
ABSTRACT:  Edible oils such as coconut, groundnut, hydro-
genated vegetable, linseed, mustard, olive, palm, refined vegetable,
rice bran, safflower, sesame, soybean, and sunflower were ana-
lyzed for the presence of light and heavy polycyclic aromatic hy-
drocarbon (PAH) residues using liquid–liquid extraction, cleanup
on a silica gel column, and resolution and determination by HPLC
using a fluorescence detector. Ten PAH viz. acenaphthene, an-
thracene, benzo(a)pyrene, benzo(e)pyrene, benz(ghi)perylene,
chrysene, coronene, cyclopenta(def)phenanthrene, phenanthrene,
and pyrene were monitored. Analysis of 296 oil samples showed
that 88.5% (262) samples were contaminated with different PAH.
Of 262 contaminated edible oil samples, 66.4% of the samples
showed PAH content of more than the 25 µg/kg recommended by
the German Society for Fat Science. The total PAH content was
highest in virgin olive oil (624 µg/kg) and lowest in refined veg-
etable oils  (40.2 µg/kg). The maximum content (265 µg/kg) of
heavy PAH was found in olive oil and the minimum (4.6 µg/kg)
in rice bran oil. Phenanthrene was present in 58.3% of the oil
samples analyzed, followed by anthracene (53%). Among the
heavy PAH, benzo(e)pyrene was observed in 31.2% of the sam-
ples followed by benzo(a)pyrene (25.5%). The intake of PAH
was highest through olive oil (20.8 µg/day) followed by soybean
oil (5.0 µg/day) and lowest through refined vegetable oil (1.3
µg/day). Based on these monitoring studies, international and
national guidelines for permissible levels of PAH can be pre-
pared so as to restrict the intake of these toxic contaminants.  
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Polycyclic aromatic hydrocarbons (PAH) are highly stable
contaminants that occur in air, water, soil, and food (1). PAH
enter into the environment largely as releases into the air from
volcanoes, forest fires, wood burning, and automobile ex-
haust. These compounds enter the surface water through dis-
charges from industrial plants and wastewater treatment
plants and may be released into the soil at hazardous waste
sites (2,3). The primary sources of exposure to PAH are
through the inhalation of tobacco smoke, wood smoke, ambi-
ent air, and by eating contaminated food materials (2,3).

Some of the PAH have been shown to have carcinogenic po-
tential (4,5). Benzo(a)pyrene [B(a)P], one of the  carcino-
genic PAH, has been found at variable concentrations in sev-
eral foods and beverages including water, cereals, oils, and
smoked meats (2,3,6). Possible sources of PAH contamina-
tion of vegetable oils are (i) atmospheric deposition onto the
plant material, (ii) direct drying of oilseeds with combustion
smoke, (iii) contamination through the extraction solvent, or
(iv) uptake by the oilseed plants through contaminated soil
(1,7).

Human exposure to PAH is high through food than
through ambient air or drinking water (8). Edible oils and fats
are the most important contributing sources of PAH because
of their lipophilic nature. Moreover, higher levels of PAH in
foods produced with added oil implicate fat origin as one of
the prime sources of PAH (6,9). The presence of PAH in veg-
etable oils such as corn oil, coconut oil, grapeseed oil, ground-
nut oil, olive oil, palm oil, pumpkinseed oil, rapeseed oil, rice
bran oil, soybean oil, and sunflower oil have been reported
(6,10–15). In general, the levels of detected PAH in refined ed-
ible oils (corn, palm, rapeseed, soybean, and sunflower) are in
the range of a few µg/kg, although higher levels have been
found in virgin and unrefined oils (7,10,15–18). Although sev-
eral reports exist on the presence of PAH in edible oils from
the Western countries, PAH residues in commonly used edible
oils from Indian markets have not been studied. Hence, we
have attempted to assess the PAH residues in commonly con-
sumed edible oils and to assess their likely intake assessment
in Indian households. 

MATERIALS AND METHODS

Chemicals.  PAH kit comprising standard references was pur-
chased from Aldrich Chemical Co. (Milwaukee, WI). HPLC
grade acetonitrile, tetrahydrofuran, dichloromethane, di-
methylsulfoxide (DMSO) were procured from E. Merck
(Mumbai, India). Cyclohexane, n-heptane, and n-hexane (all
HPLC grade) were purchased from Qualigens Fine Chemi-
cals (Mumbai, India). Silica gel G was purchased from
ACME Synthetic Chemicals (Mumbai, India). The RC4 filter
was a product of Sartorius Biotech Pvt. Ltd. (Banglore,
India). 
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Procurements of edible oils. A total of 296 edible oil
samples consisting of hydrogenated vegetable oils (HVO),
linseed oil, mustard oil, olive oil, palm oil, refined vegetable
oils (RVO), rice bran oil, safflower oil, sesame oil, soybean
oil, and sunflower oil were purchased from local retail mar-
kets of Lucknow. Coconut oil and groundnut oil samples were
purchased from Tiruvananthapuram (Kerala) and Ahemdabad
(Gujarat), respectively. 

Characteristics of individual standard PAH.  The excitation
and emission maxima of the 10 individual standard PAH namely
acenaphthene (Acen), anthracene (Anth), B(a)P, benzo(e)pyrene
(B(e)P), benz(ghi)perylene (B(ghi)P), chrysene (Chry), coronene
(Coro), cyclopenta(def)phenanthrene (C(d)P), phenanthrene
(Phen) and pyrene (Pyr), were measured on a model LS-50
Bspectrofluorimeter (Perkin–Elmer, Uberlingen, Germany). 

Resolution of standard PAH. An HPLC instrument (m/s
Waters Associates, Vienna, Austria) equipped with a dual
pump (model #510), Rheo dyne injector with 20-µl loop and
fluorescence detector (model # 474) was used. The reversed-
phase column used for the analysis was a C-18 Lichrocart (5
µm, 125-mm × 4mm; E. Merck) with a precolumn of the
same type. The column was eluted at ambient temperature
(25°C) with a 40-min linear gradient (curve 6) of 55 to 100%
acetonitrile in water as solvent, at a flow rate of 1 mL/min.
The eluate was monitored on the fluorescence detector at ex-
citation/emission wavelengths of 250/335 nm (0–15 min) for
Acen, 250/390 nm (15–18.5 min) for Phen, Anth and C(d)P;
285/390 nm (18.5–22 min) for Pyr; 242/380 nm (22–24 min)
for Chry; 350/405 nm ( 24–27.5 min) for  B(e)P; 320/427 nm
(27.5–33 min) for B(a)P and B(ghi)P; and 329/443 nm
(33–40 min) for Coro, respectively. Although the
excitation/emission wavelengths for the individual Phen,
Anth and C(d)P were 300/363, 260/398 and 308/362 nm, re-
spectively, a common wavelength of 250/390 nm was used
for these compounds as their retention times (RT) were quite
close. Furthermore, B(a)P and B(ghi)P showed common ex-
citation/emission wavelengths but different RT values. The
chromatogram was recorded and processed using Waters Mil-
lenium 32 software (Waters, Milford, MA). 

Extraction and clean up.  The extraction and cleanup
procedure of PAH from edible oils was essentially the same
as described by Menichini et al. (13) with slight modifica-
tions. Essentially, 10 g of edible oil sample was weighed and
dissolved in 20 mL of n-heptane and extracted with 10 mL of
DMSO in a separating funnel. Extraction with 10 mL of
DMSO was repeated three times and the lower DMSO layers
were separated and pooled. Cold distilled water (60 mL) was
added slowly to the pooled DMSO extract and the extract was
re-extracted three times with 50 mL of cyclohexane. The
upper cyclohexane layers were carefully collected, pooled,
and washed twice with 100 mL each of distilled water. The
cyclohexane extract was concentrated to 20 mL and the en-
tire volume was passed through a glass column (20 × 2.2 cm)
containing 5 g of silica gel with a top layer of 1 g of anhy-
drous sodium sulfate, which was earlier pre-equilibrated with
10 mL of cyclohexane and 5 mL of dichloromethane. The elu-

tion was carried out with 10 mL of cyclohexane followed by
5 mL of dichloromethane and the eluate was collected and
evaporated to dryness. The final residue was dissolved in 1
mL of acetonitrile and passed through 0.2 µm RC4 filter prior
to HPLC analysis. Each solvent blank used for PAH extrac-
tion was scanned for the presence of interference peaks.

Recovery and minimum detection limits of standard PAH.
Control edible oil was used, as vehicle to spike known quan-
tities of a mixture of 10 PAH and the recovery of individual
PAH was noted after extraction and clean up steps as just dec-
scribed. Individual standard PAH, namely, Acen, Phen, Anth,
C(d)P, Pyr, Chry, B(e)P, B(a)P, B(ghi)P and Coro, were spiked
with 12.5, 8.3, 4.2, 17, 8, 17, 50, 4, 8, and 8 µg/g of the re-
spective PAH. The percentage recovery and the minimum de-
tection limits of the standard PAH were calculated. 

Confirmation of sample peaks. Sample PAH peaks in the
HPLC chromatograms were confirmed by co-injecting the
standard reference PAH and the enhanced peak areas were
matched against those of the respective standard PAH. For ad-
ditional validation of the HPLC peaks, both the sample ex-
tract and the standard PAH were separately injected and the
eluted fractions were collected. UV spectra of the respective
eluted peaks were matched with those of the corresponding
standard PAH peak on a Bio Lamda 20 double-beam spec-
trophotometer (PerkinElmer). Emission spectra of the eluted
fraction of the respective peaks were also matched with the
eluted fractions of standard PAH on a spectrofluorimeter (LS
50 B). 

Calculations for intake of PAH from different edible oils.
Intake of PAH was calculated based on 30 g of oil consump-
tion per day per capita in Indian households (19). In addition,
PAH intake values through edible oil and fats were back-cal-
culated by using the formula

intake (µg/d/adult) = [Mean of PAH content (µg) × 30 (g)]

1000 (g) [1]

RESULTS

The HPLC resolution profile following fluorometric detec-
tion of the 10 standard PAH is shown in Figure 1. The lowest
RT was observed for Acen (14.6 min) and the highest was for
Coro (36.8 min). The minimum detectable limit of individual
standard PAH ranged from 0.1 to 4.0 ng, and the recovery of
individual PAH in spiked oil samples ranged from 58 to 99%
(Table 1). Figure 2 shows the HPLC profile of PAH present
in an unknown edible oil sample. The chromatogram was
matched with that of the standard PAH chromatogram for RT.
In addition, the sample extract was co-injected with the stan-
dards of suspected PAH for confirmation (Fig. 2B). At the
same time, eluted peaks of oil samples having specific RT
were collected and matched with the UV and emission spec-
tra of the standard PAH to confirm the presence of PAH in the
unknown samples (Table 2). This procedure was adopted for
all the edible oil samples analyzed in the present study.   
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The mean values of total, light, and heavy PAH in differ-
ent edible oil samples are given in Table 3. Analysis of 296 oil
samples showed that almost 11.5% were devoid of any PAH,
while 88.5% samples were found to be contaminated with dif-
ferent PAH. Imported virgin olive oil samples showed the
highest levels of total PAH content (624 µg/kg) including light
(359 µg/kg) and heavy PAH (265 µg/kg). Among other edible
oils showing total PAH content of 85 to 150 µg/kg were, palm
oil (86.9) sesame oil (93), mustard oil (92.5), rice bran oil (94),
sunflower oil (114) and soybean oil (149 µg/kg). The next cat-
egory of oils showing a total PAH content ranging between 60
to 70 µg/kg, were hydrogenated vegetable oils (HVO) (60.1),
coconut oil (63.2), safflower oil (65.0), and groundnut oil
(67.5). Linseed oil samples showed a total PAH content of
55.7 µg/kg while the minimum levels of total PAH content of
40.2 µg/kg (with 39.9 µg/kg light and 4.7 µg/kg of heavy
PAH) was found in samples of refined vegetable oils (RVO).

Table 4 depicts the content of six individual light and four
heavy PAH in different edible oils. Acen was found to be present
in 43.5% of the oil samples with a mean value of 16.0 µg/kg. The
mean value of 67.0 µg/kg for Acen content was maximally ob-
served in sunflower oil while the lowest (1.3 µg/kg) in olive oil
samples. Anth was detected in 53% samples with a mean value
of 12.0 µg/kg. C(d) P was present in 44.6% oils with a mean
value of 5.3 µg/kg. Chry and Pyr were present in 51.5 and 41.9%
samples with a respective mean value of 79.9 and 37.2 µg/kg.
Phen was present in 58.3% oils, with a mean value of 12.8 µg/kg.
Among 4 heavy PAH; Coro, B(ghi)P and B(a)P were present in

22.1 to 25.5% samples while B(e)P was noted in 31.2% of edi-
ble oil samples. The mean content of B(a)P and B(ghi)P was 1.9
µg/kg and 2.1 µg/kg, respectively. The mean Coro content de-
tected in oil samples was 4.5 µg/kg. The maximum average con-
tent among heavy PAH was that of B(e)P (27.1 µg/kg) (Table 4).

The pattern of total, light and heavy PAH in different edi-
ble oils, in terms of maximum recommended limits of German
Society of Fat Sciences (GSFS) is given in Table 5. Among 262
analyzed edible oils, 66.4% samples exceeded the GSFS limit
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TABLE 1
Percentage Recovery and Minimum Detection Limits of Individual
Standard Polycyclic Aromatic Hydrocarbons (PAH)

Name % Recovery Minimum detection limit (ng)

Acenaphthene 58 4.0
Anthracene 73 0.1
Benzo(a)pyrene 89 1.0
Benzo(e)pyrene 78 2.0
Benzo(ghi)perylene 90 0.1
Chrycene 99 0.3
Coronene 92 1.0
4H-Cyclopenta- 72 0.2

(def)phenanthrene
Phenanthrene 99 0.1
Pyrene 95 2.0

TABLE 2
UV and Fluorescence Emission Characteristics of Specific Sample Peaks Eluted by HPLC: Comparison with Stan-
dard PAH Having Similar Retention Times

Peak 1 Peak 3 Peak 7
UV λmax

a Emission λmax
b UV λmax

a Emission λmax
b UV λmax

a Emission λmax
b

(nm) (nm) (nm) (nm) (nm) (nm)

Standard 226.6 334.3 251.9 402.7 288.1 420.0
Sample 225.5 ND 251.7 402.6 288.1 437.0
aFractions for peaks 1, 3, and 7 from Figure 2A were collected and the spectra were recorded.
bFractions for peaks 1, 3, and 7 from Figure 2A were collected and excited at 225.5, 251.7, and 288.1 nm, respectively,
followed by determination of emission spectra.  
ND, not detected.

FIG. 1.  HPLC separation of a mixture of standard polycyclic aromatic
hydrocarbons (PAH). 1. Acenaputhene (Acen); 2. Phenanthrene (Phen)
3. Anthracene (Anth); 4. Cyclopenta(def)phenanthrene [C(d)P]; 5. Pyrene
(Pyr); 6.  Chrysene (Chry); 7.  Benzo(e)pyrene [B(e)P]; 8. Benzo(a)pyrene
[B(a)P]; 9. Benz(ghi)perylene [B(ghi)P]; 10. Coronene (Coro).

Details of the resolution on HPLC is described in the Material and Methods
section. The eluate was monitored on a fluorescence detector at the excita-
tion/emission wavelengths of 250/335 nm (0–15 min) for Acen, 250/390
nm (15–18.5 min) for Phen, Anth, and C(d)P, 285/390 nm (18.5–22 min)
for Pyr; 242/380 nm (22–24 min) for Chry; 350/405 nm(24–27.5 min) for
B(e)P; 320/427 nm (27.5–33 min) for B(a)P and B(ghi)P; and 329/443 nm
(33–40 min) for Coro, aufs, absorbance units full scale.
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of total PAH (25 µg/kg) and 37% samples exceeded the rec-
ommended limit of 5 µg/kg for heavy PAH. In the individual
oil categories, all the samples of olive oil and safflower ex-
ceeded total PAH limit while groundnut, rice bran, linseed,
HVO, mustard, soybean, and sesame oil belonged to the cate-
gory in which 60 to 75% samples exceeded the total PAH
limit of GSFS. Coconut had the least number of samples
(40.7%) exceeded GSFS limit of 25 ug/kg for total PAH. 

The figures for likely daily intake of PAH from different
edible oils are given in Table 6. Based on a daily edible oil
consumption figure of 30 g/d per capita in the Indian popula-
tion, olive oil constituted the maximum risk oil category with
a mean intake value of 20.8 µg/d. Soybean oil was the next

downward category of edible oil, having a mean intake value
of 5.0 µg/d. The mean intake of 1.3 µg/d for PAH from the
RVO category was the lowest.

DISCUSSION

The Prevention of Food Adulteration Act of India has no
clause on the permissible levels for PAH in edible oils and
other foods and this seems to be the case in many other coun-
tries. It is baffling to note that in spite of several reports of
high levels of PAH in edible oils, their toxicity and even car-
cinogenic potential of some of the PAH (4,5,8), the regula-
tory directive fixing legal limits for these contaminants has
not been forthcoming from even most developed countries of
the world. GSFS has taken the lead in setting their own rec-
ommended limit of 25 ppb for total PAH and 5ppb for heavy
PAH (15,17, 20,21). Recently, Spain has set a limit of 2 ppb
for B(a)P in olive residue oils (16). 

B(a)P is often taken as a prototype compound for PAH
contamination. The total dietary intake of B(a)P in UK was as-
sessed to have come from two food groups, namely cereals and
oils/fats (6,22). Several investigators believe that fats and oils
represent one of the major sources of PAH in the diet because
of the lipophilic nature (12,22–23). Among a large number of
vegetable oils analyzed by Balenoic et al. (24), almost all
showed total PAH content of above 25 ppb. Our results also re-
veal that all the analyzed edible oil samples do show the pres-
ence of PAH, though 33.6% samples may fall within GSFS
limit of 25 ppb and 66.4% exceed it. The present study is the
first report on the presence of PAH in mustard oil, the second
most popular oil in India, as well as in other typical oil used in
Indian markets such as linseed, safflower and sesame oil.

The major dietary intake of some PAH in the UK was es-
timated to be from oils and fats, with 28% from butter, 20%
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TABLE 3
PAH Content (µg/kg) in Different Edible Oils

Mean PAHs content (µg/kg)

Samples Samples Total Light Heavy
Edible oils analyzeda with PAHs

Coconut 30 27 63.2 31.6 28.2
Groundnut 30 27 67.5 55.1 12.4 
HVO 30 29 60.1 46.7 8 .5
Linseed 8 8 55.7 49.2 6.4
Mustard 30 30 92.5 60.8 35.2
Olive 6 6 624 359 265
Palm 24 24 86.9  80.0 7.0
Rice bran 5 5 94.0 89.4 4.6
RVO 30 23 40.2 39.9 4.7
Safflower 5 5 65.0 50.9  14.0
Sesame 28 28 93.0 82.4  10.5
Soybean 30 28 149 140 10.5
Sunflower 30 22 114 108 6.3
Total 296 262 123.5 91.7 31.8
a11.5% samples of oil showed absence of PAH residues. HVO, hydrogenated
vegetable oils; RVO, refined vegetable oils; for other abbreviation see Table 1.

TABLE 4
Pattern of Individual Light and Heavy PAHa in Different Edible Oils

Oils Acen Phen Anth C(d) P Pyr Chry B(e)P B(a)P B(ghi)P Coro
(Sample no) No. Contentc No. Content No. Content No. Content No. Content No. Content No. Content No.Content No.Content No Content
Coconut (27) 11 15.0 16 5.0 8 2.0 13 1.0 12 3.3 9 2.0 8 5.0 6 0.8 1 0.07 3 22.2 
Groundnut (27) 4 13.0 13 12.0 20 66.0 13 2.2 13 9.0 14 778 11 10.0 4 0.2 6 3.0 5 3.0 
HVO (29) 18 5.2 17 6.2 17 6.2 12 3.0 15 3.0 21 5.0 12 2.0 9 2.0 12 2.0 10 1.0 
Linseed (8) 4 7.6 4 3.0 5 6.8 6 9.4 3 1.7 6 20.7 4 0.8 3 1.5 5 2.1 3 2.1
Mustard (30) 8 12.0 16 13.0 16 10.0 17 5.0 6 2.0 14 22.0 7 14.0 7 0.3 4 0.5 5 20.0
Olive (6) 2 1.3 3 39.1 3 2.5 2 10.5 4 265 2 32.5 4 250 2 3.3 2 1.8 1 4.4 
Palm oil (24) 11 11.4 13 5.0 5 1.0 6 5.0  8 41.0 6 3.0 1 0.02 3 2.5 7 3.0 2 0.2 
Rice bran (5) 1 10.3 2 1.3 1 0.6 2 4.1 3 73.1 — — — — 1 4.5 — — 1 0.2 
RVO (23) 15 7.0 15 7.0 15 9.0 13 6.0 10 27.0 19 10.0 11 5.0 9 4.0 12 3.0 9 2.0
Safflower (5) 4 11.6 1 3.1 3 5.6 3 5.6 1 0.8 5 26.6 2 1.4 2 2.6 4 9.3 2 0.8 
Sesame (28) 7 2.0 9 12.0 9 4.0 6 7.0 13 74.0 9 23.0 4 52.0 11 2.1 4 1.1 6 2.0 
Soybean (28) 17 13.0 28 31.0 24 19.0 13 3.0 16 12.0 20 23.0 13 11.0 6 0.40 5 0.40 6 0.2 
Sunflower (22) 12 67.0 16 17.0 13 10.0 11 3.0 6 0.95 10 1.0 5 1.0 4 0.13 2 0.8 5 0.2 
Total (262) 114 16.0 153 12.8 139 12.0 117 5.3 110 37.2 135 79.9 82 27.1 67 1.9 64 2.1 58 4.5 

(43)d (58)c (53)c (44) (41) (51) (31) (25) (24) (22)
aAcen, acenaphthene; Phen, phenanthrene; Anth, anthracene; C(d)P, cyclopenta(def)phenanthrene; Pyr, pyrene; Chry, chrysene; B(e)P, benzo(e)pyrene;
B(a)P, benzo(a)pyrene; benz(ghi)perylene; Coro, coronene; for other abbreviations see Tables 1 and 3.
bNo., number of samples showing the presence of individual PAH.
cContent of individual PAHs are represented as mean value (µg/kg).
dData in parentheses represent the percent of total oil samples containing individual PAH. 



from cheese, and 17% from margarine, in respective dietary
survey groups (22). In Sweden, the annual intake per person
of the sum of 11 PAH was about 1 mg (2). In Germany, the
total dietary intake of B(a)P was determined to be 0.14–1.0
µg/wk (25), while in Italy; it was 0.2 µg/wk (26). In the U.S.,
the total dietary intake of PAH has been fixed at 0.16–1.6
µg/d/person for B(a)P (23). In our study, maximum dietary
intake of total PAH is through imported olive oil (20.8 µg/d)
with maximum dietary intake of heavy PAH (8.8 µg/d) and

light PAH (11.9 µg/d). In case of soybean and sunflower oil
the intake of total PAH was 5.0 and 3.8 µg/d respectively.
Keeping in view the daily consumption of edible oil by indi-
viduals and the potential toxicity and carcinogenecity of the
PAH, the PAH levels in different edible oils should be kept as
low as possible. 

Crude coconut oils have been shown to contain a very high
range of total PAH, from 2600 to 3700 ppb, compared with the
corresponding refined products (7). Among 11 categories of ed-
ible oils sampled, most of the unrefined oils contained more than
25 ppb of total PAH (20). Similarly, virgin olive oil, which is
generally unrefined, was shown to contain high levels of total
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TABLE 5
Pattern of Total, Light, and Heavy PAH in Different Edible Oils in Terms
of Maximum Recommended Limits of German Society for Fat Science
(GSFS)a

No. of samples exceeding
the GSFS limitsb

Analyzed samples
Edible oils with PAH Total Light Heavy 

Coconut 27 11 (40.7) 7 (25.9) 9 (33.3)
Groundnut 27 19 (70.3) 19 (70.3) 7 (25.9)
HVO 29 21 (72.4) 22 (75.8) 12 (41.4)
Linseed 8 5 (62.5) 5 (62.5) 4 (50.0)
Mustard 30 21 (70.0) 21 (70.0) 7 (23.3)
Olive 6 6 (100.0) 5 (83.3) 6 (100.0)
Palm 24 18 (75.0) 18 (75.0) 12 (50.0)
Rice bran 5 3 (60.0) 3 (60.0) 1 (20.0)
RVO 23 12 (52.0) 12 (52.0) 5 (21.7)
Safflower 5 5 (100.0) 4 (80.0) 3 (60.0)
Sesame 28 21 (75.0) 21 (75.0) 13 (46.4)
Soybean 28 20 (71.4) 17 (60.7) 11 (39.2)
Sunflower 22 12 (54.5) 11 (50.0) 7 (31.8)
Total 262 174 (66.4) 165 (62.9) 97 (37.0)
aThe GSFS prescribed limit for light PAHs is 25 µg/kg and for heavy PAH is
5 µg/kg. For other abbreviations see Tables 1 and 3.
bValues in parentheses indicate the percent of samples.

TABLE 6
Daily Intake of Total, Light, and Heavy PAH from Different Edible Oilsa

Mean intake value
(µg/day)a

Analyzed samples
Edible oils with PAH Total Light Heavy 

Coconut 27 2.1 1.1 0.94 
Groundnut 27 2.3 1.8 0.47 
HVO 29 2.0 1.5 0.28 
Linseed 8 1.9 1.6 0.21 
Mustard 30 3.1 2.0 1.2 
Olive 6 20.8 11.9 8.8 
Palm 24 2.9 2.7 0.23 
Rice bran 5 3.1 3.0 0.15 
RVO 23 1.3 1.3 0.15 
Safflower 5 2.1 1.7 0.46 
Sesame 28 3.1 2.7 0.35
Soybean 28 5.0 4.6 0.35 
Sunflower 22 3.8 3.6 0.21 
aThe intake values are based on 30 g of oil consumption per day per adult.
For abbreviations see Tables 1 and 3.
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FIG. 2.  HPLC profile of PAH in an unknown edible oil sample. (A) Peaks 1, 3, and 7 were identified as Acen, Anth, and B(e)P, respectively. (B)
Above 1, 3, and 7 were confirmed with coinjection of Acen, Anth, and B(e)P, respectively. Details of peaks confirmation is described in the Material
and Methods section. The eluate was monitored on a fluorescence detector at the excitation/emission wavelengths of 250/335 nm (0–15 min) for
Acen; 250/390 nm (15–18.5 min) for Phen, Anth, and C(d)P; 285/390 nm (18.5–22 min) for Pyr; 242/380 nm (22–24 min) for Chry, 350/405 nm (24-
27.5 min) for B(e)P; 320/427 nm (27.5–33 min) for B(a)P and B(ghi)P; and 329/443 nm (33–40 min) for Coro. For abbreviations see Figure 1.
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PAH  (15). Our data confirms that high levels of PAH in virgin
olive and coconut oil samples as observed earlier (13,17) and
least levels in the samples of RVO. This may be due to the fact
that crude oil preparation requires special treatment like drying
in a kiln by direct heating with air, that contains combustion gas,
which may generate PAH (17). Furthermore, PAH in edible oils
could arise from atmospheric deposition to plants or through
contamination of extraction solvents use (1,7). It has been
shown that specific refining steps like deodorization may drasti-
cally reduce the content of these contaminants and should be an
integral part of the edible oil refining process so that the risk of
PAH contamination can be minimized (17). Thus, good manu-
facturing practices should be adopted right from the initial phase
of the collection of seeds and continue on through the process-
ing of oilseeds so as to bring PAH contamination in edible oils
down to the minimum achievable levels. International and na-
tional guidelines for permissible levels of PAH in edible oils
may have to be prepared and adhered to in order to restrict in-
take of these toxic substances.
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