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Summary. This paper develops an instrumental analytical approach for detection of 
fourteen polycyclic aromatic hydrocarbons (PAHs) in edible oil samples using gel per-
meation chromatography (GPC) and ultra-high performance liquid chromatography 
(UHPLC) coupled with diode array detector (DAD), and fluorescence detector (FLD). 
The GPC was used to remove triglycerides from edible oil samples. The extracted sam-
ples were then detected using UHPLC–DAD–FLD. In order to obtain good separation 
and high reproducibility, the UHPLC–DAD–FLD experimental condition was optimized. 
The PAHs including three groups of isomeric PAHs can be separated completely in 12 
min using BEH Shield RP 18 column with a suitable gradient elution program. The mean 
recoveries were in the range of 73–110% with an acceptable reproducibility (RSD < 10%, 
n = 3). During real sample analysis, the method can decrease the chance of false positives 
with both DAD and FLD being used simultaneously. The results indicate that the ap-
proach is simple, easy, and acceptably reproducible, thereby showing great potential as a 
method for detection of fourteen PAHs contained in edible oil samples. 
 
Key Words: diode array detector (DAD), fluorescence detector (FLD), polycyclic aro-
matic hydrocarbons (PAHs), ultra-high performance liquid chromatography (UHPLC) 

 
 

Introduction 
 

Polycyclic aromatic hydrocarbons (PAHs), the volatile and semivolatile hy-
drocarbons, are produced from incomplete combustion of coal, oil, tobacco, 
organic polymers, and food processing. It is a significant environmental and 
food contaminant, and widely present in sediment, soil, and oily substances. 
Extensive occurrence of PAHs seriously impacts food safety, wildlife, hu-
man health, and import/export trading, thereby arousing a growing con-
cern worldwide. Since society is heavily dependent on edible oil, various 
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approaches have been developed for the detection of PAHs present in edi-
ble oil samples. 

Gas chromatography (GC) is commonly used for the identification of 
PAHs. However, there are still three difficulties in the analysis of PAHs: (a) 
lower volatility of heavy PAHs, (b) the limited use of the column during 
analysis, and (c) lower sensitivity of flame ionization detector (FID). Due to 
the high sensitivity of mass spectrometry (MS), gas chromatography–mass 
spectrometry (GC–MS) [1–4] has also been applied to PAHs. However, 
while this method resolves the third problem mentioned above, it increases 
the cost of analysis. With the high selectivity of ultra-high performance liq-
uid chromatography (UHPLC) and the high sensitivity of fluorescence de-
tector (FLD), UHPLC coupled with FLD offers a solution that precisely 
meets our needs. At the same time, the instrumental analytical technique is 
suitable for analyzing the higher boiling point components, thereby pro-
viding an inexpensive and efficient tool for the analysis of various trace 
amounts of PAHs [5–10].  

PAHs are more soluble in oil than in water. To avoid interference in 
PAHs analysis, the extract should be purified. Conventional purifying 
methods such as solid-phase extraction (SPE) [11–13] or solid-phase mi-
cro-extraction (SPME) [14, 15] were used for purification. Commercial SPE 
columns have a small capacity; thus, triglycerides was not removed com-
pletely. 

With a large capacity column, GPC can purify certain compounds 
completely. Based on the different molecular size of substances, GPC can 
separate compounds very accurately. The technique is often used for re-
moving certain components with big molecules, such as triglycerides 
[16–18], pigment [19], and the desired product. During the separating pro-
cedure, the target compounds experience less loss, because there is no 
chemical interaction between compounds and the column. 

As seen in Table I, there has been much literature reporting on PAH in 
oil samples. The time spent during analysis is too long or the number of 
analyzed compounds is too few. Thus, a new method with a shorter time-
span and many PAHs ought to be developed. This paper develops an in-
strumental analytical approach for easy detection of fourteen PAHs in edi-
ble oil samples using GPC and UHPLC–DAD–FLD. Fourteen PAHs were 
selected for the study, including acenaphthene, fluorene, phenanthrene, 
anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)-
fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)-
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pyrene, benzo(g,h,i)perylene, and dibenz(a,h)anthracene. The GPC was 
used to purify PAHs in triglycerides. The extracted PAHs residues were 
then detected using UHPLC–DAD–FLD under the optimized operating 
conditions. This method decreases the chance of false positives since both 
DAD and FLD are used simultaneously. In recent years, it has also become a 
successful application for the detection of PAHs. During testing, the in-
strument was operated in the gradient elution using acetonitrile and water. 
The PAHs were effectively separated in 12 min. 

 
Table I. The parameters of literature about the determination of PAH in edible oil 

samples 

Number of 
compounds 

Analysis 
time (min) Pretreatment Instrument Reference 

16 60 LLE + SPE GC–MS  [4] 

10 40 LLE + SPE HPLC–FLD  [6] 

 1 14 SPE HPLC–FLD  [8] 

 3 35 DACC HPLC–FLD  [9] 

42 GC–MS 
 1 

12 
SPE 

HPLC–FLD 
[11] 

16 40 SPE HPLC–FLD [12] 

 1 15 SPE HPLC–FLD [13] 

21 45 HS–SPME GC–MS [14] 

16 60 SPME GC–GC–TOF–MS [15] 

 4 60 GPC GC–MS/MS [16] 
 
 

Experimental 
 

Materials and Reagents 
 

Edible oil samples (corn oil, olive oil, sunflower oil, sesame oil, soybean oil, 
peanut oil) were purchased from a supermarket in Beijing, China. A stan-
dard mixture of the 16 United States Environmental Protection Agency (U.S. 
EPA) priority pollutant PAHs in methanol was obtained from Beijing Mod-
ern Oriental Fine Chemicals Co., LTD. HPLC grade ethyl acetate, cyclohex-
ane, and acetonitrile were obtained from Fisher Scientific (Fair Lawn, NJ, 
USA). A Milli-Q-Plus ultra-pure water system from Millipore (Milford, MA, 
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USA) was used throughout the study to obtain the HPLC-grade water.  
A vortex mixer was obtained from Heidolph EMR 3001 (Schwabach, Ger-
many). 

 
Instrumentation 

 
UHPLC–DAD–FLD 

 
The Waters Acquity TM ultra-performance liquid chromatograph (Waters, 
MA，USA) equipped with Waters DAD and FLD (Waters, MA，USA) was 
used in this study and operated using Empower software. The sample was 
separated on a Waters Acquity UPLC BEH Shield RP 18 Column (150 
mm × 2.1 mm, 1.7 μm) with a gradient elution using acetonitrile and water 
at a flow rate of 0.5 mL min−1. The detection conditions of FLD were ad-
justed by having the compounds flow through the chromatography column. 
The PAHs were effectively separated in 12 min. The gradient elution pro-
gram was listed in Table II. 

 
Table II. The gradient elution program 

 Flow (mL min−1) B (ACN) C (H2O) Curve 

Initial 0.5 45 55  

4.85 0.5 45 55 6 

6.05 0.5 67 33 6 

8.45 0.5 67 33 6 

10.85 0.5 77 23 6 

12.00 0.5 45 55 11 

16.00 0.5 45 55 6 
 
 

Gel permeation chromatography 
 

The sample cleanup equipment consisted of using the automated gel per-
meation chromatography cleanup system of AccuPrep MPS™ (J2 Scientific, 
Columbia, MO, USA) coupled with the Automated Concentrator AccuVap 
Inline™ (J2 Scientific, Columbia, MO, USA). It was operated by Ac-
cuchrome™. GPC was applied as a nondestructive and automatic cleanup 
method using glass columns (L 300 mm * ID 10 mm) packed with Bio-Beads 
S-X3. 
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The mobile phase was a mixture of ethyl acetate and cyclohexane (A, 
ethyl acetate–cyclohexane = 1:1, v/v), which flowed through the column at a 
rate of 4.7 mL min−1. The eluent was collected beginning at 9 min and 30 s 
until the 20-minute mark, and evaporated at 40 °C. 

 
 

Extraction Procedure 
 

Stock solutions (10 μg mL−1) of the PAHs listed in Table III and Table IV were 
in pure methanol and further diluted with acetonitrile to obtain standard 
solutions with various concentrations. The standards were stored at 4 °C. 

The oil (0.40 g ± 0.02 g) sample was dissolved in 10 mL cyclohexane, 
ultrasonically stirred for 1 min, filtered with 0.22 μm organic microfilms, 
and a 5-mL portion of the extractant was injected into the GPC system. The 
elution was carried out with a mixture of A at a flow rate of 4.7 mL min−1. 
The elution solution was collected beginning at 9.5 min until the 20 min 
mark. The collected fraction was evaporated to dryness at 40 °C. Dry resi-
dues were dissolved to 2 mL with acetonitrile and mixed well by a vortex 
shaker. Then, the solution was passed through 0.22 μm organic microfilms, 
and a 5-μL portion was finally detected using UHPLC–DAD–FLD.  

 
Table III. The fluorescence detection programs of naphthalene, phenanthrene, anthracene, 

pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, 
indeno(1,2,3-cd)pyrene, and benzo(g,h,i)perylene 

Time Ex (nm) Em (nm) 
6.4 240 380 
7.1 310 385 
6.4 240 380 
9 295 410 

10.4 295 495 
12 270 325 

 
Table IV. The fluorescence detection programs of acenaphthene, fluorene, fluoranthene, 

chrysene, benzo(a)anthracene, and dibenz(a,h)anthracene 

Time Ex (nm) Em (nm) 

6.6 235 460 

7.8 295 380 

9 295 400 

11 315 295 
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Results and Discussion 
 

Optimization of Experimental Conditions for UHPLC 
 

Column temperature and flow rate 
 

With the flow velocity of mobile phase accelerated, the analysis time was 
significantly shortened, while the systemic pressure also rose. The velocities 
of 0.3 mL min−1, 0.4 mL min−1, and 0.5 mL min−1 have been studied respec-
tively. The results of using 0.4 mL min-1 were better than those of  
0.3 mL min−1. When using a flow rate of 0.5 mL min−1, the system pressure 
exceeds the limit value (15,000 psi). If column temperature is increased, the 
viscosity of the mobile phase is reduced, and systemic pressure decreases as 
a result. To maintain good separation and a low systemic pressure, higher 
column temperature is needed. Up to 55 °C, the systemic pressure was 
adequate, so 55 °C and 0.5 mL min−1 column were chosen in this experi-
ment. 

 
Gradient elution program 

 
In this experiment, acetonitrile–water was selected as the mobile phase. The 
separation of PAHs was observed at 230 nm in the DAD. At this wave-
length, the retention time of all of the tested substances can be observed 
clearly. In accordance with our prior experience, a gradient elution program 
was set. The baseline separation of acenaphthene and fluorene was not ob-
tained. Two groups of isomers (chrysene and benzo(a)anthracene, 
benzo(b)fluoranthene and benzo(k)fluoranthene) in the PAHs were not 
adequately separated. In order to achieve better separation, the gradient 
program was optimized. First, the initial mobile phase was adjusted to re-
duce the proportion of the organic phase and was sustained for 4.85 min. 
The separation of acenaphthene and fluorene was complete. If the remain-
ing two pairs of isomers completely separate (R = 1.5), the analysis time 
would be extended to 40 min. In accordance with our goals of achieving 
satisfactory separation (R = 1.0) as well as decreasing time spent during 
analysis, the separation was achieved and sample detection was success-
fully completed within 12 min. The gradient elution conditions are shown 
in Table II. The chromatogram of standards is shown in Fig. 1(a). 
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Fig. 1. (a) The chromatogram of the PAHs. (b) The chromatogram of the  
PAHs at 6.80–7.5 min 

 
 

Fluorescence detection programs 
 

The fluorescence detection programs should be optimized, using the ap-
propriate emission and excitation wavelengths. It also should be in accor-
dance with the retention time of PAHs. If not, no peaks or inverted peaks 
would be observed. When the optimal emission and excitation wavelengths 
of a substance were close to each other, the same fluorescence detection 
conditions were used.  

In this experiment, the retention times of phenanthrene and anthracene 
are 6.305 min and 6.495 min, respectively; the optimal emission wave-
lengths of phenanthrene and anthracene are 275 nm and 260 nm [HJ 
478–2009], and the optimal excitation wavelengths of phenanthrene and 
anthracene are 350 nm and 420 nm [HJ 478-2009]. In order to avoid chang-
ing the fluorescence detection condition within the short timespan of 6.305 
min and 6.495 min, 240 nm and 380 nm were selected as the emission and 

minutes

minutes
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excitation wavelengths, respectively, in our study. Under these conditions, 
phenanthrene and anthracene can be detected sensitive. 

As seen in Fig. 1(b), the difference in retention time of fluoranthene and 
pyrene is 0.18 min. Since the fluorescent detection conditions of the two 
compounds are significantly different, the emission and excitation wave-
lengths would be changed after fluoranthene elute completely. However, 
the time gap is too short to change the FLD detection condition, and asym-
metric peak shapes were not obtained or no substance was observed, as 
shown in Fig. 1(b). This phenomenon leads to poor reproducibility. If two 
channels were scanned at the same time, the scan points are not enough for 
quantitative analysis. Thus, the test substances were set into two groups; 
two injections and two fluorescent detection programs were set in this ex-
periment, named PAHs 6 and PAHs 9, respectively. The two fluorescence 
chromatograms of standards are shown in Fig. 2. The FLD detection pro-
grams are shown in Table III and Table IV. 

 

 

Fig. 2. (a) The chromatogram of naphthalene, phenanthrene, anthracene, pyrene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, 

and benzo(g,h,i)perylene. (b) The chromatogram of acenaphthene, fluorene, 
fluoranthene, chrysene, benzo(a)anthracene, and dibenz(a,h)anthracene 

minutes

minutes
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Method Validation 
 

LOD, LOQ, and linearity 
 

The standard mixtures of the target PAHs were added in the blank sample 
(no PAHs included) at different concentrations. Method limits (MLOD and 
MLOQ) were investigated, and the results are listed in Table V. The LODs 
range from 0.0025 μg g−1 to 0.01 μg g−1, and the LOQs, from 0.005 μg g−1 to 
0.15 μg g−1. 
 

Table V. The LOD, LOQ, standard curve, and correlation coefficients of the PAHs 

Compounds LOD 
(μg g−1) 

LOQ 
(μg g−1) 

Range 
(ng mL−1) Curve 

Naphthalene 0.01 0.075 10–100 Y = 35,600X + 64,900 

Acenaphthene 0.025 0.05 5–100 Y = 69,400X − 12,300 

Fluorene 0.005 0.02 5–100 Y = 356,000X − 180,000 

Phenanthrene 0.025 0.1 10–100 Y = 62,200X − 21,700 

Anthracene 0.005 0.020 5–100 Y = 251,000X − 150,000 

Fluoranthene 0.025 0.1 10–100 Y = 66,600X − 114,000 

Pyrene 0.0025 0.01 1–100 Y = 391,000X − 557,000 

Chrysene 0.005 0.075 10–100 Y = 81,600X − 56,200 

Benzo(a)anthracene 0.005 0.05 5–100 Y = 55,400X − 52,700 

Benzo(b)fluoranthene 0.005 0.05 5–100 Y = 71,500X − 44,000 

Benzo(k)fluoranthene 0.0025 0.005 1–100 Y = 902,000X − 543,000 

Benzo(a)pyrene 0.0025 0.005 1–100 Y = 813,000X − 580,000 

Dibenz(a,h)anthracene 0.005 0.01 1–100 Y = 483,000X − 318,000 

Indeno(1,2,3-cd)pyrene 0.05 0.15 20–100 Y = 30,300X + 24,400 

Benzo(g,h,i)perylene 0.05 0.15 10–100 Y = 14,500X + 20,300 

 
 
Linearity of the method response was studied with external calibration. 

A calibration curve was constructed by using analysis of standard mixtures 
of the target PAHs at different concentrations. Determination coefficients (r2) 
for all compounds were greater than 0.999. The curve did not reach satura-
tion state. If necessary, linear range can be expanded. 
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Recovery and precision 
 

Recoveries of the PAHs were measured by spiking blank edible oil samples 
with PAHs at three different concentrations: 0.15, 0.25, and 0.75 μg g−1. 
Samples were extracted using cyclohexane and purified by GPC. After 
UHPLC–DAD–FLD analysis, recoveries were obtained, and the result can 
been seen in Table VI.  

 
Table VI. Recovery and precision of PAHs in edible oil samples 

0.15 μg g−1 0.25 μg g−1 0.75 μg g−1 
Compounds 

Average RSD Average RSD Average RSD 
Acenaphthene 101% 6% 74% 4% 76% 5% 

Fluorene  85% 5% 71% 4% 79% 1% 
Phenanthrene 110% 6% 85% 8% 88% 1% 

Anthracene 93% 1% 81% 4% 80% 3% 
Fluoranthene 108% 6% 90% 5% 86% 5% 

Pyrene 95% 7% 83% 7% 82% 5% 
Chrysene 114% 7% 90% 4% 80% 8% 

Benzo(a)anthracene 102% 9% 88% 4% 83% 3% 
Benzo(b)fluoranthene 93% 8% 88% 9% 84% 3% 
Benzo(k)fluoranthene 86% 7% 89% 8% 84% 2% 

Benzo(a)pyrene 94% 9% 88% 8% 80% 6% 
Dibenz(a,h)anthracene 98% 4% 87% 9% 81% 4% 
Indeno(1,2,3-cd)pyrene 83% 6% 83% 1% 75% 8% 
Benzo(g,h,i)perylene 60% 5% 66% 7% 67% 8% 
 
 

The recoveries for acenaphthene, fluorene, phenanthrene, anthracene, 
fluoranthene, pyrene, chrysene, benzo(a)anthracene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, indeno 
(1,2,3-cd)pyrene, and benzo(g,h,i)perylene are 73–101%, 71–85%, 85–110%, 
80–93%, 85–109%, 81–95%, 79–115%, 82–102%, 83–94%, 83–89%, 79–95%, 
81–99%, 74–84%, and 60–68%, respectively, with the relative standard de-
viation (RSD) lower than 10% based on the peak areas for three replicate 
runs, while naphthalene was not finally considered because of its low re-
covery. Therefore, this method is more suitable for analyzing the above 
fourteen PAHs. 
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Real Sample Analysis 
 

The developed procedure was applied to detect PAHs in 30 edible oil sam-
ples, which were purchased from different supermarkets. GPC was used to 
purify samples, and DAD and FLD were chosen at the same time to validate 
certain compounds. As seen in Fig. 3, only phenanthrene, anthracene, and 
pyrene are detected in one of the analyzed edible oil samples. In addition, 
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Fig. 3. (a) The chromatograms of PAHs of real edible oil sample. (b) The chromatogram 
of the real edible oil sample at 6.50–7.0 min. (c) The UV spectrum at 6.735 min in real 

edible oil sample. (d) The chromatogram of the standard PAHs at 6.50–7.0 min.  
(e) The UV spectrum at 6.757 min in the standard PAHs 
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the UV spectrums of the three substances were investigated. The spectrum 
of phenanthrene and pyrene in real samples is the same as that in standard 
solutions. However, compared to Fig. 3(c) and Fig. 3(e), the spectrum of an-
thracene in the real sample is not the same as that in standard solution. 
Thus, anthracene is not included in real samples. In conclusion, it can de-
crease the chance of false positives if both DAD and FLD detectors are used 
at the same time. 

 
 

Conclusion 
 

This paper developed an instrumental analytical approach for easy detec-
tion of fourteen PAHs in commercial edible oil samples using GPC and 
UHPLC–DAD–FLD. The GPC was used to remove triglycerides from sam-
ples. The extracted PAHs residues were then detected using 
UHPLC–DAD–FLD under the optimized operating conditions. It can de-
crease the chance of false positives when both DAD and FLD are used con-
currently. During the tests, the instrument was operated in the gradient elu-
tion using acetonitrile and water. The PAHs were effectively separated in 12 
min. The results show that the method is easy to operate, produces good 
separation and reproducibility, and has great potential for detection of 
fourteen PAHs contained in edible oils, and may be used for the implemen-
tation of GB/T 24893-2010 in China. 
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