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Abstract: Monitoring of toxic and hazardous air pollutants (HAPs) in a petrochemical company
in the Beijing-Tianjin-Hebei region of China to assess the impact of HAPs on the health risks of
workers in the petrochemical company. The samples were tested by solid-phase adsorption thermal
desorption/gas chromatography-mass spectrometry (HJ734-2014), and the pollutant emission list
was obtained. According to the pollutant emission inventory, it can be seen that benzene, toluene and
xylene are the main components of toxic and harmful air pollutants emitted by the petrochemical
enterprise. The method of combining actual monitoring and CALPUFF model prediction was used
to evaluate the impact of the toxic and harmful air pollutants emitted by the enterprise on the health
of workers. The risk characterization results show that when benzene is the maximum concentration
value predicted by the model, it will pose a carcinogenic risk to the factory workers. Therefore, based
on the results of this study, it is recommended not to allow residents to live within the predicted
concentration range of the model. The results of this study can enable China’s oil refining industry to
better understand the characteristics of pollutant emissions from petrochemical companies in the
Beijing-Tianjin-Hebei region. Moreover, the results of this study can be used as a policy basis for
improving the health of workers in petrochemical enterprises, and are of great significance to the
protection of public health.

Keywords: petrochemical industry; HAPs; CALPUFF; risk assessment

1. Introduction

Toxic and harmful air pollutants [1–3] (HAPs) refer to pollutants that are harmful to
human health and the ecological environment when the concentration in the atmosphere
reaches a certain value. When people are exposed to a sufficient concentration of toxic air
pollutants for a period of time, the chance of cancer or other serious health problems may
increase. The first country to start research on toxic and harmful air pollutants and achieve
good control effects is the United States. American researchers [4–8] have put forward a
list of 189 toxic and harmful air pollutants by using a method of combining practice and
science. Through a series of targeted measures, these toxic and harmful air pollutants have
been effectively prevented and controlled. Research on environmental risk assessment and
risk management in China started late, so most of the research in China so far [9–11] is
based on foreign research results. China’s Atmospheric Law requires the release of a list of
toxic and harmful air pollutants, and has begun to implement risk management for toxic
and harmful air pollutants. Therefore, in order to assess environmental risks and potential
hazards to the human body, we need to regularly monitor the pollutants discharged by
some enterprises, clarify the emission of pollutants and conduct risk assessment. So far,
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the most widely used risk assessment method [12,13] in the world is the four-step method.
The four-step method [14,15] includes the following: hazard identification, dose response
assessment, exposure assessment (exposure assessment and dose response assessment are
carried out at the same time), and risk characterization.

The processing industry that uses oil and natural gas as raw materials to produce
petroleum and petrochemical products is called the petrochemical industry [16–18]. The
petrochemical industry is an indispensable part of the chemical industry and an important
part of China’s supporting industries. It has a significant impact on China’s national
economy. Its status in the development of China’s national economy is irreplaceable and
indispensable. According to relevant investigations and studies, petrochemical companies
are an important source of atmospheric pollution in the ambient air. The emissions of 9 toxic
and harmful air pollutants discharged by petrochemical industries such as petroleum
processing, coking and nuclear fuel processing industries account for about 82% of the
total pollutant emissions in the “Atmospheric Catalogue”. Therefore, if we have a deeper
understanding and mastery of the petrochemical industry, it will be of great significance to
the protection and improvement of human health [19–21].

The main refineries of China petrochemical corporations are mainly distributed in
eight regions, such as the Beijing-Tianjin-Hebei region, the Pearl River Delta, the Yangtze
River Delta, the southwest coast, the regions along the Yangtze River, and the Luyu
region. Zhang Zhijuan [22] team monitored the specific process emission of volatile organic
compounds from a refinery in the Pearl River Delta, China, and assessed the health risks of
VOCs to the refinery workers. Through the United States Environmental Protection Agency
(USEPA) method, it was found that all monitored areas had a clear cancer risk. Tong
ruipeng [23] team analyzed and evaluated the emission sources and health risks of volatile
organic compounds (VOCs) from a typical petrochemical refinery in Hainan. The research
results show that the main pollutants in the refinery are benzene, toluene, ethylbenzene
and xylene. These substances pose a potential carcinogenic risk to workers. Lu Daqi [24]
team conducted research on the source profile, emission factors and secondary pollution
contribution of volatile organic compounds (VOCs) emitted by a petrochemical company
in Shandong. However, the impact of pollutants on the health of workers in the company
has not been studied. Although Chinese researchers have attached great importance to the
HAPs emissions of petrochemical corporations in recent years, they have rarely studied the
HAPs pollution of petrochemical companies in the Beijing-Tianjin-Hebei region. Moreover,
research on the health effects of workers in petrochemical companies is even rarer. Wei
Wei [25] team conducted research on the emissions of volatile organic compounds from
an oil refinery in Beijing. The study found that the petrochemical company is dominated
by alkanes and benzene pollutants. However, the researchers did not conduct health risk
assessments of the company’s employees. Lu Daqi [26] conducted a study on volatile
organic compounds in a typical refinery in Hebei. The study found that the company’s
main pollutant emissions are ethane, propylene, propane, isopentane and toluene. It is
worth noting that the researchers did not conduct health risk assessments on company
workers. In this study, the HAPs pollutant emissions of a petrochemical company in
Tianjin in the Beijing-Tianjin-Hebei region were monitored and studied. More importantly,
this study conducted a health risk assessment on the health of workers in petrochemical
companies. The results of this study can enable China’s petrochemical industry to better
understand the characteristics of pollutant emissions from petrochemical companies in
the Beijing-Tianjin-Hebei region. In addition, the results of this study can serve as a policy
basis for improving the health of workers in petrochemical enterprises, and are of great
significance to the protection of public health.

2. Research Methods

Based on the emission inventory data of a typical petrochemical company in Tianjin
Dagang District and the CALPUFF model simulation to obtain the concentration of charac-
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teristic pollutants of the company, this study carried out a risk assessment and calculated
its risk value.

2.1. Sampling

For the Tianjin area, since the petrochemical enterprises in the jurisdiction are mainly
crude oil refining industries, the technology related to crude oil processing is the focus
of this work. Waste gas emissions include atmospheric distillation, vacuum distillation,
reforming, hydrocracking, petroleum coking, refinery gas treatment, catalytic cracking, and
petroleum product refining. The 11 organized discharge fixed pollution sources in the plant
area are used as monitoring objects, as shown in Table 1. The “Solid Phase Adsorption
Thermal Desorption/Gas Chromatography-Mass Spectrometry” (HJ734-2014) was used
to determine the volatile organic compounds in the exhaust gas of stationary emission
sources. Three full coverage monitoring were selected in March, June and September 2019.

Table 1. Organized emission of fixed pollution sources.

Pollution Source Number Test Items Frequency

Atmospheric heating furnace emission port A

VOCs

Choose March, June and
September 2019 as the factory

inspection time period.
Measure 5 times at one

location, and take the average
value as the sampling data for

that month.

Decompression heating furnace emission port B
Coking heating furnace emission port C

Emission outlet of hydrocracking furnace D
Emission port of hydrogen production heating furnace E
Gasoline hydrogenation heating furnace emission port F

Continuous reforming furnace emission port G
Gasoline and diesel hydrogenation heating furnace

emission port H

Boiler exhaust gas outlet I
Catalytic flue gas desulfurization emission port J

Sulfur recovery unit tail gas emission port K

Note: March, June, and September are Tianjin quarterly representative months. And March, June, and September are factory stable
production months. Therefore, we choose to monitor in March, June and September.

According to the test results in Table S1 (in the Supplementary Materials), in the
company’s organized emissions, the main substances that constituted HAPs were benzene,
toluene, and xylene. The sum of the mass concentrations of these three types of substances
accounted for more than 75% of the total concentration of VOCs, and the sum of detection
frequencies accounted for more than 85% of the total number of detections, far greater
than the sum of other detected monomers. From this we can see that benzene, toluene,
and xylene are the main substances that constitute HAPs in this factory and the typical
representatives of HAPs in this factory. More importantly, due to the limited workload,
this study can only use benzene, toluene, and xylene as the main pollutants to participate
in data statistics and risk assessment. The minimum, maximum, and average emission
rates of each fixed emission source can be accumulated to get the minimum, maximum,
and average emission rates of the whole plant, as shown in Table 2.

Table 2. Emission rate of VOC, benzene, toluene and xylene.

Type Min Max Average

VOC emission rate (kg/h) 0.043 0.580 0.270 ± 0.042
Benzene emission rate (kg/h) 0.022 0.130 0.061 ± 0.015
Toluene emission rate (kg/h) 0.001 0.035 0.014 ± 0.004
Xylene emission rate (kg/h) 0.0053 0.270 0.100 ± 0.038

2.2. CALPUFF Model Prediction

The CALPUFF model is an unsteady multi-layer and multi-species three-dimensional
Lagrangian smoke mass transport model, which can simulate the spatial and temporal



Atmosphere 2021, 12, 1604 4 of 10

variation of pollutants in the atmospheric environment with the flow field. Since the
sampling was done in 2019, this study used 2019 as the base year of the model’s operation.
Benzene, toluene, and xylene were the characteristic pollutants simulated by the model. We
chose a petrochemical company located in Dagang District, Tianjin. The factory is located
at 117.4667 east longitude and 38.85 north latitude in Dagang District. And this research
uses the “Adsorption Tube Sampling Thermal Desorption Gas Chromatography-Mass
Spectrometry Method” (HJ644-2013) to detect the pollutant emission rate in the ambient air
of the factory. The detection limit of this method was 0.004mg/m3. Select March, June, and
September 2019 as the inspection time period for factory air pollutants. Measure 5 times at
one location, and take the average value as the sampling data for that month. The set grid
was 15 × 20 m, so it was 300 grids.

The operation of the CALPUFF model requires preprocessing and pollution source
parameter settings. Data preprocessing mainly includes five aspects: terrain data, land use
data, precipitation data, ground weather data and high-altitude weather data. Since the
CALPUFF model has terrain and land use data, we do not need to obtain these two data.
The ground weather data contains 7 items of data. Hourly wind speed, wind direction, low
cloud cover, cloud base height (km), relative humidity (%), dry bulb temperature (°C), and
sea level pressure (hPa) for each day of the year. The high-altitude weather data contains
6 items of data. Air pressure (hPa), wind direction, wind speed, dew point temperature
(◦C), ground clearance (m), and dry bulb temperature (◦C) at 8 o’clock and 20 o’clock
every day of the year. Rainfall data only needs 1 item of data. Rainfall (mm/h) for 24 h
a day. The ground weather data, upper air weather data, and rainfall data all come from
the weather data station. We chose a petrochemical company located in Dagang District,
Tianjin’s jurisdiction. So we chose the weather station in Dongba District. The radiosonde
data station number in Dagang District, Tianjin is 54645.

The pollution source parameter setting mainly includes the standard limit of the
ambient air function zone, deposition parameters, and pollution point source parameters.
The source of the standard limit value of the ambient air function zone is data search.
This research focuses on volatile organic compounds. Since the volatilization effect of
volatile organic compounds is far greater than the sedimentation effect, we do not need
to set sedimentation parameters. The pollution point source, line source, and non-point
source parameters are provided by the enterprise. A total of 10 items of data are required
for pollution point sources. Pollutant emission rate (see Table S1), smoke speed 15 m/s,
chimney height 100 m, chimney inner diameter 2 m, flue gas temperature 323 K, etc.

2.3. Health Risk Assessment

Risk assessment includes hazard identification, dose (concentration)-response (effect)
assessment, exposure assessment and risk characterization. In addition, health risk assess-
ment is divided into two parts: carcinogenic risk assessment and non-carcinogenic risk
assessment. A complete risk assessment should include both.

2.3.1. Hazard Identification

Hazard identification refers to the qualitative assessment of the nature of pollutants
harmful to human health based on the collection of pollutant data and monitoring data
in the study area. In addition, hazard identification also needs to assess the degree of
harm that may be caused to the human body. The purpose is to determine whether toxic
and harmful air pollutants are carcinogenic to humans. In other words, when people
are exposed to certain toxic and harmful air pollutants, will these toxic and harmful air
pollutants cause harm to human health or adversely affect health? The 2019 International
Agency for Research on Cancer (IARC) special report [27] divided carcinogens into three
categories and four groups (category 1, category 2A, category 2B, and category 3), as
shown in Table 3. According to Section 2.1 of this thesis, we can see that this thesis takes
benzene, toluene, and xylene as research objects. According to the 2019 IARC special report,
benzene belongs to category 1, and benzene is carcinogenic to humans. Toluene and xylene
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belong to three categories. The carcinogenicity of toluene and xylene to humans cannot be
classified yet.

Table 3. IARC classification of carcinogens.

Type Definition Classification Standard

Class 1 It is carcinogenic to humans

There is sufficient evidence to prove that it is carcinogenic to humans;
There is strong evidence of human exposure, and at the same time it
shows important carcinogen characteristics and sufficient evidence of
carcinogenicity in laboratory animals.

Class 2A It is very likely to cause cancer

Perform at least the following two evaluations, including at least one
evaluation involving the human body, human cells or tissues:
1. Limited evidence for human carcinogenicity;
2. There is sufficient evidence of carcinogenesis in laboratory animals;
3. There is strong evidence that it has the key characteristics
of carcinogens.
Such substances or mixtures are more likely to cause cancer to
humans. Sufficient evidence of carcinogenicity has been found in
animal experiments. Although there is theoretical carcinogenicity to
humans, experimental evidence is limited.

Class 2B It may cause cancer to humans

One of the following evaluations exists in this category:
1. Limited evidence for human carcinogenicity;
2. There is sufficient evidence of carcinogenesis in laboratory animals;
3. There is strong evidence that it has key characteristics of
carcinogens (whether exposed to humans or human cells)

Class 3 Its carcinogenicity to humans cannot be
classified yet

Factors that do not fall into any of the above categories are usually
placed in this category. When there is insufficient evidence of
carcinogenicity in animal experiments and humans, it is usually
placed in this category. When there is strong evidence that there is a
carcinogenic mechanism in laboratory animals but it does not work
in humans or the evidence in humans is insufficient, it is placed in
this category.

2.3.2. Concentration-Effect Evaluation

The purpose of concentration-effect evaluation is to determine the relationship be-
tween the exposure dose of a certain pollutant and the adverse reactions of humans or
animal groups. This relationship is used to evaluate the toxicity of pollutants later, and this
relationship is a decisive step in the process of health risk assessment. The carcinogenic
effects are mainly determined by the Inhalation Unit Risk [28] (IUR) of toxic and harmful
air pollutants. The non-carcinogenic effects are mainly determined by the Reference Con-
centration (RfC) of toxic and harmful air pollutants. The IUR value and RfC value can be
obtained through data query. Table 4 lists the parameters that are needed for carcinogenic
and non-carcinogenic risk assessment. The parameters come from the USEPA Integrated
Risk Information System (IRIS).

Table 4. Parameters of carcinogenic and non carcinogenic risk assessment [29].

Type Benzene Toluene Xylene

CASRN 71-43-2 108-88-3 1330-20-7
RfC (mg/m3) 3 × 10−2 1 × 10−1 1 × 10−1

IUR (µg/m3)−1 2.2 × 10−6
Not evaluated

according to the IRIS
plan

Not evaluated
according to the IRIS

plan
System Immune Nerve Nerve

Note: IUR is unit risk (µg/m3)−1. IUR is an estimated upper limit that exceeds the lifetime cancer risk when
continuously exposed to a concentration of 1 µg in the air. RfC (mg/m3) is the reference concentration of
continuous inhalation exposure for a specific VOC. They come from the USEPA Integrated Risk Information
System (IRIS).
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2.3.3. Exposure Assessment

Exposure assessment is to determine the exposure concentration of different pollu-
tants through the atmospheric diffusion model based on monitoring data. The monitoring
data includes two parts: emission source monitoring data and atmospheric environment
monitoring data. The first part is to obtain emission source monitoring data. We obtain the
emission rate (exhaust cylinder, kg/h) of toxic and harmful air pollutants through on-site
monitoring (see Section 2.1). Then, we input the monitoring data into the atmospheric dis-
persion model (CALPUFF model). The second part is to obtain atmospheric environmental
monitoring data (refer to Section 2.2).

2.3.4. Risk Characterization

Risk characterization is the last and critical step of risk assessment. It is a compre-
hensive evaluation of all the information of the previous three steps. It synthesizes a
comprehensive conclusion on risk, and is complete, informative, and useful to decision
makers. The risk characterization is to convey the results of the health risk assessment.

(1) Carcinogenic risk
On the basis of hazard assessment and exposure assessment, the product of the risk of

the inhalation unit and the exposure concentration is used to characterize the carcinogenic
risk of each single pollutant entering the human body through the respiratory route. The
calculation formula is shown in Equations (1) and (2).

EC =
(CA × ET × EF × ED)

AT
(1)

Note: EC is the exposure concentration (µg/m3). CA is the concentration of pollutants
in the air (µg/m3), which can be obtained through monitoring analysis or model prediction.
ET is the estimated exposure time (8 h/day). EF is the number of exposures (250 days/year).
ED is the duration of exposure (30 years). AT is the average exposure time (exposure years
(years) × 250 days/year × 8 h/day). Since the worker’s exposure period is the worker’s
working period, the exposure period in AT is 30 years.

Risk = IUR × EC (2)

Note: Risk is the estimated inhalation cancer risk. IUR is the estimated inhalation
unit risk (m3/µg) (from US EPA IRIS or OEHHA), which is the excess lifetime cancer risk
estimated to result from continuous exposure to an individual VOC via inhalation per
µg/m3. EC is the exposure concentration (µg/m3). When Risk ≥ 10−6, it indicates that
there is a carcinogenic risk to the human body. when Risk < 10−6, it indicates that there is
no carcinogenic risk to the human body.

(2) Non-carcinogenic risk
On the basis of hazard assessment and exposure assessment, the quotient method is

used to characterize the non-carcinogenic risk of each single pollutant entering the human
body through the respiratory route, namely the Hazard Quotient (HQ). The calculation
formula is shown in Equation (3).

HQ =
EC

R f C × 1000
(3)

Note: HQ is the hazard quotient. EC is the exposure concentration (µg/m3). RfC is
the reference concentration (mg/m3). HQ above 1 indicates a probable adverse affect; HQ
below 1 indicates that adverse effects are less probable. Namely, cancer risks no higher
than 1 × 10−6 for an “ample margin of safety” and non-cancer hazard risk<1 are regarded
as acceptable.
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3. Results and Discussion
3.1. CALPUFF Model Prediction Results

Using the CALPUFF model to predict the concentration of three pollutants, the diffu-
sion diagram of the three pollutants is as follows (Figures 1–3):

Atmosphere 2021, 12, 1604 7 of 11 
 

 

carcinogenic risk to the human body. when Risk < 10−6, it indicates that there is no carcino-
genic risk to the human body. 

(2) Non-carcinogenic risk 
On the basis of hazard assessment and exposure assessment, the quotient method is 

used to characterize the non-carcinogenic risk of each single pollutant entering the human 
body through the respiratory route, namely the Hazard Quotient (HQ). The calculation 
formula is shown in Equation (3). 𝐻𝑄 = 𝐸𝐶𝑅𝑓𝐶 × 1000 (3) 

Note: HQ is the hazard quotient. EC is the exposure concentration (µg/m3). RfC is the 
reference concentration (mg/m3). HQ above 1 indicates a probable adverse affect; HQ be-
low 1 indicates that adverse effects are less probable. Namely, cancer risks no higher than 
1 × 10−6 for an “ample margin of safety” and non-cancer hazard risk<1 are regarded as 
acceptable. 

3. Results and Discussion 
3.1. CALPUFF Model Prediction Results 

Using the CALPUFF model to predict the concentration of three pollutants, the dif-
fusion diagram of the three pollutants is as follows (Figures 1–3): 

 
Figure 1. 24 h pollutant diffusion diagram of benzene. 

 
Figure 2. 24 h pollutant diffusion diagram of toluene. 

Figure 1. 24 h pollutant diffusion diagram of benzene.

Atmosphere 2021, 12, 1604 7 of 11 
 

 

carcinogenic risk to the human body. when Risk < 10−6, it indicates that there is no carcino-
genic risk to the human body. 

(2) Non-carcinogenic risk 
On the basis of hazard assessment and exposure assessment, the quotient method is 

used to characterize the non-carcinogenic risk of each single pollutant entering the human 
body through the respiratory route, namely the Hazard Quotient (HQ). The calculation 
formula is shown in Equation (3). 𝐻𝑄 = 𝐸𝐶𝑅𝑓𝐶 × 1000 (3) 

Note: HQ is the hazard quotient. EC is the exposure concentration (µg/m3). RfC is the 
reference concentration (mg/m3). HQ above 1 indicates a probable adverse affect; HQ be-
low 1 indicates that adverse effects are less probable. Namely, cancer risks no higher than 
1 × 10−6 for an “ample margin of safety” and non-cancer hazard risk<1 are regarded as 
acceptable. 

3. Results and Discussion 
3.1. CALPUFF Model Prediction Results 

Using the CALPUFF model to predict the concentration of three pollutants, the dif-
fusion diagram of the three pollutants is as follows (Figures 1–3): 

 
Figure 1. 24 h pollutant diffusion diagram of benzene. 

 
Figure 2. 24 h pollutant diffusion diagram of toluene. Figure 2. 24 h pollutant diffusion diagram of toluene.

Atmosphere 2021, 12, 1604 8 of 11 
 

 

 
Figure 3. 24 h pollutant diffusion diagram of xylene. 

The simulation result of the CALPUFF model was the diffusion of a single pollutant, 
not a combination of three pollutants into a diffusion result. In addition, the emission rate 
of pollutants would also affect the simulation results of the model. According to Figures 
1–3 and Table 5, the average maximum diffusion concentration of benzene in 24 h was 
0.9µg/m3, the average minimum diffusion concentration was 0.3 µg/m3, and the average 
diffusion concentration was 0.6 µg/m3. The average maximum diffusion concentration of 
toluene in 24 h was 12 µg/m3, the average minimum diffusion concentration was 0.9 
µg/m3, and the average diffusion concentration was 6.45 µg/m3. The average maximum 
diffusion concentration of xylene in 24 h was 2.9 µg/m3, the average minimum diffusion 
concentration was 0.1 µg/m3, and the average diffusion concentration was 1.5 µg/m3. 

Table 5. Statistics of maximum and minimum concentrations of benzene, toluene and xylene. 

Type Benzene Toluene Xylene 
Max（µg/m3） 0.9 12 2.9 
Min（µg/m3） 0.3 0.9 0.1 

3.2. Risk Characterization 
According to the formulas of carcinogenic risk (1) (2) and non-carcinogenic risk (3), 

Table 6 was obtained. For the characterization of carcinogenic risk, the Risk of benzene is 
between 1.98 × 10−6 to 6.6 × 10−7. Therefore, we can see that when benzene is the minimum 
concentration value predicted by the model, it will not cause cancer risk to humans. How-
ever, when benzene is the maximum concentration value predicted by the model, it poses 
a risk of cancer in humans. The assessment of the carcinogenic risk of toluene and xylene 
to humans was not conducted due to insufficient information. For non-carcinogenic risk 
characterization, the HQ of benzene, toluene, and xylene is significantly less than 1. There-
fore, the concentration of benzene, toluene, and xylene released by the factory is unlikely 
to cause a “non-carcinogenic risk” to humans, so there is no need to think about it. Ac-
cording to the research results, it is recommended that the company improve the air en-
vironment of the factory and provide regular physical examinations to workers. 

Table 6. Risk value of benzene, toluene and xylene. 

 Risk HQ EC 
Type C6H6 C7H8 C8H10 C6H6 C7H8 C8H10 C6H6 C7H8 C8H10 
Max 1.98 × 10−6 / / 3 × 10−2 0.12 2.9 × 10−2 0.9 12 2.9 
Min 6.6 × 10−7 / / 1 × 10−2 9 × 10−3 1 × 10−3 0.3 0.9 0.1 

Mean 1.32 × 10−6 / / 2 × 10−2 6.45 × 10−2 1.5 × 10−2 0.6 6.5 1.5 
  

Figure 3. 24 h pollutant diffusion diagram of xylene.

The simulation result of the CALPUFF model was the diffusion of a single pollutant,
not a combination of three pollutants into a diffusion result. In addition, the emission
rate of pollutants would also affect the simulation results of the model. According to
Figures 1–3 and Table 5, the average maximum diffusion concentration of benzene in 24 h
was 0.9µg/m3, the average minimum diffusion concentration was 0.3 µg/m3, and the
average diffusion concentration was 0.6 µg/m3. The average maximum diffusion concen-
tration of toluene in 24 h was 12 µg/m3, the average minimum diffusion concentration
was 0.9 µg/m3, and the average diffusion concentration was 6.45 µg/m3. The average
maximum diffusion concentration of xylene in 24 h was 2.9 µg/m3, the average mini-
mum diffusion concentration was 0.1 µg/m3, and the average diffusion concentration was
1.5 µg/m3.
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Table 5. Statistics of maximum and minimum concentrations of benzene, toluene and xylene.

Type Benzene Toluene Xylene

Max (µg/m3) 0.9 12 2.9
Min (µg/m3) 0.3 0.9 0.1

3.2. Risk Characterization

According to the formulas of carcinogenic risk (1) (2) and non-carcinogenic risk (3),
Table 6 was obtained. For the characterization of carcinogenic risk, the Risk of benzene
is between 1.98 × 10−6 to 6.6 × 10−7. Therefore, we can see that when benzene is the
minimum concentration value predicted by the model, it will not cause cancer risk to
humans. However, when benzene is the maximum concentration value predicted by the
model, it poses a risk of cancer in humans. The assessment of the carcinogenic risk of
toluene and xylene to humans was not conducted due to insufficient information. For non-
carcinogenic risk characterization, the HQ of benzene, toluene, and xylene is significantly
less than 1. Therefore, the concentration of benzene, toluene, and xylene released by the
factory is unlikely to cause a “non-carcinogenic risk” to humans, so there is no need to
think about it. According to the research results, it is recommended that the company
improve the air environment of the factory and provide regular physical examinations
to workers.

Table 6. Risk value of benzene, toluene and xylene.

Risk HQ EC

Type C6H6 C7H8 C8H10 C6H6 C7H8 C8H10 C6H6 C7H8 C8H10
Max 1.98 × 10−6 / / 3 × 10−2 0.12 2.9 × 10−2 0.9 12 2.9
Min 6.6 × 10−7 / / 1 × 10−2 9 × 10−3 1 × 10−3 0.3 0.9 0.1

Mean 1.32 × 10−6 / / 2 × 10−2 6.45 × 10−2 1.5 × 10−2 0.6 6.5 1.5

4. Conclusions

In order to better manage the risk of toxic and hazardous air pollutants in the Beijing-
Tianjin-Hebei region of China, this study selected a petrochemical company in Dagang
District of Tianjin, clarified the company’s toxic and hazardous air pollutant emissions, and
obtained a pollutant emission list. The analysis of monitoring data showed that benzene,
toluene, and xylene were the main components that constituted the toxic and harmful
pollutants of this petrochemical enterprise. The sum of the content of these three indicators
accounted for 50% to 90% of the total VOC. Using the CALPUFF model to simulate
the environmental concentration of toxic and harmful air pollutants, it was concluded
that the 24-h average diffusion concentration of benzene was between 0.9 µg/m3 and
0.3 µg/m3. The 24-h average diffusion concentration of toluene was between 12 µg/m3 and
0.9 µg/m3. The 24-h average diffusion concentration of xylene was between 2.9 µg/m3 and
0.1 µg/m3. This study evaluated the human health risk of the pollutants discharged by this
petrochemical enterprise from both carcinogenic and non-carcinogenic aspects. According
to the results of carcinogenic and non-carcinogenic calculations, it can be seen that benzene
has the risk of causing cancer to humans in the range of the largest concentration predicted
by the model. The results of this study can be used as an example of the petrochemical
industry in the Beijing-Tianjin-Hebei region, enabling China’s petrochemical industry to
better understand the discharge characteristics of pollutants in the petrochemical industry
in the Beijing-Tianjin-Hebei region. Although the results of this study cannot represent the
overall level of health risks for workers in Sinopec companies, this study can be used as a
case for the health risk assessment of workers in petrochemical companies in the region.
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