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Objective: The aim was to investigate the distribution and correlation of Ca, Mg, Zn, Cu, Fe, Pb, and Cd in the blood of children aged 0–14 years in Hunan, China, which may serve to provide a basis for clinical guidance on child health.

Study Design: A retrospective analysis was carried out. Concentrations of all elements were determined by atomic absorption spectrophotometry. Distributions were analyzed and compared among different age, sex, and year groups by the Kruskal–Wallis test, the chi-square test, and the Fisher's exact test. Spearman's rank correlation coefficient was used to evaluate the association between every pair of elements.

Results: A total of 46,951 children were involved in this study from 2013 to 2019. The median blood levels of elements were 13.51 μmol/L (Cu), 58.69 μmol/L (Zn), 1.70 mmol/L (Ca), 1.40 mmol/L (Mg), 7.46 mmol/L (Fe), 35.00 μg/L (Pb), and 1.00 μg/L (Cd). Girls had a higher level of Ca and lower levels of Pb and Cd than boys. Cu and Ca showed an upward trend, and Mg and Pb showed a downward trend by year. Zn and Fe increased and Ca decreased significantly with age. The deficiency rates of Fe and Zn decreased significantly by year, while Ca and Cu increased significantly by year. Cd exposure in this area was relatively low.

Conclusion: Most children had normal levels of the essential elements Ca, Cu, and Mg and the toxic elements Pb and Cd. Severe deficiencies in Zn and Fe were observed in the relatively younger children but improved with age. Persistent efforts in reducing Pb exposure might still be needed.
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BACKGROUND

Childhood is in the most critical period of physical and intellectual development; it is characterized by a large demand for nutrition and low tolerance to the deficiency of trace elements and excess of toxic metal elements (1). The usual essential elements, such as calcium (Ca), magnesium (Mg), zinc (Zn), copper (Cu), and iron (Fe), although the body requires very small amounts, are of great significance for human health because of their function in physical and intellectual development, oxygen transport, haematopoietic function, immunologic function, and biological metabolism (2–4). Zn is thought to be a vital substance for neuroprotection (5) and myelination (6), and the latter is also considered a copper-dependent process (7). A corresponding study also confirmed that children with cerebral palsy were characterized by significantly lower Cu and Zn by 6 and 8%, respectively (8). Iron, as a blood constituent, participates in the synthesis of hemoglobin, cytochromes, and other proteins or enzymes and is indispensable for respiration, mitochondrial function, and energy production (9). Iron deficiency is one of the most severe health problems worldwide and particularly influences children, leading to anemia as the main consequence (10). Many proteins, such as troponin C and actin, possess the same binding sites for Ca and Mg, which results in competition between these two elements for sites (11). Ca is a constituent of teeth and bones and is essential to control membrane potential and promote coagulation (11). By blocking the release of Ca, Mg causes smooth muscle relaxation, and intravenous magnesium sulfate is used in children with asthma (12). In addition, Mg is an indispensable cofactor for glucose in cells, whose deficiency impairs the cellular ability to resist oxidative damage and leads to diabetes exacerbation (13).

Cadmium (Cd) and lead (Pb) are non-essential toxic heavy metals widely distributed in the environment. The International Agency for Research on Cancer (IARC) classified Cd and Pb as human carcinogens (Group I), and Pb poisoning and Cd poisoning are now recognized as a prominent public health issue. It was shown that Cd increased the risk of cancer and mortality and caused kidney damage and a decline in bone mineral density, which gave rise to diseases such as osteomalacia and osteoporosis (14, 15). The adverse effects of Pb on the human body present on the nervous system and endocrine system, mainly manifesting as dyslexia, intellectual decline, attention deficit hyperactivity disorder (ADHD), and other mental behavior problems (16–18). There is no safe level of Pb and Cd exposure in children. Low blood levels of Cd may be associated with adverse neurodevelopmental outcomes or neurobehavioral performance (19, 20). Additionally, very low blood Pb levels were associated with intellectual deficits (21–24). Recognizing the potentially harmful effect of Pb on health, especially in children who are more susceptible to Pb exposure than adults, the United States Centers for Disease Control and Prevention (CDC) lowered the Pb poisoning concentration from 100 μg/L to 50 μg/L in 2012 (25). As a result of banning the use of leaded gasoline since 2000, Pb exposure in China has consistently fallen over the past decade. A project including 47,346 children aged 0–6 years from 11 cities all over China showed that the blood lead levels (BLLs) of Chinese children decreased from 46.38 μg/L in 2004 to 37.17 μg/L in 2013 (26). The relationships between these essential elements and toxic elements are controversial. It is important to highlight that the increase in BLLs will inevitably affect the absorption and utilization of Ca, Fe, Zn, Cu, and other essential elements, while the lack of these elements will promote the absorption of Pb, thereby increasing its toxic effects in the body (27, 28).

Given the critical period in which the children are developing, it is of great significance to understand the status of various essential and toxic elements in the blood in a timely and accurate manner to guide children on a balanced diet, to supply and adjust trace elements required by the body in time, and to maintain normal growth and development. In this study, atomic absorption spectrophotometry was used to investigate the distribution and correlation of essential and toxic elements (Ca, Mg, Zn, Cu, Fe, Pb, and Cd) in the blood of 0–14-year-old children from Hunan, China from 2013 to 2019. To the best of our knowledge, this is the first large sample study about changes in the concentrations of essential and toxic elements for the children's age and time trends in Hunan, China, with a view on providing a basis for clinical guidance of child health.



METHODS


Sample Collection

A total of 46,951 children aged 0–14 years were involved in this retrospective study, including 26,429 boys and 20,522 girls. All the children and their parents were residents of Hunan Province, and the children underwent regular health examinations in the child health care department of the Third Xiangya Hospital from January 1, 2013, to December 31, 2019. Participants who were complicated with (1) acute severe liver or kidney dysfunction; (2) ARDS or other communicable diseases; (3) schizophrenia, severe bipolar disorder and other neurodegenerative diseases; (4) leukemia, lymphoma, and other cancers; (5) congenital malformation; (6) severe inherited diseases; and (7) a history of transfusion or operations were excluded from this study. This study was approved by the Ethics Committee of the Third Xiangya Hospital.



Sample Preparation

Blood samples were collected in the child health center and then analyzed in the pediatric laboratory of The Third Xiangya Hospital of Central South University. For all the participants, ~2 ml of fasting venous blood was sampled using lithium heparin vacuum blood collection tubes specific for trace elements, followed by gentle mixing. The mouths of the tubes were sealed tightly to prevent leakage when submitted for examination. If the blood sample could not be submitted in time, it was refrigerated, stored at 2–8°C, and the examination was finished within 72 h. The samples were mixed completely prior to the examination, and 40-μL blood was extracted by micropipette from every sample and placed into diluent specific for trace elements, followed by mixing completely and examination.



Element Measurement

The concentrations of essential and toxic elements were measured by atomic absorption spectrophotometry. Cu, Zn, Ca, Fe, and Mg concentrations were detected using a BOHUI 7100s analyzer; Pb and Cd were detected using a BOHUI 2101s analyzer. Related reagents and calibrators were purchased from Bohui Innovation Technology Co., Ltd. (Beijing, China). The concentrations of all elements except for Cd can be accurate to 0.01. The concentration of Cd can be accurate to 1. Reference values in our laboratory were as follows: Cu: 11.8–39.3 μmol/L, Ca: 1.55–2.10 mmol/L, Mg: 1.12–2.06 mmol/L, Fe: 7.52–11.82 mmol/L, Pb: 0–100 μg/L, Cd: 0–5 μg/L, and Zn: (0–0.99 years) 58–100 μmol/L; (1–1.99 years) 62–110 μmol/L; (2–2.99 years) 66–120 μmol/L; (3–4.99 years) 72–130 μmol/L, and (≥5 years) 76.5–150 μmol/L. “Deficiency” was defined as values below the normal threshold. Intoxication levels were as follows: Pb: >100 μg/L and Cd: >5 μg/L. The Pb poisoning standard was revised by the U.S. Centers for Disease Control in 1991.



Statistical Analysis

All statistical analyses were conducted using SPSS version 21.0. Quantitative data were expressed as quartiles, and categorical data were expressed as percentages. We first counted the concentrations of all elements in participants of different genders, ages, and years, and the latter two results were further used to draw straightforward figures, illustrating every element trend by age (0–14 years) and year (2013–2019) using R (version 4.0.3). Next, the participants were divided into four groups according to their ages: Group A: ~0 (age <1 year, N = 19,262); Group B: ~1 (1 ≤ age <3 years, N = 12,803); Group C: ~3 (3 ≤ age <6 years, N = 6,056); Group D: ~6–14 (6 ≤ age <14 years, N = 8,830). The Kruskal–Wallis test was used to compare the differences in element concentrations in two or more groups based on sex, age, and year. The mean values and standard deviations of all elements are also shown in Table 1.


Table 1. Comparison of toxic and essential element levels in the blood of children age from 0 to 14 in Hunan, China, based on gender, age, and year.
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Compared to the reference concentrations, we evaluated how many children had an overconcentration of Pb and Cd and how many had a deficient concentration of essential elements. The rates in different groups were compared by the chi-square test or Fisher's exact test as applicable. Finally, we used Spearman's rank correlation coefficient to evaluate the association of every pair of elements. The significance level was set at p < 0.05 (two-sided).




RESULT

A total of 46,951 children aged 0–14 years were recruited for the study, and 55.67% of the subjects were boys. Significant differences were found in Ca, Pb, and Cd between boys and girls (Table 1), and girls had a higher level of Ca and lower levels of Pb and Cd than boys. Most elements changed very slightly and irregularly with age except for Zn and Fe, which showed an upward trend, and Ca, which showed a downward trend (Figure 1). After dividing the children into four age groups, we found that, when the child was older than 1 year, the element concentrations changed obviously because the B, C, and D groups of every element showed a significant difference from the A group of the same element. No difference was found among the other groups of Cd. However, Cu, Zn, Ca, Fe, and Pb showed significant differences in every two age groups, especially for Zn, Fe, and Ca with every P < 0.01; these three elements increased by 47.05%, increased by 11.80%, and decreased by 6.36%, respectively, as shown in Figure 1. Next, we evaluated the changes in elements by year from 2013 to 2019. Roughly, Cu and Ca showed an upward trend, Mg and Pb showed downward trends, and no obvious change was found in Fe, Zn, and Cd (Figure 2). Based on the data of Table 1, Pb showed the most apparent decrease of 41.11%, followed by Cu, which increased by 21.38%. Significant differences in Cd, Ca, and Mg in any 2 years could be found, even if the quartiles of Cd hardly changed, which might be explained by the fact that more than half of the participants in each year had Cd concentrations of 1.00 μg/L. Ca reached the highest point in 2017 with a concentration of 1.73 mmol/L and slightly decreased later but was generally higher than the levels before 2017. Mg showed a steady downward trend before 2018 but suddenly increased to 1.40 in 2019, which was lower than that in 2013 but higher than that in 2015.


[image: Figure 1]
FIGURE 1. A trend of toxic and essential element levels in the blood from 0 to14 years old. The boxplot showed the median values of elements and their percentile ranges.
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FIGURE 2. Blood levels of toxic and essential elements in the children aged 0~14 years by year, 2013–2019. The boxplot showed the median values of elements and their percentile ranges.


Next, we calculated the overconcentration rate of the poisonous elements Pb and Cd and the deficiency rate of the other essential elements in different sex and age groups. Taking Pb <100 μg/L as the standard reference for Pb poisoning, 0.33% of boys and girls had higher concentrations of Pb (Table 2). In addition, blood Pb over 50 μg/L could be considered excessive Pb for children due to the critical period of childhood, and 20.19% of boys and 16.52% of girls met these criteria; the difference was significant. In addition, the boys showed a significantly higher Ca and lower Zn deficiency than the girls, and the former was consistent with Table 1. No significant sex differences were found in other groups. For the four age groups, the deficiencies in Fe, Zn, and Mg all showed a downward trend from Group A to Group D by 73.19, 97.83, and 100%, respectively. Meanwhile, Cu showed an upward trend with age by 87.05%. The largest change was in the deficiency of Ca, with a rate in Group D more than 19 times larger than that in Group A. Interestingly, the change in Ca was sudden after 6 years of age. A significant difference could be seen in any two groups in essential elements except for Mg. Regarding the toxic elements Pb and Cd, the children in Group B had a relatively higher rate of Pb > 150 μg/L and Cd > 2.5 μg/L, which was significantly different from Group A but not from Groups C or D. The children in Group C had a higher rate of Pb > 100 μg/L, Pb > 50 μg/L, and Cd > 5 μg/L, among which the first rate was significantly different from Group A and the second rate was significantly different from Groups A and B, but no significant difference was found between the last rate and any groups.


Table 2. The rates of elevated toxic elements and deficiency of essential elements in different age groups (%).
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Finally, we used Spearman's rank correlation coefficient to evaluate the association of every pair of elements. Associations were found except for Zn and Cu, and Mg and Cu (Table 3). Some pairs, however, such as Cu and Cd, Zn and Cd, Mg and Cu and others with a P < 0.01, were also not considered associations because of the small correlation coefficient. Generally, the association was worth considering when the correlation coefficient was higher than 0.3, since other coefficients were relatively low or negligible. Based on this, Ca was positively correlated with Cu and negatively correlated with Zn, and Fe was positively correlated with Zn in this study.


Table 3. Correlation coefficient between different elements (r-value) (n = 46,951).
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DISCUSSION

Pb and Cd are found everywhere in daily life. In general, children come into contact with Pb in many ways, such as vehicle exhaust, factory fumes, environmental dust and paint, contaminated water and food, toys, and so on (29). In our study, the median BLL of children was 35.00 μg/L, ranging from 36.00 μg/L to 21.00 μg/L between 2013 and 2019 (Figure 1), which was lower than the previous reports conducted in the Chinese cities of Nanjing (41.16 μg/L) (30), Jinan (49.42 μg/L) (31), Beijing (42.8 μg/L) (32), Nanning (52.6 μg/L) (33), and Changchun (60.29 μg/L) (34) and slightly higher than the values reported in Sáo Paulo (Brazil, 2013) (31.2 μg/L) (35) and Wuhan in China (33.72 μg/L) (36). A total of 0.33% of all children had BLL > 100 μg/L, which was lower than that in Nanjing (1.3%) (30), Jinan (1.4%) (31), and Changchun (10%) (34). The low Pb and Pb poisoning rates can be explained by the following: (a) Most of the children in this study were younger than 3 years old (68.1%), and their range of activity was smaller than that of older children, reducing the opportunity for exposure to Pb. (b) Besides banning the use of leaded gasoline since 2000, the local government has attached great importance to the publicity and prevention of Pb exposure in children, such as placing restrictions on lead-contaminated paints and industrial emissions. The BLLs and Pb intoxication percentages (>50 μg/L) gradually increased with age, which was consistent with other studies (33–36). The boys had a higher mean BLL and a prevalence rate of Pb poisoning (BLL > 50 μg/L) than the girls, similar to other reports (33, 36, 37). Persistent efforts in reducing Pb exposure were needed for an average of 18.59% of all the children who had blood Pb levels >50 μg/L in this study.

Except for occupational exposure and smoking, food is the main source of Cd exposure for the general population (14). The objective of our study concentrated on children <3 years old (68.29%), especially children <1 year old (41.03%), whose staple food, we speculated, was breast milk or infant formulae. Cd concentrations in infant products were generally lower than those measured in most common food groups (38). In addition, baby food might be prepared more carefully by parents; thus, the concentration of Cd in our study was at a low level, and very few children had Cd poisoning; our results were lower than those reported by Zhao et al. (31) and Xu et al. (34).

Zn, Ca, Fe, Cu, and Mg are the most significant essential nutritional elements. Our data showed that the level of Ca gradually decreased with age, which was in accordance with the reports by Zhao (31) in Jinan. Overall, an average of 5.22% of children were Ca deficient, and Ca deficiency in older children was much higher than in younger children, with the prevalence of Ca deficiency from 1.10% in the 0 to 1 year age group to 22.19% in the 6–14 years age group. The change may have several possible explanations: (a) Calcium is the main component of bones and teeth. As bones develop, calcium gradually deposits on them; therefore, calcium in the serum declines with age. (b) Fine processing of grains and cereals results in large amounts of loss of minerals and vitamins, including Ca, in rice bran, (c) Lack of dairy products: milk intake decreases with age. Dairy is the main source of calcium, and the daily intake of dairy products in Chinese children is lower than the dietary recommendations of the Chinese Nutrition Society (39). (d) Vitamin D deficiency (40): Children might not have enough time to be exposed to ultraviolet rays; however, the duration of sunshine directly affects the conversion of vitamin D, and vitamin D deficiency reduces calcium absorption.

It is important to note that 48.46% of all children were Zn deficient, which was much more concerning than the data in the studies conducted by Kang-Sheng et al. (30). Ye et al. (36), and Zhao et al. (31). The overall median blood Fe level was 7.46 mmol/L, which was lower than the normal threshold of 7.52 mmol/L. Overall, Fe deficiency was 51.72%, lower than the data reported by Zhao et al. (31) and higher than data of the investigation conducted by Kang-Sheng et al. (30) and Ye et al. (36). Wu et al. (32) reported that there was no significant sex difference for Ca, Mg, and Fe. Chen et al. (33) concluded that the mean blood Pb and Cu levels of the boys were higher than those of the girls, but the mean blood Zn and Fe levels of the boys were lower than those of the girls. In our study, the blood levels of Fe in the boys were higher than those in the girls, which was inconsistent with the investigation conducted by Cao et al. (3) and Chen et al. (33). The prevalence of Zn and Fe deficiency tended to decrease with age. This phenomenon was consistent with previous studies in China (30, 31). There may be several explanations for this observation. First, children are in a period of rapid growth and development, and the body needs more Zn and Fe supplementation. Second, for young children whose supplementary food is not added in time, the staple food is breast milk or infant formulae or grains, and their gastrointestinal digestion and absorption capacity are relatively poor. Low biological utilization and absorption rates of Zn and Fe in grains and milk cannot meet the needs of infants, and infants who are fed milk or cereal for a long time are vulnerable to Zn and Fe deficiency. Third, with increasing age and the addition of food diversity, especially the increased intake of animal food, children's enhanced gastrointestinal digestion and absorption capacity will increase the intake of Fe and Zn. Meanwhile, unhealthy eating habits such as dietary bias and anorexia will cause Zn and Fe deficiency. In view of this point, greater attention is required in the supplementation of Zn and Fe in children's food.

Deficiencies in Ca, Fe, and Zn may enhance Pb absorption and promote Pb toxicity (18, 41). Studies on the correlation between Pb and other essential elements have been inconsistent. Chen et al. (33) noted that BLLs were positively correlated with blood Zn, Fe, and Mg levels and negatively correlated with blood Ca levels when children had BLLs <5 g/dl. Wu et al. (32) observed that there was a negative correlation of Pb with Zn, Mg, and Fe. Ahamed et al. (42) reported that there were significant negative correlations of blood Pb levels with Fe, Zn, and Ca. Positive correlations between Pb and Fe or Mg and a negative correlation between Pb and Ca were found by Li et al. (43). Positive correlations were found by Zhao et al. (31) when comparing Pb to Zn and Fe, and negative correlations of the blood levels of Pb with those of Cu, Mg, and Fe were observed by Ye et al. (36). In our study, blood Pb was positively correlated with Cd, Zn, Mg, and Fe but negatively correlated with Cu and Ca, while all the correlation coefficients were <0.3, which might not be sufficient to define their relevant relationship. The inconsistency in the correlation of these element concentrations may reflect the different metal levels in the local environment. Precise measurement of trace element levels in the environment may help solve this problem.


Study Limitations

The limitation of our survey was that all the children we studied came for health examinations in the child health center of our hospital, so the children who did not come for physical check-ups were not recruited in this study. In addition, the same child may have more than one time undergone physical examination and element detection in the period of 2013–2019, especially for children whose element levels were above or below normal thresholds. In addition, one thing that must be noted is that total blood concentrations of essential trace elements are only one of the aspects used to evaluate child health but might not be a sufficiently good indicator of nutritional status. Many other indicators need to be considered when evaluating nutrient status (44). Nevertheless, the study's large sample size reduced its selection bias, and the database could provide a scientific basis for further intervention for local governments and hospitals.




CONCLUSION

In this study, we evaluated the blood levels of essential and toxic elements in 46,951 children aged 0–14 years in Hunan, China, from 2013 to 2019. The levels of the essential elements Ca, Cu, and Mg and the toxic elements Pb and Cd were in the normal range in most children, whereas severe deficiencies in Zn and Fe were observed in the relatively younger children but improved with increasing age. Note that, even if children of different age groups have different levels of trace element deficiencies, their total blood concentrations might not be enough to be a good indicator of nutritional status. Therefore, supplementation with trace elements should be prudent. Although the prevalence of Pb intoxication in all children was not severe, the blood Pb concentration was at a relatively high level. We should make persistent efforts to reduce Pb exposure. To the best of our knowledge, this is the first large data analysis of elements in children in Hunan, China; hopefully, it provides a reference for the clinical guidance of child health.
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Group N Cd (/L) Cu (mol/L) 2Zn (mol/L) Ca (mmol/L) Mg (mmol/L) Fe (mmol/L) Pb (ng/L)
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0.80+0.79 14.48 + 354 59.60 % 13.84 1.68 +0.17 1.43+£0.13 748075 36.05 1690
Girls 20,522 1.00 (0.00-1.00)"* 13.52 (12.36-16.10) 58.31(49.44-68.27) 1.70 (1.65-1.76)" 1.40(1.32-1.52) 7.45 (6.98-7.95) 33.83 (24.00-45.43)"
0.78 +0.90 1454 £354 59.32 + 1353 1,69 +0.16 1.43£0.13 746 £0.73 34.79 £ 1607
Age (years)
AO~) 19,262 1.00 (0.00-1.00) 13.66 (12.67-16.25) 50.16 (43.62-56.89) 1.73(1.69-1.77) 1.39 (1.32-1.60) 7.12 (6.63-7.66) 32.05 (23.00-42.87)
0.76 £0.75 14.78 £ 355 50.98 4 10.33 1.72:4£0.19 1.41:£0.12 7.16+0.66 329341507
B(i~) 12,803 1.00 (0.00-1.00 1351 (12.33-16.02 57.36 (50.63-63.36) 1.71(1.67-1.76 1.42 (1.32-1.63 7.41 (7.01-7.90f 36,00 (25.16-47.22)
0.81:+£082 1463+ 358 57.60 % 10.05 1.71£0.15 1.44:£0.13 7445062 36.47 +17.09
C@3~) 6,056 1.00 (0.00-1.00 13.32 (12.27-15.717® 65.23 (61.16-71.50) @ 1.63 (1.60-1.68) 1.42 (1.32-1.537 7.71 (7.26-8.15/® 37.33 (26.24-50.64)®
083+ 1.16 1427 £ 351 67.43+ 1003 1,65 % 0.1 1.44£0.13 7.74£063 3827 £17.03
D6~14) 8,830 1.00 (0.00-1.00 13.29 (12.17-15.71)%< 73.76 (70.16-80.59)%¢ 1.62 (1.55-1.68)%> 1.42(1.33-1.53) @ 7.96 (7.62-8.40)%° 36.96 (25.08-50.00)%¢"
082078 14.05 + 3.42 7529073 1624013 1.44£0.13 800+0.77 37.78 £17.71
Year
2013 7,319 1.00 (0.00-1.00) 13.61(12.68-16.37) 60.49 (49.42-69.20) 1,68 (1.64-1.72) 1.51(1.41-1.61) 7.41(6.88-7.95) 36.00 (20.00-49.00)
0.87 £ 1.08 14.06 £2.21 60.01 £ 14.83 1.68 £ 0.07 1.51£0.13 7.44£0.73 34.74 £20.04
2014 6,584 1,00 (1.00-1.00)°" 1288 (12.15-13.61)° 60.71 (61.2-68.98) 1.68(1.62-1.72)° 1.43 (1.33-1.65) 7.40 (6.87-8.03) 36,00 (26.00-51.00)°
0.89 4 0.64 12.90 % 1.76 60.24 £ 13.67 1.67 £0.08 1.45+0.13 747 £0.77 3854 & 18.47
2015 6,562 1.00 (1.00-1.00) ¢ 12.84 (12.07-13.76)° 56.30 (49.38-62.85)°' 1,69 (1.62-1.73)°" 1.37 (1.31-1.50)¢ 7.33 (6.87-7.95)" 36,00 (23.00-52.00)°'
0.97 +0.74 12.97 + 221 56.35 + 10.81 1.67 £0.09 1.40£0.13 7414074 37.10 4 20.59
2016 6,938 1.00 (0.00-1.00)°0 13.08 (12.16-15.12)°0 56.90 (49.88-63.90/%9 1.70 (1.63-1.76)0 1,39 (1.32-1.52)°0 7.45 (7.00-8.02)%% 46.03 (37.83-52.05)°0
0.66%0.71 13.4942.83 5743 £11.16 170 £0.11 1.42£0.13 750+ 0.73 45.15 4 10.99
2017 7,003 000(0.00-1.008" 1512 (1230-17.760" 5833 (51.16-67.13)9"  1.73(1.66-1.78)%" 136(1.30-1.4599"  7.16(6.63-7.71f%" 3550 (20.50-42.25°
0.55:+0.78 15.63 + 4.24 59.07 1132 1.72 £0.10 1.39:£0.12 723073 3621+ 1057
2018 5365  1.00(0.00-1.0018"  13.85(12.22-17.42%0%  62.58 (47.14-76 330" 171 (167-1.750%  135(1.31-1.41%0%  7.62 (7.02-7.93FN 3251 (26.53-40.61)°M
0.87 £0.89 15.27 £ 4.41 62,90 + 1655 1.71£0.15 137 £0.11 7.60+0.56 33641158
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Results were expressed as median (Pzs — Pys); Kiuskal-Walls was used to compare differences i two and more groups.

The mean values and SDs were noted in the second row for each element.
P < 0.05, compared with boys. *'p < 0.01, compared with boys.

aCompared with Group A, p < 0.01, bcompared with Group B, p < 0.01, “compared with Group C, p < 0.01, €' compared with Group C, p < 0.05,

°Compared with Group 2013, p < 0.01, 'compared with Group 2014, p < 0.01, Icompared with Group 2015, p < 0.01, "compared with Group 2016, p < 0.01, ‘compared with Group 2017, p < 0.01, icompared with Group 2018,

p <001

' Compared with Group 2013, p < 0.05, " Compared with Group 2016, p < 0.05.
**p < 0.001. *p < 0.01.
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Group N Pb > 150 Pb > 100 Pb > 50 Cd>5 Cd>25 Ca <155 Fe <7.52 Zn* <58 Cu <118 Mg < 1.12
g/l (rg/L) g/l (rg/L) (re/l) (mmol/L) (mmol/L) (mol/L) (wmol/L) (mmol/L)
Gender
Boys 26,429 008 033 20.19 0.02 274 541 51.40 48.04 14.41 0.02
Girls 20,622 0.06 033 16,52 001 282 496" 52.13 4901 14.01 0.02
Age (years)
AO~) 19,262 004 0.13 11.91 001 2.46 1.10 69.50 79.16 1066 0.04
8(1~) 12,808 o0.10% 0.40° 20,90 002 3210 0867 54.35° 52.35 14.55° 0.02
cE~) 6,056 007 0.53 25.80% 003 284 2.77% 37.88% 10.78% 16.61% 0
D(E~14) 8830 0.09 05t 24.78% 0.00 277 22,192 18.63%° 1.70%2 19,94 0
Total 46,951 007 033" 18.50™ 001 277m 5227 51.727 48.46™ 14.247 0.02

#Means Zn < 58 ymol/L (0~0.99 years), 62 umoVL. (1~1.99 years), 66 umol/L (2~2.99 years), 72 umolL. (3~4.99 years), and 76.5 umol/L (=5 years) in accordance with the reference vale in different age groups.
Results were expressed as percentage (%). Chi-square test or Fisher's exact test was used to compare differences between groups.

“p < 0.01, compared with boys."p < 0.05, compared with boys.
2Compared with Group A, p < 0.01, & compared with Group A, p < 0.05, compared with Group B, p < 0.01, “compared with Group G, p < 0.01, ™p < 0.01, between age groups.
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