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Abstract Heavy metals in groups 3-16 in periods 4 and
greater. They exist naturally in the earth’s crust. People are
exposed to heavy metals by the inhalation of polluted air
and via the intake of contaminated food. People are
exposed to lead (Pb), one of heavy metals, by consuming
foods that are contaminated from the environment. Pb is
ubiquitous in the environment and accumulates in plants
and animals that eat contaminated plants. The Pb in foods
before and after processing were analyzed via Inductively
coupled plasma with mass spectrometry to determine the
effects of the procedures on the Pb migration and residue.
This analytical method was verified to have a limit of
detection of 0.011-0.859 ng/kg, acceptable linearity with
the regression coefficient of 0.999, relative recoveries of
78.1-89.9% and repeatability of 1.4-7.7%. The amount of
Pb was reduced during the following processes: more than
79.6% by extracting ginseng, extracting red ginseng and
balloon flower roots via alcohol, more than 47.9% by
blanching Chwinamul, more than 18.2% by brewing coffee
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with cold and hot water, more than 22.2% by extracting
juices from fruits and peeling fruits. Therefore, proper
cooking and food processing can be advantageous in terms
of reducing exposure to Pb.

Keywords Lead - Migration rate - Residual rate - Food
processing - Exposure

Introduction

Heavy metals are all metals in groups 3—16 in periods 4 and
greater (Hawkes, 1997). As industries develop, contami-
nation by heavy metals in the environment is becoming
serious (Tian et al., 2009). Although heavy metals exist
naturally in the earth’s crust, the environment can be
contaminated with heavy metals by human activities,
including mining, processing metals ore, and pesticide/
herbicide applications (Onakpa et al., 2018; Zhuang et al.,
2009). People are exposed to heavy metals by the inhala-
tion of polluted air and via the intake of contaminated food.
Plants accumulate heavy metals from the environment
through soil, air and water, and animals consume heavy
metals by eating contaminated plants (Peralta-Videa et al.,
2009).

Heavy metals are one of the most hazardous elements to
human health. Arsenic (Ar), cadmium (Cd), mercury (Hg),
and Pb are included in a list of 20 hazardous substances
created by the U.S. Environmental Protection Agency
(EPA) in 2001 (Das et al., 2011). Especially, WHO
recently withdrew the provisional tolerable weekly intake
(PTWI) of Pb as health guidance value because it could no
longer be considered health protective (WHO, 2010).
Furthermore, WHO concluded that it was impossible to
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establish a new PTWI. Therefore, it is very important to
characterize Pb in food among heavy metals.

Pb is classified as a 2B carcinogen by the International
Agency for research on Cancer. Short-term exposure to Pb
affects the nervous system, causing various symptoms,
such as headache and irritability. The symptoms of long-
term exposure to Pb are deterioration of memory, delay of
reaction time, and diminished cognition (Jarup, 2003;
Memon et al., 2005). Pb has been regulated over the last
decades, and contamination with Pb has been reduced by
global actions, such as the phasing-out of leaded petrol
(Larsen et al., 2002). Some studies have monitored the
level of Pb in different food categories to assess its risk by
dietary intake. The European Food Safety Authority
(EFSA) determined the levels of Pb in different food cat-
egories and assessed the risk of Pb by food intake (EFSA,
2010). While most foods were contaminated with Pb at
levels below 1 mg/kg, game meat (including the kidney
and liver) and algae-based supplements were highly con-
taminated with levels over 1 mg/kg (EFSA, 2010). The Pb
contents in dried vegetables, fungi, and tea were higher
than those in other food categories. Foods made from the
organs of plants, such as vegetables and fruits, are con-
taminated with Pb because plants easily take up heavy
metals from the soil and air. Fish and meat are also con-
taminated with Pb through food chains (Peralta-Videa
et al., 2009). Previous studies analyzed teas, noodles, fruits,
vegetables, ginseng, edible oils, and seaweeds to determine
the levels of heavy metals (Angelova et al., 2004; Jothi and
Uddin, 2014; Karak and Bhagat, 2010; Khan et al., 2001;
Yang et al.,, 2016). However, they analyzed the raw
materials people do not eat. People cook and process the
raw material to eat. It is necessary to analyze Pb content in
food which is ready to eat. There are some studies that have
examined the change in heavy metals content in food
before and after cooking. The Pb content in rice was found
to decrease as the milling degree of rice was increased
(Kim et al., 2015). The Pb concentration was increased in
tea infusion as the infusion time increased (Subbiah et al.,
2017). However, there is a lack of studies examining the
effects of different processing and cooking methods on the
change in the Pb content. In this study, we analyzed Pb in
some foods before and after processing and cooking and
determined the effects of cooking methods on the change in
the Pb contents.

Materials and methods
Chemicals and materials

The standards of Pb of 1000 mg/kg were obtained from
Merck (Darmstadt, Germany) and were used to generate
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solutions of 100 pg/kg with 3% nitric acid or use as stan-
dard calibration curves. Nitric acid (purity of 60%) and
hydrogen peroxide (purity of 30%) (Wako, Osaka, Japan)
of electronic grade were used as the extraction and diges-
tion solvents. Water was used after being purified by a
Milli-Q System (Millipore, Bedford, MA, USA). The
purity of the argon gas utilized was 99.9998%. The certi-
fied reference materials (CRMs) of different food matrixes,
including edible oil, peach leaves and ginseng, were
obtained from FAPAS (TETO09RM, York, UK), NIST
(1547, Gaithersburg, MD, USA) and KRISS (Daejun,
Korea), respectively.

Samples

Dried ginsengs, dried red ginsengs and dried balloon flower
roots, originating from Korea, were chosen to compare the
levels of Pb in food before and after extraction with alco-
hol; these vegetables were purchased at Korean markets.
Ginsengs, red ginsengs and balloon flower roots are the
most consumed roots in Korea based on the Korea National
Health and Nutrition Examination survey (KNHANES)
(CDC, 2010), and they are often consumed as crude alco-
holic extracts. Chwinamuls, Korean seasoned aster, was
selected to compare the Pb contents in food before and
after blanching. Coffee was purchased from a Korean open
market to observe the change in Pb content before and after
brewing. Apples and grapes grown in Korea were pur-
chased in Korean markets. These fruits were peeled and
extracted to compare the Pb content in the skin, flesh, and
juices.

Cooking and processing methods
Extracting fruit juice

A screw press expeller, ANG-7700P (Angel Co. Busan,
Korea), made with stainless steel, was used to extract the
juice from fruits. Apples and grapes were washed before
pressing at optimum screw-speed of 82 rpm.

Peeling fruits

The apples and grapes were washed, and the skins and
cores were removed by hand. A knife made from stainless
steel was used to peel the fruits.

Extracting root vegetables

Root vegetables, such as ginseng and red ginseng, are often
consumed as extracts (Kang et al., 2009). For this study,
50% ethanol was used to extract root vegetables, such as
ginsengs, red ginsengs and balloon flower roots with a
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solvent extractor, E-816 HE (Buchi Labortechnik AG,
Flawil, Switzerland). The vegetables were extracted for
6.5 h at 83 °C followed by evaporation for 20 min at
150 °C.

Brewing coffee

There are several methods for brewing coffee. Recently,
brewing coffee with cold water is used as widely as using
hot water (Eun et al., 2014). For this study, 10 g of ground
coffee beans were put in filter paper, made from poly-
ethylene and polypropylene, and they were brewed with
150 mL water at 98 °C for 2.5 min and at 25 °C for 3, 9
and 12 h.

Blanching vegetables

The seasoned aster (100 g) was boiled in a pot of 1 L of
water at 100 °C for 1 and 3 min. The aster was stirred with
chopsticks during boiling, and the boiled water was drained
from the seasoned aster.

Microwave-assisted acid digestion

Samples (0.20 g) were weighed and placed in 20 mL
polytetrafluoroethylene (PTFE) flasks. The samples were
digested with 10 mL of 60% nitric acid for 15 min at 80 °C
and 25 min at 140 °C; the samples were digested again
with 1 mL of 30% hydrogen peroxide. Then the samples
were digested by a microwave oven, Easy Control-280
(Milestone, Sorisloe, Italy), for 43 min at the different
aforementioned temperature conditions. The digestion
temperature was increased from 0 to 80 °C at a rate of
16 °C/min and decreased to 50 °C at a rate of 10 °C/min.
The temperature was maintained at 180 °C for 20 min after
being increased to 180 °C for 15 min. After cooling the
flasks, the flasks were washed with 25 g of distilled water.

Determination of Pb with ICP-MS

The Pb was quantified and qualified with inductively
coupled plasma with mass spectrometry (ICP-MS) (Dionex
ICS-5000+SP, Thermo Fisher, USA). For ICP, the rf
power was 1.3 kW, and the flow rates of the argon gas for
plasma, auxiliary and nebulizer were 15 mL/min, 0.9 L/
min, and 1-1.1 L/min, respectively. The selected ion
monitoring (SIM) mode was used to measure Pb at m/z 208
for MS.

Quality Control

The quality of the data was controlled by verifying the
analytical method with performance parameters. The limit

of detection (LOD) was calculated by multiplying the
standard deviations of concentrations of 10 blank samples
by 3. The limit of quantification (LOQ) was calculated by
multiplying the standard deviations of the concentration of
10 blank samples by 10. The calibration curves for quan-
tifying the levels of Pb were obtained by regression
equations that utilized working standards in a range of
0.01-20 pg/kg. The linearity of the calibration curve was
estimated by calculating the coefficient of correlation of the
regression equation. The recovery and repeatability were
calculated by analyzing the CRMs of edible oil with Pb of
0.332 mg/kg, ginseng powder with Pb of 10.749 mg/kg,
and peach leaves with Pb of 0.869 mg/kg. Double distilled
deionized water was analyzed in every sample batch in
order to check the instruments for contamination. Analyt-
ical instruments, such as ICP-MS and microwaves, were
calibrated and maintained every 3 months.

Statistical analysis

All the samples were cooked, processed, and analyzed 3
times; the means and standard deviations of the results
were calculated. Student’s #-test was conducted to identify
significant differences in the levels of Pb in food before and
after cooking. Microsoft Office Excel 2007 (Microsoft
Corporation, Redmond, WA, USA) was used for all the
statistical analysis.

Results and discussion
Quality control

The results of performance parameters verified the ana-
lytical methods (Table 1). The LOD and LOQ for mea-
suring Pb in different food CRMs from 0.011 to 0.859 pg/
kg and from 0.036 to 2.863 pg/kg, respectively. The
regression coefficient of the calibration curve was 0.999
with good linearity. The relative recoveries of Pb in the
CRMs were ranged from 78.1 to 89.9%, and the relative
standard deviations from 1.4% to 7.7%. These results were
acceptable for precision of an analytical method by the
criteria of AOAC (Taverniers et al., 2004).

Change in the Pb contents by extracting root
vegetables

Table 2 shows the concentration of Pb and the change in the
Pb amount when extracting roots with alcohol. Ginsengs, red
ginsengs, and balloon flower roots contained 8.967 +
0278 pg  (89.670 + 2.780 pg/kg), 16.567 + 0.173 pg
(165.670 £ 1.730 pg/kg) and 22.700 £ 9.289 pg (227.000 £
92.890 ng/kg) of Pb, respectively. Balloon flower roots
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Table 1 Calibration curve, detection limits (LOD and LOQ), precision (repeatability and recovery) for analytical method

Heavy Calibration curve Regression Food LOD (pg/ LOQ (pg/ Recovery Repeatability
metals coefficient kg) kg) (%) (%)
Pb y = 1.0032x — 0.0465 0.999 Ginseng 0.859 2.863 89.919 2.963
powder
Edible oil 0.011 0.036 78.071 1.385
Peach leaves 0.122 0.405 81.452 7.723

Table 2 The changes of contents of Pb during alcoholic extraction of food

Food Classify Concentration of Pb (ng/kg) Amount of Pb (ng) Reduction rate (%)
Ginseng Ctrl (100 g) 89.670 £ 2.780 8.967 £+ 0.278* -
Extraction (830 g) 2.200 £ 0.942 1.826 + 0.782° 79.6
Red ginseng Ctrl (100 g) 165.670 + 1.730 16.567 4+ 0.173% -
Extraction (850 g) 2.335 £ 0.966 1.985 + 0.821° 88.1
Balloon flower root Ctrl (100 g) 227.000 £ 92.890 22.700 + 9.289* -
Extraction (710 g) 2.120 £ 0.714 1.505 £ 0.507° 93.4

fValues with different letters in amounts of Pb are significantly different with p-value (< 0.05)

contained a higher amount of Pb than the other roots, and red
ginsengs were contaminated with Pb more than ginsengs. The
amount of Pb in the ginseng alcoholic extractions, red ginseng
alcoholic extractions, and balloon flower root alcoholic
extractions were significantly reduced to 1.826 + 0.782 pg
(2.200 &+ 0.942 ng/kg), 1.985 £+ 0.821 pg (2.335 £ 0.966
pg/kg) and 1.505 £ 0.507 pg  (2.120 + 0.714 pg/kg),
respectively (Table 2). Less than 20% of the Pb in ginseng, red
ginseng and balloon flower roots was transferred to the alco-
holic extractions (Fig. 1A). However, bioactive compounds,
such as ginsenosides in ginsengs and red ginsengs, are easily
extracted to alcohol, and alcoholic extractions of balloon
flower roots showed higher hypotensive activity than water
extractions (Kang et al., 2008; Kwon et al., 2003). Therefore, a
beneficial way to consume ginsengs, red ginsengs, and balloon
flower roots is as alcoholic extractions in order to consume
less Pb and consume bioactive compounds.

Change in the Pb contents by blanching vegetables

Chwinamul contained 5.493 £+ 0.571 ug (54.930 +
5.710 pg/kg) of Pb, which was reduced to 2.860 +
0.430 pg (22.292 + 3.352 pg/kg) after blanching for
0.5 min. The Pb content was reduced to 1.968 £ 0.325 pg
(15.505 £ 2.560 pg/kg) after 1 min and to 1.867 +
1.564 pg (15.065 £ 12.620 pg/kg) after 3 min (Table 3).
The Pb content was significantly reduced after blanching
for 0.5 and 1 min by 47.9% and 64.2%, respectively.
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However, the Pb content was not significantly decreased
after blanching for 3 min due to a high standard deviation
(Fig. 1B). Pb can be easily transferred to boiling water
even after blanching for short periods of time, such as
0.3 min. This result occurs because Pb attaches to some
minerals and easily dissolves in water, allowing plants to
take up Pb from the water in soil (Roussel et al., 2000).
Therefore, the Pb in vegetables would be hydrophilic and
easily transferred to water during blanching. To reduce the
exposure to Pb by consuming vegetables, it would be better
to blanch the vegetables for a short period of time.

Change in the Pb contents by brewing coffee

Coffee beans contained 0.242 £ 0.068 pg (24.200 +
6.800 pg/kg) of Pb. Following a brew time of 2.5 min, the
Pb content insignificantly decreased to 0.198 4 0.027 pg
(1.320 £ 0.180 pg/kg) . This result shows that Pb is easily
transferred from coffee beans to liquid coffee after only
brewing for a short time. On the other hand, the amount of
Pb in cold coffee brewed for 3, 9, and 12 h was
0.109 £ 0.018 pg (0.727 £ 0.120 pg/kg) 0.124 + 0.012
peg  (0.827 £ 0.080 pg/kg), and 0.170 £ 0.040 pg
(1.133 £ 0.267 pg/kg), respectively (Table 4). The
amount of Pb was significantly decreased by 55% when
cold brewed for 3 h and decreased as the brewing time
increased. However, the migration rates of Pb by cold
brewing were still lower than those by hot brewing
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Food

Classify

Concentration of Pb (pg/kg)

Amount of Pb (ug)

Reduction rate (%)

Chwinamul

Ctrl (100 g)

0.5 min (128.30 )
1 min (126.93 g)
3 min (123.93 g)

54.930 + 5.710
22.292 £ 3.352
15.505 £ 2.560
15.065 + 12.620

5.493 + 0.571°
2.860 + 0.430°
1.968 + 0.325¢
1.867 & 1.564°

47.9
64.2
66.0

fValues with different letters in amounts of Pb are significantly different with p-value (< 0.05)

Table 4 The changes of contents of Pb during brewing coffee with hot and cold water

Food Classify Concentration of Pb (ng/kg) Amount of Pb (ng) Reduction rate (%)
Coffee (hot water) Ctrl (10 g) 24.200 £+ 6.800 0.242 + 0.068* -

2.5 min (150 g) 1.320 £ 0.180 0.198 + 0.027* 18.2
Coffee (cold water) 3 h (150 g) 0.727 £ 0.120 0.109 + 0.018° 55.0

9 h (150 g) 0.827 £ 0.080 0.124 £ 0.012° 48.8

12 h (150 g) 1.133 £+ 0.267 0.170 & 0.040° 29.8

"Values with different letters in amounts of Pb are significantly different with p-value (< 0.05)
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Table 5 The changes of contents of Pb during peeling and extracting fruits

Processing Food Classify Concentration of Pb (ng/kg) Amount of Pb (ng) Reduction rate (%)
Peeling Apple Ctrl (525.61 g) 11.001 £ 1.237 5.782 £+ 0.650% -
Flesh (447.74 g) 9.392 4+ 1.322 4.205 + 0.592° 27.3
Grape Ctrl (818 g) 3.066 £ 0.125 2.508 + 0.102* -
Flesh (197.65 g) 9.871 £ 2.191 1.951 + 0.433° 22.2
Extraction Apple Ctrl (837 g) 6.908 + 0.777 5.782 + 0.650% -
Extraction (712 g) 1.176 £ 0.000 0.837 £ 0.000° 85.5
Grape Ctrl (702 g) 3.573 £ 0.145 2.508 £+ 0.102* -
Extraction (619 g) 1.134 £ 0.000 0.702 £ 0.000° 72.0

fValues with different letters in amounts of Pb are significantly different with p-value (< 0.05)

(Fig. 1C, D). Currently, some consumers prefer to drink
cold brewed coffee rather than hot brewed coffee; this
preference is actually a good way to reduce the exposure to
Pb when drinking coffee.

Change in the Pb contents by extracting fruit juice

The juice from apples and grapes is often extracted to be
consumed. Apple juice and grape juice contained 0.837 +
0.000 pg (1.176 £ 0.000 pg/kg) and 0.702 £+ 0.000 pg
(1.134 £ 0.702 pg/kg) of Pb, respectively (Table 5).

A mere 14.9% of the Pb in apples was transferred to
juice, and only 28.0% of the Pb in grapes was transferred to
juice (Fig. 1E). Consumers can reduce the exposure to Pb
by consuming apples and grapes as extracted juice. How-
ever, apples are an important source of flavonoids, such as
chlorogenic acid and catechins, and chlorogenic acid and
catechins are reduced during juice extraction by 50% and
3%, respectively (Van der Sluis et al., 2002). Therefore,
apple juice can not only reduce the risk of exposure to Pb
but also decrease the benefits of exposure to antioxidants. It
is necessary to consider risks and benefits when choosing
how to cook and consume foods.

Change in the Pb contents by peeling fruits

Apples and grapes contained 5.782 £ 0.650 ng (11.001 £
1.237 pg/kg) and 2.508 £ 0.102 pg (3.066 £+ 0.125 pg/
kg) of Pb, respectively. Following the peeling of the skins,
apple flesh and grape flesh had 4.205 £ 0.592 pg
(9.392 £ 1.322 pg/kg) and 1.951 4+ 0.433 pg (9.871 £
2.191 pg/kg) of Pb, respectively (Table 5). Pb was
decreased by peeling and extracting procedure up to 85.5%
(Fig. 1F). Most of the Pb uptaken by the plants were dis-
tributed to the flesh in apples and grapes, and the skins do
not contain much Pb. However, the amount of skin
(77.87 g) of apple was less than those of flesh (447.74 g).
Therefore, the concentration of Pb in the skin was
20.252 pg/kg, and it was much higher than those in flesh.

@ Springer

Furthermore, most of the antioxidant compounds, such as
phenolics and flavonoids, were distributed to the apple
skins (Lago-Vanzela et al., 2011; Wolfe et al., 2003; Xia
et al., 2010). Therefore, consuming apples and grapes with
their skin is better than eating them without their skin,
since skin removal reduces Pb exposure very minimally
while decreasing antioxidant consumption.
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