =  (CA × ET × EF × ED) /AT            (2) 

Cancer risk = CDI × CSFi                        (3)                                            

Non cancer risk: HI = EC/RfC                    (4) 

Where  CA (mg/m
3
) is the contaminant 

concentration in air, IR (m
3
/h) is the 

inhalation rate (0.87 m
3
/h) [6], BW (kg) is the 

body weight (58 – 75 kg) [questionnaire]; ET 

(h/d) is the exposure time (8 h/d for the actual 

working shift of the workers) [questionnaire], 

EF (d/y) is the exposure frequency (260 – 300 

d/year) [questionnaire]; ED (y) is the 

exposure duration (10 years) [questionnaire] , 

AT (d) is the averaging time (70 year × 365 

day/year = 25.550 day for cancer, and ED 

year × 365 day/year for non-cancer) [6]. A 

cancer risk value greater than 10
-6

 represents a 

carcinogenic risk of concern, while at or less 

than 10
-6

 is viewed as an acceptable level. For 

the non-cancer risk, an HQ value higher than 

1 means an adverse non-carcinogenic effect 

of concern, whereas at or less than 1 means an 

acceptable level (of no concern) [6]. 

3. Results and discussions 

3.1. Variation of BTEX indoor and outdoor 

Indoor and outdoor BTEX concentrations 

measured at underground parking areas in 

Hanoi were presented in Figure 1 (a, b). The 

indoor BTEX concentrations were found in a 

range from 58.25 to 1232.65 µg/m
3
, whereas 

the outdoor BTEX concentrations varied from 

61.9 to 981.26 µg/m
3
. The mean 

concentration indoor BTEX was higher than 

outdoor. There was poor correlation of BTEX 

indoor and outdoor (r=0.42). It was likely that 

this lage fluctuation on BTEX concentration 

among undergound parking slots was due to 

the variation of numbers of vehicles (150 

vehicles to over 1000 vehicles) and types of 

vehicles (car and motorbikes), ventilation 

condition, high building status 

(old/new/renovated), the sampling time 

(weekdays or weekends). The indoor BTEX 

concentrations were higher than those of 

outdoors. The higher indoor BTEX levels in 

this study  were found in underground 

parking sites with the higher number of 

vehicles (>1000 vehicles). Especially, the 

most prominent of benzene was seen at 

underground parking areas with a high 

density of fleets at new/renovated high 

buildings. Even the new high/renovated 

buildings had better ventilations than old 

buildings, the higher density fleet and painted 

wall in these buildings could release the 

higher indoor BTEX. Besides, the higher 

BTEX concentrations in some parking slots 

were presented at weekend due to high fleet 

availability. Xylene presented almost 

abundant in observed parking garages, 

accounting up 71.4 % and 76.5 % of BTEXs, 

whereas, the proportion of toluene was 23.37 

% and 22.55 %, followed by benzene of 3.5 

% and 1.57 %, for indoor and outdoor 

respectively. Overall, the concentration 

variations of BTEX compounds among 

underground parking sites were due to vehicle 

characteristics (age, emission control 

technology, fuel quality, or inspection, and 

maintenance) and parking design 

characteristics (ventilation type, size and 

maintenance) [7]. Additionally, the levels of 

BTEX in outdoor were dependent on vehicle 

emission [3, 4]. This suggests that 

characteristics and density of vehicles, 
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parking characteristics might be the most 

important factor influencing BTEX levels [8]. 

Since the concentration of ethyl-benzene was 

below the limit level in most cases, it was not 

included in the estimation for risk assessment. 

It can be assumed that although the 

mechanical ventilation systems were 

operating during working time in the 

underground parking against natural 

ventilation. These systems might be 

insufficient to disperse the BTEX emission 

from vehicles driving in and out in observed 

underground parking lots. Besides, 

evaporation from fuel tanks of vehicles also 

might be an important source of BTEX during 

vehicle at rest, resulting in accumulating 

BTEX in underground parking area [2]. The 

indoor mean concentrations of benzene (16.9 

µg/m
3
), toluene (200.36 µg/m

3
) in 

underground parking areas in high buildings 

in Hanoi were lower than those of benzene 

(54.14 µg/m
3
), toluene (209.4 µg/m

3
) in 

shopping mall underground parking in Rio De 

Janeiro, Brazil in 2015, the values of xylene 

were much higher [8]. It should be noted that 

all values of BTEX indoor and outdoor were 

lower than the limit value for 1-hour exposure 

according to QCVN 06:2009/BTNMT 

(National Technical regulation on hazardous 

substances in ambient air) [9], and NIOSH 

(National Institute for Occupational Safety 

and Health), except for xylene exceeding 

recommended exposure limit followed by 

NIOSH. Additionally, the WHO (2010) 

guideline for indoor air quality indicated that 

0.17 µg/m
3
 of benzene concentration level 

corresponded to an increased lifetime risk of 

development of cancer of one in a million 

[10]. The presence of benzene in observed 

car parking lots in this research was in 

significant caution.  

Table 1 illustrated the concentration of BTEX 

in other previous publications. The more 

accumulation of BTEX in all enclosed sites 

might be referred to the insufficient ventilation 

and further lacking light that maybe lead to 

difficulty in BTEX degradation. Therefore, poor 

indoor air quality has a detrimental effect on the 

safeguards who have suffered in such the indoor 

environment as a regular working shift.   

3.2. Emission sources identification 

3.2.1. Indoor/outdoor (I/O) ratios of BTEX 

Indoor/outdoor (I/O) ratios were also 

calculated for each underground garage in 

order to understand  BTEX sources (Figure 

2). If I/O value is estimated more than 1, 

indoor sources can be seen as the main 

sources, inversely, the predominance of 

outdoors can be referred  [11]. In this work, 

I/O ratios for BTEX compounds were 

calculated and presented in figure 2. 

  

a b 

Figure 1 (a, b).  a).Variation of  BTEXT indoor and b) outdoor BTEX compounds in different parking sites 

in Hanoi 

Table 1. BTEX compounds and benzene concentrations 
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Indoor environments BTEX (µg/m
3
) Benzene (µg/m

3
) References 

Enclosed underground parking 1245.00 366.00 [5] 

Confined parking area 428.18 54.14 [8] 

Shopping mall 163.71 11.54 [11] 

Car parking 151.36 15.28 [12] 

Gas station 692.17 220.29 [13] 

Underground parking lots 842.57 16.99 This research 

 
Figure 2. I/O ratios of BTEX compounds in underground parking areas 

The results pointed out that almost I/O  values 

of benzene, toluene, and xylene were more 

than 1, with average ratios of 2.62, 1.57 and 

1.38 in observed underground garages, 

respectively. These results revealed that the 

concentration of indoor BTEX compounds 

was higher than the outdoors, which were 

strongly influenced by indoor sources. The 

higher concentrations of BTEX indoors were 

attributed to greater BTEX accumulation due 

to the unavailability of photochemical 

reactions in lack of light condition, less air 

circulation in poor ventilation conditions and 

confined spaces [14].      

3.3.2. Diagnostic ratios 

Several studies conducted in urban areas 

demonstrated that the ratios among BTEX are 

diagnostic to indicate that emissions are 

predominantly from vehicles [8,14]. B/T 

(benzene/ toluene), and X/T (xylenes/toluene) 

ratios can become a way of defining the main 

effect of vehicular emission source to indoor 

and outdoor air quality [8,14.15].  

Table 3 illustrated B/T and X/T ratios in the 

internal and external air. B/T ratios in our 

research were lower than those in confined 

spaces in southern Italy and Rio de Janeiro, 

Brazil, whereas, X/T ratios were significantly 

higher [8,14].  B/T and X/T ratios were in 

great ability associated with those in liquid 

gasoline of 0.2 and 1.75, respectively [8]. 

Considering the vapor pressures values at 298 

K, benzene is the most volatile compound, 

followed by toluene and xylene [8]. This 

means that B/T ratios should be lower than 

X/T and higher B/T ratios were found in 

enclosed spaces comparing to open spaces in 

our study. The B/T ratios were enhanced in 

underground parking garages due to non-light 

support. 

In other previous studies, B/T ratios could 

also support to determine the emissions 

sources related to vehicular emissions. B/T 

ratios were recorded from 0.23-0.9, referred 

to as tailpipe exhaust sources in Hong Kong, 

Germany and China [15-17]. Also, gasoline 

exhaust of motorcycles or cars could be 

measured via B/T ratios estimated 0.3 [18]. In 

our study, many observed underground 

garages were new or renovated, toluene was 

incremented by volatilization from the paints 

as indoor sources, B/T ratio was calculated as 

low as 0.13. In our case, the BTEX sources 

could be from vehicular exhaust, fuel 

evaporation and volatilization of paints 

3.3. Health risk assessment for workers 

The non-carcinogenic risk and carcinogenic 

risk was estimated in this study following the 
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equation (1-4). Input data for health risk 

assessment was used from indepth interview, 

analysing data from sampling and EPA 

guildline (2009) [6]. For non-carcinogenic 

risk estimation as Hazard quotients (HQ) in 

Figure 5a, the mean value of HQ  for toluene 

and xylene were 0.03 and 4.86, respectively. 

Xylene presented an unacceptable non-

carcinogenic risk, suggesting neurological 

effects and eye irritation [6]. Toluene 

indicated the acceptable levels for non-cancer 

for target organs such as kidney effects [6].  

These findings were partially consistent with 

previous studies, in which toluene was 

considered as no increased adverse health 

effects from inhalation exposure [11-13]. 

The safeguards working in underground 

parking garages in high buildings in our study 

seem to be a significant risk of developing 

cancer from benzene exposure via inhalation. 

The findings presented in Figure 5b. The 

overall carcinogenic risk obtained for benzene 

was 1.71.10
-5

, which exceeded the acceptable 

risk of 1.10
-6

 [6]. The lifetime cancer risks of 

benzene for safeguards in our study were 

lower than those found in the petrol station 

workers in Bangkok, Thai Lan [13]. But this 

study showed a higher risk for underground 

workers compared to workers who work in 

the higher parking floors in Thailand [12].  

This finding implied a moderate cancer risk 

for safeguards working in underground 

parking garages associated with leukemia 

during inhalation by benzene [12]. In other 

words, the mean risk figures of 1.71.10
-5

 

implied that the chance of developing cancer 

from benzene exposure among these groups 

of workers in 70 years of worker lifetime was 

17 in 1000000. Additionally, it could be seen 

that the higher risks were found in 

underground parking sites with a higher 

number of vehicles (>1000 vehicles). Also, 

the greater carcinogenic and noncarcinogenic 

risks were seen in new or renovated parking 

garages in our study.  Short sampling periods 

and many assumptions in calculating risk 

assessment should be noted as limitations of 

this study. However, these findings would be 

an important baseline data on BTEX exposure 

of safeguards working underground parking 

garages in high buildings in Hanoi 

metropolis.

Table 3. Average indoor and outdoor diagnostic ratios 

Diagnostic ratio Indoor Outdoor Reference 

B/T 0.13 0.07 This study 

X/T 3.47 3.24 This study 

B/T 0.54 0.23 [14] 

X/T 0.99 0.47 [14] 

B/T 0.26 0.2 [8] 

X/T 0.57 1.75 [8] 

  

a b 

Figure 5 (a, b). Distribution of non cancer and cancer risk for benzene in the indoor air (n=27) 
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4. Conclusion 

The concentrations of BTEX compounds 

detected in the underground parking lots in 

our study were higher than those in outdoors. 

These compounds might be released into the 

enclosed parking from vehicle exhaust and 

evaporative emissions of gasoline liquid. The 

high values of BTEX concentrations, the 

ratios I/O over 1 indicated that BTEX 

compounds were attributed to indoor sources. 

Human health risk analysis through inhalation 

exposure to BTEX found that the safeguards 

working underground parking lots were  

suffering moderate  of carcinogenic risk from 

benzene and unacceptable risk for xylene 

exposure during working shift, which should 

be in adequate attention. 
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