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-colored fruit with a mild sweet and sour taste. 
Due to soft and juicy pulp and thin skin, the fruit can-
not be stored for a long period of time. It is the most 
favorite fruit of the people belonging to various parts 
of the world [Tian et al. 2011]. 

Although fruits and vegetables have low energy 
content but the nutritive value of the fruits has gained 
the interest nowadays. They are rich source of vita-
mins, fibers and minerals which are much essential for 
human body [Slavin and Lloyd 2012]. The excessive 
intake of fruits and vegetables can replace the food 
containing harmful saturated fats and sugars and en-
hance the consumption of healthy nutrients and dietary 
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ABSTRACT

This study aimed at analyzing the content of 10 toxic elements (Be, Al, Ti, As, Cd, Sn, Sb, Hg, Pb and Ag) in 
different tissues (leaf blade, seed, fruit peel and pulp) of loquat fruits, at different maturity stages (immature 
green, mature green and full ripe) from Fujian (Yun Xiao/Zhangzhou) in China, using inductively coupled 
plasma-mass spectrometry (ICP-MS), with microwave digestion. Results revealed that the concentrations of 
Be, Al and Hg in all observed tissues were significantly reduced with the change in maturity of fruits from 
immature green to full ripe. Whereas the toxicity of Ti, As, Cd, Sb and Pb were observed to be shifted from 
seed and pulp to peel and leaves. Tin concentration was increased in all observed tissues except seeds, while 
silver concentration was only increased in fruit peel of loquat. In sum up, toxic elements concentration detect-
ed in the fruit pulp of loquat, at full ripe stage, was found safe for human consumption.
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INTRODUCTION

Loquat (Eriobotrya japonica Lindl.) is an ever-
green fruit plant originated from the People’s Repub-lic 
of China. It belongs to the family Rosacea, sub-
family Maloideae. It is most widely grown in Japan, 
Korea, India, Pakistan and the south-central region of 
China. It is also grown as an ornamental shrub in Cali-
fornia [LaRue 2020]. China is the leading producer 
and exporter of loquat, grows on more than 100 000 ha. 
The annual production reaches up to 380 000 t. More 
than 30 species of loquat are grown in temper-ate 
and subtropical regions of Asia [Lu et al. 2007]. It is 
a rich source of vitamin A, vitamin B6, potassium, mag-
nesium and dietary fiber. It is a very beautiful orange-
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fibre [Pem and Jeewon 2015]. To avoid certain cardio-
vascular diseases, it is recommended to consume 4400 
g fresh fruits and vegetables per day [WHO 2015]. 
But the intake of some fruits and vegetables contain-
ing toxic elements can cause their entrance in human 
body and deposition in bones and fat tissues. The slow 
release of those toxic elements in the body can cause 
some severe diseases [Guerra et al. 2012]. Toxic ele-
ments e.g. Hg, As, Cd, and Pb, can influence the func-
tion of nervous system, and cause mental illness by 
affecting blood circulatory system [Hajeb et al. 2014]. 
Hence, it is very important to update the mineral con-
tents of fruits and vegetables.

The mineral contents of the plants are influenced 
by many factors e.g. plant cultivar, soil and weather 
conditions, fertilizer use during fruiting and maturi-
ty stage of the fruits [Corelli-Grappadelli and Lakso 
2004]. The quadrupole inductively coupled plasma 
mass spectrometer (ICP-MS) is the most suitable 
method for the determination of trace elements in 
fruits and vegetables and is prevailed as the most ap-
propriate practice for clinical quantification [Bressy et 
al. 2013]. The element detection through ICP-MS has 
become a predominant methodology, because of its 
rapidity, determination limits, and the sample quantity 
needed for analysis [De Blas Bravo et al. 2007].

In present experiment, the contents of 10 toxic ele-
ments were analysed; beryllium (Be), aluminum (Al), 
titanium (Ti), arsenic (As), cadmium (Cd), tin (Sn), 
antimony (Sb), mercury (Hg), lead (Pb) and silver 
(Ag); from different tissues of loquat fruits on differ-
ent maturity stages i.e. immature green (IMG), mature 
green (MG) and full ripe (FR) from Fujian province 
in China. Inductively coupled plasma-mass spectrom-
etry (ICP-MS) was used to determine the contents of 
above-mentioned toxic elements.

MATERIALS AND METHODS

The loquat fruit samples were collected at three 
different maturity stages i.e. immature green (IMG), 
mature green (MG) and full ripe (FR) from an or-
chard located at Yun Xiao, Fujian (23°57'13.5"N 
117°20'36.0"E). Stratified sampling in accordance 
with acceptable sunlight degree of plant parts was ad-
opted to collect the fruits. Plant materials were washed 
(for 10 s approximately) with a solution of phos-

phate-free detergent, then with a 0.1 N HCl solution 
and finally with distilled water. Then, dried at 70°C, 
ground and passed through a 500 µm stainless-steel 
sieve [Madejon et al. 2006]. Soil samples were tak-
en from the root zone of each tree, about 2 m from 
the trunk, and at two depths (0–25 cm and 25–40 cm), 
by using a spiral auger of 2.5 cm diameter. Three 
sub-samples around the trunk were taken to make  
a composite soil sample per tree. They were transport-
ed to the laboratory, oven-dried at 40°C and crushed to 
pass through a 2 mm sieve, and then ground to <60 µm 
for total trace element determinations [Madejon et al. 
2006]. The analysis of toxic elements was performed 
using inductively coupled plasma mass spectrometer 
(ICP-MS) at institute of Subtropical Fruits, Fujian Ag-
riculture and Forestry University.

Instrumentation and reagents. The quadrupole 
inductively coupled plasma mass spectrometer (ICP- 
-MS) used in this work was Agilent7700X (Agilent, 
USA). It was combined with a high-efficiency sam-
ple introduction desolvating system equipped with  
a quartz cyclonic spray chamber. It was also having an 
additional mixing chamber to further homogenize and 
stabilize the sample aerosol stream, resulting in a more 
stable signal from the ICP-MS and a PFA-400 nebuliz-
er operating with peristaltic pump (APEX-IR, Omaha, 
NE, USA). The argon gas utilized was of spectral pu-
rity (99.9998%). Before each experiment, the instru-
ment was tuned for daily performance, using Agilent 
7700X Sensitivity Detection Limit Solution, Agilent, 
USA. It is an aqueous multi-element standard solu-
tion of Li, Y, Co, Ce and Tl for consistent sensitivity  
(7Li, 59Co, 89Y, 140Ce, 205Tl) and minimum doubly 
charged and oxide species levels (140Ce). The concen-
tration of elements in the solution was 10 µg L–1. The 
internal standard solution (226Re, 115In, 73Ge, 45Sc) had 
the concentration of 0.01 µg mL–1 for each element, 
was also purchased from Agilent, USA.

Standard solution (1000 µg L–1) for each element i.e. 
Be, Al, Ti, As, Cd, Sn, Sb, Hg, Pb, Ag was purchased 
from National Standard Material Research Center. Ni-
tric acid (HNO3) used in the experiment was analyti-
cally pure, obtained from CNW Technologies GmbH, 
Germany. The water was 18.3 MΩ deionized, made by 
our laboratory (Institute of Subtropical Fruits, FAFU). 

In this experiment, the working parameters of the 
inductively coupled plasma mass spectrometer were 
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optimized before the test, and the parameter settings 
are shown in Table 1.

Sample preparation. After the cleaning of glass-
ware and PTFE digestion tank used in the test, they 
were soaked in 20% nitric acid (1 + 4, V + V) for 
more than 12 h, and then rinsed with deionized wa-
ter three times before use. After lyophilizing the lo-
quat pulp with a freeze dryer, 0.5 g of the dry sample 
were added into a poly-tetra-fluoroethylene digestion 
tank. Then, 5 mL of concentrated nitric acid (analyti-
cal grade, CNW Technologies GmbH, Germany) was 
added. Then, the digestion tank was gently shook to 
make the sample completely immerse; microwave di-
gestion (Mars5, HY-20-164, CEM, USA) under the set 
conditions (Tab. 2). After microwave digestion com-
pleted, it was let be cool naturally. After opening the 
cap, the digestion solution was transferred to a 25 mL 
volumetric flask, and washed the inner wall of the di-
gestion tank with a small amount of deionized water 

several times. The washing solution was combined in 
a 25 mL volumetric flask to make a constant volume, 
at the same time as a blank control.

Determination. A single standard series solution 
was prepared. The mixed standard series solution and 
sample solution were measured by ICP-MS, and the 
standard curve method was used for quantification. 
The mixed internal standard was added to correct for 
matrix interference and instrument signal drift. 

Statistical analysis. The experiment was conduct-
ed under the complete randomized design (CRD) with 
four replications. Collected data was analyzed for 
analysis of variance (ANOVA) and Fisher’s least sig-
nificance difference (LSD) method for pair-wise com-
parison of mean values at 5% significance level using 
analytical software package ‘Statistix 8.1’. Principal 
component analysis (PCA) – Figure S1 – and correla-
tion coefficient values were determined with Pearson 
(n) method using XLSTAT Version 2014.4.06.

 Table 1. The main working parameters of ICP-MS 

Working parameters Set value 

RF power (W)  1550  

Plasma gas flow (L min–1)  15 

Carrier gas flow (L min–1)  1.07  

Compensation air flow (L min–1)  0.00  

Spray chamber temperature (°C)  2  

Octopole reaction cell mode  helium  

Oxide (%)  <3  

Double charge (%)  <1.5  

Sampling cone and intercepting cone  nickel  

Sampling depth (mm) 10.0 

 
 
Table 2. Microwave digestion procedure 

Step Power (W) Heating rate (°C/min) Temperature (°C) Hold time (min) 

1 1200 12 120 5 
2 1200 30 150 5 
3 1200 19 190 35 

 

 

Table 3. Toxic elements concentration in the soil of loquat orchard 

Toxic Elements Concentration 

Beryllium 511.92 ±72.68 µg kg–1 

Aluminum 54774.10 ±1137.5 mg kg–1 

Titanium 1215.94 ±24.5 mg kg–1 

Arsenic 58.88 ±1.5 mg kg–1 

Cadmium 80.8 ±4.01 µg kg–1 

Tin 7745.31 ±241.01 µg kg–1 

Antimony 701.66 ±20.88 µg kg–1 

Mercury 34.1 ±4.08 µg kg–1 

Lead 47.97 ±1.13 mg kg–1 

Silver 59.03 ±3.42 µg kg–1 
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RESULTS AND DISCUSSION

Soil
Soil is the major receiver of minerals and nutri-

ents from the environment. The elements which are 
adsorbed by the clay particles of the soil and don’t 
go through decomposition are become toxic elements 
[Wuana and Okieimen 2011]. Soil texture and struc-
ture can influence the nutrients availability from soil 
to plants [Huang et al. 2006]. Soil solution containing 
the ions of nutrients is the main reservoir of nutrients, 
available to plants [He et al. 2005].

There are many factors influencing the toxic ele-
ments concentration in the soil. Naturally, they can be 
deposited by the rock weathering. Humans can also 
be the source of toxic elements by adding industrial 
waste in the soil. The toxic elements present in the soil 
can affect the quality of fruits and vegetables, and can 
enter into the human body. These elements are very 
harmful for human health [Nieder et al. 2018]. In pres-
ent study, the status of toxic elements (Be, Al, Ti, As, 
Cd, Sn, Sb, Hg, Pb, Ag) in the soil as well as in the 
loquat fruits grown there, was determined. Among 
all other toxic elements, aluminum (Al) was found 

Fig. S1. Principal component analysis among 10 toxic elements and different 
plant tissues of loquat on different maturity stages
Abbreviations: IMG – immature green, MG – mature green, FR – full ripe, Lb – leaf blade, Se – 
seed, Pu – fruit pulp, Pe – fruit peel, Be – beryllium, Al – aluminum, Ti – titanium, As – arsenic, 
Cd – cadmium, Sn – tin, Sb – antimony, Hg – mercury, Pb – lead, Ag – silver.
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Fig. 1. Toxic elements [beryllium (a), aluminum (b), titanium (c) and arsenic(d)] concentration in different plant tissues of 
loquat on different maturity stages. Vertical bars indicate average  ± standard error (4 replicates)

IMG – immature green, MG – mature green, FR – full ripe

Table 1. The main working parameters of ICP-MS

Working parameters Set value

RF power (W) 1550 

Plasma gas flow (L min–1) 15

Carrier gas flow (L min–1) 1.07 

Compensation air flow (L min–1) 0.00 

Spray chamber temperature (°C) 2 

Octopole reaction cell mode helium

Oxide (%) <3

Double charge (%) <1.5 

Sampling cone and intercepting cone nickel

Sampling depth (mm) 10.0

Table 2. Microwave digestion procedure

Step Power (W) Heating rate (°C/min) Temperature (°C) Hold time (min)

1 1200 12 120 5
2 1200 30 150 5
3 1200 19 190 35

Table 3. Toxic elements concentration in the soil of loquat orchard 

Toxic elements Concentration 

Beryllium 511.92 ±72.68 µg kg–1 

Aluminum 54774.10 ±1137.5 mg kg–1 

Titanium 1215.94 ±24.5 mg kg–1 

Arsenic 58.88 ±1.5 mg kg–1 

Cadmium 80.8 ±4.01 µg kg–1 

Tin 7745.31 ±241.01 µg kg–1 

Antimony 701.66 ±20.88 µg kg–1 

Mercury 34.1 ±4.08 µg kg–1 

Lead 47.97 ±1.13 mg kg–1 

Silver 59.03 ±3.42 µg kg–1 
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in maximum quantity (54774.10 ±1137.5 mg kg–1) as 
shown in table 3. Aluminum is 3rd abundant element 
present in soil crust after oxygen and silicon. Soil is 
the main source of Al for plants. Soil pH can also in-
fluence its uptake [Silva 2012]. 

Most of toxic elements i.e. Be (511.92 ±72.68 µg kg–1), 
Ti (1215.94 ±24.5 mg kg–1), As (58.88 ±1.5 mg  kg–1), 
Sn (7745.31 ±241.01 µg kg–1), Sb (701.66 ±20.88 µg kg–1), 
Hg (34.1 ±4.08 µg kg–1), Pb (47.97 ±1.13 mg kg–1), Ag 
(59.03 ±3.42 µg kg–1) concentrations level was 
higher in the soil (Tab. 3) than plant tissues (Figs 1–3), 
except Cd (80.8 ±4.01 µg kg–1). Toxic trace elements 
are present in the soil but deposition of industrial 
waste, sewage and sludge can increase their concen-
tration [ATSDR 2002].

Loquat leaves and fruits
Toxic elements are categorized into two groups 

with respect to their environmental significance. Alu-
minum (Al), arsenic (As), cadmium (Cd), lead (Pb) 
and mercury (Hg) have the greater environmental sig-
nificance than beryllium (Be), titanium (Ti), tin (Sn), 
antimony (Sb) and silver (Ag) [Nieder et al. 2018]. 
Micronutrients including toxic elements are called 
trace elements when they are present in quantity 
<1000 mg kg–1, being toxic [Kabata-Pendias 2010]. 
The analysis results about the beryllium concentration 
in different plant tissues i.e. leaf blade, fruit pulp, seed 
and peel of loquat indicate a significant difference in 
beryllium level throughout maturity as shown in fig-
ure 1(a). Results were indicative that the toxicity of 

Fig. 2. Toxic elements [cadmium (a), tin (b), antimony (c) and mercury (d)] concentration in different plant tissues of 
loquat on different maturity stages. Vertical bars indicate average  ± standard error (4 replicates). 

IMG – immature green,  MG – mature green, FR – full ripe
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beryllium in leaves, fruit seeds and pulp was reduced 
with the proceeding from immature green stage to full 
ripe stage. Whereas fruit peel didn’t show any signifi-
cant difference. At early maturity stage, toxic elements 
concentration in the peel of loquat fruits was not de-
termined because the peel was negligible at that level. 
Fruit pulp having maximum beryllium level (110.11 
±4.11 µg kg–1) at immature green stage showed signif-
icant variation among all other plant tissues, while the 
lowest beryllium concentration (18.82 ±0.00 µg kg–1) 
was observed in loquat seeds at fruit ripening stage. 

The results shown in Figure 1b indicate that the 
concentration of aluminum in all observed plant tis-
sues i.e. leaves, seeds, fruit pulp and peel was re-
duced with the increase in fruit maturity. A great 
difference in aluminum concentration with fruit 
maturity was observed in fruit pulp and seed when 

the concentration was decreased up to 1/16 and 1/5, 
respectively. At full ripe stage, loquat fruits depict-
ed the aluminum concentration as 8.8 mg kg–1. The 
analysis results about the titanium concentration in 
different plant tissues of loquat were indicative that 
the toxicity of titanium in leaves, seeds and fruit 
pulp was reduced with the proceeding from imma-
ture green stage to fruit ripening stage. Whereas fruit 
peel showed a significant increase in titanium con-
centration as shown in Figure 1c. Maximum titanium 
level (4.27 × 104 ±212.39 µg kg–1) was indicated by 
loquat seeds at early maturity stage, while the low-
est concentration (8.75 × 103 ±53.62 µg kg–1) was 
observed in loquat leaves at same maturity stage.  
A great difference in titanium concentration with fruit 
maturity was observed in fruit pulp and seed when 
the concentration was decreased up to 1/3, each. 

Fig. 3. Toxic elements [lead (a) and silver (b)] concentration in 
different plant tissues of loquat on different maturity stages. 
Vertical bars indicate average ± standard error (4 replicates).

IMG – immature green, MG – mature green, FR – full ripe
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Loquat fruit is one of those fruit crops which are 
highly sensitive to show the effect of irrigation water. 
Arsenic (As) is a toxic element which is present in the 
groundwater of many areas of the world and can con-
taminate fruits through irrigation water [Heitkemper 
et al. 2009]. There are many studies reported about the 
high-level toxicity of arsenic in those fruits, vegeta-
bles and cereal crops which were irrigated by arsenic 
contaminated water [Farid et al. 2003]. Our findings 
about the arsenic concentration in different plant tis-
sues of loquat indicate that the toxicity of arsenic in 
seeds and fruit pulp was reduced with the proceeding 
from immature green stage to full ripe stage. Where-
as fruit peel and leaves showed a significant increase 
in arsenic level. Maximum arsenic contents (404.25 
±9.59 µg kg–1) were observed in the fruit pulp at im-
mature green stage (Fig. 1d), which were reduced up to 
4.4 ±2.1 µg kg–1 at full ripe stage, which was in much 
greater quantity as reported earlier [European Com-
mission 2002]. While the lowest arsenic concentration 
(0.46 ±0.21 µg kg–1) was observed in loquat seeds at 
fruit ripening stage. Arsenic is highly poisonous for 
humans. Its intake, greater than 10 mg kg–1 day–1 can 
cause hepatotoxicity and anemia [Singh et al. 2014].

More than 70% cadmium intake by humans are 
sourced from fruits and vegetables [Chen et al. 2012]. 
According to the findings of various scientists, cadmi-
um is a mobile element in the soil, while it is immobile 
in plants, that’s why it is found abundantly in plant’s 
body [Rahman and Hasegawa 2011]. The results shown 
in Figure 2a indicate a significant decrease in cadmium 
concentration present in fruit pulp and seed of loquat, 
whereas a remarkable increase was observed in cadmi-
um toxicity in fruit peel and leaf blade from early ma-
turity to fruit ripening stage. It was might be a shift of 
toxic element from internal parts of fruit i.e. pulp and 
seed toward external peel and leaves. A great difference 
in cadmium concentration with fruit maturity was ob-
served in fruit pulp and seed when the concentration 
was decreased up to 1/5 and 1/3, respectively. Cadmi-
um intake by humans can cause cardiovascular-toxicity, 
nephrotoxicity and can affect on reproductive and renal 
excretory system [ATSDR 2012, Satarug 2018]. 

Tin concentration in different plant tissues of lo-
quat were indicative that the toxicity of tin in leaves, 
fruit pulp and peel was increased with the proceeding 
from immature green stage to full ripe stage. Whereas 

seeds showed a significant decrease in tin concentra-
tion. While looking at Figure 2b, it can be said that 
the tin toxicity made a curve with the proceeding from 
early maturity (IMG) to fruit ripening (FR) stage, as 
fruit pulp and leaves showed that the tin content were de-
creased at fruit physical maturity but increased at ripen-
ing stage. Maximum tin level (591.47 ±7.16 µg kg–1) was 
indicated by loquat seeds at early maturity stage, while 
the lowest concentration (41.07 ±1.39 µg kg–1) was ob-
served in fruit peel at mature green (MG) stage. At full 
ripe stage, tin concentration (484.20 ±22.09 µg kg–1)  in 
fruit pulp of loquat was observed under the safe lim-
it (250 mg kg–1) determined by USDA [USDA (FAS) 
2018]. The results shown in Figure 2c indicate a signifi-
cant decrease in antimony concentration present in fruit 
pulp and seed of loquat, whereas a remarkable increase 
was observed in antimony toxicity in fruit peel and leaf 
blade from early maturity (IMG) to fruit ripening (FR) 
stage. A great difference in antimony concentration with 
fruit maturity was observed in loquat seeds when the 
concentration was decreased up to 1/6 of initial value. 

Various scientists have reported in their reports about 
toxic elements concentration in foodstuff that fruits con-
tain mercury (Hg) as a trace element; in a minute quan-
tity [Hajeb et al. 2014]. The reason of its presence in 
trace amount is might be its affinity to humic substances 
[Tangahu et al. 2011]. Our results are also in correspon-
dence with the above-mentioned findings indicate trace 
availability of Hg in different plant tissues of loquat. 
Loquat seeds having maximum mercury level (19.6  
±1.4 µg kg–1) at early maturity stage showed significant 
variation among all other plant tissues, while the lowest 
mercury concentration (1.16 ±0.18 µg kg–1) was observed 
in fruit peel of loquat as shown in Figure 2d. Results 
were indicative that the toxicity of mercury in seeds and 
fruit pulp was reduced with the proceeding from early to 
late fruit maturity stage. Whereas fruit peel and leaves 
showed a non-significant difference in mercury level. 

A lot of research has been done in last decade to 
eradicate its toxicity from foodstuff. In a report of 
USDA (Foreign Agricultural Service, China), the 
maximum limit of mercury in fruits and vegetables is 
reported as 0.01 mg kg–1 [USDA (FAS) 2018]. Mercu-
ry is a highly toxic element much studied among tox-
ic elements. Its exposure can cause severe damage to 
brain, kidneys and fetus [Castro-González and Mén-
dez-Armenta 2008]. 
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Lead (Pb) concentration (µg kg–1) observed in differ-
ent plant tissues of loquat indicated a significant decrease 
in its concentration present in fruit pulp and seed, where-
as a remarkable increase was observed in lead toxicity 
in fruit peel and leaf blade from early maturity to fruit 
ripening stage. A great difference in lead concentration 
with fruit maturity was observed in fruit pulp when the 
concentration was decreased up to 1/11 of the initial val-
ue as shown in Figure 3a. Maximum lead level (4248.95 
±111.98 µg kg–1) was indicated by loquat leaves at fruit 
ripening stage, while the lowest concentration (53.11 
±1.3 µg kg–1) was observed in seeds of loquat fruit at 
mature green stage. Recent studies show that the lead 
has the opposite behavior of cadmium [Sridhara Chary 
et al. 2008]. Lead contents in the plants depend upon its 
availability in the soil (Tab. 3). The analysis results were 
indicative that the toxicity of silver in leaves, fruit seeds 
and pulp was reduced with the proceeding from immature 
green stage to full ripe stage. Whereas fruit peel showed  
a significant increase in silver concentration. Loquat 
seeds having maximum silver level (121.55 ±1.07 µg 
kg–1) at early maturity stage showed significant variation 
among all other plant tissues, while the lowest silver con-
centration (1.79 ±0.05 µg kg–1) was observed in fruit pulp 
of loquat at fruit maturity stage as show in Figure 3b.

CONCLUSION

The results presented in this paper suggest that the 
aluminum and lead concentrations in the soil, leaves 
and fruits of loquat are found maximum (>1 mg kg–1) 
among all other toxic elements (<600 µg kg–1). The 
concentrations of Be, Al and Hg in all observed tissues 
were significantly reduced with the change in maturi-
ty of fruits from immature green to full ripe. Whereas 
the toxicity of Ti, As, Cd, Sb and Pb were observed 
to be shifted from seed & pulp to peel & leaves. The 
concentrations were below than recommended intake 
level, so the daily intake of toxic elements through 
fresh fruits may not constitute a health hazard for con-
sumers. However, these amounts can be hazardous if 
the fruits are taken in large quantities. Although these 
results described the concentrations of toxic elements 
in loquat fruits, there is still lack of information about 
the toxic elements’ concentrations in other fruits. Ulti-
mately more research is needed to find out the toxicity 
level of fruits. 

CONFLICT OF INTEREST

None

AUTHORS CONTRIBUTION

Authors of manuscript equally contributed in plan-
ning, execution, data collection, statistical analysis, 
draft development, commenting, revising and approv-
ing the manuscript for submission.

ACKNOWLEDGEMENTS

This work was supported by Fujian Agriculture Cre-
ative Projects (No. 2013-772) of Fujian Provincial De-
velopment and Reform Commission and the Key labo-
ratory of Loquat Germplasm Innovation and Utilization 
(Putian University), Fujian Province University.

REFERENCES

ATSDR (2002). Toxicological profile for beryllium. In: 
ATSDR’s Toxicological Profiles. Available: https://
www.atsdr.cdc.gov/toxprofiles/tp4.pdf

Bressy, F.C., Brito, G.B., Barbosa, I.S., Teixeira, L.S.G., 
Korn, M.G.A. (2013). Determination of trace element 
concentrations in tomato samples at different stages of 
maturation by ICP OES and ICP-MS following micro-
wave-assisted digestion. Microchem. J., 109, 145–149. 
https://doi.org/10.1016/j.microc.2012.03.010

Castro-González, M.I., Méndez-Armenta, M. (2008). Heavy 
metals: Implications associated to fish consumption. En-
viron. Toxicol. Pharmacol., 26(3), 263–271. https://doi.
org/10.1016/j.etap.2008.06.001

Chen, Y., Li, T.Q., Han, X., Ding, Z.L., Yang, X.E., Jin, Y.F. 
(2012). Cadmium accumulation in different pakchoi cul-
tivars and screening for pollution-safe cultivars. J. Zhe-
jiang Univ. Sci., B 13, 494–502. https://doi.org/10.1631/
jzus.B1100356

Corelli-Grappadelli, L., Lakso, A.N. (2004). Fruit devel-
opemtn in deciduous tree crops as affected by physio-
logical factors and environmental conditions (keynote). 
Acta Hortic., 636, 425–441. https://doi.org/10.17660/
ActaHortic.2004.636.52

De Blas Bravo, I., Sanz Castro, R., López Riquelme, N., 
Tormo Díaz, C., Apraiz Goyenaga, D. (2007). Optimi-
zation of the trace element determination by ICP-MS 
in human blood serum. J. Trace Elem. Med. Biol., 21, 
14–17. https://doi.org/10.1016/j.jtemb.2007.09.017

European Commission (2002). Assessment of dietary intake 
of ochratoxin A by the population of EU member states. 



42 https://czasopisma.up.lublin.pl/index.php/asphc

Ali, M.M., Rizwan, H.M., Yousef, A.F., Zhi, C., Chen, F. (2021). Analysis of toxic elements in leaves and fruits of loquat by inductively coupled 
plasma-mass spectrometry (ICP-MS). Acta Sci. Pol. Hortorum Cultus, 20(5), 33–42. https://doi.org/10.24326/asphc.2021.5.4

Reports on tasks for scientific cooperation. Available: 
https://ec.europa.eu/food/system/files/2016-10/cs_con-
taminants_catalogue_ochratoxin_task_3-2-7_en.pdf

Farid, A.T.M., Roy, K.C., Hossain, K.M., Sen, R. (2003). 
A study of arsenic contaminated irrigation water and its 
carried over effect on vegetable. In: Proceedings of the 
International Symposium on Fate of Arsenic in the En-
vironment, Dhaka, Bangladesh, 113–121.

Guerra, F., Ricardo Trevizam, A., Muraoka, T., Chaves Mar-
cante, N., Guidolin Canniatti-Brazaca, S. (2012). Heavy 
metals in vegetables and potential risk for human health. 
Sci. Agric., 69(1), 54–60. https://doi.org/10.1590/
S0103-90162012000100008

Hajeb, P., Sloth, J.J., Shakibazadeh, S., Mahyudin, N.A., 
Afsah-Hejri, L. (2014). Toxic elements in food: Oc-
currence, binding, and reduction approaches. Compr. 
Rev. Food Sci. Food Saf., 13(4), 457–472. https://doi.
org/10.1111/1541-4337.12068

He, Z.L., Yang, X.E., Stoffella, P.J. (2005). Trace elements 
in agroecosystems and impacts on the environment. J. 
Trace Elem. Med. Biol., 19(2–3), 125–140. https://doi.
org/10.1016/j.jtemb.2005.02.010

Heitkemper, D.T., Kubachka, K.M., Halpin, P.R., Allen, 
M.N., Shockey, N.V. (2009). Survey of total arsenic and
arsenic speciation in us-produced rice as a reference
point for evaluating change and future trends. Food Ad-
dit. Contam. Part B Surveill., 2(2), 112–120. https://doi.
org/10.1080/02652030903148298

Huang, R.Q., Gao, S.F., Wang, W.L., Staunton, S., Wang, G. 
(2006). Soil arsenic availability and the transfer of soil 
arsenic to crops in suburban areas in Fujian Province, 
southeast China. Sci. Total Environ., 368(2–3), 531–
541. https://doi.org/10.1016/j.scitotenv.2006.03.013

Kabata-Pendias, A. (2010). Trace elements in soils and 
plants, 4th ed. https://doi.org/10.1201/b10158

LaRue, R.G. (2020). Loquat Fact Sheet. Fruit Nut Res. Inf. 
Center, Univ. Calif. Available: http://fruitsandnuts.ucda-
vis.edu/dsadditions/Loquat_Fact_Sheet/ [date of access: 
30.01.2020].

Lu, Z.M., Zhang, Z.L., Wu, W.X., Li, W.H. (2007). Effect 
of low temperatures on postharvest loquat fruit. Acta 
Hortic., 750, 483–486. https://doi.org/10.17660/Acta-
Hortic.2007.750.77

Madejon, P., Maranon, T., Mmurillo, J. (2006). Biomonitor-
ing of trace elements in the leaves and fruits of wild olive 
and holm oak trees. Sci. Total Environ., 355(1–3), 187–
203. https://doi.org/10.1016/j.scitotenv.2005.02.028

Nieder, R., Benbi, D.K., Reichl, F.X. (2018). Role of po-
tentially toxic elements in soils. In: Soil components 
and human health, Nieder, R., Benbi, D.K., Reichl, F.X. 
Springer Netherlands, Dordrecht, 375–450. https://doi.
org/10.1007/978-94-024-1222-2_8

Pem, D., Jeewon, R. (2015). Fruit and vegetable intake: 
Benefits and progress of nutrition education interven-
tions-narrative review article. Iran. J. Public Health, 
44(10), 1309–1321.

Rahman, M.A., Hasegawa, H. (2011). High levels of inor-
ganic arsenic in rice in areas where arsenic-contaminated 
water is used for irrigation and cooking. Sci. Total En-
viron., 409(22), 4645–4655. https://doi.org/10.1016/j.
scitotenv.2011.07.068

Satarug, S. (2018). Dietary cadmium intake and its effects 
on kidneys. Toxics, 6(1), 15. https://doi.org/10.3390/
toxics6010015

Silva, S. (2012). Aluminium toxicity targets in plants. J. 
Bot., 1–8. https://doi.org/10.1155/2012/219462

Singh, M.K., Dwivedi, S., Yadav, S.S., Sharma, P., Khattri, 
S. (2014). Arsenic-induced hepatic toxicity and its atten-
uation by fruit extract of Emblica officinalis (Amla) in
Mice. Indian J. Clin. Biochem., 29, 29–37. https://doi.
org/10.1007/s12291-013-0353-9

Slavin, J.L., Lloyd, B. (2012). Health benefits of fruits 
and vegetables. Adv. Nutr., 3(4), 506–516. https://doi.
org/10.3945/an.112.002154

Sridhara Chary, N., Kamala, C.T., Samuel Suman Raj, D. 
(2008). Assessing risk of heavy metals from consuming 
food grown on sewage irrigated soils and food chain 
transfer. Ecotoxicol. Environ. Saf., 69(3), 513–524. 
https://doi.org/10.1016/j.ecoenv.2007.04.013

Tangahu, B.V., Sheikh Abdullah, S.R., Basri, H., Idris, M., 
Anuar, N., Mukhlisin, M. (2011). A review on heavy 
metals (As, Pb, and Hg) uptake by plants through phy-
toremediation. Int. J. Chem. Eng., 939161. https://doi.
org/10.1155/2011/939161

Tian, S., Qin, G., Li, B. (2011). Loquat. Postharvest 
Biol. Technol. Trop. Subtrop. Fruits, 444. https://doi.
org/10.1016/B978-1-84569-735-8.50017-6

TSDR (2012). Toxicological profile for cadmium, Toxico-
logical Profile. Available: https://www.atsdr.cdc.gov/
toxprofiles/tp5.pdf

USDA  (2018). National Food Safety Standard of Maximum 
Levels of Contaminants in Foods. 

WHO (2015). Food safety.  Available: https://www.who.int/
campaigns/world-health-day/2015/fact-sheet.pdf

Wuana, R.A., Okieimen, F.E. (2011). Heavy metals in con-
taminated soils: A review of sources, chemistry, risks and 
best available strategies for remediation. Int. Schol. Res. 
Not. Ecol., 1–20. https://doi.org/10.5402/2011/402647




