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TOM TAT

MQT SO HYDROCARBON THOM PA VONG TRONG TRUNG GA TAI VIET NAM:
SU XUAT HIEN, PHAN BO VA PANH GIA RUI RO

Hydrocarbon thom da vong la nhém hop chdt tirong déi bén, dé dang phdt tan trong méi trwong thong qua
qué trinh ldng dong, dong thoi xam nhdp vao chudi thize dn va gdy ra nhimg tac hai lau dai déi véi sinh vt
song. Tuy nhién, cac nghién citu phdn tich ham leong PAH trong thuc pham (tritng ga) con chiea dwoc quan
tam ¢ Viét Nam. Phwong phdp phdn tich PAH trong trimg ga dwoc phéat trién bang viéc sir dung kj7 thugt
chiét QUEChERS cdi tién két hop ks thudt sdc ky khi ghép néi hai lan khéi phé (GC-MS/MS). Gidi han phat
hién va dinh heong ciia phirong phdp lan lwot tir 0,02-0,04 ng/g va 0,10-0,90 ng/g. Hiéu sudt thu hoi cua
cac PAH nam trong khodng 82,2-103,5%, Vvéi gia tri léch chudn twong doi nhé hon 15%. Phwong phdp
duwoc ap dung trong phan tich 100 mau tring ga thugc hai nhém ga tha réng va ga nudi chusng, véi ham
luong PAH trong long do va long trang dao dgng trong khodng 15,8-50,5 ng/g va 2,4-13,1 ng/g lipid. bong
thoi, két qua phan tich mau trizng cho thay sir phan bo PAH trong cac phan tritng ga cé lién quan dén gia tri
log kow va ty I¢ thanh phdn lipid. Chi sé rii ro (HQ) dwege xdc dinh théng qua ham heong tiéu thy wéc tinh
hang ngay déu nhé hon 1, chimg té mike dé rii ro truc tiép doi Véi sirc khde con nguoi thong qua viéc tiéu
thy tring ga tai Viét Nam la khong dang ké.

T khéa: Hydrocarbon thom da vong, QuEChERS, GC-MS/MS, tring ga, Viét Nam.

1. INTRODUCTION mechanism, and characteristics of PAHs are the
main variables that influence their impact on
human health. Besides, the cancer risk of PAHs is
assessed to increase gradually via inhalation, skin
exposure, and ingestion [3]. The primary sources
of PAHs emissions are human activities and
natural sources, most frequently the incomplete
combustion of organic materials followed by
release into the environment. The presence of
PAHSs has also been found in foods, including fish,
tea, meat products, fruits and vegetables [4]. Due
to the wvarious existences of PAHs in the
environment and their negative effects, the

Polycyclic aromatic hydrocarbons (PAHSs) are
persistent organic pollutants established from at
least two aromatic rings without heteroatoms or
substituents [1]. PAHs possess all the
characteristics of aromatic hydrocarbons as a
result of their structure, which is made up of
benzene rings. The toxicity of PAHSs is defined by
their molecular structure, which may cause
prenatal abnormalities, cancer, and
immunotoxicity in numerous organisms, including
microbes, animals, and humans [2]. Notably, the
concentration, accumulation, exposure

43



regulation on PAHSs concentration thresholds has
been proposed. PAHs are chemical in drinking
water for which the European Union (EU) has
established a total concentration of B[b]F, B[K]F,
B[ghi]F, IP accordingly not be higher than 0.10
pg/L and B[a]P level not exceed 0.01 pg/L [5]. In

2020, the Commission Regulation issued
regulation No. 1255/2020 on the maximum levels
of PAH4 (benzo[a]anthracene,  chrysene,

benzo[b]fluoranthene, benzo[a]pyrene) in smoked
meat products/ fish is not to exceed 30 pg/kg.
Furthermore, the newer regulation established the
maximum allowable levels in plant-based powders
for BaP and PAH4 at 50 and 50 pg/kg,
respectively [6]. Several investigations conducted
in Vietnam have shown the existence of PAHS in
both environmental samples and in food that is
directly ingested by humans [4, 7, 8]. The total
concentrations of 22 PAHs were observed in the
range of 52-920 ng/g dry weight in surface
sediments in Hanoi [4, 8]. For various food
samples, average levels of 18 PAHs were found in
the ranges of 9.3-9.6 pg/kg (instant noodles),
0.22-2.48 pg/kg (pastries), 5.14-23.32 pg/kg (tea)
or 1.43-25.2 ug/kg (grilled meat) [4].
Nevertheless, there is a lack of studies about their
existence in animal-derived foods. Notably,
controlling the level of PAHs in laying hen eggs is
urgent since Vietnam still has insufficient
regulations governing the food safety derived from
animals. The aims of this study include: (1)
analyzing the PAHs concentration in chicken egg
samples; (2) evaluating the PAHSs distribution in
the albumen and yolk; and (3) estimating the
exposure risk to human health via chicken egg
consumption.

2. MATERIALS AND METHODS
2.1. Chemical and reagents
The mixture standard of 16 PAHs (QTM PAH

Mix 2000 pupg/mL each component in
dichloromethane) including naphthalene,
acenapthylene, acenaphthene, fluorene,

phenanthrene, anthracene, fluoranthene, pyrene,
benz[a]anthracene, chrysene,
benzo[b]fluoranthene, benzo[k]fluoranthene,
benzo[a]pyrene, benzo[g,h,i]perylene,
dibenz[a,h]anthracene, indenol[1,2,3-c,d]pyrene
were supplied by Merck (Darmstadt, Germany).
The isotopic standards were provided by Dr.
Ehrenstorfer GmbH  (Augsburg, Germany),
consisting of  benzo[a]anthracence-*C;  and
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benzo[g,h,i]pyrylene-**C1,. Organic solvents (n-
hexane, acetonitrile (MeCN)) were purchased
from Merck. Ultra-pure water (UPW) was
provided by the Milli-Q-Integral system from
Merck Millipore (Burlington, MA, USA). MgSO,
and NaCl salts were purchased from Merck. The
purified materials (PSA, C18) were supplied by
Agilent (Santa Clara, CA, USA).

2.2. Sample collection

In 2023, 100 chicken egg samples were purchased
in batches in Hanoi, which were classified into
two groups, including battery-cage (n = 47) and
free-range (n = 53). Chicken eggs are carefully
separated into yolk and albumen, then were
contained in aluminum foil tarts that have been
previously rinsed with methanol. The egg yolk
must be separated intact without breaking the
surrounding membrane. The egg samples were
stored at -20 °C until analysis. The same
methodology as in the prior study was applied to
measure the lipid content in albumen or yolk [9].

2.3. GC-MS/MS

The GC-MS/MS system included a Trace GC
1310 gas chromatograph, a TriPlus RSH
autosampler, and a TSQ Dashboard 9000 mass
spectrometer (Thermo Fisher Scientific, Waltham,
MA, USA). A DB5-MS column (30m x 0.25mm,
0.25 pum) was utilized to separate the PAHs. The
temperature gradient program is illustrated as
follows: maintain at 70 °C for 1 min, rapidly
increase to 150 °C (25 °C/min), then gradually
increase to 200 °C (3 °C/min), and finally increase
to 280 °C (8 °C/min, hold 13 min). The total
analysis time was 45 minutes. Helium gas was
employed as a carrier gas at a rate of 1 mL/min. In
splitless mode, the injection volume was 1 pL.
The triple quadrupole mass spectrometer was used
in electron ionization mode with an energy of 70
eV. The temperatures assigned to the inlet, transfer
line and ion source were 250 °C, 280 °C, and 230
°C, respectively. The mass analyzer parameters
were based on the previous study [4].

2.4. Sample preparation

The QUEChERS extraction method was applied
based on a previous study and some modifications
[4]. Briefly, 1 g of the freeze-yolk or albumen
sample was transferred to a 50-mL centrifuge
tube. Afterward, 10 uL of isotopic standard (50
pg/g) were added to the tube and allowed to



equilibrate for 15 min. Then, a 10 mL solvent
containing UPW:MeCN  (v/v, 9/10) was
transferred to the tube and it was vortexed for 1
min. A mixture of 4 g MgSO, and 1 g NaCl was
also added, gently shaken and vortexed for 5 mins.
Subsequently, the sample tube was centrifuged at
7000 x g for 10 min. Then, 5 mL of the
supernatant was collected, transferred and
vortexed for 2 minutes in another falcon tube
containing 200 mg primary secondary amine
(PSA) and 200 mg C18. Then, the tube was
immediately centrifuged for 5 mins at 7000 x g.
After that, 3 mL of the supernatant was
concentrated to dryness under a stream of nitrogen
gas at 1 °C and reconstituted with 1 mL of n-
hexane. The extract was lastly filtered through a
0.22-um PTFE membrane into a dark glass vial
before GC-MS/MS analysis.

2.5. Method validation

The method for determining PAHs in egg sample
by GC-MS/MS system was validated in
accordance with the European Commission
(SANTE/11312/2021). A linear range was
established in the range of 1-100 ng/mL, with all
regression coefficients (R?) obtained being greater
than 0.995. Repeatability and reproducibility were
evaluated through the relative standard deviation
(RSD) at three spiked concentration levels in egg
blank samples. The experiment was repeated six
times at each spiked concentration level and
continuously for three days. The observed RSD
was within the permitted range of 2.1-10.5 (less
than 15%). The method detection limit (MDL)
was determined via PAHs quantification of the
egg sample with an S/N ratio of at least 3. The
PAHSs standard solution mixture was spiked into
the egg sample, which ensured that no PAHs
signals were detected previously. The method
quantification limit (MQL) was calculated as
MQL = 10xSDyjank- The MDL and MQL for PAHs
were in the range of 0.02-0.04 ng/g and 0.10-0.90
ng/g, respectively. Likewise, the matrix effect was
recorded in the range of -7.2-11.2%, aligning with
the guidance given in SANTE/11312/2021.

2.6. Health risk assessment

The exposure risk of PAHs to human health via
chicken egg consumption was evaluated by risk
category [3]. For PAHs non-carcinogenic hazards,
the average daily dose (ADD) was calculated
according to formula (1):
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CXIR
BW

ADD =

(1)

For PAHs carcinogenic hazards, the lifetime
average daily dose was estimated based on
formula (2):

CXIRXEFXED
BW XAT

LADD = 2)
Then, Hazard Quotients (HQ, %) for non-
carcinogenic PAHs were determined as follows:

ADD
HQ = Rf_D X 100%

@)
Where C is the mean concentration for each PAH
(mg/kg), while B[a]P is calculated using the
equivalent concentration C B[a]P = C x TEF; IR is
the digestion rate of food (kg/day); EF is exposure
frequency (day/year) assuming a consumption
level of 365 days; ED is exposure duration (years),
with a value of 7.0 years for children and 34.5
years for adults; AT is the average time (70 years
x 365 days); RfD is the chronic oral reference
dose (mg/kg-day). BW applicable to children and
adults is 15 kg and 60 kg, respectively.

3. RESULTS AND DISCUSSION
3.1. PAHs in chicken eggs

The results of PAHs concentration in yolk and
albumen of the collected chicken egg samples
were presented in Table 1. The yolk/albumen
weight ratio data were gathered to determine
PAHSs levels in whole eggs. The PAHSs level in
whole eggs was estimated as follows: [PAH]unole
eg = [PAHlyok x %My + [PAHabumenx
%Mapumen- YOIk and albumen had respective
average weight ratios of 32% and 68%. Besides,
PAHs concentration was converted from initial
data (ng/g-ww) to processed data (ng/g-lw)
according to the formula:  Conc.qy)=

M Whereby, the albumen and yolk
lipid content (%)

had typical lipid content ratios of 30% and 0.2%,
respectively. Overall, most PAHs were detected in
both yolk and albumen. As a result, 12 of 16
PAHSs were observed to have detection frequencies
(DF) greater than 50% for yolk and whole eggs.
On the other hand, 4 of 16 PAHSs, including NaP,
ACNP, ACP and FI had DF < 30%, with the mean
level not exceeding 1.95 ng/g-lw. The XPAHSs
concentrations in yolk and albumen were 15.8—
50.5 ng/g-lw (with a mean of 30.5 ng/g-lw) and
2.4-13.1 ng/g-lw (with a mean of 7.59 ng/g-lw),
respectively. Notably, B[ghi]P, DBA, IP were



compounds found in high concentrations in both
yolk and albumen. Meanwhile, NaP, ACNP, ACP,
Fl had DF ranging from 2—8% in the yolk to 2-9%
in whole eggs, which was negligible or not
detected in the albumen fraction (0-2%). The
PAHSs concentration in chicken eggs was found to
be lower than in seabird eggs in Northwest
Iberian, with a concentration range (mean) of
48.6-747.1 pg/kg-dw (187.1 pg/kg-dw) [5]. The
comparable  XPAHs level reported was
substantially inferior to that of chicken eggs
examined during multiple weeks of gathering in
Minas Gerais, Brazil (0.926-1.668 ug/g) [10].
These results suggested that the PAHSs distribution
in chicken egg fractions was influenced by
logarithm of n-octanol/water partition coefficient
(log Kow). Whereas more polar molecules were
detected in albumen, lipophilic compounds
commonly existed in yolk [11]. As a result, PAHs
chemicals with a larger log Kow typically
spreaded mostly in the hydrophobic phase, which
was in keeping with the greater lipid composition
level in yolk. Notably, there had been a lack of
studies indicating the PAH distribution in egg
fractions. Nevertheless, this distribution was noted
for a number of other categories of organic
pollutant  substances. For instance, tissues
absorbed up to 80% of the yolk's lipid content,

with higher PBDEs and PCBs concentrations
exhibiting a higher log Kow [12]. On the other
hand, OPEs were more concentrated in albumen.
Although egg metabolism normally enhanced
compound polarity and lowers lipophilicity, OPEs
metabolism tended to accumulate in the yolk due
to protein formation in the yolk and albumen
synthesis [11]. To provide a clearer representation
of the findings, PAHs were split into five groups:
di-, tri-, tetra-, penta-, and hexa-cyclic. Significant
variations in the PAHs group concentration and
kind of egg were discovered (t-test, p<0.05). For
instance, there was a noticeable variation between
battery-cage and free-range chicken eggs in terms
of the mean level of tri-cyclic, tetra-cyclic, and
hexa-cyclic. It further emerged the average
concentrations of PAHs varied throughout each
group. The existence of PAHs in the ecological
environment (soil, surrounding air) and the
chicken-growing procedure (water, poultry feed)
could represent an explanation of these
discrepancies [13]. These exposure sources were
more likely for free-range hens than for battery-
cage hens [14]. Furthermore, the predominant
existence of larger PAHs (>4 cyclics) was
considered to be more challenging to metabolize
than less cyclic PAHs.

Table 1. Detection frequency (DF, %) and concentration (ng/g-lw) of PAHSs in albumen, yolk and whole egg
samples from Hanoi, Vietnam.

Compound Yolk Albumen Whole egg

DF (%) Range (Mean) DF (%) Range (Mean) DF (%) Range (Mean)
NaP 2 1.5-2.4(1.95) 0 <MDL 2 0.48 - 0.77 (0.62)
ACNP 6 0.6 -1.6 (1.02) 1 0.6 7 0.19-0.51 (0.34)
ACP 7 0.5-3.1(1.76) 1 1.0 8 0.16 — 0.96 (0.59)
Fl 8 0.5-3.1(1.43) 2 0.5-1.0(0.75) 9 0.16 — 1.17 (0.52)
PHN 85 0.1-3.1(1.72) 31 0.5-2.0(0.89) 86 0.03 -2.03 (0.76)
AN 91 0.2-4.0(1.78) 35 0.5-1.7 (0.94) 95 0.06 — 1.83 (0.78)
Py 100 0.3-3.8(1.64) 47 0.5-1.9(0.80) 100 0.10-1.76 (0.78)
FLA 88 0.1-5.2(2.21) 54 0.5-2.1(0.95) 93 0.03-2.90 (1.04)
Chy 92 0.1-6.1(2.23) 55 05-2.1(1.11) 97 0.10-2.77 (1.12)
B[a]A 93 0.3-6.3(2.80) 74 0.3-3.0(1.02) 98 0.10-2.71 (1.38)
B[b]F 95 0.7 - 6.5 (2.56) 67 0.5-2.4(1.03) 99 0.29 - 3.10 (1.26)
BIK]F 97 0.3-6.0(2.81) 73 0.4-2.6(1.02) 100 0.19 - 2.62 (1.38)
Bla]P 96 0.3-7.0(2.93) 75 0.1-2.5(0.98) 99 0.13-2.63 (1.42)
B[g,h,i]P 94 0.2-6.4(3.05) 76 0.3-3.0(1.15) 99 0.22 - 3.06 (1.53)
DBA 97 0.4-8.7(3.83) 74 0.3-3.0(1.10) 99 0.13-3.96 (1.78)
IP 97 0.2-9.4 (4.36) 72 0.3-3.0(1.16) 98 0.06 — 4.47 (1.96)
YPAHSs 100 15.8 — 50.5 (30.5) 100 2.4 -13.1(7.59) 100 9.07 - 22.8 (14.9)
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Figure 1. The variable loadings are represented by the principal component analysis (PCA) of PAHs.

For 12 PAHs (DF > 50%) in all egg samples,
principal component analysis (PCA) was applied
in order to indicate the relationship between
poultry production methods and PAHs chemicals
(Figure 1). The first three PCs explained 51.1% of
the total sample variance. Of which PC1, PC2,
PC3 accounted for 20.7%, 17.9% and 12.5%,
respectively. As a result, indeno[1,2,3-c,d]pyrene
(1P, dibenz[a,h]anthracene (DBA) and
fluoranthene (FLA) function as predominant key
loadings in the first three PCs, respectively. In
detail, the recorded percentage explaining the
variance of IP, DBA, FLA in PC1, PC2, PC3 were
87.5%, 54.0% and 35.5%, respectively. These
three PAHs were harder to eliminate from the
poultry body that they accumulated and entered
the following products due to their multiple-ring
structure [6]. Furthermore, IP, DBAand FLA
contributed significant ~ variance  percentages,
meaning that even a slight variation in their
concentration in chicken feed might impact the
coordinates of sample points position on the PC
score-plot. Thus, more investigations were
required to testing the PAHs presence in animal
feed due to their high toxicity.

3.2. Dietary exposure to PAHs

The average daily dose (ADD) and the lifetime
average daily dose (LADD) by age group were
estimated and presented in Table S1. For non-
carcinogenic effects, the average daily dose varied
from 7.74E-09 to 5.71E-07 mg/kg-day and 1.93E-
09 to 1.43E-07 mg/kg-day for children and adults,
respectively. B[g,h,i]P had the highest ADD value,
followed by FLA and Py, while NaP had the
lowest value. Comparably, the lifetime average
daily dosage for carcinogenic effects was 4.17E-
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08-8.41E-08 mg/kg-day in children and 5.13E-
08-1.04E-07 mg/kg-day in adults. The PAHSs in
this category with the highest LADD were DBA
and IP, whereas Chy had the lowest. Overall, the
estimated ADD was stronger in children than
adults, which was the opposite for LADD. The
estimated exposure parameters between two PAHs
groups and by age group were examined without
statistically  significant differences (p<0.05).
Hazard Quotient (HQ) was observed for the group
of PAHs non-carcinogenic hazards in the range of
9.67E-06-1.09E-03 mg/kg-day. HQ values were
significantly less than 1, indicating a low potential
that consuming chicken eggs in Vietnam directly
endangers human health.

4. CONCLUSION

This study provided an effective method for
accurately and sensitively analyzing PAHs in
chicken egg samples. The recovery efficiency of
PAHs was in the range of 82.2-103.5%
(RSD<15%). The study then evaluated the
distribution of PAHs in chicken egg parts of two
free-range and battery-cage species. The findings
indicated that naphthalene, acenaphthylene,
acenaphthene and fluorene had poor detection
frequencies (DF<10%), while the remaining PAHs
had greater detection frequencies (DF>50%).
There was a significant variance in the mean
concentration of XPAHSs between the two types of
chicken eggs (p<0.05). The PAHs level
determined in chicken egg samples was found to
be acceptable; even so, further reporting
requirements and stringent control procedures
would be essential in the future.

Acknowledgement. This research has received
funding from the Vietnam Academy of Science



and Technology  with grant number
TPDIOX.02/22-24. We are grateful to the
University of Science and Technology (GUST),
Vietnam Academy of Science and Technology
(VAST) for providing equipment that allowed us
to conduct this research.

REFERENCES

[1] Malhat, F, et al, (2021). Review of
contamination by polycyclic aromatic
hydrocarbons (PAHs) in Egyptian aquatic

environment. Polycyclic Aromatic Compounds,
41, 1447-1458.

[2] Bolden, AL, et al., (2017). Polycyclic
aromatic hydrocarbons and female reproductive
health: a scoping review. Reproductive toxicology,
73, 61-74.

[81 Zhu, Y, et al., (2019). Health risk from
dietary exposure to polycyclic aromatic
hydrocarbons (PAHSs) in a typical high cancer
incidence area in southwest China. Science of the
total environment, 649, 731-738.

[4] Tran-Lam, T-T, et al., (2018). Simultaneous
determination of 18 polycyclic aromatic
hydrocarbons in daily foods (Hanoi Metropolitan
Area) by gas chromatography-tandem mass
spectrometry. Foods, 7, 201.

[5] Power, A, et al., (2021). Polycyclic aromatic
hydrocarbons (PAHS) in seabird eggs in Ireland.
Marine Pollution Bulletin, 170, 112636.

[6] Sampaio, GR, et al., (2021). Polycyclic
aromatic hydrocarbons in foods: biological effects,
legislation, occurrence, analytical methods, and
strategies to reduce their formation. International
Journal of Molecular Sciences, 22, 6010.

[7] Hoa, NTQ, et al., (2020). Soil and sediment
contamination by unsubstituted and methylated
polycyclic aromatic hydrocarbons in an informal

48

e-waste recycling area, northern Vietnam:
Occurrence, source apportionment, and risk
assessment. Science of the total environment, 709,
135852.

[8] Hoang, AQ, et al., (2021). Unsubstituted and
methylated PAHs in surface sediment of urban
rivers in the Red River Delta (Hanoi, Vietnam):
concentrations, profiles, sources, and ecological
risk assessment. Bulletin of Environmental
Contamination and Toxicology, 107, 475-486.

[9] Folch, J, Lees, M, and Stanley, GS, (1957).
A simple method for the isolation and purification
of total lipides from animal tissues. Journal of
biological chemistry, 226, 497-509.

[10] de Melo Antipoff, VV, et al., (2021).
Determination of Polycyclic Aromatic
Hydrocarbons in Eggs Exposed to Fire Using a
Simple and Efficient Method. Food Analytical
Methods, 14, 1194-1201.

[11] Li, Z, et al., (2020). Organophosphate esters
and their specific metabolites in chicken eggs from
across Awustralia:  Occurrence, profile, and
distribution between yolk and albumin fractions.
Environmental pollution, 262, 114260.

[12] Li, Z-R, et al., (2016). In ovo uptake,
metabolism, and tissue-specific distribution of
chiral PCBs and PBDEs in developing chicken
embryos. Scientific reports, 6, 36597.

[13] Ledesma, E, Rendueles, M, and Diaz, M,
(2016). Contamination of meat products during
smoking by polycyclic aromatic hydrocarbons:
Processes and prevention. Food Control, 60, 64-
87.

[14] Piskorska-Pliszczynska, J, et al., (2015).
Dioxins, furans, and polychlorinated biphenyls in
hen eggs—a new source of hazard for consumers?
Journal of Veterinary Research, 59, 519-526.



Supplementary Information

Table S1. The parameters for analyzing PAHs on GC-MS/MS system.

Abbreviations Compound R.T Precursor Products CE (V) Remark
(min) ion (m/z) ion (m/z)
NaP Naphthalene 6.11 128 127 (102) 15(20) Q(C)
ACNP Acenaphthylene 9.14 154 153 (152) 13(20) Q(C)
ACP Acenaphthene 9.65 152 151 (150) 16(20) Q(C)
Fl Fluorene 11.42 166 154 (164) 16(24) Q(C)
PHN Phenanthrene 15.85 178 176 (172) 26(18) Q(C)
AN Anthracene 16.13 178 176 (152) 30(28) Q(C)
Py Pyrene 24.23 202 200 (152) 20(16) Q(C)
FLA Fluoranthene 23.08 202 200 (88) 32 (8) Q (C)
Chy Chrysene 29.57 228 226 (202) 12(32) Q(©
B[b]F Benzo[b]fluoranthene 33.07 252 250 (248) 30(34) Q (O
B[a]A Benzo[a]anthracene 29.46 228 226 (202) 28(32) Q(O)
BIK]F Benzo[K]fluoranthene 32.98 253 251(250) 32(28) Q(C)
B[a]P Benzo[a]pyrene 34.09 252 250 (226) 34(32) Q(O)
B[g,h,i]P Benzo[g,h,i]perylene 39.21 276 274 (250) 24(38) Q(©C)
DBA Dibenz[a,h]anthracene 39.50 278 276 (252) 32(26) Q(C)
IP Indeno[1,2,3-c,d]pyrene 40.68 276 274 (250) 30(36) Q(C)
B[a]A-Cs Benzo[a]anthracene-"*Cg 29.46 234 232(208) 30(35) Q(C)
B[g,h,i]-**C;,  Benzo[g,h,i]pyrylene-*C;,  39.21 288 286 (261) 30(40) Q(C)
Table S2. List of method validation parameters results.

Linear ) Recovery (%) RSDg (RSDyy, %) MDL MOL ME

PAHSs range R 10 20 50 o
(ng/mL) ngla nglg nglg 10ng/lg 20ng/lg 50ng/g (ng/g) (nglg) (%)

NaP 1-100 0.9993 1049 988 915 99(8.6) 7.1(6.1) 50(3.0) 003 0.90 -52
ACNP  1-100 0.9994 898 912 881 41(9.9) 6.7(5.1) 47(6.7) 0.02 0.15 4.3
ACP 1-100 0.9997 955 101.3 952 51(9.5) 9.1(5.7) 59(6.5) 002 0.20 103
FI 1-100 09990 103 97.1 99.7 6.2(4.4) 74(6.7) 48(5.2) 002 025 112
PHN 1-100 09998 993 976 965 6.6(4.2) 7.8(85) 4.6(75) 0.03 0.10 6.2
AN 1-100 0.9991 100.9 98.7 1035 9.3(7.0) 81(3.1) 65(5.9) 0.03 0.15 8.0
Py 1-100 0.0989 983 89.6 982 3.0(46) 71(54) 87(4.2) 0.03 020 9.2
FLA 1-100 09998 89.4 957 999 75(85) 51(5.3) 43(5.00 004 010 -3.2
Chy 1-100 0.9995 928 97.9 962 33(5.1) 9.0(6.3) 6.2(6.1) 0.04 010 -7.2
B[aJA  1-100 09986 928 858 884 8.8(95) 99(4.8) 87(99 004 010 103
B[b]F 1-100 0.9995 1015 959 101.9 3.3(8.9) 4.6(9.8) 6.1(10) 0.03 0.25 5.2
B[k]F 1-100 0.9986 875 944 989 56(83) 81(8.9) 79(4.3) 0.03 020 100
Bla]P 1-100 0.9987 96.8 1024 956 3.5(9.8) 5.8(3.6) 54(5.00 0.03 0.15 8.3
B[g,h,i]P 1-100 0.9990 934 877 822 9.3(35) 36(74) 54(45 002 015 -22
DBA 1-100 09991 959 1019 878 54(83) 3.1(8.2) 86(3.8) 0.04 0.20 8.3
IP 1-100 0.9992 953 88.6 973 3.2(3.4) 41(76) 7.7(47) 0.02 0.15 9.3

RSDk: Repeatability, RSDy,: Reproducibility.

49



Table S3: Estimated exposure parameters for children and adults.

Non-

Carcinogenic

carcinogenic ADD (mg/kg-day) HQ hazards LADD (mg/kg-day)
hazards Children  Adults  Children  Adults Children  Adults
NaP 7.74E-09 1.93E-09 3.87E-05 9.67E-06 Chy 4.17E-08 5.13E-08
ACNP 1.21E-08 3.03E-09 n.a n.a B[a]A 5.20E-08 6.40E-08
ACP 2.48E-08 6.21E-09 4.14E-05 1.03E-05 B[b]F 4.85E-08 5.98E-08
Fl 2.27E-08 5.66E-09 5.66E-05 1.42E-05 B[K]F 5.43E-08 6.69E-08
PHN 2.90E-07 7.26E-08 n.a n.a B[a]P 5.60E-08 6.90E-08
AN 3.22E-07 8.05E-08 1.07E-04 2.68E-05 DBA 7.40E-08 9.11E-08
Py 3.26E-07 8.16E-08 1.09E-03 2.72E-04 1P 8.41E-08 1.04E-07
FLA 3.87E-07 9.68E-08 9.68E-04 2.42E-04
B[g.h.i]P 571E-07 1.43E-07 na n.a

Note: n.a: not available
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