Population health risk related to increased content of benzpyrene in soil

UDC 614.76 (77)
DOI: 10.21668/health.risk/2017.2.07.eng

POPULATION HEALTH RISK RELATED TO INCREASED CONTENT
OF BENZPYRENE IN SOIL

V.V. Suchkov !, S.A. Khotimchenko?, O.V. Sazonova® 3, D.O. GorbacheV?,
T.K. Ryazanova', E.A. Semaeva®

!Samara State Medical University, 89 Chapayevskaya Str., Samara, 443099, Russian Federation

’Federal Research Centre of nutrition and biotechnology, 2/14 Ustinskiy Proezd, Moscow, 109240, Russian Federation
3Research Institute of Human Hygiene and Ecology at the Samara State Medical University, 87 Chapayevskaya Str.,
Samara, 443099, Russian Federation

The article deals with the problem of soil contamination with benzpyrene within sanitary-hygienic zone
of an oil refinery plant. We proved that benzpyrene penetrated into soils due to oil-containing wastes and sed-
imentation of polycyclic aromatic hydrocarbons from powder-gas discharges on soil surface. Benzpyrene
concentration detection at the boundary of a sanitary-hygienic zone provides guidelines for determining dis-
charges spread into the atmosphere from stationary sources; it also serves as an indirect parameter charac-
terizing soil self-purification intensity. We treated benzpyrene content in soils as an informative indicator
showing soil horizon contamination with polycyclic aromatic hydrocarbons and heavy oil fractions. Over
2015-2016 66 soil samples were taken and analyzed. We detected benzpyrene concentration with Agilent
Technologies 7820A GC System «Maestro» gas chromatograph with mass-selective detector Agilent Technol-
ogies 5975 Series MSD in full conformity with 1SO 18287: 2006. We compared actual benzpyrene concentra-
tions with maximum permissible concentration (MPC = 0.02 mg/kg), confirmed by Hygienic Standard
2.1.7.2041-06. The results of analyzing the samples as per benzpyrene content revealed that it was higher
than maximum permissible concentration (MPC) in all of them. Share of samples with benzpyrene content
higher than 1.5 MPC varied from 54.5 % to 90.9 % in different seasons. Some places within sanitary-hygienic
zone had high benzpyrene concentration in soils reaching 9.85 MPC. High benzpyrene content in soils proves
there is persistent soil horizon contamination with polycyclic aromatic hydrocarbons and soil self-purification
slows down. And this, in its turn, causes carcinogenic health risk occurrence (1.08x107 — 6.55:107).

Key words: soil contamination, sanitary-hygienic zone, oil refinery plant, benzpyrene, carcinogen, health
risk, maximum permissible concentrations.

Disposal of industrial wastes in large
quantities into soil, especially harmful chemi-
cal impurities of organic origin, result in grad-
ual decrease in the concentration of humic ni-
trogen, decelerating or completely stopping
multiplication of humifying microorganisms

[8, 11, 14]. Oil refineries operation is accom-
panied by the formation of oil sludge in con-
siderable volumes, and sewage sludge after
mechanical and biological treatment, which
are subsequently accumulated in oil pits or
disposed at special landfills [2, 6]. The areas of
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sanitary hygienic zones of oil refineries are
moderately polluted with oil products: in the
surface soil horizon soil nitrification intensity
is reduced, the structure and degradation of
nitrifiers and denitrifiers are reduced due to the
content of heavy oil fractions and polycyclic
aromatic hydrocarbons (PAH) in soil [7, 10].
As studies have shown, PAH are practically
resistant to microbial decomposition and re-
main in the initial concentration in oil-
contaminated soil for a long time [1, 7, 9].

The main representative of PAH being de-
tected in soil is benzpyrene, the first hazard
category substance of carcinogenic effect. This
harmful impurity enters the soil through air
discharges from stationary sources, settling
gradually on the soil surface layer. Such con-
tamination occurs primarily within the sani-
tary-hygienic zone, however, depending on
meteorological conditions, benzpyrene can de-
posit at a long distance from the stationary
source. Another reason for benzpyrene pene-
tration in soil is industrial wastes.

Benzpyrene content in soil serves as an in-
formative indicator of soil horizon contamina-
tion with PAH and heavy oil fractions. Detec-
tion of its concentration at the boundary of sani-
tary-hygienic zone provides guidelines for
determining discharges spread into the atmos-
phere from stationary sources, and also serves
as an indirect parameter characterizing soil
self-purification intensity. High concentrations
of benzpyrene at the boundary of sanitary-
hygienic zones make a considerable contribu-
tion to multi-environmental health risks level in
location area of a residential zone [3]. Expan-
sion of residential area is especially dangerous,
as well as active development of the former
sanitary-hygienic zone following its reduction.

The purpose of the study is the sanitary-
hygienic assessment of benzpyrene content in
the soil on the territory of the sanitary-
hygienic zone at the oil refinery with health
risk identification.

Materials and methods. Soil samples
were taken in the territory of the sanitary-
hygienic zone at the Novokuybyshevsk Oil
Refinery Plant (“NK NPZ”) in four directions:
northeastern (NE) - at the distances of 600 and
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1000 m from the checkpoint; eastern (E) - at
the distances of 200, 600 and 1000 m from the
checkpoint; southeastern (SE) — at the distanc-
es of 600 and 1000 m from the stationary
source of the oil-dissolved gas discharges;
southern (S) - at the distances of 200, 400, 600
m and 1000 m from the petroleum products
catalyst cracker. The choice of soil sampling
points was predicated upon the neighboring
location of Novokuybyshevsk city and
Lypyagi rural settlement. The soil surface lay-
er was selected by the "envelope” method at
20 cm depth, according to GOST 17.4.4.02-84
[5]. The mass of one sample made 200 g. In
total 66 soil samples were taken and analyzed
for the period of 2015-2016. Prior to determin-
ing benzpyrene concentrations, all soil samples
were subject to pretreatment, in particular, dry-
ing at a temperature of 18-20°C and ambient
relative humidity of 40-60%; sifting through a
fine-mesh screen with a cell area of 0.5 mm?;
filtering the liquid phase with "white tape" fil-
ter. Samples were analyzed with Agilent
Technologies 7820A GC "Maestro" system
gas chromatograph, with mass-selective detec-
tor Agilent Technologies 5975 Series MSD in
accordance with the international standard 1SO
18287: 2006 [6]. The concentration of benzpy-
rene was calculated by the ratio of the ana-
lyzed sample peak heights to the standard
PAH samples dissolved in cyclohexane. The
average retention time for benzpyrene prior to
peak was 35.23 minutes.

Benzpyrene is a first-category hazard
chemical belonging to 2A group (carcinogenic
agents for human with an extremely high evi-
dence degree), classified by the International
Agency for Research on Cancer (IARC). Its
molar mass is 252.309 g/mol, molecular
weight is 252.3 (Figure 1). Similar masses ex-
ist for benzpyrene-like compounds of PAH:
benzo(b)fluoroanthrene and ben-
zo(k)fluoranthene. Therefore, the concentra-
tion of benzpyrene was calculated from the
slope ratio of calibration function, minus con-
centrations of the above substances. Configu-
ration of the obtained chromatogram for the
soil sample No. 8 is shown in Fig. 2.
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All the results obtained were grouped by
distances and directions from the stationary
sources of gross discharges to atmospheric
air, as well as from the oil pits. We compared
actual concentrations of benzpyrene with the
maximum permissible (MPC = 0.02 mg/kg),
approved in the GN 2.1.7.2041-06 [4].
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Figure 1. Mass spectrum and structural formu-
la for benzpyrene (NIST 14 mass spectrometry
library)
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Figure 2. Chromatogram of the soil sample
No. 8 taken in spring 2015.

Analysis of the production and consumption
wastes for the oil refinery was carried out ac-
cording to the annual statistical forms 2-TP
(wastes). Health risk was calculated in accord-
ance with the guidelines P 2.1.10.1920-04
[13]; standard exposure values were used. Sta-
tistical data processing was done using Mi-

Health Risk Analysis. 2017. no. 2

crosoft Excel 2013 and Statistica 10 Enterprise
10.0.1011.6.

Results and discussion. Novokuiby-
shevsk Oil Refinery Plant belongs to the first
category of hazard, according to SanPiN
2.2.1/2.1.1.1200-03 "Sanitary-hygienic zones
and sanitary classification for enterprises,
structures and other objects”. The basic unit
taken for the sanitary-hygienic zone was 1000
m. The consumption and production wastes of
the refinery amounted to 28,145 tons for 2014,
and 49,432 tons over 2015. The increase in
wastes volumes in 2015 is associated with an
increase in oil processing capacity by 56%.
Wastes with a high PAH content are formed
mainly at washing equipment for storage, pro-
cessing and transport of oil. It is the sludge
after cleaning pipelines and containers (bar-
rels, containers, cisterns and bitumen sprayers)
for oil and petroleum products. The big vol-
umes of wastewater, as a result of slurry dilu-
tion with industrial water, were exposed to
mechanical and  bio-treatment.  Upon
wastewater treatment, sludge settlings contain-
ing oil products in the amount of less than
15% massed 18,470 tons in 2014, and 40,320
tons in 2015. Sludge settlings in the final stage
of disposal are accumulated in oil pits and res-
ervoirs-sedimentation tanks, followed by
dumping of oil-containing wastes at landfills,
or wastes biodegradation and biotransfor-

mation using the components of bio-
structuring mixture [12].
Oil pits and reservoirs-sedimentation

tanks for oil sludge are located in the north-
western part of the oil refinery industrial zone.
The minimum distance between the nearest
sampling point and the oil pits was 2.4 km.
There was no soil sampling done in the north-
western part of the sanitary-hygienic zone,
since the nearest residential area ‘Mayak’ is
located at a distance of 6.3 km from the
northwestern border of the oil refinery sani-
tary-hygienic zone.

When analyzing the laboratory results of
the selected samples, it was found that the av-
erage concentrations for benzpyrene in soil
were higher than MPC: in 2015: 0.0466 *
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0.0070 mg/kg (2.33 MPC), in 2016: 0.0491 +
0.0068 mg/kg (2.46 MPC). In all directions
from the oil refinery there was a slight increase
in benzpyrene concentration (by 0.2-0.5 MPC)
in 2016, unlike in 2015. The territory of the
eastern part of the sanitary-hygienic zone is
more exposed to contamination with PAH: at a
distance of 1000 m from the oil refinery (at the

boundary of the sanitary-hygienic zone), we
recorded maximum content of benzpyrene:
9.85 MPC. The increasing gradient of benzop-
yrene content in the eastern direction made 1.8
MPC at increasing the distance from the oil
refinery from 200 to 600 m and 3.5 MPC from
600 to 1000 m.

Table 1
Benzpyrene content (mg/kg) in the selected samples, depending on the distance to the oil refinery plant
Sample No.|  Direction and distance to oil refinery Spring Sjr%lr:er Autumn | Spring Sjr%ln?er Autumn
1 200 m to the east 0,024 0,072 0,037 0,026 0,041 0,056
2 600 m to the east 0,024 0,071 0,049 0,065 0,087 0,077
3 1000 m to the east 0,043 0,192 0,194 0,098 0,167 0,197
4 1000 m to southeast 0,024 0,051 0,055 0,059 0,043 0,053
5 600 m m to southeast 0,021 0,054 0,038 0,032 0,041 0,047
6 200 m to south 0,021 0,045 0,042 0,036 0,037 0,041
7 400 m to south 0,058 0,036 0,035 0,029 0,033 0,031
8 600 m to south 0,033 0,025 0,023 0,028 0,027 0,021
9 1000 m to south 0,026 0,024 0,029 0,021 0,031 0,026
10 600 m to northeast 0,061 0,024 0,026 0,025 0,034 0,027
11 1000 m to northeast 0,029 0,028 0,025 0,032 0,024 0,029

In the northeastern part of the sanitary-
hygienic zone, the maximum benzpyrene con-
centrations were recorded in the immediate
vicinity of the oil refinery (600 m): 1.85 MPC
in 2015 and 1.43 MPC in 2016. In the southern
direction from the petroleum products catalyst
cracker, benzpyrene level was decreasing by
an average gradient of 0.5 MPC with raising
the distance from 200 to 600 m. However, at a
distance of 1000 m (at the boundary of the
sanitary-hygienic zone), benzpyrene concen-
tration increased slightly to 1.31 MPC. The
southeastern direction from the stationary
source of the oil-dissolved gas discharges was
characterized by the higher content of benzpy-
rene at increasing the distance from 600 to
1000 m. Data details are presented in Table 1
and Fig. 3.

In 2015 and 2016, the share of samples
with the increased MPC level for benzpyrene
made 93.55%. In the autumn period, benzpyrene
content in 2016 was higher by 9.4% than in
2015. In the spring of 2015, the number of sam-
ples with benzpyrene level above 1.5 MPC was
54.5% with an average concentration of 0.042
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Fig.3. Distribution for benzopyrene
concentrations

mg/kg, in the spring period of 2016: 90.9% of
the average concentration of 0.04 mg/kg. As per
benzpyrene content, the soil in the territory of
the oil refinery’s sanitary-hygienic zone be-
longed to "hazardous™ pollution category, in ac-
cordance with SanPiN 2.1.7.1287-03 "Sanitary
and epidemiological requirements for soil quali-

ty".
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The second way in which benzpyrene en-
ters the soil is PAH discharges settling on the
soil surface layer. Depending on meteorologi-
cal parameters (wind direction and speed, air
temperature and humidity), the dispersion
range of discharges can both be reduced, lim-
ited to the territory of the sanitary-hygienic
zone, as well as expanded, including to the set-
tlement and residential areas. During the peri-
od of 2015-2016, West wind prevailed in the
oil refinery's territory (26%) with an average
speed of 3.4 m/s. Along with discharges from
the stationary sources PAHs enter the atmos-

phere with the exhausts of motor vehicles.
This may be the reason for an increased con-
tent of benzpyrene in the soil at the boundary
of the sanitary-hygienic zone in the eastern
direction from Oil Refinery Plant, where No-
vokuibyshevsk is located in the immediate vi-
cinity.

Analyzing and grouping the obtained re-
sults per distances from Oil Refinery, we cal-
culated the data for health risk levels (Table
2).

Table 2

Data for carcinogenic and non-carcinogenic health risks, obtained as a result of studying benzpyrene con-
tent in soil, depending on the distance to Oil Refinery Plant

sample No. Direction anq distance to oil 2015 2016
refinery CR* HQ** CR* HQ**
1 200 m to the east 1,89:10°° 7,76 1,75:07° 7,18
2 600 m to the east 2,041073 8,40 3,25:107° 13,4
3 1000 m to the east 6,08x107° 25,0 6,55¢107 27,0
4 1000 m to southeast 1,84x107° 7,58 2,20x107 9,04
5 600 M m to southeast 1,60x107° 6,59 1,701107° 7,00
6 200 m to south 1,53:10° 6,30 1,62:107° 6,65
7 400 m to south 1,83110°° 7,53 1,32:10°° 5,43
8 600 m to south 1,15¢:10°° 4,73 1,08:107° 4,43
9 1000 m to south 1,12:107° 4,61 1,11x107 4,55
10 600 m to northeast 1,57x107 6,48 1,2210° 5,02
11 1000 m to northeast 1,16x10°° 4,78 1,21:107° 4,96

Note: * - carcinogenic risk; ** — non-carcinogenic risk.

All levels of health risk belonged to the fourth
range of reference limits, and were unaccepta-
ble to people health. The maximum value for
carcinogenic risk was obtained at the boundary
of the sanitary-hygienic zone in the eastern
direction from Oil Refinery. Soil was the
source of the air-ground interface secondary
pollution. According to residential zone sce-
nario, among all the ways for benzpyrene en-
tering a human body, inhalation route pre-
vailed (99.96%). The risk factors for develop-
ment of non-carcinogenic effects were 6-8
times higher than the threshold value; at the
boundary of the sanitary-hygienic zone, in the
eastern direction to Oil Refinery, the maxi-
mum value reached 25. High levels of health
risks indicate an extreme pollution of habitat
in the territory of the sanitary-hygienic zone,
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and the unconditioned disutility for living, in
case if former territory of the sanitary-hygienic
zone would be developed after reducing its
area. Measures to improve environment can
help in decreasing PAHSs content in soil and, as
a result, the health risk level. Complex of
measures should include: liquidation of oil
pits, processing and recycling of oil sludge,
lands rehabilitation and activation of local soil

biocenosis by introducing hydrocarbon-
oxidizing microflora [1].
Conclusions. High concentrations of

benzpyrene in soil, exceeding the value of
MPC, indicate the persistent contamination of
the soil horizon with polycyclic aromatic hy-
drocarbons and the slow process of soil self-
purification.
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High levels of carcinogenic health risk (1.08 and southeastern directions, an increase in the
x 10° - 6.55 x 10™%) are due to the high content content of benzpyrene in soil is noted, which can
of benzpyrene in soil, which is absolutely unac- negatively affect the health of Novokuiby-
ceptable for the population health. As the dis- shevsk’ population at eventual reduction of the
tance from Oil Refinery increases in the eastern Qil Refinery’ sanitary-hygienic zone.
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