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Introduction
Polycyclic aromatic hydrocarbons (PAHs) result from the 
incomplete combustion of organic materials (1–3). They 
are present in industrial waste, trash, cigarette smoke, and 
chimney gases, and they have the potential to contaminate 
air, water, soil, and food (4–6). Detecting PAHs in the 
environment is of great importance due to their widespread 
presence and potential health risks (7).

Exposure of animals to PAHs is a significant concern due 
to the potential health risks and adverse effects on animals 
(8). This exposure can occur in animals such as dairy cows 
and fattening pigs through consuming contaminated water 
and feed (3). The levels of PAH exposure in animal feed 
have been determined, as contamination of feed crops and 
factory feed with PAHs indirectly affects human health 
(3,9). These harmful compounds have been detected 
in various animal tissues, including the kidney, liver, 

lungs, muscles, adipose tissue, and even the eyeball (10). 
When parts of these animals are marketed as food, the 
accumulated PAHs can enter the human organism (5).

Given that meat (livestock and poultry) is the primary type 
of meat consumed by humans today, its quality is closely 
monitored and verified. Meat products are key providers 
of lipids, carbohydrates, proteins, vitamins, minerals, and 
water for humans (11,12). Toxic compounds like PAHs 
need to be examined due to their significant health risks 
(13) as PAHs are major carcinogenic compounds found in 
food products, including meat (14,15).

Accordingly, numerous studies have been conducted to 
examine the factors influencing the formation of PAHs 
in red or white meat products and to assess their harmful 
and carcinogenic effects worldwide (16–23) and in Iran 
(8,11,24–26).

Their findings suggest that the presence of PAHs in 
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Abstract
Introduction: Polycyclic aromatic hydrocarbons (PAHs) are harmful environmental pollutants 
with potential carcinogenic effects. 
Methods: This study assessed the health risks of PAHs from red meat and chicken consumption in 
southwest Iran by analyzing 16 PAH compounds in 28 samples (14 red meats and 14 chickens) 
using gas chromatography-mass spectrometry (GC-MS). The hazard quotient (HQ) index was 
used to determine noncarcinogenic risk, and the incremental lifetime cancer risk (ILCR) index 
was used to assess carcinogenic risk. The results were analyzed using Excel and SPSS software.
Results: The mean total PAH concentration was higher in red meat (22.207 µg/kg) than in 
chicken (18.53 µg/kg), with Benz (a)anthracene having the highest maximum concentration 
(17.04 µg/kg). The average benzo (a)pyrene (BaP) concentration in Lamb and veal meat samples 
exceeded the European Union maximum limit (2 μg/kg). The results indicated that HQ was 0.01, 
and the highest ILCR was 2.2 × 10-5, both found for children consuming chicken thigh. These 
values are well below the safety thresholds of 1 and 1 × 10-4, respectively, showing no significant 
cancer risk from red meat and chicken consumption. 
Conclusion: Although the consumption of these foods indicates a low risk level, chronic exposure 
to multiple PAHs, especially in children, warrants caution. Therefore, regular monitoring and 
assessment are recommended.
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(red or white) meat products is influenced by both the 
environmental levels of these pollutants (8,13,15,16,27) 
and the physiological and ecological characteristics of 
the meat item (6,19,22,23,28). Additionally, the amount 
of PAHs ingested from food depends on various cooking 
methods and potential contamination from manufacturing 
and packaging materials (2,11,18,24–26,29–33).

Based on the literature, on the one hand, the primary 
focus has typically been on measuring PAH compounds 
in processed meats and in cooked, fried, and grilled meat, 
revealing a significant gap in research on measuring PAH 
compounds in raw red meat and chicken. On the other 
hand, in industrial environments like Khuzestan province 
in southwest Iran, where food sources are exposed to 
carcinogenic pollutants such as PAHs, it is crucial to 
examine red meat and chicken for contamination before 
processing. These two factors underscore the need for 
this study to assess the health risks associated with dietary 
PAH exposure from consuming red meat and chicken in 
southwest Iran.

Materials and Methods
Sampling
Sampling procedure
Initially, 28 samples (14 chicken and 14 red meat) were 
collected from poultry and butcher shops in three cities 
(Shushtar, Dezful, and Andimeshk) of Khuzestan in 
southwest Iran (Figure 1) in May 2022.

The sample size was determined a priori using a standard 
formula for estimating a mean with specified precision 
[n = (Z² × sd²) / d²]. A stratified random sampling approach 
was employed to ensure the sample was representative of 
the entire community. The stratification was based on 
urban zones with varying population densities (e.g., high, 
medium, and low density) within each city. First, a list 
of all registered poultry and butcher shops was obtained 
for each city. Then, shops were categorized according to 
the population density of their location. A predetermined 
number of shops were then randomly selected from each 
population-density stratum using a computer-generated 
random number sequence. This method ensured that 
our sample comprehensively represented the different 

demographic contexts across the studied cities. All samples 
were promptly transported to the lab in an insulated cooler 
with ample ice and stored in a freezer at −70°C until 
analysis.

Sample preparation
The liquid-liquid extraction method was employed to 
extract PAH compounds, which were subsequently 
analyzed using gas chromatography-mass spectrometry 
(GC-MS).

In liquid-liquid extraction, 10 g of each sample was 
spiked with internal standards and extracted five times by 
sonication with a 50 mL hexane-dichloromethane mixture 
(1:1, v/v) for 15 minutes at room temperature. Copper 
granules were added to the samples to remove elemental 
sulfur for 24 hours. The extracts were then concentrated 
and purified using open-column chromatography, which 
included 5 g of activated silica, 10 g of neutral aluminum 
oxide, and 1 g of anhydrous sodium sulfate in ascending 
order. Finally, the extracts were concentrated to 5 mL 
under a gentle stream of N2.

Standard preparation and analysis
Standard preparation
A GC-MS system (GC Agilent 7890 and MS Agilent 5975, 
USA) was used to determine PAH concentration using a 
separating column (HP-5, 30 m × 0.25 mm ID, and 0.25 
μm). The furnace heating cycle was started at 60°C for 1 min 
and gradually increased (5°C/min) to 290°C. The furnace 
temperature remained at 290°C for 2 min to remove the 
remaining analytes from the column. Measurements were 
done in triplicate to obtain reliable results.

Method validation
The method was validated by assessing the limit of detection 
(LOD), limit of quantification (LOQ), linearity, accuracy, 
and precision. The LOD and LOQ were determined 
according to the European Commission’s guidelines for 
16 PAHs (34). Linearity was evaluated using a five-point 
calibration curve (0.5 to 20 μg/kg), which demonstrated 
excellent correlation for all analytes with correlation 
coefficients (R²) exceeding 0.99. Accuracy and precision 

Figure 1. Study zones and sampling points
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were determined through recovery experiments. Blank 
samples were spiked with PAHs at concentrations ranging 
from 0.5 to 10 μg/kg. To assess these parameters, each spiked 
concentration level was prepared and analyzed as three 
independent samples (n = 3). The method demonstrated 
good accuracy, with mean recovery rates ranging from 
84.2% to 93.4%. The precision of the method, expressed 
as the relative standard deviation (RSD) of the triplicate 
measurements, was consistently below 8.3% across all 
spiking levels. These results confirm that the method is 
reliable and fit for purpose.

Statistical analysis
All analyses were performed using SPSS version 22. 
The data distribution was first assessed to determine if 
it was normal or non-normal. The Mann-Whitney test 
compared PAH concentrations between chicken and red 
meat, while the Kruskal-Wallis test evaluated differences 
in PAH levels across various meat types (veal, lamb, 
chicken thigh, and chicken breast). The Wilcoxon one-
sample test compared PAH concentrations in samples 
to the WHO standards. The use of non-parametric tests 
was necessitated by the non-normal distribution of the 
PAH concentration data, which was confirmed using 
the Shapiro-Wilk test (P < 0.05). Furthermore, the data 
exhibited heteroscedasticity, as assessed by Levene’s test. 
Given these conditions and the relatively small sample size, 
non-parametric tests were deemed the most appropriate 
analytical method. A significance level of 5% was set, with 
P values < 0.05 indicating significant differences. A heat 
map analysis was created and visualized using the ClustVis 
software (https://biit.cs.ut.ee/clustvis/), an online tool that 
employs Euclidean distance.

Risk assessment
To estimate a non-carcinogenic hazard of PAHs in 
chicken and meat samples, chronic daily intake (CDI) was 
calculated by the following equation:

CDI C IR EF ED
BW AT

�
� � �

�
				    (1)

In this context, C represents the concentration of PAHs 
in meat and chicken (mg/kg), and IRi denotes the daily 
intake of meat and chicken. We used values of 16.2 g/
day for red veal, 11.3 g/day for lamb, and 65.4 g/day for 
chicken, which were derived from local dietary intake data 
for Khuzestan (35). ED refers to the exposure duration to 
PAHs, which is 70 years for adults and 6 years for children. 
EF is the frequency of PAH exposure, assumed to be 350 
days per year (36). BW is the average body weight, with 
adults averaging 70 kg and children 15 kg (WHO). AT 
is the average time of exposure, calculated as 25,550 days 
for adults (70 years × 365) and 2,190 days for children (6 
years × 365 days) (36,37).

Health risk assessment based on the non-cancer risk 
hazard was calculated using Eq. (2).

HQ   CDI
RFD

=  					     (2)

Where HQ is the hazard quotient for exposure to 
pollutants via dietary intake, CDI is chronic daily intake 
(mg/kg day), and RfD is the reference dose for exposure 
to pollutants via dietary intake (mg/kg day). HQ values 
less than 1 indicate no significant risk, while values equal 
to or greater than 1 suggest a potential health risk (USEPA 
2017) (38).

The total toxic equivalent quotient (TEQ) determined 
the carcinogenic risk of PAHs (39). Carcinogenic risk 
for PAH mixture compounds was determined using the 
toxicity equivalency factor (TEF) and BaP equivalent dose 
(BaPeq) (Table 1) (40).

Therefore, the toxicity equivalent quotient was 
determined by the sum of TEF multiplied by each PAH 
concentration based on Eq. (3), EPA (2010) (41).

� �TEQ Ci TEFi� �� � 				    (3)

where C is the concentration of an individual PAH, and 
TEFi is the toxicity equivalency factor in Chicken and red 
meat.

The incremental lifetime carcinogenic risk (ILCR) for 
BaP in chicken and red meat was also calculated using Eq. 
(4).

ILCR CDIBaP SFBaP� � 			   (4)

In this calculation, ILCR represents the incremental 
lifetime cancer risk, CDI is the chronic daily intake of BaP 
(mg/kg day−1), and CSF is the oral cancer slope factor for 
BaP, which is 7.3 (mg/kg day−1) (42).

According to the USEPA (2016), the cancer risk is 
considered negligible if ILCR < 10-6. When ILCR > 10-4, 
the cancer risk is deemed unacceptable. When ILCR falls 
between 10-6 and 10-4, the cancer risk is considered tolerable 
for consumers (42,43).

Results
Validation study
The complete results of the method validation, including 
LOD, LOQ, recovery, RSD, and R² for all 16 PAHs, are 
presented in Table 2.

The method demonstrated high sensitivity, with average 
LOD and LOQ values of 0.85 μg/kg and 2.80 μg/kg, 
respectively. The accuracy, determined through recovery 

Table 1. PAHs and their toxic equivalent factors (TEFs)

PAHs TEF PAHs TEF

Benzo (a)pyrene (BaP) 1 Anthracene (A) 0.01

Dibenz (a, h)anthracene (DahA) 1 Naphthalene (NA) 0.001

Benzo (k)fluoranthene (BkF) 0.1 Acenaphthylene (AC) 0.001

Indeno (l,2,3-cd)pyrene (IcdP) 0.1 Acenaphthene (ACE) 0.001

Benz (a)anthracene (BaA) 0.1 Phenanthrene (PHE) 0.001

Benzo (b)fluoranthene (BbF) 0.1 Fluorine (FLO) 0.001

Chrysene (CHR) 0.01 Pyrene (PYR) 0.001

Benzo (g, h, i)perylene (BghiP) 0.01 Fluoranthene (FL) 0.001

https://biit.cs.ut.ee/clustvis/
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experiments, showed an overall mean recovery of 88%, 
with individual compound recoveries ranging from 85% 
to 92.9%. The precision, expressed as the relative standard 
deviation (RSD), was within acceptable limits. Furthermore, 
all calibration curves exhibited strong linearity, with 
correlation coefficients (R²) greater than 0.99.

PAH concentration in red meat and chicken
The average level of PAHs in all samples (including chicken 
breast, chicken thigh, veal, and lamb) was 20.37 μg/kg, with 

a standard deviation of 6.46, reflecting a moderate degree of 
variability in PAH concentrations. The minimum observed 
level of PAHs was 0.00 μg/kg, while the maximum reached 
17.04 μg/kg, representing the range of PAH concentrations 
in the dataset. A heat map was employed to classify the PAH 
analysis process using a cluster dendrogram illustrated in 
Figure 2.

As shown in Table 3, the lowest average concentration 
among all PAH compounds was for B (b)F, at 0.00 µg/kg 
in nearly all samples.

An independent Mann-Whitney U test was performed 
to evaluate the impact of two meat types (chicken versus 
red meat) on PAH compound levels. The test revealed a 
significant difference in PAH levels between chicken and 
red meat, as shown in Figure 3.

Table 2. Median concentration, LOD, LOQ, recovery rate, and R2 for the 
PAHs in the samples

Compound
Median 
(μg/kg)

LOD 
(μg/kg)

LOQ 
(μg/kg)

RSD Recovery R2

NA 2.75 0.09 0.30 5.2 85.0 0.993

AC 0.915 0.35 1.16 3.9 91.0 0.997

ACE 1.16 0.25 0.84 6.3 84.5 0.991

FLO 1.62 0.60 1.97 7.4 90.3 0.999

PHE 0.355 0.18 0.60 6.2 84.2 0.996

A 0.000 0.21 0.69 3.8 89.9 0.994

FL 0.815 0.54 1.78 4.6 87.1 0.991

PYE 2.065 0.21 0.69 5.1 93.4 0.997

B (a)A 0.000 0.97 3.21 4.7 86.3 0.990

CHR 1.585 1.92 6.34 6.6 85.9 0.997

B (b)F 0.000 1.31 4.31 7.3 88.4 0.997

B (k)F 0.000 1.06 3.51 3.8 85.2 0.994

B (a)P 1.315 1.51 4.98 4 87.3 0.993

DahA 0.015 1.39 4.57 7.8 89.2 0.994

IcdP 1.490 0.89 2.93 8.3 91.3 0.999

BghiP 0.900 2.12 6.98 6.9 92.9 0.996 Figure 2. Heat map of PAHs in different meat samples

Table 3. Descriptive analysis of PAHs based on meat types

Meat types

PAHs Chicken breast Chicken thigh Lamb Veal

NA 2.237a (1-3.6)b 5.232 (0.74-11.9) 3.565 (2.01-9.77) 6.725 (2.04-13.06)

AC 0.935 (0.9-2.3) 1.019 (0.08-1.85) 1.199 (0.39-1.89) 0.959 (0.26-1.92)

ACE 1.279 (0.6-2.8) 1.381 (0.8-2.5) 1.493 (0.41-2.67) 1.158 (0.25-2.33)

FLO 1.283 (0.04-2.6) 2.268 (1.5-3.3) 1.159 (0.06-2.58) 1.367 (0.17-2.38)

PHE 1.320 (0.0-5.6) 0.670 (0.0-3.1) 0.554 (0.0-1.45) 0.452 (0.0-0.82)

A 0.236 (0.0-0.7) 0.211 (0.0-1.4) 0.609 (0.0-1.44) 0.489 (0.0-2.09)

FL 0.561 (0.2-1.6) 0.834 (0.24-2.22) 1.409 (0.82-1.91) 1.671 (0.35-6.77)

PYR 1.264 (0.8-1.7) 2.408 (1.06-3.72) 3.266 (1.71-4.49) 2.196 (0.05-5.34)

B (a)A 3.897 (0.0-9.7) 0.921 (0.0-6.4) 3.564 (0.0-17.04) 0.327 (0.0-2.28)

CHR 2.263 (1.1-3.7) 1.446 (0.0-3.9) 1.047 (0.0-1.88) 3.31 (0.6-7.21)

B (b)F 0.002 (0.0-0.01) 0.001 (0.0-0.006) 0.00 (0.0-0.0) 0.00 (0.0-0.0)

B (k)F 0.027 (0.0-0.16) 0.071 (0.0-0.26) 0.004 (0.0-0.31) 0.003 (0.0-0.02)

B (a)P 0.741 (0.2-1.97) 0.621 (0.09-1.7) 2.463 (1.24-3.42) 2.492 (1.28-5.05)

DahA 0.072 (0.0-0.18) 0.097 (0.0-0.2) 0.022 (0.0-0.1) 0.059 (0.0-0.21)

BghiP 0.082 (0.0-0.18) 0.174 (0.001-0.38) 0.162 (0.05-0.35) 0.041 (0.0-0.11)

IcdP 1.832 (0.0-3.04) 1.652 (0.95-2.2) 1.106 (0.67-1.57) 1.543 (1.35-1.81)

Ʃ16 PAHs 18.032 (4.8-39.8) 19.030 (5.38-45.3) 21.622 (7.36-48.2) 22.792 (6.35-51.4)
a (average)
b (ranges)
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A Kruskal-Wallis test was conducted to examine the 
effect of different meat types on PAH levels, revealing 
significant differences among the samples (r = 0.627, 
P < 0.05).

Risk assessment of PAHs from red meat and chicken
The toxicity equivalency quotient (TEQ) of BaP was 
evaluated to estimate the suggested health risk, as shown 
in Table 4.

The outcome showed that red meat had a total TEQBaP 
(3.02 μg/kg) higher than chicken (1.40 μg/kg).
Non-carcinogenic and carcinogenic risk
The Hazard Quotient (HQ) was calculated to assess the risk 

of non-cancerous effects, as shown in Table 5.
An HQ greater than or equal to one (HQ > 1) indicates a 

potential risk of non-cancerous effects. If the HQ value is 
below one, indicating the absence of non-cancerous risk.

As shown in Table 5, the ILCR model was utilized for the 
health risk assessment in southwest Iran caused by dietary 
PAH exposure. The U.S. Environmental Protection Agency 
(USEPA) has defined the acceptable ILCR range as less 
than 10-6. Regarding the overall uncertainty in the lifetime 
cancer risk model, a one-in-a-million chance of additional 
human cancer over a 70-year lifetime from exposure to 
PAHs (ILCR = 10-6) is an acceptable level, while a one-in-
a-ten-thousand chance of exposure to PAHs (ILCR = 10-4) 
or greater is a serious level (2).

Discussion
PAH concentration in red meat and chicken
Our analysis revealed a distinct profile of PAH 
contamination (Table 3). The compounds formed two clear 
clusters, with the first—comprising NA, B (a)A, and CHR—
representing the most significant contaminants. Notably, 
NA was the most prevalent compound, with the highest 
mean concentration in veal (6.72 µg/kg) and the lowest 
one in chicken breast (2.23 µg/kg) across all samples, while 
potent carcinogens like B (b)F and B (k)F were undetectable. 
This specific profile, dominated by lower molecular weight 
PAHs like NA, suggests a contamination source distinct 
from high-temperature pyrolysis, potentially pointing to 
environmental absorption or low-temperature processes. 
This pattern aligns with the findings from raw buffalo 
meat in this region (8) and various smoked meats (2,30), 
indicating that NA’s prevalence may be a common feature 
of pre-cooked meat contamination in certain agricultural 
regions, rather than a result of cooking methods.

A key finding was that the potent carcinogen B (a)P 
exceeded the EU regulatory limit (2 µg/kg) in red meat, 
particularly in lamb (2.46 µg/kg) and veal (2.49 µg/kg). This 

Table 4. TEQ (toxic equivalent) concentration for individual PAHs

TEQ BaP (mg/kg)

PAH 
Compounds

Veal Lamb
Chicken 

thigh
Chicken 
breast

NA 6.85E-06 3.67E-06 5.27E-06 2.49E-06

AC 9.20E-07 1.16E-06 1.10E-06 9.94E-07

ACE 1.11E-06 1.44E-06 1.46E-06 1.35E-06

FLO 1.36E-06 1.32E-06 2.29E-06 1.35E-06

PHE 4.47E-07 4.94E-07 7.68E-07 1.50E-06

A 5.70E-06 5.76E-06 2.46E-06 2.02E-06

FL 1.80E-06 1.41E-06 9.28E-07 5.98E-07

PYR 2.18E-06 3.15E-06 2.57E-06 1.29E-06

BaA 2.54E-07 2.77E-06 1.07E-06 4.23E-06

CHE 3.52E-05 9.56E-06 1.29E-05 2.09E-05

BbF 0.00E + 00 0.00E + 00 1.01E-07 1.73E-07

BkF 3.10E-07 5.23E-07 8.12E-06 3.10E-06

BaP 2.68E-03 2.62E-03 6.98E-04 7.32E-04

DahA 2.84E-04 1.03E-04 5.24E-04 4.18E-04

BghiP 3.76E-07 1.50E-06 1.93E-06 9.17E-07

IcdP 1.53E-04 1.10E-04 1.61E-04 1.82E-04

ƩTEQ 3.18E-03 2.86E-03 1.42E-03 1.37E-03

Figure 3. Independent-Samples Mann-Whitney U Test of meat types
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is a critical public health insight, as it demonstrates that 
regulatory concerns exist even in raw, unprocessed products 
from this region. The consistency between our results and 
those of the study by Zare et al. (8) in local buffalo strongly 
implies a regional, pre-slaughter contamination source, 
likely from contaminated feed, water, or environmental 
exposure in southwestern Iran, as supported by other local 
environmental studies (3,9,11,18,20,23,25,33,44).

The maximum mean of Ʃ16 PAHs was detected in veal 
at 22.8 µg/kg, while the minimum was in chicken breast at 
18.03 µg/kg. The lowest average B (a)P concentration was 
in chicken thigh at 0.621µg/kg. At the same time, lamb 
and veal samples had higher average concentrations of 2.46 
and 2.49 µg/kg, respectively, exceeding the EU maximum 
allowable level of 2 µg/kg. Interestingly, our findings 
are consistent with those of the study by Zare et al, who 
reported elevated levels of Ʃ16 PAHs and B (a)P in buffalos 
from the southwestern region of Iran (8). These findings 
suggested that animal exposure to PAHs is likely due to 
the consumption of contaminated water and feed (3,8,9).

When contextualizing our results, it is essential to 
note that they reflect PAH levels in raw meat, filling a 
significant gap in a literature dominated by studies on 
cooked and processed products. As expected, our ΣPAH16 
concentrations were consistently and substantially lower 
than those reported in grilled, smoked, or fried products 
(11,18,20,23,25,33,44) where high-temperature cooking is 
a major generative source of PAHs.

More revealing are the comparisons with other raw or 
minimally processed meats. The levels we found were higher 
than those in kebabs from Tehran (24) but lower than in 
processed sausages and burgers (16,26,27). This variability 
suggests that pre-slaughter factors (like regional pollution 
and farming practices) can cause raw meat contamination to 
vary significantly, sometimes reaching levels comparable to 
lightly processed products. Furthermore, the specific PAH 
profile we observed—different from the profiles generated 
by grilling or smoking—reinforces the conclusion that the 
contamination in our samples originated from the animals’ 
environment, not from food preparation.

Our statistical analysis (red meat mean rank: 21.50 vs. 
chicken: 7.50) and quantitative data confirm that red meat 
carries a significantly higher PAH burden than chicken, 
with a total ΣPAH16 of 22.207 µg/kg compared to 18.53 µg/
kg. This disparity is likely due to fundamental differences 
in animal husbandry; ruminants like cattle and sheep have 
longer lifespans and are often pasture-grazed, leading to 
greater cumulative exposure to environmental PAHs from 
soil, feed, and air, compared to poultry raised in controlled 

settings with shorter lifespans.
This pattern is consistent with the broader literature. 

Mohammadi et al. also found higher PAHs in grilled 
beef than chicken, and Domingo et al. have consistently 
reported that white meats generally accumulate fewer 
persistent organic pollutants than red meats (16,26,27). 
More critically, our study adds a new layer of concern: we 
identified an alarmingly high maximum concentration 
of the potent carcinogen Benz (a)anthracene (17.04 µg/
kg) in red meat. This highlights that the risk is not only 
one of overall burden but also of specific, high-potency 
carcinogens, underscoring a targeted health risk from red 
meat in this region.

The highest average PAH concentrations were observed 
in veal (22.8 µg/kg) and lamb (21.61 µg/kg), while the 
lowest were in chicken products, suggesting a clear ranking: 
veal > lamb > chicken. This pattern is consistent with studies 
of raw meats, which attribute higher levels in ruminants 
to their longer lifespan and grazing habits, leading to 
greater environmental exposure and bioaccumulation 
compared to poultry (19,29,45,46). The contrasting 
finding that grilled chicken can have higher PAH levels 
than grilled beef (16) does not contradict our results but 
rather highlights the fundamental difference between 
endogenous contamination in raw meat and exogenous 
contamination from cooking. In raw meat, the source is 
environmental (feed, soil, air), favoring accumulation in 
red meat. During grilling, the source is the cooking process 
itself, where factors like fat content and dripping can make 
chicken a significant PAH source.

Risk assessment of PAHs from red meat and chicken
The observed rank order of toxic equivalents (ƩTEQ)- veal 
(3.18 μg /kg) > lamb (2.86 μg /kg) > chicken thigh (1.42 
μg /kg) > chicken breast (1.37 μg /kg)- provides a direct 
measure of the relative carcinogenic potency across meat 
types. This gradient strongly suggests that the increased risk 
is intrinsically linked to the animal’s species and rearing 
practices, rather than to cooking methods (since the meat 
was raw). The significantly higher potency in ruminants 
(veal and lamb) likely reflects their longer lifespan and 
grazing-based diet, which lead to greater cumulative 
exposure to environmental PAHs from contaminated soil, 
feed, and airborne particulates in the region (29,47–54). 
This pattern underscores that pre-slaughter contamination 
in southwestern Iran is a critical public health issue. The 
findings necessitate targeted investigations into local 
environmental sources—such as industrial emissions, 
vehicle exhaust, and agricultural practices—that contribute 

Table 5. CDI, HQ, and ILCR of PAHs in the samples

CDI HQ ILCR

Adult Children Adult Children Adult Children

Veal 6.66667E-07 1.66667E-06 0.0024 0.005633333 5.375632400E-06 1.254159564E-05

Lamb 6.66667E-08 3.33333E-07 0.0015 0.001266667 3.366693257E-07 2.869250400E-06

Chicken thigh 1.26667E-06 3.06667E-06 0.0044 0.0103 9.706964899E-06 2.265166303E-05

Chicken breast 1.23333E-06 2.93333E-06 0.0043 0.009933333 9.367366605E-06 2.185919430E-05
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to the bioaccumulation of high-potency PAHs in the food 
chain, particularly in grazing livestock.

Non-carcinogenic and carcinogenic risk
According to Table 5, the HQ for both age groups 
across different types of meat was below one, indicating 
no significant risk of adverse effects. Overall, the 
findings of the present study are consistent with risk 
assessment frameworks and related studies in this area 
(5,45,47,49,50,55). This indicates that, despite the diversity 
in meat types and regional differences, the calculated non-
carcinogenic risks from unprocessed meat fall within a 
range generally considered acceptable for both age groups 
based on current risk assessment guidelines.

Our analysis revealed a critical public health insight: 
despite red meat having higher PAH concentrations, 
the ILCR was the highest for chicken products (thigh: 
2.26 × 10⁻⁵; breast: 2.18 × 10⁻⁵) in children. Although the 
ILCR for the two groups (children and adults) is below 
the maximum acceptable risk level (10-4), the potential 
for chronic exposure, especially in children, warrants a 
cautious interpretation. This counterintuitive finding is 
a direct consequence of the risk assessment framework, 
where higher consumption rates relative to lower body 
weight in children disproportionately elevate risk, even 
from matrices with lower contaminant levels. This 
heightened vulnerability underscores the importance of 
developing dietary guidelines aimed at limiting children’s 
cumulative exposure to PAHs from all meat products, even 
those perceived as lower-risk.

When contextualized within the global literature, the 
cancer risk estimated in our study aligns with the lower 
end of the spectrum reported for various food categories. 
Our ILCR values are consistent with those found in similar 
products, such as those reported by Khalili et al. in Iran and 
Jiang et al. for grilled meats in China, which also fell below 
the 10⁻⁴ threshold (2,25).

However, a critical pattern emerges from this 
comparison: our risk estimates for raw meat are 
consistently and substantially lower than those reported for 
processed, grilled, or smoked meat products (11,17,22,30). 
This consistent disparity underscores that cooking and 
processing methods—such as grilling, frying, and smoking- 
are dominant factors in elevating PAH-related cancer risk, 
often generating high levels of potent compounds not 
present in raw tissue. Consequently, our findings establish 
an important baseline for the region, demonstrating that 
the intrinsic risk from pre-slaughter PAH contamination in 
raw meat is low, but this risk can be significantly amplified 
by subsequent food preparation practices.

Limitations and future directions
This study has limitations that should be considered 
when interpreting the results. The most notable is 
the relatively small sample size (n = 28), which may 
affect the generalizability of the findings to the broader 
population across the three cities. Furthermore, the one-
season sampling design offers a crucial snapshot but 

cannot account for potential seasonal variations in PAH 
contamination due to factors like changes in animal feed 
or husbandry practices.

Despite these limitations, a key strength of this work is the 
use of measured PAH concentrations from locally sourced 
meat, providing a more accurate foundation for exposure 
assessment than studies relying on literature values. To 
build upon this foundation, future studies should prioritize: 
larger, multi-season sampling campaigns to establish robust 
annual averages and understand temporal trends; and the 
inclusion of advanced methodological parameters, such as 
measurement uncertainty, to further enhance analytical 
rigor. Addressing these points will enable a more precise 
and comprehensive characterization of the health risks 
associated with PAH exposure in this population.

Conclusion
Southwestern Iran revealed a significant baseline level of 
contamination and distinct profiles between meat types. 
While the incremental lifetime cancer risk was below the 
regulatory threshold of 10⁻⁴ for all samples, the findings 
underscore several key points for public health. Despite 
limitations including the sample size, use of international 
dietary parameters, and one-season sampling, the data 
consistently show that potent carcinogens like Benz (a)
anthracene are present in red meat at concerning levels, 
and that children face a disproportionately higher risk.

These results translate into three critical 
recommendations: First, public health authorities should 
implement regular monitoring programs for PAHs in 
raw meat to establish baseline trends and ensure early 
detection of rising levels. Second, consumer awareness 
campaigns should emphasize that safer cooking methods 
(e.g., avoiding direct flame, using marinades) are essential 
to prevent the significant additional PAH formation that 
occurs during grilling or frying. Finally, environmental 
and agricultural agencies must investigate and mitigate 
sources of industrial and environmental contamination to 
reduce the pre-slaughter burden of PAHs in the food chain. 
This multi-pronged approach is essential to protect public 
health, particularly for vulnerable groups like children, 
from cumulative PAH exposure.
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