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1. Quick, Easy, Cheap, Effective, Rugged, and Safe
2. Solvent-based calibration curve
3. Spiked calibration curve
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Table 1 Names, Molecular weights, Quantification and Confirmation ions and Retention Times of studied

PAHs
NO. Compound abbreviation Molecular Quantification = Confirmation Retention
Weight (g/mol) Ion (m/z) Tons (m/z) Time (min)

1 Naphthalene NPH 128 128 128,127,129 5.19
2 Acenaphtylene ACL 152 152 152,151,76 8.18

3 Acenaphthene ACP 154 153 153,154,76 8.63
Fluorene FLR 166 166 166,165,82 10.16

5 Phenanthrene PHE 178 178 178,179, 76 1291
6 Anthracene ANT 178 178 178,179,76 13.09
7 Fluoranthene FLA 202 202 202,200,201 1740
8 Pyrene PYR 202 202 202,200,201 18.27
9 Benzo(c)fluorene B(c)F 216 216 216,215,217 20.17
10 Cyclopenta(c,d)pyrene CP(c,d)P 226 226 226,227,225 2349
11 Benz(a) anthracene B(a2)A 228 228 228.226,229 23.66
12 chrysene CHR 228 228 228.41,113 23.79
13 5-Methylchrysene 5-M-CHR 242 242 242,241,239 25.82
14 Benzo(b)fluoranthene B(b)F 252 252 252,250,253 28.25
15 Benzo(k)fluoranthene B(k)F 252 252 252,250,253 28.35
16 Benzo(a) pyrene B(a)P 252 252 252,250,253 29.76
17 Perylene PER 252 252 252,250,253 29.96
18  Indeno (1,2,3-cd)pyrene  1(1,2,3-cd)P 276 276 276,277,138 3345
19 Dibenzo(a,h)anthracene DB(a,h)A 278 278 278,279,138 33.67
20 Benzo(g,h,i)perylene B(g,h,i))PER 276 276 276,277,138 3425
21 Dibenzo(a,l)pyrene DB(a,l)P 302 302 302,303,300 37.84
22 Dibenzo(a,e)pyrene DB(a,e)P 302 302 302,303,300 38.84
23 Dibenzo(a,i)pyrene DB(a,i)P 302 302 302,303,300 39.19
24 Dibenzo(a,h)pyrene DB(a,h)P 302 302 302,303,150 39.37
A
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Table 2 Regression equations and coefficients of determination (R%), LOQs, LODs (ng/g) obtained for
studied PAH in bread samples

Regression Equation

Coefficients of

Compound (n=18) Determiznation LOD* LOQ"
RY)

NPH y=10.0003x + 0.009 0.99 1.49 491
ACL y=0.002x +0.038 0.998 0.65 2.50
ACP y=0.025x+0.134 0.991 0.65 2.15
FLR y=0.005x +0.052 0.997 0.75 248
PHE y=0.005x+0.077 0.998 0.61 2.01
ANT y=0.003x +0.011 0.998 0.56 1.85
FLA y=0.006x - 0.006 0.999 0.14 0.46
PYR y=0.007x - 0.037 0.996 0.87 2.88
BcF y=0.006x - 0.002 0.999 0.18 0.60
CPcdP y=0.005x - 0.002 0.996 0.82 2.71
BaA y=0.005x+0.012 0.999 0.24 0.80
CHR y=0.013x-0.068 0.998 0.20 0.67
5-M-CHR y = 0.005x + 7E-05 0.999 0.24 0.80
BbF y=0.008x+0.015 0.999 0.35 1.15
BkF y=0.003x +0.008 0.999 0.39 1.28
BaP y=0.017x-0.106 0.994 0.79 2.59
PER y=0.006x +0.012 0.999 0.39 1.29
Indeno cd P y=0.006x +0.021 0.998 0.56 1.85
DBahA y=0.005x + 0.004 0.999 0.36 1.19
BghiPER y=0.009x +0.072 0.998 0.58 1.90
DBalP y=0.014x - 0.057 0.997 0.59 1.96
DBaeP y=0.004x +0.011 0.999 0.30 1.52
DBaiP y=0.003x +0.020 0.996 0.84 2.76
DBahP y=0.002x + 0.027 0.998 0.57 1.88

*LOD, limit of detection for a S/N = 3.
LOQ, limit of quantification for a S/N = 10.
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Table 3 PAHs values determined in semi industrial (n=20) and traditional Barbary bread samples (n=20).

Semi industrial

Traditional bread

bread
Compound Numl?efrs of Numl?efrs LOD LOQ Mean+SD Min Level Max Level
positive of positive f p (ng/g) (ng/g) (ng/g)
samples samples (ng/g)  (ng/g) g/g g/g g/g
NPH 0 9 (45%) 1.49 491 46.34 +1.89 44254 47954
ACL 0 0 0.65 2.50 0 nd nd
ACP 0 0 0.65 2.15 0 nd nd
FLR 0 0 0.75 2.48 0 nd nd
PHE 0 0 0.61 2.01 0 nd nd
ANT 0 0 0.56 1.85 0 nd nd
FLA 0 0 0.14 0.46 0 nd nd
PYR 0 0 0.87 2.88 0 nd nd
B(c)F 0 0 0.18 0.60 0 nd nd
CP(c,d)P 0 0 0.82 2.71 0 nd nd
B(a)A 0 0 0.24 0.80 0 nd nd
CHR 0 0 0.20 0.67 0 nd nd
5-M-CHR 0 0 0.24 0.80 0 nd nd
B(b)F 0 0 0.35 1.15 0 nd nd
B(k)F 0 0 0.39 1.28 0 nd nd
B(a)P 0 0 0.79 2.59 0 nd nd
PER 0 0 0.39 1.29 0 nd nd
1(1,2,3-cd)P 0 0 0.56 1.85 0 nd nd
DB(a,h)A 0 0 0.36 1.19 0 nd nd
B(g,h,))PER 0 0 0.58 1.90 0 nd nd
DB(a,))P 0 0 0.59 1.96 0 nd nd
DB(a,e)P 0 0 0.30 1.52 0 nd nd
DB(a,i)P 0 0 0.84 2.76 0 nd nd
DB(a,h)P 0 0 0.57 1.88 0 nd nd
>24 PAHs 0 9 (45%) - 0 nd nd

*nd: not detected
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In this research a validated and effective method for simultaneous analysis of 24 poly aromatic
hydrocarbons (PAHs) using gas chromatography-mass spectrometric detector was developed in traditional
and semi industrial bread samples. Sample preparation was done based on QUEChERS method and
developed method was validated and applied for analysis of bread samples. Matrix effect was evaluated
by comparing the slopes of solvent-based calibration curve and spiked calibration curve in blank sample.
Among the 24 analyzed compounds, 22 (91%) and 2 (8%) compounds presented the ion enhancement and
ion suppression respectively. Therefore spiked calibration curve was used for overcoming matrix effect. In
the concentration range of 10-500 ng/g, the calibration curves for each analyte was linear with a
determination coefficient (R”) of 0.990 to 0.999. The limits of detection (LODs) and quantitation (LOQs)
for different PAHs were between 0.14-1.49 and 0.46-4.91 ng/g, respectively. The mean recoveries
obtained for three fortification levels (25, 50 and 200 ng/g, three replicates in each day) in three
consecutive days were 86-111% (n=27), and also the average of relative standard deviations (RSDs) of
PAHs were in the range of 2.85-11.57% with a satisfactory precision (RSD<20%). Analysis of bread
samples using the validated method showed that Naphthalene was found in 9 traditional Barbary bread
samples (45%) in the range of 46.34+1.89 ng/g and any compounds was detected in semi- industrial
samples. All of the obtained positive results were higher than the legal permissible limits (1.0 ng/g)
proposed by the European Union for processed cereal-based foods. The final findings showed that direct
flame exposure in gas oven during baking of Barbary bread could produce PAH compounds.

Keywords: Gas chromatography- mass spectrometry (GC-MS); Poly Aromatic Hydrocarbons; Barbary
bread.
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