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Graphical abstract

Abstract

The aim of current study was to evaluate the polycyclic
aromatic hydrocarbons (PAHs) concentration and
probabilistic health risk in vegetables and fruits samples of
Tehran city, Iran during 2018-2019 using magnetic solid-
phase extraction (MSPE)and gas chromatography-mass
spectrometry (GC-MS). The limit of detection (LOD) and
limit of quantitation (LOQ) ranged 0.040-0.084 and 0.121-
0.253 pg/kg, respectively. The results showed that the
highest PAH levels corresponded to acenaphthene
(135.1+7.1ug/kg) and naphthalene (114.1%5.0 ug/kg),
whereas the lowest concentrations were those of
Benzo(a)pyrene (not detected), Benzo(k)fluoranthene (not
detected), Indeno(l,2,3-cd)pyrene  (not detected),
Benzo(b)fluoranthene (not detected) and
Benzo(g,h,i)perylene (not detected). Hierarchical cluster
analysis (HCA) and principal component analysis (PCA)
were applied to evaluate the correlation between the
type and amount of 16 PAHs with vegetables and fruits
samples. The results of Monte Carlo Simulation (MCS)
revealed that the mean of incremental lifetime cancer risk
(ILCR) in vegetables and fruits is 5.2x10-5 and 7.7x10-
Shigher than the acceptable risk level (10°®). Finally, the
highest ILCR in fruits and vegetables was related to
cucumber (5.1x10-4) and tomato (4.3x10-4), respectively.

Therefore, monitoring the PAHs concentrations in both
groups of vegetables and fruits is necessary.
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1. Introduction

Polycyclic aromatic hydrocarbon (PAH) compounds are
considered as pervasive contaminants that form a large
group of stable organic compounds and classify the
presence of 2 or more welded aromatic rings (Bansal and
Kim, 2015). These compounds have a moderately low
solubility in water, they are extremely high in fat and oil
and are soluble in most organic solvents (Martorell et al.,
2010). Some PAH compounds have mutagenic,
carcinogenic and teratogenic and have been linked to
some types of cancer in laboratory animals and also in
human. Among 16PAHs introduced wusing the US
Environmental Protection Agency (USEPA) as food
contaminants, benzo(a)pyrene (BaP) is found to be
carcinogenic and is categorized in the 1st group as
carcinogenic to human using the IARC (International
Agency for Research on Cancer) (Bishnoi et al., 2005).
According to commission regulation (EC), the
concentration of BaP in some foods, including dried plants
and some other plant products, should not exceed 10
pg/kg (Commission, E. Commission Regulation, 2006).
Food and food products are contaminated with PAH
compounds through food production, cooking at home,
and environmental sources, as well as water, soil, and air,
can contaminate vegetable and fruit by entering in this
food. Therefore, PAH compounds are found as
contaminants in some food including smoked food,
seafood, milk and milk products, meat and products of
meat, vegetables, cereals, fruits, coffee, tea, fats and oils
(Shariatifar et al., 2020; Xia et al., 2010).

The important routes of contact to PAH compounds are
inhalation, ingestion and contact of dermal, as well as a
severe concern occurs about the PAHs contamination in
food (Purcaro et al., 2013). Furthermore, PAHs can enter
raw food in a variety of ways. One of the main and
important ways of contaminating raw food such as
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vegetables and fruits is the environmental pathway, which
is related to the presence of PAH in water, soil and air
(Fahnrich et al.,, 2002).In addition, the rate of
accumulation of PAHs in vegetables and fruits depends on
various factors such as the concentration of
environmental PAHs (for example, in cities this
concentration is higher), soil characteristics (for example
weak soils because they need to be strengthened
regularly, may use chemical fertilizers) and the
physiological properties of vegetables and fruits (for
example, the longer the growth period, the greater the
absorption of contaminants) (Khan and Cao, 2012). An
important health concern about PAHs is related to their
mutagenicity. Thus, activation of metabolic in cells to
dioepoxides causes damage in DNA reproduction and
mutation (Yoon et al., 2007; Denissenko et al., 1996).
About 100 PAHs have been identified, most of which are
formed in pyrolytic processes. According to the US-EPA,
PAHs(major contaminant) in the food include naphthalene
(NAP), fluorene (FLO), phenanthrene (PHE),
acenaphthylene (ACY), acenaphthene (ACE), fluoranthene

(FLA), anthracene (ANT), benz[alanthracene(BaA),
pyrene(PYR), benzo[b]fluoranthene (BbF), and
chrysene(CHR). Further, other PAHs are

benzo[g,h,i]perylene (BghiP), benzo[k]fluoranthene (BkF),
benzo[a]pyrene(BaP), indeno[1,2,3-cd] Pyrene (lcdP), and
dibenzo[a,h] anthracene(DahA) (Mocek and Ciemniak,
2016). The IARC Monographs Programme has reviewed
experimental data for 60 individual PAHs (IARC, 2010).
Benzo [a] pyrene (among these 60 PAHSs) is classified as
carcinogenic to humans (Group 1). Other PAHs reviewed
by IARC include DahA, and dibenzo[a,l] pyrene (DIP),
which are classified as probably carcinogenic to humans
(Group 2A), and benz[jlaceanthrylene(BjA), BaA, BbF,
benzo[j]fluoranthene(BjF), BkF, benzo[c] phenanthrene
(BcP), CHR, dibenzo [a,h]pyrene(DghP),
dibenzola,i]pyrene(DaiP), indeno[1,2,3-cd]pyrene(lcP),
and 5-methylchrysene(5MC), which are classified as
possibly carcinogenic to humans (Group 2B) (Cancer and
Cancer, 1987).

In most studies, BaP is frequently applied as a marker for
PAHs in the food (Gorji et al., 2016). Furthermore, the
carcinogenic characteristic of PAHs is a great deal of
concern. For calculate the harmfulness or carcinogenicity
of PAHSs, toxic equivalency factors are generally applied
through BaP approximation for measuring the estimate of
BaP equivalent doses. It should be noted that PAHSs
determinate in vegetables and fruits is particularly
problematic science these foodstuffs comprise large
quantities of co-extractives such as polyphenols
(quercetin), fibers, sugars, minerals, vitamins, organic
acids and pigments, in particularly high quantities of
chlorophyll. Additionally, non-volatile matrix components
may deposit at inlet of gas chromatography (GC) and in
the column of GC, duo to the formation of new active
sites and thus a decrease in the signal of GC. Therefore,
using an effectual method for the extracting and cleaning
processes of vegetables and fruits is essential (Sadowska-
Rociek et al., 2014). During the recent years, various
methods of sample pretreatment have been used for
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PAHs separation and pre-concentration in vegetable and
fruit samples including stir-bar sportive extraction (SBSE),
solid-phase extraction (SPE), and solid-phase micro-
extraction (SPME). One of the disadvantages of SPE is that
adsorbents should be placed in an SPE cartridge whose
task is difficult. In addition, the drawbacks of SBSE are
memory effects and manual operation. Regarding SPME,
adsorbents are detached from the phase of aqueous by
centrifugation or clarification which might be consuming
the time when dealing with great volumes of samples.
Further, the SPME fibers are comparatively expensive and
the coatings of the polymer are highly delicate and fragile
(Shi et al., 2016). Based on magnetic nanoparticles, MSPE
(magnetic solid phase extraction) has lately emerged as a
talented technique for preparation of sample. In the MSPE
technique, adsorbents of magnetic are dispersed regularly
and directly in the sample solution17-19. Furthermore,
target compound is adsorbed on the adsorbent and thus
is separated from the solution of sample by a magnet of
external used out of the vessel of extraction. Therefore,
PAH compounds are cleaned from the adsorbents of
magnetic with a solvent of organic for further analysis.
Finally, the eluted extracts are analyzed using gas or liquid
chromatography (GC or HPLC) with different types of
detectors (Kiani et al., 2018; Moazzen et al., 2013;
Sadowska-Rociek et al., 2014). Furthermore, the
technique of MSPE can be joined with dispersion
extraction such that rapid mass transfer is obtained
because of the sufficient connection surface area between
analyte and sorbent, that is practical and useful to quick
equilibrium (Gorji et al., 2016; Kiani et al., 2019;
Kouhpayeh et al., 2017; Moazzen et al., 2014; Moazzen et
al., 2018). It is noteworthy that this method intensely
simplifies the method of pre-treatment and ameliorates
the extraction efficiency by magnetic separation (Fe2CoOa4
nanoparticles). In addition, magnetic adsorbents are
recyclable. Therefore, MSPE offers some obvious benefits
such as easiness and timesaving features, labor and cost.
However, a limited body of research is available regarding
measuring PAHs in vegetables and fruits by the MSPE
technique (Shi et al., 2016). The considering the relatively
high proportion of vegetables and fruits in the food basket
of Iran and other countries of the world, it is essential to
evaluate the PAHs concentration in vegetable and fruit.
So, the aims of the current research are as follows: (1) to
advance a simple, fast and reliable method for the
analysis of PAHs in type of vegetables and fruits to
eliminate the need of multi-phases column elution
procedure using adsorbent of MSPE and GC/MS, (2) to
assess the potential human health risk made by PAHs
intake using the BaP cancer potency as a member of
reference, and (3) finally, chemometrics analysis was used
to the correlation between PAHs in vegetable and fruits.

2. Materials and methods

2.1. Sampling and survey

In this study to representative sampling (192 samples
from32 different vegetables and fruits) the selected fruits
and vegetables were obtained as composites from Tehran
Central Fruits and Vegetables Market as the main centers
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for distribution, import and export of fruits and vegetables
across the country and Tehran megacity. The sampling
was performed in autumn, spring and summer (e.g.
December, May and September, 2018) and winter
(February of 2019). At least2 kg of each fruit and
vegetable species were obtained from various
wholesalers. The fruits and vegetables were washed with
tap water and homogenised and then stored in plastic zip-
bags in freezer at -182C until analysis. The vegetable
samples included lettuce (Lactuca sativa), cauliflower
(Brassica oleracea var. botrytis), white cabbage (Brassica
oleracea var. capitata) and purple cabbage (Brassica
oleracea var. capitata f. rubra), spinach (Spinacia
oleracea), eggplant (Solanum melongena), tomato
(Solanum lycopersicum), potato (Solanum tuberosum),
onion (Allium cepa), carrot (Daucus carota subsp. sativus),
turnip (Brassica rapa subsp. rapa), beet (Beta vulgaris
subsp. maritima), and radish (Raphanus sativus). Further,
fruit samples encompassed sweet lemon (Citrus limetta),
apple (Malus domestica), banana (Musa), grape (Vitis),
orange (Citrus X sinensis), tangerine (Citrus reticulate),
grapefruit (Citrus x paradise), persimmon (Diospyros kaki),
pomegranate (Punica granatum), lemon (Citrus x limon),
kiwi (Actinidia deliciosa), watermelon (Citrullus lanatus),
cucumber (Cucumis sativus), cantaloupe (Cucumis melo
var. cantalupensis), melon (Cucumis melo var.
cantalupensis), peach (Prunus persica), nectarine (Prunus
persica var. nucipersica), and plum (Prunus domestica).
Furthermore, a food frequency questionnaire (FFQ) was
utilized to obtain the most consumed foods in Tehran. Our
method combines information obtained from the
chemical compositions  of  polycyclic  aromatic
hydrocarbons in a group of popular foods with food intake
data. FFQ are a type of dietary assessment instrument
that attempts to capture an individual’s usual food
consumption by querying the frequency at which the
respondent consumed food items based on a predefined
food list. Given that food lists are culturally specific, FFQs
need to be adapted and validated for use in different
contexts. For this purpose, a 62-item questionnaire was
designed, the validity and reliability of which were
approved by experienced professors of the Ministry of
Health of Iran. A stratified random sample of 700 people
age 20 -64 years was selected for the study (north, south,
east, west, and center areas of Tehran). Items of
questionnaires included age, weight, kind of food, most
consumed food brand and the amount of digestion of
food per day (portion of size, number of times per day,
week or month). In this questionnaire was asked about 8
groups of foods such as meat and products, vegetables,
fruits, drinks, bread and cereals, oil, dairy, and eggs. In this
study, only the group of vegetables and fruits have been
studied.

Findings from the distributed questionnaire showed that
about 69% of participants were females and 31% were
men and the range of weight were 45-90 kg.

2.2. Standards and reagents

PAHs mix standards including 16 PAHs were bought from
Supelco (Bellefonte, PA, U.S.). These compounds were
NAP, FLO, PHE, ACY, ACE, FLA, ANT, BaA, YR, BbF, CHR,

BghiP, BkF, BaP, lcdP, DahA. The solutions of standard
were ready in dichloromethane, with 0.1 mg/mL
concentration for all the above-mentioned PAHs. The
stock standard solution was mixed with methanol-
dichloromethane (50:50, v/v) every week in order to make
a working mixed solution (1 pg/mL for each mentioned
PAH) which was used to measure the extraction function
with various situations. Then, solutions of working and
stock were preserved at 4 °C, and biphenyl was used as
the internal standard at a level of 0.05 pg/mL in methanol.

2.3. Sample preparation and analysis

The sample was prepared based on an important three-
part procedure including sample clean-up, analyte
adsorption, and analyte desorption from the adsorbent.
Prior to analysis, all samples were washed with distilled
water to remove soil and other excess compounds.

2.3.1. Sample clean-up

A five grams (vegetable and fruit) sample was weighed
and one mL of the surrogate standard (biphenyl 0.05 mg
/mL in methanol) was added, followed by adding 7.5 mL
KOH (1 molar) and 7.5 mL acetonitrile /methanol (30%:
v/v) and then homogenizing and sonicating the samples in
an ultrasonic bath at 40 °C for 7 min. Next, the prepared
sample was centrifuged at 8944 x g for 15 min, and the fat
of each samples was then eliminated using the method of
freezing-lipid filtration 24. Finally, the pH was adjusted
with HCI (1 M) to 6.5.

2.3.2. Adsorption of analyte

The water phase was moved to another vessel after the
primary clean-up procedure. Then, 10 mg of multi-walled
carbon nanotube/CoFe204 (MWCNT/ CoFe204)
composite (adsorbent) were prepared (Moazzen et al.,
2013) and 500 mg sodium chloride was added into the
container. Next, the prepared sample was vigorously
mixed with a mechanical mixer for five min. Eventually,
the external magnet was usage to gather the magnetic
adsorbent (containing contaminant) to one side of the vial
(Samiee S. et al., 2020).

2.3.3. Analyte desorption from the magnetic adsorbent

To desorb analytes from the magnetic adsorbent, 5mL of
dichloromethane was poured and vortexed, and then the
supernatant was thoroughly mixed with a whirlpool
blender for three min. Next the sorbent was collected
with magnets (exterior) on the sides of the vial. Previous
step was conducted twice, and afterward the sample was
exposed to a mild flow of pure nitrogen gas in order to
evaporate the solvent at 25°C. The remainder was re-
dissolved in acetonitrile /methanol (50:50 v/v, 50 uL) and
the solution was vigorously shaken by the vortex-mixer
(one minute). Eventually, one uL of the obtained solution
was collected and injected with a syringe into the GC/MS.
Additionally, optimization studies results demonstrated
that the above-mentioned trend was permitted for
recyclable extraction and quantitative analysis of
polycyclic aromatic hydrocarbons from the samples
(Moazzen et al., 2013). Blank samples holding surrogate
standard and control of quality samples were prepared
and examined in the start, the middle, and eventually of
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each sample queue. Finally, all vegetable and fruit
samples were tested in duplicate, and for quantification,
their average values were utilized.

2.4. Analytical and instrumental conditions

The GC was Agilent 6890 (Agilent, Palo Alto, CA, America)
with a detector of mass-selective in 5973 and the capillary
column was DB-5 ms (30 m, 0.25 mm i.d.,, and 0.25 mm
film thickness). In addition, instrumental temperatures
included the temperature of the injector 290 'C and the
primary oven temperature of 70 ‘C, that was held for one
minute, raised to 300 'C (rate of 10 "C/min), and kept for
seven minutes. Further, the inlet functioned in the
splitless mode, and temperature of the relocation line was
kept at 300 'C. For gas of carrier, He (99.999%) was
utilized at a rate of 1 mL/min (constant flow).
Furthermore, quadrupole, resource temperatures were
maintained at 150 and 230 °C, respectively, and the
electron beam energy of the mass spectrometer was fixed
at 70 eV. The qualification was conducted based on the
comparison between the acquired mass spectra and times
of retention, and reference spectra and times of
retentions. These times were acquired using injection
calibration standards under identical GC-MS
circumstances. Eventually, the analytes were measured by
the GC/MS selected ion monitoring mode.

2.5. Analytical method evaluation

The analytical technique evaluated included the liquid
extraction for PAHs and the SPE method by a magnetic
nanoparticle sized composite (the first and second phases
respectively). The extracted PAHs were investigated using
GC-MS method. For the purpose of identification, a wide
range of scan mass spectrums, four characteristic ion
ratios, and the Round-trip Time (RTT) of £ 0.5% tolerance
criteria were applied for the quantification goal compared
to the standard, followed by using the most intense ions
from each compound. Next, these analytes were
quantified by using the elected ion monitoring mode.
Furthermore, the dwell time was determined at 100 min
for each ion, followed by selecting GC conditions for
reducing the test time and allowing all PAH compounds to
elute in acquisition collections such as the appropriate ion
number for monitoring. According to Moazzen et al.
(2013), one quantitation and two qualifier ions were
controlled for each ingredient. Additionally, the conditions
of optimum for the analysis were used for establishing the
curves of calibration (0.050-150.000 pg/kg) considering
the correlation coefficient of 0.986-0.997. Then, the LOQ
for each compound was determined based on the
guideline of the council of international for harmonization
20 Based on the results, the LOQs and limit of detection of
PAH compounds were 0.105-0.240 and 0.035-0.080 pg/kg,
respectively. In addition, the method accuracy was
assessed according to interday precision by the quality
control analysis for the prepared samples at four
concentrations on three repeated days. Further, the
values of interday precision for all PAH compounds were
less than 9.8, and the recorded values were 4.3-12.1 and
6.1-20.3% for repeatability and reproducibility with an
estimated recovery of 94.4-103.4%, respectively.
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Furthermore, the feasibility and reliability of this method
were confirmed by measuring PAHs in fruits and
vegetables, and no interfering peak was observed in the
internal standard area and analytes.

2.6. Estimate of dietary exposure

The risk of carcinogenic of a PAHs mixture is mainly
represented using BaP equivalent level (BaPeq) and the
toxicity equivalency factor (TEF) in Table S1, which is
considered as a superior set for evaluating the potency of
carcinogenic of PAH mixtures?®. Therefore, this set of TEFs
was adopted to calculate BaPeq )Xia et al., 2010(in the
current study. The BaPeq of food (BEC) was conducted
based on Eq (1).

BEC =) C, xTEF (1)

i=1

where Ciand TEFi denote the level of the PAH congener i
in vegetables and the TEF of the PAH congener i,
respectively. For a singular PAH, the value is presumed to
be 1/2 of the respective LOD when the measured
concentration is below the LOD. The carcinogenic
potencies of these 16 PAHs were evaluated as the sum of
each singular BaPeq.

Daily dietary PAH contact levels (ED) for each group were
conducted by Eq (2).

E, =Y BEC, xIR, (2)

i=1

where BECi and IRj represent the BaPeq level of PAHs in
food i (ug/kg) and the amount of digestion of food i per
day (g/d), respectively (Roudbari A. et al, 2020).
Moreover, the amount of digestion of food by each group
was gotten from questionnaires which were distributed
among the citizens of Tehran.

2.7. Evaluation of cancer risk

The ILCR of individual groups in Tehran due to PAH dietary
exposure was conducted according to Eq. (3).

ILCR=ED X EF X E, x CSF xCF / BW x AT (3)

where ILCRisthe incremental lifetime cancer risk of dietary
exposure (dimensionless) and CS indicates the oral cancer
slope factor of BaP (7.3 per mg/kg/d) (USEPA). In addition,
Ep, ED, and BW denote the daily dietary PAH contact level
(ug/day), exposure duration (year), and weight of body
(70 kg), respectively. Finally, AT, EF, and CF represent the
main lifespan for carcinogens (25,550days) (Shariatifar et
al., 2020), the frequency of exposure (365days/year), and
the factor of conversion (107® mg/ng), respectively.

2.8. Data analysis

The risk assessment procedure is associated with
uncertainty which may occur due to uncertainty in the
measurement of factors. Therefore, uncertainty analysis is
essential to achieving a more accurate result. In the
current study, the uncertainty analysis of Monte Carlo was
used to assess uncertainty in the exposure assessment.
The probability distribution functions in the Monte Carlo,
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performed using the lognormal distribution in Oracle
Crystal Ball software (V. 11.1.2.4.600).

Tablel. The mean of concentration of PAHs, sum8 PAHs and sum16 PAHs in fruits samples (ug/kg)

PAHs(ppb)
NAP ACY ACE FLO PHE ANT FLA PYR BaA CHR  BbF  BKF  BaP  DahA  BghiP 23 16
IedP | PAHs | PAHs
Sweet 60435 195515 381224 79305  I31=l1 15812 59¢0.5 6105 2702 27 169.7
Lemon nd nd nd n.d nd nd nd
94,124, 24,1506 287512 129414 7802 114=l 109515 7,0+0.7 1,240, 12 198.1
Orange 1246 06 ’ T 820, 0 9 120 240, nd nd nd nd nd nd nd h
i 5 274 X K 241, 52413 3.340.3 40,2 ! 208.4
Citrus T",Em 70,4235 367510 327533 193320 119511 9212 152%13 33303 2430, E0L 4 nd nd nd wa |10 08.0
25 2 353+ 2,243 24405 3,350,3 2415 240, X r
(;rs?.m- 106.45.4 5440, 35319 422434 420, 3,303 11.2¢1 STEOL 000 a0l nd nd wd | ¥ 2156
979442 217420  32.0:2.6 108411 S1:05 206510 110514 30404 d 2019
Lemon o - . * > . * * nd nd nd  nd  nd  nd nd  ond |°
=3 £ - 5.7+ ) + 40,5 4
Apple 56.0544 19,0610 284424 11L,0410 57406 149416 11L,0H0.16 47407  3.5£0.5 o 4 nd nd o d a |33 1534
4+ 2 " 24643, 740, 440, 5. %
Bamana 70,6535 10011 4454256 58402 168411 46432 37404 9,041,0 o sS40l nd nd na |54 190.1
106.126.0 158519 252418 166+08 126205  6.320.8 6.540.8  5.840.1 d 194.9
Kiwi n.d nd n.d nd nd nd nd nd "
Pomegr 81.424.8 67£11 274520 11.0£17 5202  5320.8 43508 4294001 14501 24400 . P P P P R 1493
anate n.d . n. . n. n.
733247 180:1.1 202514 1L1210 34203 8.9+0.6 7.9+0.1 85402 2401  3.2+0.1 5.6 156.7
Other fruits Peach nd nd nd nd nd nd
Nectari 103.2452 306445 38520 149415 8405 143£20 52424 62402 13:0.1 21401 33 2244
ne nd nd nd nd nd nd
56332 307530 336511 16311 36207 29,9420 175515 73400 L2400 12.8412 140 2093
Plums nd nd nd nd nd nd
Persim 67.7£3.2 95:02 234226  1L1=11 1501 185221 63502 23402 nd 140.3
nd nd
mon nd nd nd nd nd n.d
1522 ] 4 52
Grapes 107,06,0 6.4+0.1  354£22 47710 2203 18.8£27 9.0£0.0  11.6£2.1 nd M9 nd od na | 143 2524
Waterm 68.9:42 13.6+1.2 272439 6.540,2 1.9£0,2 17.0+3.8 17.543.1 2.3+0.1 0.1+0.0 0.1 1552
elon n.d n.d nd nd n.d nd n.d
3,043.0 4% 5.243 1 60, 0. + 72403 30, 1 3.2
Clunl:ln 43,0+3.0 17.4+1.3 252430 6.6+0.1 1,0£0.1 20.7+3.8 20, 2.3+0.1 nd nd nd nd nd nd nd nd nd 12!
Melons . 61.053.9 240430 470266 362445 43:00 15217 142422 8040 nd 210.1
Melon o o o e - o o o nd nd nd nd nd nd nd nd -
959439 2404190 417453 123410 108511 256452 99410 5,040.1 2247
Cucum 95 g * * . : * ’ nd nd nd  nd nd  nd nd  ona | M
n.d: not detected
Table2. The mean of concentration of PAHs, sum8 PAHs and sum16 PAHs, vegetables samples ki
’ ’
PAHs (ug/kg )
X R . TedP T8 Y16
NAP ACY ACE FLO PHE ANT FLA PYR BaA CHR BbF BKF BaP DahA  BghiP
PAHs | PAHs
Beet 48.443.5 3.910.2 245:33  68:09 94304  116:13 53109  9.1+10 n.d o504 4 d o o a 05 [ 1195
Carrot 721223 13314 177420 67309 9.4+#12 113210 8408  7.5:13  2,0:11 nd nd nd nd nd nd 20 | 1485
o Potate 1181450 195820 50.5¢64 15418 129824  10.4:19  0.66:13  4.64+10 nd as00 d d nd d i ag | 2417
00
Vegetables . 79.0:34  162+1.0 3353150  11,8£15 57410 126618  6.5:0.9 54108 nd 31410 310 | 1738
Turnip nd nd nd nd nd nd
Onion 79.2:444  166:1.0 3531 136821 54109 78415 7433 30100 1406 12410 nd nd d nd d 126 | 1772
Radish 66.643.0 9.4£1.1 26.8:41 153124 95:L1 115510 83:ll  65:10  11:02 233108 . nd nd nd nd 25 | 1563
White cabbage | 108261 175813 205620  138:11  B.6:08 145820 82401 4805 nd 2601 o o o o o 26 | 2076
Cabbages | Purple cabbage | 1924454 5.1:0.4 268531 356531 nd nd 83511 163£11 nd u3L nd nd nd nd nd 113 | 2057
Cauliffower 431321 28.65:19 30.6:41 198121  45:0.8  67£17 12612  4.5:03 n.d n.d iy . nd nd nd . nd | 1505
Lettuce 63.245.0 0.4£1.0 44741 93307  19.133.1  209:20 39104  53:05 n.d 360l a i o od i 360 | 1705
d d d
Spinach 465:40  10.3:10 22621 94x11 n n 56:0.0 10311 nd n i o i nd d nd nd | 1047
leafy
vegetables Mixture of "
o ,L“‘:k’ d nd nd nd nd nd nd
‘"“B:s: an 1048165 192623 1351047.10 109511 24305 249531  13.2£11 43106 nd 01| 3149
i Eggplant 845:47  12.1:10 24,9212 7.2:0.1 106214 104311 122811 445l o nd iy nd nd nd nd nd 00 | 1752
run
Vegetable Tomats 109.246.3 7.4:08 20,4220 235419 nd 54501 188414 612601  23:01 4301 o od nd nd nd . 66 | 1976

n.d: not detected

Further, the results were revealed as mean * SD, and the
statistical analysis was performed by SPSS software,
version 24.0. Eventually, 1/2 of the LOD was used to
calculate the mean level in cases that PAH analytes were
undetectable. For a better understanding of distribution
of 16 PAHs among the vegetables and fruits samples
marketed in Tehran. Multivariate techniques were applied
to evaluate the correlation between the type and amount
of 16 PAHs and vegetables and fruits samples (Arabameri
et al., 2019; Heydarieh et al., 2020). The PCA and HCA was

conducted by the SPSS software (Version 18.0; lllinois,
USA).
3.

3.1. The PAHs levels in fruits and vegetables

Sixteen important PAHs are introduced by the USEPA
owing to their frequency in food samples. BaP has been
broadly introduced as a marker of PAHs carcinogenic in a
limited number of foodstuffs. The European Commission
first considered the BaP maximum level in various
foodstuffs (1.0 pg/kg for the processed cereal-based to

Results and discussion



502

10ug/kg for dried plants). The concentration of measured
16PAHs is presented in Tables 1 and 2. In the present
study, BbF, BaP, BkF, DhA, BhP, and ICP were not detected
in the fruit and vegetable samples, which is in agreement
with the results of investigated study in India (Tuteja et
al., 2011). Some studies revealed that fruits and
vegetables can be contaminated from water, soil, and air
(e.g., wastes burning, industries, and urban activities)
(Abou-Arab et al., 2014; Chai et al., 2017).

Tables 1 and 2 showed that the mean concentration of
the NAP (42.9-114.1ug/kg) and ACE (17.7-135.1 pg/kg) in
all vegetable and fruit samples had the highest level
compared to other PAHs.

In addition, the obtained data approved that NAP, ACY,
FLO, PHE, ANT, FLA, and PYR were analyzed in all samples.
However, CHR was not found in fruit samples such as
orange, lemon, apple, kiwi, nectarine, persimmon, grape,
cantaloupes, and cucumber. Also, BaA was not observed
in sweet lemon, lemon, banana, kiwi, peach, nectarine,
persimmon, watermelon, and cucumber. Conversely, the
concentration of BaA in vegetable samples was found in
the collected carrot, onion, radish, and the mixture of
leek, coriander, and basil samples and, CHR was observed
in the beet, potato, turnip, onion, radish, tomato, and
white and purple cabbage. The results also revealed that
PHE and ANT were not found in purple cabbage, spinach,
tomato samples, and in purple cabbage and spinach
samples, respectively.

The means of the PAHs based on fruit type are shown in
Table 1. The results showed that the sum of 16 PAHs in
the fruits, ranged from 123.2 to 252.4ug/kg, and the
highest and lowest ones were detected in cucumber and
persimmon, respectively. Further, the sum of 8PAHs in the
fruits varied in the range n.d.-14.3 pg/kg, and total rank of
PAHs in the three groups of fruits was citrus>other fruits >
melons. The results showed that the sum of 16 PAHs in
vegetables were from 104.7 to 314.9 ug / kg and the sum
of 8 PAHs in vegetables were from n.d. to 12.6 pg / kg.
The results of the study indicate that the level of pH in
fruits and vegetables in Tehran is higher than other
countries, which may be due to various reasons, including
the proximity of agricultural farms in Tehran to industrial
centers and sometimes the proximity of these farms to oil
refineries; Use of wastewater for irrigation of agricultural
fields and use of fuel oil in gas power plants.

In another study, Camargo and Toledo indicated that the
mean level of lettuce was 17.9 pg/kg, which was less than
the measured amount in the current study, this may be
due to reasons such as distance from industrial and urban
environments, organic plant breeding, high use of
pesticides and fertilizers. Additionally, the total PAH
content was 4.1, 3.9, and 3.8 pg/kg in apple, grape, and
pear, respectively (Camargo and Toledo, 2003). Based on
the evaluation of various vegetables amount of PAHs in
vegetable is influenced by the growing site, e.g., samples
grown close to the road showed higher concentrations of
PAHSs (17.93; 14.62 and 13.27 pg/kg) than those from rural
areas (9.12; 4.38; 4.44 ug/kg), respectively, for lettuce,
tomato and cabbage. The results of this study indicated
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high levels of contamination of fruits and vegetables by
PAHs and confirms that their levels in plants are
dependent on the location of the growing sites and on the
exposed surface of the vegetable to the air pollution.
Martorell et al. revealed that the total PAHs level in fruits
and vegetables were 810 and 1220 ug/kg, respectively
(Martorell et al., 2010)2. In addition, Lee et al. concluded
that the mean level of four and eight PAHs were 0.2
ug/kg, and 0.7 pg/kg in fruit samples, respectively (Lee et
al., 2019). According to the reports of Very et al.,, the
concentration of BaP was 0.01 pg/kg, and four PAHs was
0.04 pg/kg in vegetables. In another study, the
concentration of BaP was 46.9-17and 55.5-343.4 pg/kg in
carrots and potatoes, respectively (Zohair et al., 2006).

PAHs are distributed from air, soil, and water. Further, air
pollution is regarded as a crucial source and route which
can transfer contaminants such as PAHs in plants including
different vegetables and fruits. (Bahrami et al., 2019)

The other studies indicated that the PAHs can probably be
absorbed on the suspended particle in the air and these
particles can substantially deposit on the studied plants,
leading to the transfer of PAHs from particles to the
leaves cuticle. Furthermore, hydrophobic fruits and
vegetables can directly adsorb PAHs from the particles
(Naddafi et al., 2017; Samiee et al., 2020; Shariatifar et al.,
2020).

Another study showed that PAHs levels were high in
collected vegetables from near an industrial area, which
could be due to the production of PAH compounds from
the fuel of cars, homes and small and large industries*.
However, the adsorption of volatile organic compounds
probably is reinforced with increasing surface area
because large surfaces have more exchange with the gas
phase and can facilitate plant contamination. This is
observed in the case of leaf vegetables which have a
higher exchange rate than other vegetables and fruits. For
example, in the samples obtained from near a chemical
company, the total PAHs content was higher in leaves of
cabbage and maize (with nearly 4.2 + 3.5 and 2.4 + 1.8
ug/kg wet weight, respectively) compared to grape (300 +
200 pg/kg) and tomato (about 90 + 40ug/kg) (Paris et al.,
2018). In the present study, the white cabbage samples
had the maximum concentration of PAHs (202ug/kg), that
is dissimilar with the results of previous research, that
may be due to reasons such as proximity to industrial and
urban environments, increased use of pesticides and
fertilizers and the location of the farm near the road.

Other research has shown that the accumulation of
contaminants is usually higher in vegetables and fruits
that have a longer growth period because the longer the
growth period, the more likely the plant to absorb
contaminants from the soil, water and air (Amato-
Lourenco et al.,, 2017).The results of the present study
showed that the concentration of PAH in white cabbage
(202 pg / kg) and a mixture of leeks, coriander and basil
201 pg/kg) is higher than other vegetables, which is in line
with other studies.

It is necessary to remember that the PAHs with low
molecular weights are found preferentially in the gas
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phase. The PAHs associated with this component
represent a mixture of sources, such as vehicular
emissions, biomass burning, and oil seepage and cannot
be assigned to any single source.

According to the results of a study performed in France,
PAHs are probable to be more amassed in crops which are
located in urban or industrial areas compared to those in
rural ones. The trace concentration of compounds
including PHE, FLA, and PYR are obtained in every raw
vegetable and fruit, and relatively high amounts of lighter
PAHSs including NAP, ACY, and ACE are reported in some of
fruit and vegetable (Paris et al., 2018).

In the study of Ashraf and Salam, the total 8PAHs levels in
root vegetables such as potatoes and carrots revealed
higher level (11 pg/kg), while turnip revealed moderately
lower level at 9.3 pg/kg. Also, the highest level of BaP was
found in potatoes and turnips 2.1 + 1.1 pg/kg and 2.1 +
1.1 pg/kg, respectively (Ashraf et al., 2012).

In the study of Abou Arab et al. in some Egyptian
vegetables and fruits, the highest concentration of total
PAHs was observed in spinach, potato, apple and guava
9.0 pg/kg 6.2 pg/kg, 2.9 ug/kg and 2.3 pg/kg, respectively
(Abou-Arab et al., 2014).

The occurrence of PAHs in products relies on the
environment of the plants (e.g., soil, water, and air), the
kind of plants, and growing time as well as the proximity
of plants farms to industrial centers and high-traffic
highways.

To reduce environmental pollution, the PAHs production
cycle in the environment must be avoided. In addition,
measures must be taken to reduce the PAHs content in
agricultural water, air and soil. Therefore, it is necessary
to study the sources of water, air and soil as well as start
awareness campaigns about the carcinogenic effects, high
consumption of these compounds through various foods
and ways to prevent it.

3.2. Chemometrics analysis

PCA performed to the data sets corresponding to 16 PAHs
between the vegetables and fruits samples. Four principal
components extracted for 71.6% of the total variance
(Figure 1). This procedure replaces original variables with
new and reduce variables, called principal components.
The total variance means multivariate variability, overall
variability and summative variance. The clustering process
is based on the classification of the elements in the
dataset by assigning elements in the more similar group to
each other (clusters). FLO, CHR and PYR were the closest,
indicating that is variables had similar behavior. The first
factor (PC1) calculated for 25.03% of the variance and
characterized using a spectrum of PAHs. This compound
(PC1) had a high positive correlation with NAP, ACE, FLO,
CHR and Total PAH, but they had a significant and
negative correlation with PHE. Meanwhile, the second
factor (PC2) explained 21.09% of the total variance, and
this component had high positive correlation with ANT,
ACY and ACE, but they had a significant and negative
correlation with PYR, CHR and FLO. The PC3 explicated
15% of the total variance, and this component had high

positive correlation with BaP and ACE, but they had a
significant and negative correlation with NAP, ACE and
PHE.

HCA can be used to create connected clusters among the
samples by distance of their attributes (Samiee et al.,
2020). In current study, HCA was conducted to further
interpret the levels of 16 PAHs in vegetables and fruits
samples using average linkage.
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Figure 1. Principal component analysis loading plot of 16 PAHs in
32 (vegetables, fruits and total samples).

As shown in Figure 2, the clustering results of 16 PAHs in
vegetables and fruits samples were slightly different. In
the total samples, resulting dendrogram showed two main
groups composed. One cluster contains two sub-groups
with all samples except mixture of leek, coriander, and
basil samples, while the second cluster includes mixture of
leek, coriander, and basil samples. Based on the results
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from the dendrogram, two clusters could be identified.
One cluster includes PHE and ANT. This indicated that the
distribution of PHE (in different vegetables and fruit) was
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more similar to ANT. The second cluster contains two sub-
groups: one with BaA, FLA and ACY, while the second
cluster includes other PAHs.

Table 3. Uncertainty analysis for the Edi and ILCR of investigated PAH content in vegetables samples

EDi (ug/kg/d) ILCRi
50% Perc 75% Perc 95% Perc 50% Perc 75% Perc 95% Perc
Beet 20.6 22.7 26.1 2.13E-06 2.5E-06 3.4E-06
Carrot 37.7 40.9 47.2 4.01E-06 4.8E-06 6.0E-06
Root Potato 990.6 1,085.3 1,300.5 1.02E-04 1.23E-04 1.58E-04
Vegetables Turnip 7.6 8.3 9.5 7.8E-07 9.34E-07 1.19E-06
Onion 507.9 558.9 639.7 5.2E-05 6.2E-05 8.1E-05
Radish 0.4 0.5 0.6 4.7E-08 5.6E-08 7.1E-08
White cabbage 11.7 12.8 14.5 1.2E-06 1.4E-06 1.9E-06
Cabbages Purple cabbage 10.8 11.9 13.4 1.1E-06 1.4E-06 1.7E-06
Cauliflower 2.3 2.5 2.8 2.4E-07 2.8E-07 3.5E-07
Lettuce 21.6 23.7 27.04 2.2E-06 2.6E-06 3. 5E-06
Leafy Spinach 5.3 5.8 6.6 5.4E-07 6. 5E-07 8. 6E-07
vegetables Mixture of Leek, 21.6 23.8 26.8 2.2E-06 2.6E-06 3.5E-06
Coriander and Basil
Fruit Eggplant 231.1 255.3 290.0 2.4E-05 2.8E-05 3.6E-05
Vegetable Tomato 2,670.8 2,936.4 3,378.4 2.8E-04 3.4E-04 4.3E-04
Table 4. Uncertainty analysis for the EDi and ILCR of investigated PAH content in fruit
EDi (png/kg/d) ILCRi
50% Perc 75% Perc 95% Perc 50% Perc 75% Perc 95% Perc
Sweet Lemon 9.7 10.7 12.3 1.0E-06 1.2E-06 1.5E-06
Orange 571.8 624.5 710.3 5.9E-05 7.0E-05 9.4E-05
Citrus Tangerine 80.3 88.9 101.03 8.4E-06 9.9E-06 1.3E-05
Grapefruit 49.4 54.3 62.3 5.1E-06 6.1E-06 7.8E-06
Lemon 79.7 88.3 100.2 8.2E-06 9.8E-06 1.3E-05
Apple 731.7 808.2 927.5 7.7E-05 9.2E-05 1.2E-04
Banana 437.1 481.5 548.68 4.6E-05 5.6E-05 7.1E-05
Kiwi 1,031.0 1,134.9 1,315.7 1.2E-04 1.3E-04 1.6E-04
Pomegranate 2.6 2.8 3.3 2.6E-07 3.2E-07 4.1E-07
Fruits Peach 10.7 11.8 13.5 1.1E-06 1.3E-06 1.7E-06
Nectarine 20.5 22.6 25.4 2.1E-06 2.6E-06 3.3E-06
Plums 110.9 121.4 137.4 1.1E-05 1.4E-05 1.7E-05
Persimmon 47.0 52.0 59.3 4.9E-06 5. 8E-06 7.5E-06
Grapes 25.6 28.0 32.2 2.7E-06 3.2E-06 4.2E-06
Melons Watermelon 1,374.2 1,496.3 1,721.0 1.5E-04 1.7E-04 2.2E-04

3.3. Daily exposure estimation of PAHs

The daily exposure estimation of PAHs was conducted as
presented in section 2.5. Total consumption of vegetables
and fruits per person per day was calculated through a
food frequency questionnaire, followed by calculating
dietary intake with the PAHs concentration in vegetables
and fruits. According to data in Table 3, the highest level
of daily dietary in four groups of vegetables was detected
in fruits vegetables (3378.4 ug/kg/day) and then root
vegetables (1251.5 pg/kg/day). Also, the lowest
concentration of daily dietary was found in radish (0.6
ug/kg/day) and cauliflower (2.88 ug/kg/day). Moreover,
the highest level of daily dietary in three groups of fruits
was related to melons (4,069.8 ug/kg/day), other fruits
(1,315.7 pg/kg/day) and citrus (101.0 pg/kg/day),
respectively.

In a study in Mumbai, the level of daily dietary in spinach,
radish, cauliflower, potato, apple, grapes were 195, 128.5,

122.7, 59.8, 51.6, and 47.7 pg/kg, respectively. The
outcomes of Bishnoi, et al. study revealed that the PAHs
level in root vegetables was higher compared to leafy
vegetables (Bishnoi et al., 2006), which is in agreement
with the findings of the present study. In addition, leafy
vegetables and fruits were more contaminated with
lighter PAHs. These observations can be supported by this
fact, which high volatilization and long-distance
transportation capability of light PAHs lead to their
deposition to places very far from the origin of pollution.
Further, two- and three-ring PAH compounds have a
higher solubility in water than other pH compounds and
therefore have a relatively higher uptake by plants (Singh
and Agarwal, 2018). Furthermore, two- and three-ring
compounds are predominant among PAHs compared to
other compounds due to their bioavailability, including
relatively high solubility in water, and therefore have
better uptake into plants (vegetables and fruits). On the
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other hand, the Joint Expert Committee on Food Additives
(JECFA) (2005) reported an average BaP intake of
0.004ug/kg b.w/day corresponding to a daily intake of
0.28pg per person. Based on the main food groups in the
whole diet, EFSA (European Food Safety Authority)
reported a median B(a)P intake in Europe of 0.235
ug/person for mean dietary consumers and 0.389 ug/day
for high dietary consumers (Abramsson-Zetterberg et al.,
2014). Furthermore, the higher ED values of PAH among
the most consumed vegetables by Tehran citizens were in
tomato (3378), potato (1251) and onion (639) ug/kg/day.
Moreover, the lower ED values of PAH among the
consumed vegetables were in radish (0.5), Spinach (6) and
turnip (9.4) pg/kg/day (Table 4). In addition, the higher ED
values of PAH among the most consumed fruit items by
Tehran citizens were in cucumber (4069), watermelon
(1720) and kiwi (1315) pg/kg/day. Further, the lower ED
values of PAH among the consumed fruit items were in
pomegranate (3.2), sweet lemon (12.3) and peach (13.5)
ug/kg/day (Table 4). However, by Falco, et al. in Spain,
were showed that the mean determined dietary intake of
the $PAHs was 8.4, 8.2, 7.4, 6.3, and 6.3 pg/day for male
adults, adolescents, children, seniors, and female adults,
respectively (Falco et al., 2003).

3.4. Health risk assessment

The exposure assessment is one of the most significant
constituents of risk measurement that is applied to
evaluate the probability and extent of individuals’
exposure to chemical substance (KHALILI et al., 2019).
Based on the USEPA reports, 10 fortuity of additional
human cancer over a 70-year lifetime (ILCR =10) is the
risk considered acceptable level or the insignificant level,
which is favorably comparable with the risk level of some
routine activity, and the work like (Asante-Duah, 2002).

The increased cancer risk in a lifetime is considered
serious in 10% or greater number of people (ILCR=10).

Therefore, paying attention to this health problem is of
high priority. Tables 3 and 4 indicate the distribution of
ILCR after 20000 iterations and with a probability of 50, 75
and 95%.

The mean of contributions to overall ILCR in vegetables
and fruits was estimated to be 5.2x10° and 7.7x107,
respectively, which was higher than the acceptable risk
level (10°®). The results of a study in Spain revealed that
the PAHs total daily intake is related to a 5x10°® increase
in cancer risk in an adult male weighing 70 kg (Falco et al.,
2003) compared to the findings of the present study.

According to the outcomes of the current research, the
highest ILCR in the four groups of samples belonged to
fruit (4.3x10%) and root vegetables (1.6x10%), while the
lowest was found in cabbage (3.5x107) (Table 3).

Furthermore, it was found that the highest ILCR in the
three groups of fruits such as melons (5.1x10%), other
fruits (1.6x10%) and citrus (9.4x10°) was estimated. In
general and separately, it can be said that the highest
amount of ILCR was related to cucumber (5.1x10%), kiwi
(1.6x10%), orange (9.4x10°), tomato (4.3x10™), potato
(1.6x10%), white cabbage (1.9x10°®) and mixture of leek,
coriander and basil (3.5x10°®) (Figure 3). Conversely, the

lowest ILCR belonged to melon (2.4x10°), pomegranate
(4.1x107), sweet lemon (1.5x10°), eggplant (3.6x107),
spinach (8.6x107), cauliflower (3.5x107), and radish
(7.1x10-8).

Potato I
Turnip vegetables
Onion

Radish

Carrot

Eggplant

‘Whitecabbage
>
Spinach
Purplecabbage
Tomato
Beet
Lettuce
Cauliflower
Mixtureofl eekCori; 12
1) 10 15 20 25
1 | 1 1 1
Orange 2
Peach 10 i
fruits
Nectarine 11
Potato 2 —
Turnip 22 }
Onion 23
Radish 24]
Carrot 20

Eggplant 3

Lemon

Persimmon 13

Cucumber 18

‘Watermelon 15
Kiwi 8|

‘Whitecabbage

w0 &

Pomegranate
>

Spinach

Grapefruit

Purplecabbage 26

Grapes 14
Tomato 32

Banana 7|

Melon 17]
Cauliflower 27

Tangerine 3

|
]
|
[
]
Lettuce 2

Beet 19 —I
SweetlLemon 1

Apple B
Cantaloupe 16

Plums 12

Mixtur eekCori 30

TotalPAH 1=

Florene

Chrysene 1 1

> Pyrene

Fluorantene 7

Phenanthrene

Anthracene

Figure 2. Hierarchical clustering results performed on the PAHs
in vegetables and fruits data set.



506

Potato P 95%= 1.6E-04

0.04

0.03

Probability
o
2

14
2

i P

oo 388
1

E-04

ILCR

0.03 ‘Ij
A H‘ﬂ“ "‘111‘

-
Watermelon P 95%= 2.26E-04

il s,
‘1 _ P 95%=1.63E-04

000k

0.06 Kiwi

Probability
&

| g y-L-L-
mre T ,,,,,, A LT fﬁ"ﬂ‘h

Figure 3. Simulation results for incremental lifetime cancer risk
(ILCR) of PAHs in vegetables and fruits.

In addition, the most and least contribution to overall ILCR
in seven groups of vegetables and fruits were related to
root vegetables and melons, respectively (Figure 4).

In a study conducted in Taiwan, the mean value of ILCRs
was higher than the level of priority risk (104). Contrarily,
the mean values of the ILRC of raw food for all people
groups were in the range of 10-6-10°, which was more
than the acceptable risk level (10°) while lower than the
priority risk level (Xia et al., 2010).

Finally, Khillare et al. concluded that the ILCR through the
vegetables dietary intake was 3.4x10° demonstrating a
slight cancer risk (Khillare et al., 2012).

4. Conclusion

Considering that the proportion of vegetables and fruits in
the food basket of Iranians is relatively high and another
country, it is important to test the concentration of PAHs
in vegetables and fruits. Therefore, monitoring the
vegetable and fruit safety in order to control the PAHs
content is a priority. The present study is the first
comprehensive study piloted to evaluate samples of
vegetables and fruits in Iran. 192 samples from 32 types of
vegetables and fruits were purchased from the Tehran
market, and the level of 16 PAHs was determined using
MSPE and GC/MS. The results showed that the highest
PAH levels corresponded to acenaphthene
(135.1+7.1ug/kg) and naphthalene (114.115.0 pg/kg),
whereas the lowest concentrations were those of
Benzo(a)pyrene (not detected), Benzo(k)fluoranthene (not
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detected), Indeno(l,2,3-cd)pyrene (not detected),
Benzo(b)fluoranthene (not detected) and
Benzo(g,h,i)perylene (not detected).HCA and PCA were
applied to evaluate the correlation between the type and
amount of 16 PAHs with vegetables and fruits samples.
Finally, the mean of contributions to overall incremental
lifetime cancer risk in vegetables and fruits was found to
be 5.2x10° and 7.7x10°, which was higher than the
acceptable risk level (10°). Therefore, fruits and
vegetables should be monitored daily by regulators to
reduce their PAHs. For this purpose, it is necessary to
routinely measure the contamination of the samples,
careful control of contaminated farms and environments,
as well as educate farmers on how to transfer the
contamination to these crops.
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