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Abstract

In this study, the polycyclic aromatic hydrocarbons (PAHs) organic pollutants in soil samples were determined by
Soxhlet extraction- GCMS methods. Human health risks of as for 5 different sampling sites in the coking chemical
plant were evaluated in four major Exposure routes, including oral intake, skin contact, inhalation the air pollutants of
outdoor which from the soil surface, and inhalation the air pollutants of outdoor which from the soil lower layer. The
results showed that the detection rate of 16 kinds precedent- controlled PAHs in the US Environmental Protection
Agency was 100%. The three main pollutants are Baa, Bbf, Bap. The ZPAHs comprehensive carcinogenicity risk of
the oral exposure pathway is 498 times the carcinogenic risk of the skin exposure pathway, and 198 times the rate
of carcinogenic risk of inhalation of soil particle Exposure route. And the rate of carcinogenic risk of Inhalation the air
pollutants of outdoor which from the soil lower layer is almost 0. The hazard quotient of soil ZPAHs main air pollutants
pathway are oral intake and inhalation of outdoor air from the soil surface. The sum of them is close to 90%, The
hazard quotient of soil ZPAHSs in the coking plant area is seriously exceeded. The risk of ZPAHs in the soil of coking
plant was mainly exposed to oral intake, and the contribution rate of carcinogenic risk was 99.3103%. Combined with
the development characteristics of China's coking industry, regional climate and geological characteristics, make a

human health risk assessment to ZPAHSs.

Keywords: Carcinogenic risk; Hazard quotient; Coking industry;
PAHs; Soil

Introduction

Polycyclic aromatic hydrocarbons (PAHs) refers to the molecular
structure is composed of two or more benzene rings composed of a
class of typical persistent toxic substances [1], mainly from fossil fuels
and biomass incomplete combustion. In 1976, the US Environmental
Protection Agency (EPA) included 16 PAH:s in the blacklist of organic
pollutants [2,3], and seven of these PAHs were included in the "Blacklist
for Environmental Priorities in China" [4]. Soil as a complex multi- media
multi- interface system, rich in organic matter, easy to adsorb lipophilic
organic pollutants, So the soil becomes an important environment for
PAHs, It's difficult to available the PAHs those remaining in the soil,
Accompanied by food chain or food network into the body, Of course,
some of them into the body through the breathing, thus becoming a
potential carcinogen, endangering human health. PAHs which were
produced by activities such as human production and life can enter
the soil through sewage discharge, wet and dry sedimentation and etc.
And the soil carries more than 90% of the PAHs environmental load
[5]. The results show that the content of PAH:s in the soil has gradually
increased in recent decades [6], and the soil has become an important
medium for PAHs to enter the human body. PAHs entering the soil can
be divided into two groups: soil- water- human body and soil- crop-
human, which have a certain threat to the human health, so more and
more scholars whom at home and abroad pay attention to the PAHs,
and the related research has great theoretical and practical significance.
There have been a lot of researches on the content, distribution, source
analysis, ecological risk assessment, migration and transformation
mechanism of PAHs in soil. The results of domestic studies are mainly
on the relationship between PAHs content, distribution and PAHs
which were in rivers, lakes, ground water and sediments. The PAHs
source analysis and human health risk assessment of soils affected by
industrial pollution Research is rare. The research on soil pollution in
coal mining and utilization area is mainly focused on the conventional

pollution such as heavy metal, soil physical and chemical properties and
microbial characteristics, And PAHs for human health risk assessment
rarely reported. Therefore, it is important to study the safety and health
of the workers and their surrounding residents in the coking plant area
during the coking process. It is an important basis for the safety and
effective promotion of China's energy strategy [7].

The coking plant of Beijing was selected to evaluate the carcinogenic
risk, and field sampling, monitoring, selection and improvement of
human health risk assessment model to assess the carcinogenic risk and
hazard quotient, the risk control values of different exposure routes were
calculated, and calculate the risk control values for different exposure
routes. And provide the basis for soil environmental management in
China's coking area [8,9]. At the same time, it will provide the basis for
the bioremediation, key technology selection and repair standard of the
coking site in the future.

Materials and Methods
Sample collection

The soil samples were collected from a coking plant which site in
Beijing on March 10, 2017 (N39°5121", E116°31'43"). The coking plant
is located in Chaoyang District, Beijing Chemical Road East, and it has
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been discontinued for soil remediation. The specific location shown in
Figure 1. The coking plant sampling points shown in Figure 2. Starting
at 0 m from the edge of the field (0 m also as a sampling point), Setting
a sampling point every 50 meters, thus there are 50 m, 100 m, 150 m,
200 m five sampling points (Figure 2), And then use soil drilling and
ring knife to sample the soil profile. The samples were collected from
4 to 20 cm, 40 to 70 cm, 70 to 100 cm and 100 to 120 cm (the isolated
layer of cinder at 20 to 40 cm did not be sampled) [10], put into the self-
contained bag, transported to the laboratory to test, inspection. In this
experiment, a total of two sets of parallel experiments were conducted,
and the average values were analyzed.

Sample test materials and methods

The extraction of PAHs in soil samples is based on the environmental
standard HJ 805-2016. And analyzed by gas chromatography-mass
spectrometry, there is extraction method summarized:Take the
appropriate amount of soil into the freeze dryer, after 24 h, remove the
gravel and plant roots and other debris, the freeze-dried soil samples
were crushed with a pulverizer. Add 1 pg of the mixture (M- d12:
M-naphthalene-d12=1:1) to 10 g soil samples, placed overnight; the soil
is wrapped with filter paper, the bottom of the filter paper bucket put a
small piece of absorbent cotton to prevent the bottom of the filter were
damaged under the soil; Place the filter drum in the Soxhlet extractor
cartridge, A 100 ml mixture of acetone: n-hexane=1:1 was added to a
flat-bottomed flask, then continuous extraction of 16 h, The extract was
once again dehydrated with anhydrous sodium sulfate, concentrated to
about 1 mL with a rotary evaporator, and passed through a 0.5 um fiber
membrane, and then put the sample into glass bottles to be measured.

Human health risk assessment method

In this study, the mainstream models and methods of risk
assessment of contaminated sites were compared by reference to RBCA
[11-13], Csoil [11,14], CLEA [12,15] and HERA [16] which at home

Formula Exposure route Formula Description
number
1 Carcinogenic risk
Oral intake
2 Non-carcinogenic risk
3 Carcinogenic risk
Skin contact
4 Non-carcinogenic risk
5 Carcinogenic risk
Inhalation the air pollutants
of outdoor which from the soil
surface
6 Non-carcinogenic risk
7 Carcinogenic risk
inhalation the air pollutants of
outdoor which from the soil
lower layer
8 Non-carcinogenic risk

and abroad. Based on the Technical Guidelines for Risk Assessment of
Contaminated Sites (HJ25.3- 2014) [17], according to China's coking
process and its pollution characteristics approved site type, choose
to determine the exposure path to calculate the exposure, assess the
carcinogenic risk and hazard quotient, calculate the risk control value,
based on this, the contribution rate of carcinogenic risk of PAHs under
different Exposure route was analyzed. Constructing the human health
risk assessment method of PAHs in the soil environment surrounding
the coking industry unit in China, and provides the technical basis for
the health risk assessment and prevention of PAHs in coking plant area
in China.

Exposure route selection and exposure calculation: The site of
coking plant is the target site of this study. Belonging to industrial land
in non- sensitive land, According to the recommended non- sensitive
land in the guidelines for the assessment of human health risks in
contaminated sites. Taking into account the coking plant near the
surface without water off, groundwater is not the actual situation of
drinking water, combined with the literature has been reported [17,18],
this study selects oral intake, skin contact, inhalation the air pollutants
of outdoor which from the soil surface, and inhalation the air pollutants
of outdoor which from the soil lower layer etc. Exposure route [19-21],
Evaluating the human health risk of PAHs.

For carcinogenic and non- carcinogenic effects of a single
contaminant, calculating oral intake, skin contact, inhalation the air
pollutants of outdoor which from the soil surface, and inhalation the air
pollutants of outdoor which from the soil lower layer etc. four exposure
routes corresponding to the soil exposure of the recommended model
were shown in Table 1.

The main parameters of the risk assessment model of contaminated
sites include target pollutant concentration, toxicological parameters of
pollutants, site condition parameters, exposure parameters and so on.
The target pollutant concentration and site condition parameters are

Exposure formula expression

OSIR, xED, xEF, x ABS,
OISER,, ==+~ =20 25200 ¢
BVV“ XA]:J(X
OSIR xED xFEF xABS, ~
OISERM = a a a 0 XIO 6
BW, x AT,
DCSER, = SAL, X SSAR, X EF, < ED, x E, x ABS,
BW,x AT,
DCSER, = SAE < SSAR, x EF,x ED,x E,, x ABS,, $10°
BW,x AT,
IOVER_, < VE, » DAIRXEFO.<ED, | DAIR,xEFO, <ED,
BW.xAT, B, < AT,

suroa

IOVER,_, = VE X[DAIRC x EFO,x ED, ]

BW.x AT,

IOVER , = VE

suboa

DAIR, x EFO,x ED,  DAIR,x EFO, xED,
BW, % AT, BW, % AT,

IOVER,, = VF

suboa x

BW x AT,

ca

( DAIR, x EFO. xED, ]

Table 1: Calculating models of soil exposure dose in three soil Exposure routes.

J Bioremediat Biodegrad, an open access journal
ISSN:2155-6199

Volume 8 » Issue 5 « 1000407



Citation: Jia J, He H, Wang Z, Zhao S, Me L, et al. (2017) Human Health Risk Levels and Distribution of PAHs in Soil Environment of a Coking
Chemical Plant Located in Beijing, China. J Bioremediat Biodegrad 8: 407. doi: 10.4172/2155-6199.1000407

Page 3 of 11

Figure 1: Location of the study area.
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(b) Longitudinal schematic of Sampling site.

Figure 2: Sampling points distribution of the area.
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Parameter Implication Value Unit
OSIR, Adult daily intake of soil 100 mg/d
ED, Adult exposure period 25 a
EF, Adult exposure frequency 250 d/a
BW, Adult weight 56.8 kg
ABS, Oral intake absorption efficiency factor 26280 /
AT, The average time for carcinogenic effects 26280 d
AT The average time for non — carcinogenic effects 91280 d
SAE, Adult exposed skin surface area 2854.62 cm?
SSAR, Adhesive coefficient of adult skin surface soil 0.2 mg/cm?
ABS, Skin contact absorption efficiency factor 0.03 /
E, Daily skin contact event frequency 1 d
DAIR, Adult daily air intake 14.5 m3/d-"
PIAF Inhalation of soil particles in the body retention ratio 0.75 /
fspo The proportion of particulate matter from the soil in the outdoor air 0.5 /
EFO, Adult outdoor exposure frequency 62.5 d/a
Co Concentration of contaminants in surface soils X mg/kg
SF, Oral intake of carcinogenic slope factor 1.5 (mg/kg-d)"!
SF, Skin contact carcinogenic slope coefficient 1 (mg/kg-d)’
SF, Respiratory inhalation carcinogenic slope factor 4.3 (mg/kg-d)’
SAF The reference dose distribution coefficient for exposure to soil 0.2 /
RfD, Oral intake of reference 3.00E-4 mg/kg-d
RfD, Skin contact reference 3.00E-4 mg/kg-d
RfD, Respiratory inhalation reference 3.83E-6 mg/kg-d
VF, on Evaporation of pollutants in the surface soil into the outdoor air Table 3 kg/m®
VF on Evaporation of pollutants in the lower soil into the outdoor air Table 3 kg/m?

Table 2: Major parameters in the exposure dose calculation models.

i Evaporation of pollutants in the surface soil into the Evaporation of pollutants in the lower soil into the outdoor air
Compound abbreviation outdoor air (VF,, ) (VF_,)
Nap 3.80518E-05 2.50183E-08
Acpy - -
Acp 2.55194E-05 2.68689E-09
Flu 1.76401E-05 1.28384E-09
Phe - -
Ant 6.84754E-06 1.93455E-10
FI 1.29843E-06 6.95585E-12
Pyr 1.51192E-06 9.43129E-12
Baa 1.11776E-06 5.15467E-12
Chr 5.52505E-07 1.25947E-12
Bbf 1.68372E-07 1.16961E-13
Bkf 1.63824E-07 1.10727E-13
Bap 1.52364E-07 9.57768E-14
Ind 9.43315E-08 3.6713E-14
Dba 6.39431E-08 1.68678E-14
Bghip - -

Table 3: Surface soil and lower soil Volatile factors.

the actual measured values, the site is industrial land, Belonging to non-
sensitive sites. So, exposure factor parameters are not considered for
child exposure, only select adults as target, the specific values in Table 2.

Risk characterization and risk contribution rate accounting:
The parameters of exposure parameters were calculated and calculated
under different exposure routes, According to the test and analysis
data of PAHs of soil samples at each sampling point, The carcinogenic
risk and hazard quotient of PAHs in different exposure pathways were
calculated by the formulas listed in Table 3, Calculating the single path
of human carcinogenic risk and hazard quotient as the human health
risk of PAHs in multi - exposure pathway of coking plant [22]. The
health risk level of PAHs at each sampling station was analyzed. And the

risk level of each sample point was compared with the acceptable level
of human carcinogen risk (1 x 10°) and acceptable hazard quotient (1)
[17,23].

As is shown in the Table 4, CR -Carcinogenic risk of oral intake,
Dimensionless; CR,_-Carcinogenic risk of skin contact pathways,
Dimensionless; CR, ,-Carcinogenic risk of inhalation the air
pollutants of outdoor which from the soil surface, Dimensionless;
CR,_ ,-Inhalation the air pollutants of outdoor which from the soil
lower layer, Dimensionless; HQoiS—Hazard quotient of oral intake
route, Dimensionless. HQ dCS—HaZard quotient of Skin contact route,
Dimensionless. HQ, -Hazard quotient of inhalation the air pollutants
of outdoor which from the soil surface, Dimensionless; HQiM—Hazard
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Formula number Exposure route Formula Description Exposure formula expression
9 Carcinogenic risk CROZ.S = OISERM X CW X SFO
Oral intake
10 Hazard quotient Q i — %
* RfD,xSAF
11 Carcinogenic risk CR,, = DCSER. xC, xSF,
Skin contact DCSER xC
12 Hazard quotient HQ s = T T e Tsur
RfD, x SAF
13 Carcinogenic risk CR,,, =IOVER  xC_ xSF
Inhalation the air pollutants
of outdoor which from the IOVER . xC
14 soil surface Hazard quotient Q. 4 =——nl
' RfD,xSAF
15 Carcinogenic risk CRiovz =10 VERca2 X Csub X SFI
Inhalation the air pollutants
of outdoor which from the IOVER .xC
. 2 sub
16 soil lower layer Hazard quotient Q , = —  ned —sub
RfD, xSAF

Table 4: Cancer risk and hazard quotient calculating formulas for four soil exposure pathways.
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Figure 3: Carcinogenic risk of sampling sites in the coking plant.
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quotient of inhalation the air pollutants of outdoor which from the soil
lower layer, Dimensionless.

Based on total carcinogenic risk level, calculating separately the
contribution rate of carcinogenic risk in the four exposure pathways
(Formula 1), analyzing and determining the main contribution path to
provide the basis for the follow- up risk prevention and control.

R - CR,
> CR

i

x100

(Formula 1)

And R-The contribution rate of carcinogenic risk or hazard
quotient under the exposure pathways, Dimensionless; CR-The level
of carcinogenic risk or hazard quotient under the exposure pathways,
Dimensionless. XCR -Total carcinogenic risk or total hazard quotient.

Risk control value calculation: When the level of carcinogenic risk
or hazard quotient exceeds the acceptable level, the risk control value
for the corresponding exposure pathway should be calculated (Table 5).

Results and Discussion

Characteristics and PAHs content in coking plant

The contents of soil pH, water and PAHs in the sampling sites of
coking plant are shown in Table 6. The results showed that soil in coking
plant is basically weak acidity, pH distribution between 6.5-7, soil
moisture content is generally low, the moisture content of 14 samples
are between 10% and 20%, and 15% of the total sample are less than
5%, The PAHs content in the soil of the coking plant was 0.88-447.24
mg/kg, The content of Baa at 100 m was 447.24 mg/kg, and the content
of Bbf at 100 m was 380.29 mg/kg, There is little difference between 0
m sampling and 200 m sampling of XPAHs content, but the XPAHs
content at 100 m was the largest.

Formula number Exposure pathways

17 Carcinogenic risk
Oral intake

18 Hazard quotient

19 Carcinogenic risk

Skin contact

20 Hazard quotient

21 Carcinogenic risk

Inhalation the air pollutants of
outdoor which from the soil surface

22 Hazard quotient

23 Carcinogenic risk

Inhalation the air pollutants of
outdoor which from the soil lower
layer

24 Hazard quotient

Formula Description

Human health risk assessment of soil in coking plant

Carcinogenic risk: According to Tables 1-4 evaluation methods and
the main parameters selected, combined with guide recommendations
and on-site collection, sample test results, calculating oral intake, skin
contact, inhalation the air pollutants of outdoor which from the soil
surface, and inhalation the air pollutants of outdoor which from the
soil lower layer etc. four Exposure pathways to carcinogenic risk, and
calculated by summing method (Figure 3).

As is shown in Table 5 and Figure 3, the Multi-way of total carcinogenic
risk of PAHs was distributed between 5.92 x 103-4.9 x 102, and the total
carcinogenic risk exceeded the acceptable level (1 x 10), The carcinogenic
risk of ZPAHs in soil samples at 100 m was higher than that in the other
four sampling sites, and the risk level of the samples at 0 m and 200 m was
close, The carcinogenic risk of Baa was between 3.84 x 10“and 1.60 x 107,
Exceed acceptable level (1 x 10), the carcinogenic risk at 100 m was the
highest, The carcinogenic risk of Bbf was between 2.94 x 10-1.36 x 102,
Exceed acceptable level (1 x 10), the carcinogenic risk at 100 m was the
highest; The carcinogenic risk of Bap was between 2.94 x 10 and 1.36 x
102, the carcinogenic risk at 100 m was the highest.

Hazard quotient: According to Tables 1-4 evaluation methods and
the main parameters selected, combined with guide recommendations and
on-site collection, sample test results, calculating oral intake, skin contact,
inhalation the air pollutants of outdoor which from the soil surface, and
inhalation the air pollutants of outdoor which from the soil lower layer etc.
four Exposure pathways to hazard quotient, and calculated by summing
method (Figure 4).

As is shown in Table 5 and Figure 4, the Multi-way of total hazard
quotient of PAHs was distributed between 19.84 and 160.64, which
is beyond the acceptable range (acceptable to 1), The highest value of
PAHs is 160.64. The Figures 4b-4d shows that hazard quotient is the

Risk control value calculation formula

ACR

RCVS, , =——F——
~ OISER ,xSF,
HCVS,, = RfDyx SAF x AHQ
OISER
ACR
RCVS,,=————
DCSER , xSF,
HCVS,, = RfD, xSAF x AHQ
DCSER,,
RCVS, = ACR

' JOVER,, xSF,

RfD,xSAF x AHQ
HEYSion == 10vER

nel

ACR

RCVS, ,=——
2 JOVER.,,xSF,

HCVS. - = RfD,x SAF x AHQ
ov2 IOVER,,

Table 5: Safety threshold calculating formulas for three soil exposure pathways.
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largest at 100 m. In general, the level of XPAHs in the coking plant area
is extremely high, so it is necessary to pay attention to it. It is necessary
to attach great importance to the shortcomings of the coking plant in
the soil environment. The input and accumulation of soil environment
may lead to increase the hazard quotient of PAHs in the soil. Meanwhile,
measures should be taken to ensure that the plant staff health and safety.

The contribution rate of human health risk for every exposure
pathway: The contribution rate of carcinogenic risk and hazard quotient
of PAHs in different exposure pathways were calculated by the formulas
listed in Figure 5, And provide the basis for targeted prevention and
control of human health risk in coking plant area.

The risk of ZPAHs in the soil of coking plant was mainly exposed
to oral intake, and the contribution rate of carcinogenic risk was
99.3103%. The ZPAHs comprehensive carcinogenicity risk of the oral
exposure pathway is 498 times the carcinogenic risk of the skin exposure
pathway, and 198 times the rate of carcinogenic risk of inhalation of soil
particle Exposure route. And the rate of carcinogenic risk of Inhalation
the air pollutants of outdoor which from the soil lower layer is almost 0.
The hazard quotient of soil ZPAHs main air pollutants pathway are oral
intake and inhalation of outdoor air from the soil surface. The sum of
them is close to 90%, The hazard quotient of soil ZPAHs in the coking
plant area is seriously exceeded.

It can be seen from Figure 6 that the carcinogenic risk of Baa, Bbf,
Bap three main pollutants accounted for 55.26% of total pollutants; And
the hazard quotient of Baa, Bbf, Bap three main pollutants accounted
for 26.65% of total pollutants.

In summary, as for the human health risk of XPAHs in coking plant,
Inhalation of outdoor air from the soil surface of the air pollutants is
the most important exposure pathways, it should be controlled and
prevention in the coking production process. In addition, three main
pollutants of Baa, Bbf, Bap were main controlled, and taking into
account the relevant areas of the study and the main exposure pathways
for ZPAHs of human health risks, the main risk control means to block
the inhalation the air pollutants of outdoor which from the soil surface
and oral intake of exposure pathways, such as wearing a safety mask.

The relationship between carcinogenic risk and Hazard quotient
of XPAHs in each exposure pathway: In order to more intuitively
analyze the relationship between carcinogenic risk and Hazard quotient
of XPAHs in each exposure pathway, the analysis will expand the
appropriate multiple, analyze and explore the changes.

It can be seen from Figure 7 that the carcinogenic risk of XPAHs in
this plant is directly proportional to hazard quotient, The greater the
carcinogenic risk value, the greater the hazard quotient, but the two
non-fixed function. The carcinogenic risk and hazard quotient are the
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bigges in 100 m, the remediation of soil in this area should be paid more the risk level of exposure pathway pollutant, Meanwhile, it
attention. should strengthen protect the plant operator, through wearing

masks and other measures to block or reduce the oral intake

Conclusions and inhalation exposure pathways.

o The detection rate of 16 kinds precedent- controlled PAHs
in the US Environmental Protection Agency was 100%. And
the carcinogenic risk of Baa, Bbf, Bap three main pollutants
accounted for 55.26% of total pollutants; And the hazard
quotient of Baa, Bbf, Bap three main pollutants accounted for
26.65% of total pollutants.

o The carcinogenic risk of XPAHs in this plant is directly
proportional to hazard quotient, The greater the carcinogenic
risk value, the greater the hazard quotient, but the two non-
fixed function. The carcinogenic risk and hazard quotient are
the biggest in 100 m, the remediation of soil in this area should
be paid more attention to.
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