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Abstract

The inhalation of fine particulate matter (PM) containing polycyclic aromatic hydrocarbons (PAHs) poses significant health and
environmental risks due to the potential bioaccessibility of these toxic compounds in the human respiratory system. This study
investigates the inhalation bioaccessibility of PAHs associated with fly ash produced from the combustion of petroleum-derived
fuels (local diesel, pure diesel, kerosene, asphalt, and crude oil) and waste tyres. Fly ash samples were collected from the different
sample materials and analyzed for 16 priority PAHs using gas chromatography-mass spectrometry (GC-MS). The extent to which
a substance becomes available for absorption in the body was assessed using artificial lysosomal fluid (ALF) to simulate human
lung conditions over exposure periods from 48 hours up to 96 hours. The results revealed that high-molecular-weight PAHs such
as benzo [a] pyrene (BaP), fluoranthene, and pyrene were the most bioaccessible, particularly in fly ash from pure diesel and
tyre combustion. the degree to which polycyclic aromatic hydrocarbons (PAHs) in fly ash from different petroleum products and
waste tyres are available for absorption in the body, varied significantly across fuel types, with waste tyre and diesel fly ash
exhibiting the highest values. The findings underscore the importance of considering inhalation bioaccessibility when assessing
the health risks of airborne PAHs from combustion sources. This study provides critical insights for air quality management and
emphasizes the need for stricter controls on emissions from petroleum product use and waste tyre incineration.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are persistent or-
ganic pollutants (POPs) commonly found in the environment
due to the incomplete combustion of organic materials, partic-
ularly fossil fuels and synthetic waste such as tyres. These
compounds, many of which are known carcinogens, can be-
come airborne through fly ash particles during combustion

processes. When these particles are inhaled, the associated
PAHs may become bioaccessible in the lungs, posing signifi-
cant health risks. This study investigates the inhalation bioac-
cessibility of PAHs in fly ash derived from the combustion of
various petroleum products (e.g., diesel, kerosene, crude oil)
and waste tyres.
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Polycyclic aromatic hydrocarbons (PAHs) are a class of
persistent organic pollutants (POPs) composed of two or more
fused aromatic rings. They are produced primarily during the
incomplete combustion of organic matter, including fossil
fuels and synthetic materials such as waste tyres. Due to their
mutagenic, carcinogenic, and endocrine-disrupting potential,
PAHs have garnered increasing attention in environmental and
public health research [8, 18]. Fly ash, a by-product of com-
bustion processes, often contains a complex mixture of PAHs
adsorbed onto fine particulate matter (PM), posing inhalation
hazards especially in urban and industrial settings.

The bioaccessibility of PAHs is defined as the fraction of a
compound that is solubilized in lung fluids and thus available
for absorption in the human body is a critical factor in risk
assessment but remains underexplored. Traditional risk as-
sessments often rely on total PAH concentrations, which can
significantly overestimate actual health risks if bioaccessibil-
ity is not accounted for [16]. In vitro methods using simulated
lung fluids such as artificial lysosomal fluid (ALF) and Gam-
ble’s solution have been developed to assess the inhalation bi-
oaccessibility of metals and organic compounds from airborne
particulates [2]. These methods help in understanding how
much of the contaminant load is potentially available for sys-
temic absorption after inhalation exposure.

Several studies have examined the PAH profiles of emissions
from petroleum fuels and tyre combustion. For instance, [9] re-
ported elevated concentrations of high molecular weight PAHs,
including benzo [a] pyrene (BaP), in the fly ash from diesel and
tyre combustion. Tyre-derived fly ash has been shown to have
a complex chemical composition due to the presence of syn-
thetic rubber, fillers, and additives, which can lead to the for-
mation of more toxic PAH species upon combustion [3]. Simi-
larly, the combustion of petroleum-based fuels such as diesel
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and kerosene can yield substantial amounts of PAHs, with emis-
sion profiles influenced by fuel composition, combustion tem-
perature, and engine conditions [7]. The interaction between
PAHs and fine PM in fly ash significantly enhances their atmos-
pheric persistence and inhalation potential [12].

Despite these findings, limited research exists on the inhalation
bioaccessibility of PAHs specifically from fly ash produced by
petroleum products and waste tyres. Most existing studies focus
on emission factors and environmental concentrations, while few
address how much of the inhaled PAHs are bioaccessible in hu-
man lungs. Recent studies, such as those by [5, 14], have empha-
sized the need for bioaccessibility-based exposure assessments,
especially given the increasing reliance on waste-to-energy prac-
tices and fossil fuel combustion in developing nations. These
studies collectively indicate that incorporating bioaccessibility
into PAH risk assessments provides a more realistic appraisal of
inhalation exposure and associate'd health outcomes.

2. Materials and Methods

2.1. Research Location

Tires, locally produced fuel, refined diesel kerosene, crude
oil, and crude oil asphalt were sourced. The artisanal refinery
site in Degema Local Government Area, Borokiri regions,
Rivers State, provided the crude oil and crude asphalt, which
were sourced from an exclusive area of Bille town. We pur-
chased the locally produced kerosene and fuel from a Borokiri
town manufacturing facility. The trash tires were gathered
from Mr. Ade's vulcanizer shop on Peter Odili Road in the
Port-Harcourt Local Government Area of Rivers State. (Fig-
ure 1)
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Figure 1. Locational map of sources of materials in Rivers State.
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2.2. Collection of Sample, Burning and
Preparation of Sample

Each of the materials—crude oil, crude oil asphalt, locally
made diesel, refined diesel, tyre, and kerosene—was collected in
clearly labeled 4-litre containers, with two containers used for
each sample. These were then transported to the Chemistry Re-
search Laboratory at Rivers State University in Port Harcourt, Ni-
geria, where they were stored. The waste tyres were cut into small
pieces using a sharp knife to make them easier to burn, and they
were stored alongside the other samples before incineration.

During the experiment, about 75 ml of each liquid sample
and 1 kg of the tyre pieces were placed into an aluminium pot
inside the combustion chamber and ignited using a lighter. As
the materials burned, fly ash particles were carried along with
the flue gases toward the chimney. Some of these particles set-
tled on white tiles in the ash tray, while others escaped into the
surrounding environment. The remaining ash, known as bot-
tom ash, collected in the aluminium pot.

2.3. Fly Ash Sampling

To obtain representative samples and produce enough fly ash
for laboratory analysis, each material was burned continuously
for four days, with samples collected immediately after com-
bustion each day. After each burning process, fly ash settled on
the white tiles in the ash tray (Figure 2), as well as on the inner
surfaces of the chimney, furnace, and hood of the incinerator.

The fly ash that collected on the white tiles was carefully
swept with a brush into clean 250 ml Pyrex conical flasks, then
transferred into amber bottles and tightly sealed. These sam-
ples were later taken to the Postgraduate Chemistry Labora-
tory at Rivers State University, Port Harcourt, Nigeria, where
they were stored in a cool, dry place at room temperature.
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Figure 2. Deposition of Fly Ash on Tray during Sample Incineration.

2.4. Extraction Procedure

2.4.1. Extraction and Clean-up of PAHs in Fly Ash
(Simplified Version)

An ultrasonic extraction method was used in this study.
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About 0.3 g of fly ash was placed into a clean, labeled beaker,
and 20 ml of solvent was added. The mixture was then sub-
jected to ultrasonic agitation using a sonicator (Bransonic Ul-
trasonic Cleaner 2200) for 15 minutes over a total period of 1
hour, after which it was allowed to settle for 10 minutes. This
extraction process was carried out three times for each sample
to ensure accuracy. The resulting extracts were carefully
poured into clean, labeled beakers, combined, and then spiked
with an internal standard solution (O-terphenyl). Each sample
was further concentrated to 1 ml under nitrogen in a fume cup-
board.

For the clean-up stage, cartridges were prepared by packing
them with glass wool, 10 g of activated silica gel, and 5 g of
activated anhydrous sodium sulphate (Na,SOy4) to remove any
moisture from the extracts. A slurry was made using dichloro-
methane (DCM) for PAH analysis. The 1 ml concentrated ex-
tracts were then loaded onto the prepared cartridges and eluted
using DCM for PAHs and n-hexane for total petroleum hydro-
carbons (TPH). The collected eluates were left to concentrate
naturally to 1 ml in a fume cupboard. After this, anhydrous
sodium sulphate was added to remove any remaining water,
and the samples were transferred into vials and stored in a re-
frigerator at 4°C until analysis.

2.4.2. Inhalation Bioacessibility Extraction

A measured 0.3 g of fly ash was placed into three separate,
properly labeled 50 mL screw-cap Sarstedt tubes for each
sample (in triplicate). Then, 20 mL of simulated epithelial
fluid was added to each tube, and the mixture was manually
shaken to ensure proper mixing. The tubes were tightly capped
and placed on an end-over-end shaker set at a temperature of
37 + 2°C for exposure periods of 24, 72, and 96 hours.

After the shaking process, the pH of each fly ash suspension
was checked to ensure it fell within the required range of 1.2—
1.7. The samples were then centrifuged at 3000 rpm for 5-10
minutes. The clear supernatant (liquid portion) was carefully
collected, treated with 0.1 mL of nitric acid (HNOs), and
stored at temperatures below 4°C until further analysis.

2.4.3. Instrumentation and Analysis (Simplified
Version)

To determine the total concentration of PAHs in the fly ash
after the simulated in vitro respiratory test, gas chromatog-
raphy—mass spectrometry (GC-MS) was used. The analysis
followed the Unified BARGE Method (UBM), which typi-
cally uses an ion trap system; however, a quadrupole system
was also considered, as it offers greater robustness but lower
sensitivity.

The GC-MS instrument used was an Agilent Technologies
7890A gas chromatograph fitted with a splitless injector and
an HP-5MS UI capillary column (30 m length, 250 pm inter-
nal diameter, and 0.25 pm film thickness). This was coupled
to an Agilent 5975C VL mass spectrometer with a triple-axis
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detector, along with an Agilent Technologies 7693 au-
tosampler for sample injection. Quantification of PAHs was
carried out using a five-point calibration curve. Each sample
(1 pL) was injected in splitless mode, with the inlet tempera-
ture set at 250°C. The oven temperature started at 100°C and
was increased to a final temperature of 320°C. Helium was
used as the carrier gas at a flow rate of 1.5 mL/min, and elec-
tron ionization at 70 eV was applied for mass detection.

PAHs were identified by comparing their retention times
and ion abundance with those of known standards. Quantifi-
cation of individual PAH compounds was performed using se-
lective ion monitoring (SIM) mode. Chromatographic data
were collected and processed using GC-MS ChemStation
software. The detection limits for the 16 priority PAHs ranged
from 0.001 to 0.01 mg/L.

3. Results

3.1. Total PAHs Concentrations in Fly Ash

The results showed significant variation in PAH bioacces-
sibility across fuel types. For instance, fly ash from pure diesel
and waste tyre combustion exhibited higher levels of bioac-

cessible PAHs, particularly benzo [a] pyrene (BaP), fluoran-
thene, and pyrene. These high-molecular-weight PAHs are of
concern due to their known carcinogenic potential. Bioacces-
sibility percentages for BaP reached over 16% in some sam-
ples, indicating potential for significant lung uptake. Con-
versely, light PAHs such as naphthalene and acenaphthylene
were either absent or present in negligible quantities across
most matrices, likely due to their higher volatility and reduced
particle affinity during combustion.

3.2. Total Concentrations of Individual PAHs in
Fly Ash Samples (Simplified Version)

Figure 3 shows the concentrations of individual PAHs
found in the fly ash samples. The high molecular weight PAHs,
which have five to six rings—such as DBA, IDP, BgP, BKF,
and BbF—were found in relatively high amounts, except for
BaP, which was lower.

In contrast, low molecular weight PAHs with two to three
rings, including NAP, ACY, ACE, PHE, and ANT, were pre-
sent in very small amounts. PAHs with moderate molecular
weight (four rings), such as FLUH, PYR, BaA, and CHY, also
showed high concentrations, but their levels were lower than
those of the five- and six-ring PAHs.
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Figure 3. Boxplot of individual PAH concentrations in Fly Ash.

3.3. Percentage Bioaccessibility of PAH at 48 h

The percentage bioaccessibility of individual PAH at 48 h as shown in Figure 4, the% bioaccessibility of PAH showed that
BaP had the highest% bioaccessibility at 48 h while ACY had lowest% bioaccessibility.
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Figure 4. Boxplot of% bioccessibility of PAH at 48 h.

3.4. Percentage Bioaccessibility of PAH at 72 h

The percentage bioaccessibility of individual PAH at 72 h as shown Figure 5 the% bioaccessibility of PAH showed that BbF
had the highest% bioaccessibility at 72 h while NAP, ACY, ACE and FLU had lowest% bioaccessibility.
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Figure 5. Boxplot of % bioccessibility of PAH at 72 h.
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3.5. Percentage Bioaccessibility of PAH at 96 h

The percentage bioaccessibility of individual PAH at 96 h as shown in Figure 6. The % bioaccessibility of PAH showed that
BbF had the highest% bioaccessibility at 96 h while NAP, ACY, ACE and FLU had lowest% bioaccessibility.
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4. Discussion

The inhalation bioaccessibility of PAHs is influenced by
several factors, including fuel type, combustion temperature,
and the physicochemical properties of individual PAHs.
Higher temperatures associated with pure diesel and tyre com-
bustion tend to favor the formation of higher-molecular-
weight PAHs, which are more likely to bind to fine fly ash
particles. These particles, due to their respirable size (PMa s or
smaller), can penetrate deep into the alveolar regions of the
lungs where bioaccessibility becomes a critical factor for tox-
icological risk. Studies by [13, 16] corroborate these findings,
indicating that particles generated from tyre combustion pos-
sess high concentrations of carcinogenic PAHs, especially BaP.

The use of artificial lung fluids such as ALF has been sup-
ported by recent studies [6, 19] as an effective in vitro proxy
for estimating human exposure to inhalable toxicants. Bioac-
cessibility estimates allow for better risk assessments com-
pared to total concentration metrics, as only the fraction solu-
bilized in lung fluids is available for systemic absorption.
Thus, PAH bioaccessibility profiles provide insight into real-
world exposure scenarios from occupational or environmental

FLU PHE ANT FLUH PYR BaA CHY BbF

BkF BaP IDP DBA BgP

PAHs
Figure 6. Boxplot of % bioccessibility of PAH at 96 h.
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combustion sources.

4.1. Percentage Bioaccessibility at 48h

The 48 h, the degree to which polycyclic aromatic hydro-
carbons (PAHs) in fly ash from different petroleum products
and waste tyres are available for absorption in the body, shows
significant variation across fuel types, whereby Local Diesel
(LDF) presented the highest overall bioaccessibility, with
Benzo [a] pyrene (BaP) reaching 35.13%, Chrysene (CHY) at
14.32%, and Benzo [a] anthracene (BaA) at 11.37%. These
compounds are known carcinogens, and their elevated bioac-
cessibility indicates a high potential for respiratory health im-
pacts upon inhalation [10, 16]. Pyrene (PYR) and Fluoran-
thene (FLUH) also showed substantial solubility in simulated
lung fluid. Similar trends were observed for Pure Diesel Fuel
(PDF) and Crude Oil Fuel (COF), with moderate percentages
for BaP and other mid-weight PAHs, supporting the assertion
that combustion of petroleum-derived fuels releases respirable
particles with significant toxic potential [4].

Conversely, Crude Asphalt Fuel (CAF) and Kerosene Oil
Fuel (KOF) exhibited relatively low PAH bioaccessibility, of-
ten below 3% for most compounds, suggesting a lower imme-


http://www.sciencepg.com/journal/jher

Journal of Health and Environmental Research

http://www.sciencepg.com/journal/jher

diate inhalation risk. Waste Tyre Fuel (WTF), although show-
ing generally modest PAH bioaccessibility, recorded notable
levels for Anthracene (ANT, 9.44%) and BaP (7.66%), con-
sistent with previous findings highlighting the complex and
toxic composition of tyre combustion residues [11, 15].

4.2. Percentage Bioaccessibility at 72 h

The 72 h percentage bioaccessibility data for polycyclic ar-
omatic hydrocarbons (PAHs) in fly ash reveal marked varia-
tions depending on the fuel source. Local Diesel Fuel (LDF)
exhibited the highest bioaccessibility among all matrices, with
particularly elevated values for heavy PAHs such as Benzo [b]
fluoranthene (BbF) at 56.14%, Chrysene (CHY) at 44.58%,
and Benzo [a] anthracene (BaA) at 36.14%. These PAHs are
associated with high carcinogenic potential, and their in-
creased bioaccessibility indicates a significant health risk
through inhalation exposure [1, 9]. LDF also recorded consid-
erable values for Benzo [a] pyrene (BaP) at 17.96% and
Dibenz [a, h] anthracene (DBA) at 14.65%, both classified as
Group 1 carcinogens by IARC. Such findings support con-
cerns about the high bioavailability of toxic combustion by-
products from diesel emissions in urban environments.

On the other hand, fuels like Local Diesel (LDF), Crude
Asphalt Fuel (CAF), and Crude Oil Fuel (COF) showed com-
paratively lower PAH bioaccessibility, often below 3% for
most compounds. Waste Tyre Fuel (WTF) presented interme-
diate values, notably with BaP (16.77%) and Fluoranthene
(FLUH) (8.63%), suggesting moderate potential for toxico-
logical concern (Wang ef al., 2021). Kerosene Oil Fuel (KOF)
had significantly high bioaccessibility of Phenanthrene (PHE)
at 12.19% indicating the prominence of lighter PAHs in its
combustion residue [11, 17].

4.3. Percentage Bioaccessibility at 96 h

The 96 h percentage, the degree to which polycyclic aro-
matic hydrocarbons (PAHs) in fly ash from different petro-
leum products and waste tyres are available for absorption in
the body, highlights a generally low trend across most matri-
ces, with notable exceptions. Local Diesel Fuel (LDF) showed
the highest bioaccessible concentrations, particularly for
heavier and more toxic PAHs such as Benzo [b] fluoranthene
(BbF) at 16.96%, Chrysene (CHY) at 14.46%, and Benzo [a]
anthracene (BaA) at 12.05%. These values, though reduced
compared to earlier time points (e.g., 72 h), still indicate per-

sistent bioaccessibility of certain carcinogenic PAHs over time.

Such prolonged availability suggests potential health risks
through inhalation, especially in occupational or urban set-
tings where diesel combustion residues are prevalent [1, 16].

Crude Oil Fuel (COF) and Pure Diesel Fuel (PDF) also
demonstrated moderate PAH bioaccessibility at 96 h, with
COF exhibiting relatively high values for compounds like Py-
rene (PYR) at 8.16% and BaP at 10.27%. Waste Tyre Fuel
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(WTF), though generally showing low percentages, main-
tained higher values for Fluoranthene (FLUH) at 2.43% and
Benzo [k] fluoranthene (BKF) at 1.16%, suggesting continued
leaching potential of these compounds. The complete absence
of bioaccessibility for lighter PAHs such as Naphthalene
(NAP), Acenaphthene (ACE), and Fluorene (FLU) across all
matrices may be due to their higher volatility or complete deg-
radation during combustion [10, 15].

5. Conclusion

This study highlights the significant inhalation bioaccessi-
bility of PAHs in fly ash generated from petroleum products
and waste tyres. Among the fuels tested, pure diesel and waste
tyre combustion produced fly ash with the highest bioaccessi-
ble concentrations of carcinogenic PAHs such as BaP and flu-
oranthene. The results underline the importance of incorporat-
ing bioaccessibility measurements into air quality and health
risk assessments. The analysis of the percentage bioaccessi-
bility of polycyclic aromatic hydrocarbons (PAHs) at 48, 72,
and 96 h in fly ash derived from petroleum products and waste
tyres reveals significant temporal and fuel-type variations. At
48 h, fly ash from crude oil (COF) and pure diesel (PDF)
showed relatively higher PAH bioaccessibility, particularly for
high molecular weight compounds like Benzo [a] pyrene (BaP)
and Chrysene (CHY), suggesting early-phase release potential.
By 72 h, there was a notable increase in bioaccessibility for
some PAHs in Local Diesel Fuel (LDF) and Waste Tyre Fuel
(WTF), indicating delayed leaching and prolonged exposure
risk.

At 96 h, while overall PAH bioaccessibility declined, per-
sistent levels of toxic PAHs such as BaP, BbF, and CHY re-
mained detectable, especially in LDF and COF matrices. This
persistence suggests that even after extended exposure, these
combustion residues retain their potential to release hazardous
compounds in the lung environment. The consistently low or
zero bioaccessibility of lighter PAHs (e.g., Naphthalene,
Acenaphthene) across all time points indicates that heavier
PAHs pose a more sustained inhalation risk. These findings
emphasize the need for stricter regulation and monitoring of
combustion-derived fly ash, particularly from diesel and tyre
sources, due to their long-term health implications through in-
halation exposure.

Abbreviations
B(a)P Benzo (a) Pyrene
CHY Chrysene
LDF Local Diesel Fuel
WTF Waste Tyre fuel
B (b)F  Benzo (b) Fluoranthrene
COF Crude Oil Fuel
PM Particulate Matter
ALF Artificial Lysosomal Fluid
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POPs Persistent Organic Pollutants
PAHs Polycyclic Aromatic Hydrocarbons
LDF Local Diesel Fuel
PDF Pure Diesel Fuel
WTF Waste Tyre Fuel
KOF Kerosene Fuel
COF Crude Oil Fuel
CAF Crude Asphalt Fuel
Na,SOs  Anhydrous Sodium Sulphate
HNO; Nitirc Acid
DCM Dichloromethane
UBM Unified Bioaccessibility Method
GC-MS  Gas Chromatography-Mass Spectrophotometer
TPH Total Petroleum Hydrcarbons
SIM Selective lon Monitoring
NAP Naphthalene
ACY Acenaphthylene
ACE Acenaphthene
PHE Phenynthrene
ANT Antracene
FLUH Fluoranthrene
PYR Pyrene
FLU Fluorene
Appendix

DBA Dibenz (a, h) Anthracene

BaA Benz (a) Anthracene

BkF Benzo [k] Fluoranthene
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Table Al. Total concentration (mg/kg) of polycyclic aromatic hydrocarbons in fly ash generated from waste tyres, petroleum and its products

(Mean £SD, n= 3).

CPDS CAF COF
NAP 2.4 4.73
ACY 0.51 1.69
ACE 0.85 1.69
FLU 0.28 1.46
PHE 18.62 4.38
ANT 17.33 3.39
FLUH 62.11 60.13
PYR 71.22 60.36
BaA 50.05 40.99
CHY 48.73 40.49
BbF 93.39 69.94
BKF 94.06 67.23
BaP 18.22 12.19
IDP 104.69 113.87
DBA 120.99 129.92
BgP 124.14 114.89

KOF LDF PDF WTF
5.38 0.64 0.7 0.12
0.43 0.27 0.26 0.92
1.79 0.7 1.01 0.85
0.79 0.38 0.92 1.38
3.69 1.64 7.31 4.82
2.52 1.12 6.71 1.8
16.22 5.39 4.42 3.71
15.32 6.69 3.42 47.05
16.62 7.69+ 0.83 23.87
15.38 8.62 0.83 24.93
32.52 15.45 1.71 34.46
31.8 15.22 3.37 33.62
5.65 12.83 3.62 4.83
47.21 26.25 4.46 44.42
59.77 13.68 4.37 53.16
54.58 3.18 4.69 37.25
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Table A2. Percentage (%) bioaccessibility of polycyclic aromatic hydrocarbons in fly ash generated from waste tyres, petroleum and its prod-
ucts at 48 h.

CPDS CAF% COF% KOF% LDF % PDF% WTF %
NAP 0 0 0 1.56 0 0
ACY 0 0 0 0 0 0
ACE 0 0 0 0 0 0
FLU 1.14 0 0 0 0 0
PHE 7.79 2.28 5.42 1.22 0 0.83
ANT 1.33 0.89 2.57 1.79 0 9.44
FLUH 8.11 0.85 4.62 1.29 0.23 5.39
PYR 8.71 1.01 8.36 1.19 1.17 0.79
BaA 11.37 1.63 2.23 1.82 7.23 1.34
CHY 14.32 0.05 2.93 1.86 13.25 1.56
BbF 10.29 2.09 2.03 2.39 15.79 2.09
BkF 10.18 2.16 2.14 243 8.01 2.14
BaP 35.13 0.16 10.09 1.79 4.42 7.66
IDP 3.27 0.63 0.51 1.14 2.69 0.09
DBA 0.29 0.07 0.05 0.22 0 0.13
BgP 0.17 0.79 0.73 0 3.19 1.39

Table A3. Percentage (%) bioaccessibility of polycyclic aromatic hydrocarbons in fly ash generated from waste tyres, petroleum and its prod-
ucts at 72h.

CPDS CAF COF KOF LDF PDF WTF
NAP 0 0 0 0 0 0
ACY 0 0 0 0 0 0
ACE 0 0 0 0 0 0
FLU 0 0 0 0 0 0
PHE 1.18 1.14 1.08 12.19 0 2.28
ANT 0.29 0.29 0.39 1.79 0 1.11
FLUH 1.30 0.65 0.74 1.11 2.04 8.63
PYR 1.39 0.79 1.37 1.05 4.68 0.87
BaA 1.79 1.32 0.66 1.69 36.14 2.76
CHY 2.38 1.65 0.78 1.74 44.58 0.04
BbF 2.96 1.60 0.58 2.20 56.14 2.96
BKF 0.01 1.67 0.59 2.23 0.29 0.03
BaP 5.22 0.08 2.83 1.95 17.96 16.77
IDP 0.11 0.48 0.13 1.14 0.45 0.05
DBA 0.07 0.05 0.02 0.15 14.65 0.13
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CPDS

BgP

CAF COF KOF

0.51 0.59 0.16

LDF PDF WTF

0.31 14.29 1.61

Table A4. Percentage (%) bioaccessibility of polycyclic aromatic hydrocarbons in fly ash generated from waste tyres, petroleum and its prod-

ucts at 96 h.
CPDS CAF COF KOF
NAP 0 0 0
ACY 0 0 0
ACE 0 0 0
FLU 0 0 0
PHE 1.16 0.46 5.96
ANT 0.23 0.59 3.17
FLUH 0.52 0.29 4.50
PYR 0.59 0.36 8.16
BaA 1.36 0.56 2.17
CHY 1.72 0.69 2.86
BbF 1.35 0.63 1.99
BKF 1.31 0.02 2.04
BaP 4.28 2.71 10.27
IDP 0.41 0.26 0.64
DBA 0.04 0.02 0.03
BgP 0 0.30 0.89
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