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Abstract

:

In the present study, winter jujube organs including fruit, fruiting leaf and foliage leaf, and associated soils in 14 typical orchards in Binzhou City, Shandong Province, China were collected and determined for the mass fractions of Co, Ni, Cu, Zn, and Cd. The mass fractions of Co, Ni, Cu, Zn, and Cd in plant tissues generally showed an order of Cu > Zn > Ni > Co > Cd as well as those in the soils decreased as Zn > Cu > Ni > Co > Cd. The values of single factor index and Nemerow pollution index suggested the jujube fruits were not polluted by heavy metals. Values of estimated daily intake for all the elements were far below their associated acceptable reference values, indicating no health risks would be caused by a single trace element. The results of targeted hazard quotient (THQ) of the metals in the fruits decreased as Cu > Ni > Zn > Cd accompanying total THQ (TTHQ) lower than 1 showing no hazard would be caused by those metals. Correlation analysis showed soil might not be the main source of heavy metals in winter jujube organs. Bioaccumulation factors (BAFs) for Co, Ni, Zn and Cd in fruits and leaves were far below 1 suggesting their low bioavailablities. The relatively great BAFs of Cu in the leaves might be due to the application of fertilizers and pesticides containing great amounts of Cu through soil and foliar spraying. To sum up, heavy metals tended not to be a major threat to winter jujube cultivation, and winter jujube had great edible safety.
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1. Introduction


Chinese winter jujube (Ziziphus jujuba Mill. cv. Dongzao), a native fruit species in China with a long cultivation history is well known for its palatable and nutritious fresh fruit [1]. Under normal cultivation/treatment, the contents of vitamin C, soluble proteins and soluble sugar in the fresh fruit of winter jujube could be 3.05 mg/g, 0.27 mg/g and 18 mg/g, respectively, and the total acidity, sugar–acid ratio and total flavonoids could reach 0.23%, 7.8 and 0.23%, respectively, showing prominent nutritional value [2]. The fruit also contains many other nourishing substances such as cyclic adenosine monophosphate (cAMP), rutin and minerals, so it is an essential medicinal and edible fruit recommended to treat some diseases such as anemia, tumors, osteoporosis and hypertension [3,4]. Its leaf could also be used as Chinese traditional medicine. In China, winter jujube trees are mainly distributed in Shandong Province and Hebei Province [5]. Zhanhua District, geographically located in the Yellow River Delta in Shandong Province is described as the hometown of Chinese winter jujube with large cultivating areas whose fruits are of high quality [6]. In recent years, ecological protection and high-quality development of the Yellow River Basin has become a major national strategy of China making environmental protection and sustainable development an important work in the Yellow River Delta region [7].



Heavy metals, including essential elements such as Cu and Zn, and nonessential elements such as Cd, Hg and Pb, are known as typical environmental pollutants that can cause bad effects to the ecosystem and pose threats to public health if their occurrence exceeds certain doses [8]. Heavy metals cannot be degraded and thus make soil a sink for these elements [9]. Accompanying the continuous inputs of industrial fertilizers and pesticides, heavy metals have become major contaminants to the soil environment and are highly related to the quality of agricultural products due to the uptake, transport and accumulation of these elements in the crops [9,10,11]. Continuous monitoring and controlling of the heavy metals in soils and plants are essential to assure the quality and safety of fruits and vegetables [12].



Many anthropogenic processes such as fertilizer, spraying, irrigation, harvesting and storage might contribute to the metal accumulation in fruits [13]. During the cultivation of fruit trees, varieties of fertilizers such as organic fertilizer, chemical fertilizer and biological fertilizer have been widely used to improve the fruit quality [14,15]. Some fertilizers were reported/observed containing trace elements. For example, Cd might be mainly released to the orchards through P fertilizer; great amounts of Co might exist in the tire ash-based Zn fertilizer and Ni is a major component of some mineral fertilizers [14,16]. Additionally, Cu in the soils of the orchards might be due to historical pesticide application [14].



In recent years, risks caused by heavy metals through consuming fruits have resulted in rising concerns and been evaluated by researchers around the world [9,13,17,18]. Several tools such as estimated daily intake rates (EDI) and the target hazard quotients (THQ) were frequently calculated to assess potential health risks caused by consuming foods [13,17]. Previous studies have reported the residues and risks of consuming heavy metals in fruits such as apple, pear, jujube, banana, grape and so on [13,18,19]. However, little information is available for the accumulation and potential health risks of heavy metals in winter jujubes. Previous studies demonstrated that the mass fractions of heavy metals in the fruits of different jujube cultivars were below related food safety standards [20,21,22]. Investigations linking the metals in jujube organs and soil would benefit to better understanding the source, transport and fate of these traditional pollutants.



The application of fertilizers and pesticides is one of the most important management actions during the cultivation of winter jujube and may cause the new input of heavy metals in the orchard ecosystem. Additionally, those elements such as Co, Ni, Cu, Zn and Cd in the fertilizers/pesticides might be accumulated in the plant organs. The levels, accumulation characteristics and health risks of these metals should be comprehensively explored. So, in the present study, mass fractions of heavy metals in fruits and leaves of winter jujube and associated soils from several orchards in Binzhou City (Wudi County and Zhanhua District) were determined. The main objectives of this investigation were to: (1) determine the levels and distributions of typical heavy metals in above-ground organs of winter jujube; (2) evaluate the risks of heavy metals by consuming winter jujube fruits; and (3) reveal the accumulation characteristics of heavy metals in the winter jujube trees.




2. Materials and Methods


2.1. Study Areas and Sampling


In the present study, sampling was conducted in October 2020. Fourteen individual winter jujube orchards scattered in seven villages in Binzhou City (Wudi County and Zhanhua District), Shandong Province were chosen as sampling stations (Figure 1). At each orchard, 1 tree was randomly selected and 3 fruits (then mixed as 1 fruit sample), 6 fruiting leaves (mixed as 1 fruiting leaf sample) and 6 foliage leaves (mixed as 1 foliage leave sample) were picked. At the same time, 0–60 cm of soil around the tree was collected using a soil auger. All the samples were placed in a clean polyethylene package and stored at −20 °C until further analysis.




2.2. Sample Analysis


In the laboratory, the plant was firstly washed using deionized water. Then, the plant and soil samples were frozen-dried, ground and passed through a 0.5 mm sieve. Approximately 0.2000 g plant samples were transferred into the digestion vessel, adding a mixture of 6 mL HNO3, 2 mL HCl and 2 mL H2O2 and digested at 190 °C for 30 min using a high-performance microwave digestion system (Ethos Up, Milestone, Sorisole, Italy). Then, the evaporation was conducted using electrothermal treatment. The digested samples were diluted to a specified volume by adding 5% HNO3. As for the soils, approximately 0.1500 g samples were microwave-digested using a mixture of 7.5 mL HNO3, 2.5 mL HCl and 2 mL HF at 190 °C for 30 min as well [8]. After evaporation, the samples were also diluted by adding 5% HNO3. Heavy metals including Co, Ni, Cu, Zn and Cd were determined using an iCAP-RQ inductively coupled plasma mass spectrometer (ICP-MS). Mass fractions of these elements were presented in mg/kg dry weight (dw). Average water content for the jujube fruits were measured using a weight method.



Quality control measures in the metal determination processes included analysis of reagent blank, sample blank, reference materials (GBW10210, ERM-S-510204, TMRM, Changzhou, China) and duplicate samples. The recoveries of reference materials ranged from 76% to 98% (Table 1).




2.3. Pollution Degree Assessment


In the present study, single pollution index (Pi) and Nemerow pollution index (Pint) were calculated to characterize the pollution degree of a single metal and the combined pollution of the total metals in the jujube fruits, respectively. Pi could be calculated using the following equation [13,23]:


Pi = Ci/Csi



(1)




where Pi is the pollution index of metal i, Ci is the mass fraction of metal i and Csi is the standard value of metal i. When the value of Pi is greater than 1, it means the fruit sample was polluted by metal i; otherwise, the sample was not polluted by metal i.



Pint could be obtained through the following equation [13]:


   P int  =   (   P  max   2  + P a v  e 2  ) / 2    



(2)




where Pint is the value of Nemerow pollution index of heavy metals in a single fruit sample. Pmax is the greatest Pi value of metals in a single sample and Pave is the average Pi values of metals in a single sample. The degree of combined metal pollution could be listed as safe (<0.7), warning (0.7–1), light (1–2), moderate (2–3) and heavy (>3).




2.4. Estimated Daily Intake


The possible health risk caused by those metals could be evaluated using the parameters including estimated daily intake (EDI) and target hazard quotient (THQ) [24,25]. The former was used to compare with related acceptable daily intake (ADI) suggested by the Joint Food and Agriculture Organization/World Health Organization (FAO/WHO) Expert Committee on Food Additives, while the value of the latter could demonstrate the hazard exposure of metals.



EDI for each element was calculated using the following equation:


EDI = Ci × FIR/BW



(3)




where EDI is the estimated daily intake (mg/kg/d); Ci is the mass fraction of metal i in jujube fruits (mg/kg fresh weight (fw)); FIR is the food ingestion rate (g/d). BW is the average body weight (kg) (for adults, BW = 55.9 kg; for children, BW = 32.7 kg) [24]. The FIR values we selected were 8.6 g/d [13], representing annual consumption. Since winter jujube is a nutritious and delicious fruit and the children like it very much, the consumed amount of jujube was considered equal for both adults and children.



THQ was calculated by the following formula:


THQ = Ci × (EFEDFIR)/(BwATRfD)



(4)




where EF is exposure frequency (365 days/year); ED is the exposure duration (20 years for adults and 5 years for children); AT is the averaging exposure time (equals 365 days/year × ED) and RfD is the oral reference dose (mg/kg/day). RfDs for Ni, Cu, Zn and Cd were 0.02, 0.04, 0.3 and 0.001mg/kg/d [26,27].




2.5. Bioaccumulation Factor (BAF)


To evaluate the accumulation efficiency of heavy metals in the plant organs, BAF was calculated. BAF is defined as the ratio between the metal mass fraction in the plant tissues and that in the soil [28]. The formula is


BAF = Cpi/Csi



(5)




where Cpi is the mass fraction of metal i in the jujube organs and Csi is the mass fraction of metal i in soil.




2.6. Statistical Analysis


Statistical analysis was performed with SPSS 19.0 (IBM SPSS, New York, NY, USA). One-way analysis of variance (ANOVA) was used to determine the variances of metal contents among different jujube organs and the EDI and THQ of different metals in the jujube fruits. Pearson’s correlation with the two-tailed test were conducted to explore the correlation and potential sources of heavy metals in jujube organs and the soils.





3. Results and Discussion


3.1. Levels of Heavy Metals in Winter Jujube Organs and Soils


Mass fractions of heavy metals in the aboveground organs of winter jujube and associated soils are shown in Table 2. Mass fractions of Co, Ni, Cu, Zn and Pb in the jujube fruits ranged from 0.01 to 0.20, nd–2.16, 0.25–19.45, 2.62–7.82 and nd–0.084 mg/g dry weight (dw), respectively, generally showing an order of Cu > Zn > Ni > Co > Cd. Our results (converted to contents based on fresh weight according to a water content of 77%) were similar to those in winter jujube fruits in Zhanhua District reported by Gao et al. [20] and Rui et al. [21] (Table 2). To some extent, this observation might indicate that the quality of winter jujube fruit varied little over the past 10–15 years. In addition, our results were also in line with those in winter jujube fruits in some other producing regions in China such as Dagang in Tianjin City and Huanghua City in Hebei Province [29]. The above observations tended to show that winter jujube fruits accumulate relatively stable amounts of heavy metals including Co, Ni, Cu, Zn and Pb. It might also suggest that the current management measures and soil environment in the winter jujube orchards would not decrease the qualities of fruits just considering the pollution of the above metal elements. In addition, it could be observed that values for mass fractions of Cu and Cd in the fruits varied greatly with high SD. It might be due to the spatial and/or management differentiation in different orchards.



Mass fractions of Co, Ni, Zn and Cd in both the foliage and fruiting leaves were in the same order of magnitude as those in fruit. Additionally, Cu contents in the leaves were about an order of magnitude higher than those in the fruit (p < 0.01). The mass fractions of metals in the leaves also decreased as Cu > Zn > Ni > Co > Cd. Relatively higher contents of Cu might be due to (1) the great accumulation capacity of Cu in the leaves and (2) the application of bordeaux mixture, a cupric pesticide used against insects during a period between July and August, while the fruits become ripe in October resulting in less residues of heavy metals in the fruits.



Mass fractions of Co, Ni, Cu, Zn and Cd in the soils ranged from 19.20 to 40.38, 34.68–84.66, 53.93–96.18, 63.68–122.14 and 0.11–0.29 mg/kg, respectively, presenting an order of Zn > Cu > Ni > Co > Cd. These observations were in line with those reported in vegetable soils in Zhanjiang City [30], agricultural soils in Baiyangdian wetland [31], and soils in Huanghua City in China [32]. Mass fractions of the five metals in all the soil samples were far below their associated risk screening values for soil contamination of agricultural land in China (GB15618-2018) indicating that the pollution of these metals in the soils could be neglected. These metals in the soil would barely cause quality and safety problems for agricultural products.




3.2. Health and Risk Concerns


The single pollution indexes of the five elements are shown in Figure 2. The reference mass fractions of Co, Ni, Cu, Zn and Cd we selected were 0.48, 1, 10, 5 and 0.05 mg/kg, respectively [13,23,33]. It was obvious that the mass fractions of the five metals (<0.01–0.05, nd–0.50, 0.13–4.47, 0.57–1.80 and nd–0.019 mg/kg fw for Co, Ni, Cu, Zn and Cd, respectively) in all the fruit samples were lower than the related reference values. The average values of Pi for Co, Ni, Cu, Zn and Cd were 0.02, 0.21, 0.14, 0.21 and 0.06, respectively, far below 1, showing that no samples were polluted by the five trace elements. It was obvious that the Pi values for Co and Cd were significantly lower than those of Ni and Zn (p < 0.01). In addition, values of the Nemerow pollution index in the fruit samples were in the range of 0.09–0.37 with an average of 0.22 (Figure 3), among which Ni and Zn were the major contributors. Those Pint values much lower than 0.7 indicated that the multiple pollution degree of heavy metals was safe. So, both the Pi and Pint values suggested that the jujube fruits were not polluted by heavy metals based on the food safety considerations.



In recent years, several metal elements have been removed from the list of toxic elements for food security of the World Health Organization (WHO) and most countries due to their extremely low potency to cause health problems. Cu, Zn, Co and Ni were no longer considered for their general standard in food and feed, and Cd was the only contaminant that was given a reference value in this study. So, the results of Pi and Pint were overestimated to a large extent, strongly suggesting the jujube fruits had a high security.



The average EDI values for Co, Ni, Cu, Zn and Cd are shown in Figure 4. Acceptable daily intake (ADI) values for Ni, Cu, Zn and Cd were 0.02, 0.05–0.5, 0.3–1 and 0.001 mg/kg/d, respectively [24,33]. It was obvious that the EDI values for all the elements were far below their associated ADI values, suggesting no health risks would be caused by a single element. The THQ values of the five heavy metals followed an order of Cu > Ni > Zn > Cd (Figure 5). THQ values of Cu were significantly higher than those of the other elements (p < 0.01). In reality, the above five metal elements tended to barely cause any health risk to both adults and children. As mentioned above, the winter jujube is a type of seasonal fruit [6]. It was impossible for citizens to consume this fruit all year round. So, winter jujube could be perfectly edible considering the heavy metal issues.



There were still some limitations for the above risk assessment issues. Firstly, the consumed amount of jujube fruits (not only winter jujube) was based on an annual statistic which could not represent the precise ingestion rate of winter jujube. It might lead to some overestimation of the health risks of heavy metals by consuming winter jujube. On the other hand, winter jujube is a seasonal fruit and citizens could not consume it all year around. Thus, a comprehensive survey should be conducted focusing on the consumption of winter jujube for different customers.




3.3. Accumulation Characteristics of Heavy Metals


In the present study, correlation analysis was used to speculate the relationships between the five heavy metals in different jujube organs and their corresponding soils (Table 3). A significant correlation between Co and Ni in fruiting leaves and soil could be observed. However, the correlation coefficients of other elements in fruit, fruiting leaves and foliage leaves to soil were low, indicating that soil might not be the main source of those metals in winter jujube organs. Nowadays, a large number of nutrient elements as well as some heavy metals are released to the fruit orchard ecosystem through fertilization and pesticide spraying [14,34]. During the cultivation of winter jujube, fertilizers and pesticides are commonly used [15]. It was worth mentioning that foliar fertilization is an important pathway for the improvement of yield and quality of fruits [15,35]. Some foliar fertilizers contain trace elements such as Zn, Se and Ni [36,37]. Therefore, our findings tended to infer that the heavy metals in the above organs of the winter jujube were from both the soil and the foliar fertilizer.



Figure 6 showed the BAF values of the five heavy metals in different organs of winter jujube. A general order of Cu > Zn > Cd > Ni > Co was available for all the three organs suggesting different bioavailabilities of those elements. It should be mentioned that the application of HF in the digestion process may lead to an elevation of the contents of elements in the soil samples due to the extract of trace elements in the crystal lattice of minerals, which could not be absorbed by plants in natural conditions. Therefore, the BAF values in this study might be slightly underestimated. Since silicate do not contain large quantities of heavy metals, the basic findings for BAF were still acceptable to a large extent. BAF values of the five elements in the fruit were all below 1 indicating poor enrichment of them in the fruits. Values of BAF much lower than 1 for Co, Ni, Zn and Cd were observed in the leaves. However, BAF values of Cu in the leaves were frequently observed close to 1 indicating Cu had a high enrichment capacity in the soil crop system. However, it might be a one-sided view considering Cu in leaves were mainly form soils. As mentioned above, Cu might be ascribed the application of pesticide and fertilizer that contain Cu [14]. As for the cultivation of winter jujube, bordeaux mixture, whose main chemical component is CuSO4 is commonly used as both of foliar fertilizer and protective fungicide [38]. Its application rate might vary among different orchards leading to a wide range of BAF values. In recent years, foliar fertilizer has gradually become a new hot spot in the study of inhibiting the absorption of heavy metals by crops because of its high solubility, good absorption and obvious effect of alleviating the absorption of heavy metals [15,35,36,37]. On the other hand, the residual Cu on the leaf surface would be easily brought into the soil by rainfall and further enriched by plants. Therefore, the present study showed that the leaves of winter jujube tended to accumulate more Cu rather than other metal elements from different pathways. It could be interesting to explore the accumulation mechanism of Cu in the winter jujube organs. So, based on some environmental protection concerns, it is of necessity to rationally use the fertilizer and pesticide involving the dose and frequency for the sustainable development of winter jujube.





4. Conclusions


Accompanying the wide application of fertilizers and pesticides, heavy metals have been continuously released into the farmland ecosystem. In the present study, metal elements including Co, Ni, Cu, Zn and Cd were measured in both the soil and plant samples. Our results revealed the accumulation characteristics of typical heavy metals in fruits and leaves of winter jujube from the Yellow River Delta. The mass fractions of Co, Ni, Cu, Zn and Pb in the jujube fruits were in the range of 0.01 to 0.20, nd–2.16, 0.25–19.45, 2.62–7.82 and nd–0.084 mg/g dw, respectively, showing relatively stable levels compared with previous studies. The soils proved to be safe for jujube cultivation due to the mass fractions of metal elements that were far below standard values for agricultural soil in China. The fruits were quite safe for citizens to consume based on the relatively low values for mass fractions, Pi, Pint, EDI and THQ of the target metal elements. The investigated metals showed low accumulation in both the fruits and leaves except for Cu. The great abundance of Cu in the leaves of winter jujube seemed to be contributed to by anthropogenic processes including the soil and foliar fertilization and pesticide spraying. It would be interesting to explore the sources and the absorption, transport and accumulation mechanisms of heavy metals in the winter jujube trees.







Author Contributions


J.X. and J.Z. (Jiqiang Zhang): conceptualization, funding acquisition, and writing—review and editing; Z.Z.: software, data curation, and writing—original draft, investigation, validation; Q.Z. and S.S.: software, data curation, and writing—original draft; G.L., J.Z. (Jian Zhao) and W.X.: writing—review and editing, resources; J.L. (Jie Luo), J.L. (Jialiang Li) and W.H.: writing—review and editing; J.L. (Juanjuan Liu) and Y.Z.: investigation and validation. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by National Natural Science Foundation of China (No. 31901456), Science and Technology Support Plan for Youth Innovation of Colleges and Universities in Shandong Province (2020KJD005), Natural Science Foundation of Shandong Province (ZR2019QEE039, ZR2019PC040 and ZR2021QD082), and the Experimental Technology Project of Binzhou University (BZXYSYXM202101).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Peng, J.; Xie, H.; Feng, Y.; Fu, L.; Sun, S.; Cui, Y. Simulation study of vibratory harvesting of Chinese winter jujube (Zizyphus jujuba Mill. Cv. Dongzao). Comput. Electron. Agric. 2017, 143, 57–65. [Google Scholar] [CrossRef]

	



Jing, D.-V.; Du, Z.-Y.; Ma, H.-L.; Ma, B.-Y.; Liu, F.-C.; Song, Y.-G.; Xu, Y.-F.; Li, L. Selenium enrichment, fruit quality and yield of winter jujube as affected by addition of sodium selenite. Sci. Hortic. 2017, 225, 1–5. [Google Scholar] [CrossRef]

	



Gao, Q.; Wu, C.; Wang, M. The jujube (Ziziphus jujuba Mill.) fruit: A review of current knowledge of fruit composition and health benefits. J. Agric. Food Chem. 2013, 61, 3351–3363. [Google Scholar] [CrossRef]

	



Jiang, J.-G.; Huang, X.-J.; Chen, J.; Lin, Q.-S. Comparison of the sedative and hypnotic effects of flavonoids, saponins, and polysaccharides extracted from Semen Ziziphus jujube. Nat. Prod. Res. 2007, 21, 310–320. [Google Scholar] [CrossRef] [PubMed]

	



Ma, Q.; Xu, J.; Wang, G.; Yao, L.; Li, Y. Studies on the fruit quality and AFLP markers of Ziziphus jujuba cv Dongzao from Hebei and Shandong Provinces. Forest Res. 2009, 22, 48–54. (In Chinese) [Google Scholar]

	



Xu, J.; Li, S.; Zhang, C. Zizyphus jujuba cv. Dongzao and its difference with other late-ripe jujube cultivars. Hebei J. For. Orchard. Res. 2003, 18, 38–42. (In Chinese) [Google Scholar]

	



Wang, H.; Wang, R.; Zhong, W.; Kong, Q.; Ma, Q.; Zong, K.; Zhao, C.; Wang, Q. Advance in structural characteristics and influence factors of functional microbial communities in the soils of the wetlands in the Yellow River Delta. Wetl. Sci. 2022, 1, 111–118. (In Chinese) [Google Scholar]

	



Zhang, Z.; Jin, J.; Zhang, J.; Zhao, D.; Li, H.; Yang, C.; Huang, Y. Contamination of heavy metals in sediments from an estuarine bay, South China: Comparison with previous data and ecological risk assessment. Processes 2022, 10, 837. [Google Scholar] [CrossRef]

	



Clemens, S.; Ma, J.-F. Toxic heavy metal and metalloid accumulation in crop plants and foods. Annu. Rev. Plant Biol. 2016, 67, 489–512. [Google Scholar] [CrossRef]

	



Seleiman, M.F.; Santanen, A.; Mäkelä, P.S.A. Recycling sludge on cropland as fertilizer—Advantages and risks. Resour. Conserv Recy. 2020, 155, 104647. [Google Scholar] [CrossRef]

	



Ali, S.; Abbas, Z.; Seleiman, M.F.; Rizwan, M.; YAYAS, I.; Alhammad, B.A.; Shami, A.; Hasanuzzaman, M.; Kalderis, D. Glycine betaine accumulation, significance and interests for heavy metal tolerance in plants. Plants 2020, 9, 896. [Google Scholar] [CrossRef]

	



Dong, C.; Zhang, M.; Zhang, H.; Yang, H.; Li, J.; Tan, F.; Dong, X.; Zhang, N.; Bao, L. Heavy metal characteristics and comprehensive quality index evaluation of soil-crop system in 11 cities of yunnan province, china. J. Geosci. Environ. Prot. 2022, 10, 257–272. [Google Scholar] [CrossRef]

	



Nie, J.; Kuang, L.; Li, Z.; Xu, W.; Wang, C.; Chen, Q.; Li, A.; Zhao, X.; Xie, H.; Zhao, D.; et al. Assessing the mass fraction and potential health risk of heavy metals in China’s main deciduous fruits. J. Integr. Agr. 2016, 15, 1645–1655. [Google Scholar] [CrossRef]

	



Peryea, F.J. Heavy metal contamination in deciduous tree fruit orchards: Implications for mineral nutrient management. Acta Hort. 2001, 564, 31–39. [Google Scholar] [CrossRef]

	



Liu, F.; Xing, S.; Ma, H.; Du, Z.; Ma, B.; Duan, C.; Chen, B. Effects of biological-organic fertilizer on biological characteristics, yield and quality of Zizyphus jujube Mill. Dongzao trees. J. Soil Water Conserv. 2010, 24, 222–226. (In Chinese) [Google Scholar]

	



Ma, J.; Zhu, J.; Du, B. Effects of different nickelous compounds on pollen germination and tube growth of fruit trees. Plant Nutr. Fertil. Sci. 2009, 15, 733–736. (In Chinese) [Google Scholar]

	



Khan, A.; Khan, S.; Khan, M.A.; Qamar, Z.; Waqas, M. The uptake and bioaccumulation of heavy metals by food plants, their effects on plants nutrients, and associated health risk: A review. Environ. Sci. Pollut. Res. 2015, 22, 13772–13799. [Google Scholar] [CrossRef] [PubMed]

	



Al Nasir, F.M.; Jiries, A.G.; Batarseh, M.I.; Beese, F. Pesticides and trace metal residue in grape and home made wine in Jordan. Environ. Monitor. Assess. 2001, 66, 253–263. [Google Scholar] [CrossRef] [PubMed]

	



Fang, B.; Zhu, X. High content of five heavy metals in four fruits: Evidence from a case study of Pujiang County, Zhejiang Province, China. Food Control 2014, 39, 62–67. [Google Scholar] [CrossRef]

	



Gao, Z.; Wang, M.; Pang, X.; Liu, Z. Influence of soil geochemistry to the qualtiy of winter jujube in Zhanhua. J. Anhui Agri. Sci. 2011, 39, 2711–2714. (In Chinese) [Google Scholar]

	



Rui, Y.; Shen, L.; Sheng, J. Content of trace elements and heavy metals in Chinese winter jujube fruit. Spectrosc. Spectr. Anal. 2008, 28, 1928–1930. (In Chinese) [Google Scholar]

	



Wang, C.; Liu, H.; Xia, X.; Liu, Z.; Wang, H.; Wang, H.; Zheng, W. The distribution of soil elements as well as its influence on the quality of Dongzao (winter jujube) in Zhanhua Dongzao growing area. Geophys. Geochem. Explor. 2012, 36, 641–650. [Google Scholar]

	



Cui, H.; Wen, J.; Yang, L.; Wang, Q. Spatial distribution of heavy metals in rice grains and human health risk assessment in Hunan Province, China. Environ. Sci. Pollut. Res. 2022, 38, 1–12. [Google Scholar] [CrossRef]

	



Zheng, N.; Wang, Q.; Zhang, X.; Zheng, D.; Zhang, Z.; Zhang, S. Population health risk due to dietary intake of heavy metals in the industrial area of Huludao city, China. Sci. Total Environ. 2007, 387, 96–104. [Google Scholar] [CrossRef] [PubMed]

	



USEPA (United States Environmental Protection Agency). Risk Tools and Databases. 2022. Available online: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables (accessed on 3 March 2022).

	



USEPA (United States Environmental Protection Agency). Integrated Risk Information System (IRIS). 2022. Available online: http://www.epa.gov/iris (accessed on 5 March 2022).

	



Yang, C.P.; Liu, Y.; Shan, B.B.; Xu, J.; Yu, W.; Sun, D.R.; Zhang, Z.W. Heavy metal concentrations and associated health risks in edible tissues of marine nekton from the outer Pearl River Estuary, South China Sea. Environ. Sci. Pollut. Res. 2021, 28, 2108–2118. [Google Scholar] [CrossRef]

	



Kaur, R.; Bhatti, S.S.; Singh, S.; Singh, J.; Singh, S. Phytoremediation of heavy metals using cotton plant: A field analysis. Bull. Environ. Contam. 2018, 101, 637–643. [Google Scholar] [CrossRef]

	



Wang, W.; Li, G.; Cao, S. Study on the quality analysis and site geological background of Dagang winter jujube in Tianjin. J. Shanxi Agri. Sci. 2019, 47, 1230–1234. (In Chinese) [Google Scholar]

	



Chen, B.; Cai, Y.; Ye, L.; Chen, J.; Zhou, S.; Ying, X. Characteristics of heavy metal content and ecological risk assessment of vegetable soil in Zhanjiang City. Guangdong Agricultra. Sci. 2022, 49, 46–53. (In Chinese) [Google Scholar]

	



Liu, X.; Wang, Y.; Yin, D.; Wang, X. Characteristics and assessment of soil heavy metal pollution under different land-use types in the Baiyangdian Wetland. Chin. J. Soil Sci. 2022, 53, 710–717. (In Chinese) [Google Scholar]

	



Zhang, L.; Zhang, G.; Zhang, H.; Zhu, Y. Assessment of spatial variability and pollution of the heavy metal in soil of Huanghua City. Res. Soil Water Conserv. 2017, 24, 337–342. (In Chinese) [Google Scholar]

	



Yao, C.; Zhou, M.; Xiong, K.; Zhang, D.; Gu, B.; Yang, H.; Zhang, X. Health risk assessment of chromium and cobalt in soils and crops around the Ni-Mo polymetallic mining area. J. Anhui Agri. Univ. 2020, 47, 109–117. (In Chinese) [Google Scholar]

	



Amanuel, Y.A.W.; Kassegne, A.B. Assessment of trace metals in soil and vegetables samples irrigated from Borkena river, South Wollo Zone, Amhara Region, Ethiopia. Sustain. Environ. 2022, 8, 2035045. [Google Scholar] [CrossRef]

	



Hu, X.; Wang, G.; Liang, L.; Xu, J. Fruit quality of Zizyphus jujube Mill. cv. “Dongzao” influenced by different kinds of fertilizer. Forest Res. 2007, 20, 750–754. (In Chinese) [Google Scholar]

	



Ojeda-Barrios, D.L.; Sanchez-Chavez, E.; Sida-Arreola, J.P.; Valdez-Cepeda, R.; Balandran-Valladares, M. The impact of foliar nickel fertilization on urease activity in pecan trees. J. Soil Sci. Plant Nutr. 2016, 16, 237–247. [Google Scholar] [CrossRef]

	



Liu, M.; Cao, W.; Gao, P.; Zhao, J.; Muhammad, U.; Ni, S.; Zhou, Y.; Wang, S.; Pei, F.; Zhang, Z.; et al. Effects of two different selenium fertilizers on accumulation of selenium and heavy metals in rice grains in field trials. Food. Sci. Technol. 2022, 42, e117521. [Google Scholar] [CrossRef]

	



Joimel, S.; Cortet, J.; Consales, J.N.; Branchu, P.; Haudin, C.S.; Morel, J.L.; Schwartz, C. Contribution of chemical inputs on the trace elements concentrations of surface soils in urban allotment gardens. J. Soil. Sediment. 2020, 21, 328–337. [Google Scholar] [CrossRef]








[image: Ijerph 19 10278 g001 550] 





Figure 1. Location map of the sampling area (A: S1–S2; B: S3–S4, C: S5–S6; D: S7–S8; E: S9–S10; F: S11–S13; G: S14. A–E representing different villages). 
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Figure 2. Single pollution indexes of heavy metals in winter jujube fruits. 
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Figure 3. Nemerow pollution indexes of heavy metals in winter jujube fruits. 
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Figure 4. Estimated daily intake of heavy metals for adults and children. 
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Figure 5. THQ of heavy metals for consuming winter jujube fruits. 
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Figure 6. Bioaccumulation factor (BAF) of heavy metals in fruit, fruiting leaf and foliage leaf. 
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Table 1. Information about the QC methods.
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	Co
	Ni
	Cu
	Zn
	Cd





	ERM-S-510204 (soil)
	95.1%
	78.7%
	79.2%
	82.8%
	76.5%



	GBW10210 (biota)
	96.3%
	81.3%
	86.5%
	92.2%
	82.4%



	RSD (duplicate samples)
	5.1%
	4.7%
	0.5%
	2.3%
	1.9%










[image: Table] 





Table 2. Heavy metal mass fractions in jujube fruits, leaves and soils (mg/kg dw; Mean ± SD).
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	Co
	Ni
	Cu
	Zn
	Cd





	The present study
	
	
	
	
	



	Fruit (dw)
	0.09 ± 0.06 a
	0.90 ± 0.61 a
	5.88 ± 4.64 a
	4.48 ± 1.46 a
	0.013 ± 0.025 a



	Fruiting leaf
	0.08 ± 0.02 a
	1.21 ± 1.20 a
	76.16 ± 41.66 b
	15.10 ± 8.24 b
	0.021 ± 0.011 a



	Foliage leaf
	0.07 ± 0.02 a
	0.91 ± 0.69 a
	65.25 ± 25.93 ab
	14.14 ± 3.17 b
	0.013 ± 0.010 a



	Fruit (fw)
	0.02 ± 0.01
	0.2 ± 0.14
	1.35 ± 1.07
	1.03 ± 0.34
	0.003 ± 0.005



	Soil
	28.37 ± 6.51
	59.49 ± 13.95
	68.38 ± 11.13
	96.77 ± 19.68
	0.20 ± 0.05



	Other studies
	
	
	
	
	



	Fruit (dw) [20]
	-
	0.4
	10.1
	7.75
	0.027



	Fruit (fw) [21]
	0.01
	0.03
	0.23
	0.79
	0.001



	Fruit [29]
	
	
	0.66
	2.37
	0.002



	Fruit [29]
	
	
	0.62
	3.08
	0.004



	Soil [30]
	
	51 ± 76
	34 ± 35
	83 ± 69
	0.19 ± 0.24



	Soil [31]
	
	36
	35
	90
	0.21



	Soil [32]
	
	29
	
	74
	0.15



	Risk screening value for agricultural soil
	-
	190
	200
	300
	0.6







Note: two abnormal values of Cu in the leaves in two orchards were not included. For each element, values with same letters in one column are not significant at a p > 0.05 level (by Tukey test).
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Table 3. Correlation coefficients of heavy metal elements among winter jujube organs and soils.
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Correlation

Coefficient

	
Co

	
Ni

	
Cu

	
Zn

	
Cd






	
Fruit-soil

	
R

	
−0.280

	
−0.187

	
0.111

	
−0.306

	
0.016




	
P

	
0.332

	
0.523

	
0.706

	
0.287

	
0.957




	
Fruiting

leaf-soil

	
R

	
0.811 **

	
0.589 *

	
0.010

	
0.347

	
−0.165




	
P

	
0.000

	
0.027

	
0.972

	
0.222

	
0.572




	
Foliage leaf-soil

	
R

	
−0.229

	
0.053

	
0.006

	
0.383

	
0.237




	
P

	
0.430

	
0.857

	
0.985

	
0.177

	
0.414








Note: n = 14, R indicates the correlation coefficient, P indicates the significance level, * is a significant correlation at the 0.05 level (two-sided), ** is a significant correlation at the 0.01 level (two-sided).



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Single pollution index

1.0

0.8 -

0.6 -

0.2~

0.0 -

e Maximum
99%

75%

O Mean
50%

25%
|

»: minimum

N
-
=2





nav.xhtml


  ijerph-19-10278


  
    		
      ijerph-19-10278
    


  




  





media/file2.png
E
39°0'0"N= ‘
S
Bohai Sea
38°0'0"N+
The Yellow River i
37°0'0"N- .
Shandong Province
01530 90 120
Kilometers
l22°:)'0"l€

1
116°0'0"E 117°0'0"E

) I 1 )
118°0'0"E 119°0'0"E 120°0'0"E 121°00"E

4
/!
i
2
I /
= :
/l |
L A i
oB o [
i
Wudi County |
:/ _4__,' """"\|
- *D ]
.rl 5 5 !
~~._/ _ Zhanhua District
=7 F K
\- l_'l'l-l
R !
_-\\ = I’

The Yellow River






media/file5.jpg
054

o

°

Nemerow pollution index
°

°

0.0+

s1

s2

S3 sS4 S5

S6 S7 S8 S9 SI10 S11 S12 S13 S14
Sample number





media/file3.jpg
5
08
i
P o
'g 25%
& 064 inium
S
£ .
3
ER
2
H I
@ T
0.2+ T 2
) ES
0.0 ;, T ‘L T T
Co Ni Cu Zn cd






media/file1.jpg
The Yellow River

20k






media/file7.jpg
EDI (mg/kg/d)

0.0008 4

0.0006

e
8
g
g

0.0002

Adults

Children

[ co
N

Cu
Zn

Ecd






media/file10.png
0.020 -
0.015 -
o
T 0.010 -
—

0.005 -

[ JTTHQ

Adults

Children






media/file12.png
Bioaccumulation factor

5=, .. .
fruit-soil
®
0.4 1
0.3 - & v
0.2 -
0.1
O
[ 4}
0.0 —Lodfm % . ?

Co N1 Cu Zn Cd

|foliage leaf-soil

e 0 Abnormal val
* Maximum
99%
L)) —‘7
75%
O Mea
50%
l 25%
1%
i = Min m
P .
-
©

" Teruiting leaf-soil .
6 - - 5
5 - n
. _
3 -
3 ul
2 -
2 -
[ - 14
. ﬁ
0.3 - . 07 -
0.2 - i
0.1 - 01
0.0 ‘4 | | I 0-0 -

Co N1 Cu Zn Cd

.,

Co N1 Cu Zn Cd





media/file9.jpg
0.020

0.015

0.005

0.000

Ni
Cu
zn

[Jcd
rhe

Adults

Children






media/file0.png





media/file8.png
EDI (mg/kg/d)

0.0008 -

0.0006 -

0.0004 -

0.0002 -

0.0000 -

I o
N
I C:
[z
I

Adults

Children





media/file11.jpg
Bioaccumulation factor

Co Ni Cu Zn Cd

7 Yfruiting leaf-soil 6 Yfoliage leaf-soil
3 - 5 .
3 4 © -
4 -
2 2 -
! i
3
93 = 02 .
02 i ?
o ; o1 . +
0.0 * 0.0 -
Co Ni Cu Zn Cd Co Ni Cu Zn Cd





media/file6.png
0.5

Nemerow pollution index

SI S2 S3 S84 S5 S6 S§7 S8 S9 S10 S11 S12 S13 S14

Sample number





