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Human Health Risk Assessment from Metals Present
in a Soil Contaminated by Crude Oil

M. A. Stoian, D. M. Cocarta, A. Badea

Abstract—The main sources of soil pollution due to petroleum
contaminants are industrial processes involve crude oil. Soil polluted
with crude oil is toxic for plants, animals, and humans. Human
exposure to the contaminated soil occurs through different exposure
pathways: Soil ingestion, diet, inhalation, and dermal contact. The
present study research is focused on soil contamination with heavy
metals as a consequence of soil pollution with petroleum products.
Human exposure pathways considered are: Accidentally ingestion of
contaminated soil and dermal contact. The purpose of the paper is to
identify the human health risk (carcinogenic risk) from soil
contaminated with heavy metals. The human exposure and risk were
evaluated for five contaminants of concern of the eleven which were
identified in soil. Two soil samples were collected from a
bioremediation platform from Muntenia Region of Romania. The soil
deposited on the bioremediation platform was contaminated through
extraction and oil processing. For the research work, two average soil
samples from two different plots were analyzed: The first one was
slightly contaminated with petroleum products (Total Petroleum
Hydrocarbons (TPH) in soil was 1420 mg/kga.w.), while the second
one was highly contaminated (TPH in soil was 24306 mg/kgdw.). In
order to evaluate risks posed by heavy metals due soil pollution with
petroleum products, five metals known as carcinogenic were
investigated: Arsenic (As), Cadmium (Cd), Chromium"' (Cr"%),
Nickel (Ni), and Lead (Pb). Results of the chemical analysis
performed on samples collected from the contaminated soil evidence
soil contamination with heavy metals as following: As in Site 1 =
6.96 mg/kgdw; As in Site 2 = 11.62 mg/kgdw, Cd in Site 1 = 0.9
mg/kgdw; Cd in Site 2 = 1 mg/kgaw; Cr¥! was 0.1 mg/kgdw for both
sites; Ni in Site 1 = 37.00 mg/kgdw; Ni in Site 2 = 42.46 mg/kga.w; Pb
in Site 1 = 34.67 mg/kgaw; Pb in Site 2 = 120.44 mg/kgaw. The
concentrations for these metals exceed the normal values established
in the Romanian regulation, but are smaller than the alert level for a
less sensitive use of soil (industrial). Although, the concentrations do
not exceed the thresholds, the next step was to assess the human
health risk posed by soil contamination with these heavy metals.
Results for risk were compared with the acceptable one (107,
according to World Human Organization). As, expected, the highest
risk was identified for the soil with a higher degree of contamination:
Individual Risk (IR) was 1.11x10-° compared with 8.61x10.

Keywords—Carcinogenic risk, heavy metals, human health risk
assessment, soil pollution.

1. INTRODUCTION

RUDE oil and petroleum products have harmful effect on
environment. According data provided by the European
Environment Agency in 2015, at the European level, there are
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two categories sources of soil pollution: oil industry (14.1 %)
and accidental oil spills (2.1 %) [1]. Soil polluted with crude
oil and others petroleum products affect all the elements
involved in natural life cycle — atmosphere, waters, and
biosphere [2]. The chemical compounds which characterize
this type of pollution are TPH and metals [3]. According to
United States Environmental Protection Agency (U.S. EPA),
the individual contaminants of TPH and metals are known as
contaminants of concern (COCs). The TPH group contains
volatile and semivolatile organic compounds (VOCs, SVOCs),
like BTEX (benzene, toluene, ethylbenzene, xylene) and
PAHs. COCs from metals category are: As, Cd, Chromium
(Total Chromium and Hexavalent Chromium — Cr¥'), Pb, Ni,
and Zinc (Zn) [4]. Among the contaminants listed above,
there are compounds from soil polluted with crude oil or
petroleum products that could negatively affect human health.
There are different methods for assessing the risks associated
with these hazards [5]. According to U.S. EPA, human health
risk assessment implies the following steps: Hazard
identification, dose-response assessment, exposure assessment
and risk characterization [6]. Human health risk assessment
presumes that a scenario is established, concentrations of
chemicals in the contaminated soil are identified and specific
equations for each exposure pathway are used [7]. Metals
from contaminated soil can affect human health through
accidentally ingestion of soil, diet, inhalation and dermal
contact. Metals generally are not volatile chemicals and they
are transported by water and by air through dust [8]. The dust
is settled on grass, crops, vegetable or fruit and thus the human
diet is contaminated. Moreover, the contaminated dust can
reach on skin and people are exposed to heavy metals by
dermal contact [9].

The most important pathway of exposure associated to soil
contaminated with metals is ingestion of vegetable grown in
polluted areas [10]. Risks to humans associated to exposure to
metals are classified as carcinogenic or non-carcinogenic.
According to Twelfth Edition of Report of Carcinogens, As,
Cd, Cr', Ni, and Pb are human carcinogens [11].
Furthermore, metals affect also the neurological,
gastrointestinal, cardiovascular, immunological, epidermal
systems and others [12].

II. MATERIAL AND METHODS

A. Soil Sampling and Chemical Analyses

The investigated soil was accidentally contaminated with
crude oil. After of being excavated from two different plots,
the contaminated soil was deposited on a concrete platform in
order to prevent accidental leaks of chemicals into soil.
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Successively, representative samples were collected for soil
characterization. The soil samples were transported to the
laboratory for chemical analysis. The chemical analyses were
performed according to national and international Standard
Methods in force (Table I).

TABLEI
STANDARD METHODS USE FOR CHEMICAL ANALYSES

Standard Methods
1SO 20280:2007
SR ISO 11047:1999
SR ISO 11047:1999
EPA 7196A:1192
SR ISO 11047:1999
SR ISO 11047:1999
SR ISO 11047:1999

Contaminant
Arsenic (As)
Cadmium (Cd)

Total Chromium (Cr)
Hexavalent Chromium (Cr"")
Copper (Cu)

Iron (Fe)
Manganese (Mn)

Mercury (Hg) 1SO 16772:2004
Nickel (Ni) SR ISO 11047:1999
Lead (Pb) SR ISO 11047:1999
Zinc (Zn) SR ISO 11047:1999

The obtained results revealed a less contaminated soil (Site
1) and intense contaminated soil (Site 2). The chemical
concentrations of metals identified in soil polluted with crude
oil are presented in Table II.

TABLEII
MEASURED CHEMICAL CONCENTRATIONS

Contaminant  Soil sample no 1 (mg/kga.w.) Soil sample 2 (mg/kga.w.)
As 6.96 11.62
Cd 0.08 1.00
Cr 72.08 116.31

CrVI 0.10 0.10
Cu 35.30 64.91
Fe 3.88 4.289
Mn 921.35 921.38
Hg 0.793 0.497
Ni 37.00 42.46
Pb 34.67 120.44
Zn 108.32 320.60

An important aspect in case of soil contaminated with crude
oil is the level of concentration of TPHs in soil. In this regard,
in the framework of the present study, we analyzed the
relation between measured chemical concentrations of metals
and Total Petroleum Hydrocarbons (TPHs). Concerning the
level of contamination with TPHs in soil, the chemical
analysis revealed that Soil sample no 1 is characterized by a
level of contamination equal with 1420 mg/kgq.w, while in case
of Soil sample no 2 the contamination with TPHs is 24306
mg/kgaw. (Fig. 1). Heavy metals concentrations into soil for
both analyzed soil samples are presented in Fig. 2. In both
figures, the concentration of each chemical is higher for Soil
sample no 2 than for Soil sample no 1. Additionally, it can be
noticed that the high level of TPHs in contaminated soil with
crude oil involves the increasing of metals concentrations.

B. Legislative Aspects
For the assessment of soil contamination degree, the

identified concentrations of pollutants in soil are compared
with the acceptable thresholds of each country. In Romania,
the limit levels are specified in Ministerial Order (M.O.)
756/1997 [13]. The national regulation established three
different thresholds: normal, alert threshold and intervention
threshold. Alert and intervention thresholds depend on the
type of land use: agricultural and industrial. The present study
considered the industrial use as the excavated soil was from an
industrial area. Accordingly, the human exposure to the
contaminated soils occurs through accidentally soil ingestion
and dermal contact. In Table III are presented the national
thresholds for each chemical identified in investigated soil.

Total Petroleum Hydrocarbons

Chemical concentration soil sample ne 2 _
(mg ked.w.}

Chemical concentration soil sampleno 1
{mg kzd.w.)
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Fig. 1 TPHs concentration in soil
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Fig. 2 Heavy metals concentrations in soil

TABLE III
THRESHOLD VALUES ACCORDING TO M.O. 756/1997
Contaminant Normal value Alert thresholds  Intervention thresholds
(mg/kg da.w.) (mg/kg aw.) (mg/kg aw)

As 5 25 50

Cd 1 5 10

Cr 30 300 600
crv! 1 10 20

Cu 20 250 500

Fe K K K

Mn 900 2000 4000
Hg 0.1 4 10

Ni 20 200 500

Pb 20 250 1000
Zn 100 700 1500

*Not Available Data

The identified concentration levels for each metal exceed
the Normal Value established in M.O. 756/1997 for both soil
samples (Fig. 3).
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Fig. 3 Measured chemical concentrations (Site 1, Site 2) and the regulated values (M.O. 756/1997)

The exceeding of regulated values conducted to the
necessity for the development of the human health risk
assessment from the contaminated soils.

C.Human Health Risk Assessment

Human health risk assessment aims to identify and evaluate
the possible effects on people health in case of their exposure
to contaminants [6]. In the framework of the present study was
considered the industrial use of soil, and the two pathways of
exposure to metals: soil ingestion and dermal contact. The risk
was assessed for the adult’s exposure. The parameters that
allowed to assess risk are presented in Table I'V.

TABLE IV
COMMON PARAMETERS OF THE EXPOSURE SCENARIO
Parameters Unit Adults
Age (A) years 70
Body weight (BW) kg 70
Exposure frequency (EF)  days/year 30
Exposure duration (ED) years 21
Average Time (AT) days 25550

The chosen values of the considered parameters are based
on general data used by convention by U.S. EPA and they are
kept constant in order to minimize the error for dose
estimation [14]. Through dose is measured the exposure to
contaminants, which occurs through different pathways of
exposure [15]. Doses were -calculated using equations
provided by U.S. EPA for each considered exposure pathway.

The dose associated to accidentally ingestion of
contaminated soil was calculated using (1):

Dgj(mg / kg / day) =(CS x IR x CF x FI x EF x ED)/(BW x AT) )

where: CS — Chemical Concentration in Soil (mg/kg), IR —
Ingestion Rate (mgsi/day), CF — Conversion Factor (10°

kg/mg), FI — Fraction Ingested from Contaminated Source
(unitless), EF — Exposure Frequency (days/year), ED —
Exposure Duration (years), BW — Body Weight (kg), AT —
Averaging Time (days).

Using (2), we estimate the exposure through dermal
contact:

Dyc (Mg / kg / day )=(CSXCFxSAx AF x ABSXEFXED )/( BW xAT ) )

where CS — Chemical Concentration in Soil (mg/kg), , CF —
Conversion Factor (10° kg/mg), SA — Skin Surface Area
Available to Contact (cm?/event), AF — Soil to Skin
Adherence Factor (mg/cm?), EF — Exposure Frequency
(days/year), ED — Exposure Duration (years), BW — Body
Weight (kg), AT — Averaging Time (days) [14].

Some parameters considered in doses estimation depends
on history of the sites, type of contaminants or human
behavior [16].

The effect of the absorbed dose could induce risks to
humans that could be carcinogenic or noncarcinogenic and
depends of contaminants concentrations in soil and cancer
potencies of individual contaminants. The cancer potency is
quantified by Slope Factor [17]. Concerning the contaminants
analyzed in the present paper study, five of these are known as
human carcinogenic; their Slope Factors are presented in the
following table (Table V) [18]-[20].

The values for Slope Factors are the same for both
pathways of exposure considered in the scenario of this paper
study (ingestion of soil and dermal contact), according to
OEHHA (Office of Environmental Health Hazard
Assessment) [21].

Carcinogenic risk estimations involve multiplying the
chronic daily intake - CDI (estimated doses for soil ingestion
or for dermal contact) with Slope Factor - SF. Using (3) we
calculated the human health risk considering two exposure
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pathways [22].
Carcinogenic _ Risk = CDI(mg / kg / day ) x SF(mg / kg / zi )’1(adim ensional ) (3)

TABLE V
SLOPE FACTORS FOR IDENTIFIED METALS IN THE CONTAMINATED SOIL

Contaminants ~ Slope Factor (mg/kg/day)’!
As 1.50x10°
Cd 1.50x10"
crY! 4.20x10"
Ni 9.10x10"!
Pb 8.50x107

III. RESULTS AND DISCUSSION

Carcinogenic risk related to human exposure to soil
contaminated with crude oil (particularly contamination with
heavy metals due crude oil pollution) was assessed for the two
sites from where the soil samples were coming. The IR
assessed in case of the first site (Site 1) was 8.61x10°, while
for the second site was 1.11x103 (Site 2). Both values
exceeded the acceptable risk (10 suggested by the World

T.00E-06
6.00E-06
3.00E-06
4.00E-06
3.00E-06
2.00E-06
1.00E-06

0.00E+00

b

CrVI

Health Organization — WHO), but the risk is higher in case of
the second site. The obtained results concerning the human
carcinogenic risk, specific to each exposure pathways and
considering every single carcinogenic contaminant are
presented in the following table (Table VI).

TABLE VI
IR DUE TO SOIL INGESTION AND DERMAL CONTACT EXPOSURE PATHWAYS

Contaminant IR due soil ingestion IR due dermal contact
As 5.25%x107 1.94x10¢
. Cd 1.43x10% 6.28%10°
Site 1 i
crv! 4.44x1071° 1.95x10”
Ni 3.56x107 6.27x10°¢
Pb 3.11x10° 1.37x10°
Contaminant IR due soil ingestion IR due dermal contact
As 8.77x10° 3.24x10°
Cd 1.59x107 6.98 x10*
Site 2
oV 4.44x1010 1.95%10°
Ni 4.08x107 7.19x10°¢
Pb 1.08x10® 4.76x10®

m Soil ingestion risk
= Dermal contact risk
m Acceptable Risk

3

Ni Pb

Fig. 4 (a) IR related to the specific exposure pathways (Site 1)
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Fig. 4 (b) IR related to the specific exposure pathways (Site 2)

In order to identify the most relevant hazard related to a
specific compound or exposure pathway, we evaluated the
obtained results considering also every single contaminant and
the specific exposure pathways. It was observed that for both
sites the exposure through soil ingestion do not lead to an

overcome of the acceptable risk. Concerning the exposure
through dermal contact, the carcinogenic risk due to the
presence in soil of As and Ni for both sites was observed
(Figs. 4 (a) and (b)); in both study cases, the IR for these
contaminants are overcoming the acceptable risk.
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If we are evaluating the obtained results for both sites, it
could be observed that the IR determined for Site 2
(considering the contamination with heavy metals due crude
oil pollution) is higher comparing to Site 1: 1.11x10” respect
to 8.61x10°. It is evidenced in this way a correlation with
regard to crude oil pollution and risks induced by heavy
metals because the contamination generated by this kind of
pollution.

Concerning the individual exposure pathways and assessed
risk could be noticed that in case of human exposure through
accidentally soil ingestion, the identified risk does not exceed
the acceptable one even if it is about the site for which was
determined higher or less crude oil contamination: 3.79x107
for Site 1 and 5.87x107 for Site 2. So, these determined IR do
not exceed the individual acceptable risk of 10, which means
that the carcinogenic risk is given preponderantly by human
exposure through dermal contact.

In order to determine the carcinogenic risk to which
population can be exposed during the entire life, it is necessary
to estimate the IR induced by the exposure to all metals
identified in soil and known as carcinogenic. So, the IR takes
into account in this case both considered exposure pathways
and all the investigated chemical compounds as evidenced in
the next table (Table VII).

TABLE VII
IR FOR EACH CONTAMINANT AND FOR BOTH SOIL SITES
Contaminant Site 1 Site 2
As 1.95x10°  3.25x10°
Cd 2.05x10%  2.28x107
crv 2.40x10°  2.40x10°
Ni 6.62x10°  7.60 x10°°
Pb 1.68x10°  5.85x10®

As; Cd; CrV'; Ni; Pb 8.61 x10°  1.11x107

In order to evidence the IR assessed for both sites, the
obtained results were compared with the acceptable risk as
shown in Fig. 5. It could be noticed that even if it was about
higher or slower contamination of soil with crude oil, the
heavy metals presence in soil generated risks above the
acceptable one.

1.20E-05

1.00E-05 -

g005-05 1

SO0E06 | B [ndividual Risk
Acceptable Risk

400E-06

100E06

0.00E+00

Site 1 Site X

Fig. 5 IR for Site 1 and Site 2 comparing with the acceptable IR

IV. CONCLUSIONS

Results illustrated in the present work evidenced that the
human health risk could be higher that the acceptable one even

if the concentrations for metals in soil samples do not exceed
the alert or intervention thresholds (for less sensitive use of
soil in the presented study cases). The main important
exposure pathway between the analyzed exposure pathways
was the dermal contact, which driven to the carcinogenic
effects on population health. The obtained results showed that,
even if the contamination degree with heavy metals in soil was
not so high, from the remediation point of view, a special
attention must be given also to As and Ni. For both cases, the
IR was driven by As (IR Site 1 = 1.95 x 10 and IR Site 2 =
3.25 x 10°) and Ni (IR Site 1 = 6.62 x 10and IR Site 2 = 7.6
x 10°). The results showed that soil from both sites has a
harmful effect on human health, although the contaminants
concentrations are not so high. With this regard, the soil must
be proposed for remediation.
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