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Analysis of trace elements in whole blood in children aged 0—12 years in Henan province
ZHAO Ke,LI Dongyang s TIAN Xiaoli \YOU Dongmei »ZHAO Yuling ,DING Lizia”
Zhengzhou Kingmed Clinical Laboratory Inc. ,Zhengzhou s Henan 450000, China

Abstract: Objective To investigate the the levels of magnesium,lead,iron,zinc,copper, manganese, calci-
um in whole blood in children aged 0 —12 years in Henan province,understand the health status of children
and provide a basis for their nutrition and health management. Methods Data were collected from totally
135 385 children aged 0—12 years who underwent trace element testing at Zhengzhou Kingmed Clinical Labo-
ratory Inc. from 2019 to 2023 were selected, and agilent inductively coupled plasma mass spectrometer was
used to detect seven elements (magnesium, lead,iron, zinc, copper, manganese, and calcium). The elemental
detection method in the laboratory has been strictly methodologically verified,and has participated in the ex-
ternal quality assessment organized by National Center for Clinical Laboratories. Grouping was conducted
based on gender,age,season,region,and year to compare the deficiencies and lead exceedances of six elements
(magnesium,iron, zinc, copper, manganese, calcium) under different conditions. Results In this study, the
mean P-values of seven elements in different age groups,gender groups,year groups,and regional groups were
all<<0. 001. Except for lead with a P-value of 0. 002, all other elements in different season groups were <C
0.001. The P-values were all less than 0. 05,indicating statistically significant differences. Among them,Mag-
nesium,iron,and zinc in children’s whole blood showed an increasing trend with age, while copper, manga-
nese,and calcium showed a decreasing trend with age. The proportions of children aged 0—1 years with iron,
zinc,and manganese deficiencies were the highest,at 24. 70% ,48. 20% ,and 0. 65 % , respectively. The highest
proportion of copper and calcium deficiency was in the age range of 11—12 years old,accounting for 20. 43%
and 0. 17% respectively. The highest proportion of lead exceeding the standard was 0. 87% among children
aged 0—1. Except for manganese and calcium levels, the levels of the other five elements were higher in boys
than in girls. Magnesium and copper levels were highest in spring.iron,zinc,and calcium levels were highest in

winter,and manganese and lead levels were highest in summer. Magnesium deficiency,calcium deficiency,and
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lead excess were showing a decreasing trend year by year. Among them,the lead levels of children in Sanme-

nxia and Jiyuan were relatively high compared to other areas. Conclusion 0—2 years children are mainly char-

acterized by calcium and zinc deficiency in Henan province. Attention should be paid to iron and zinc supple-

mentation in infants and young children. At the same time,it should also be noted that the deficiency rate of

copper increases with age.and attention should be paid to the supplementation of copper in children.
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SR LAk R A B =, 10 % L L)L EE AR B = A %)

P 4 R 24, 7% .48, 20 %6 B 0. 65 % 5 Hil K 45 dik
*1 AEFEHREILETEKTE (2 +5)
AR B n H(mg/L) He(mg/L) PE(mg/ L) g/ 1) i (pg/ 1D £5(mg/ L) HiCug/ 1)
0~1% 17 320 36.29+3.75 404, 30+48. 82 3.8240.78 1110.37+172.26  13.56+3.88 66. 2216, 36 23.15422. 14
>1~2% 15 434 36.40+3.75 420. 661-46. 50 4.25+0.73 1096.64+162.20 13,4443, 61 63. 7445, 97 23.547419. 35
>2~3 4% 13 427 36.62+3.67 432.84443.52 4.5840. 74 1076.45+155.41  12.6843.27 62. 5045, 72 20. 89415, 31
>3~4 % 12 733 36.70+3.72 436.10443. 25 4.7840.73 1063.08+151.99 12.68+11.66 61.7245.49 20. 39416. 59
>4~5% 12 114 36.70+3.73 440, 64443, 68 4, 9240. 74 1036.17+146.62  12.5143.15 61. 3645, 46 19. 69413, 03
>5~6 % 11 901 36.7043. 70 443.70£43. 89 4,98+0. 74 1018.22+143.60  12.484+3.16 61.08+5.49 19.53£12.77
>6~7 % 11 806 36.73+3.72 446, 99443, 37 5.0440. 74 1002.74+138.40  12.3443.05 60. 6745, 35 19.12412. 79
>7~8 4 10 252 36.86+3.73 451, 63443.73 5.1040. 74 987. 26+135. 84 12.4143.12 60. 4945, 39 18. 73414 30
>8~9 % 8 698 36.96+3.73 454, 59444, 11 5.14+0.75 973.81+134. 46 12.3543.09 60. 29+5. 38 18.15411. 93
>9~10 % 8 684 37.01+3.71 456. 58+44. 38 5.1640.75 957.414131. 18 12.484+3.22 59. 9445, 42 18.06+13. 10
>10~11 % 6 541 37.11+3.74 459. 67445, 92 5.2040.77 938.02+132.73 12.5943.19 59. 8045, 33 17.80413. 84
>11~12 % 6 475 37.12+3. 80 463, 81447. 90 5.2840.79 909. 63+131. 44 12.7243. 28 59. 3045, 47 1752412, 23
F 2.35 34. 88 90. 93 38. 96 3.76 31.05 7.40
P <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001
*2 AEAEHRBILECHMITR(E R EIRMIES)RZREBRER ()]
A I B n 8 (mg/L) % (mg/L) B (mg/L) 4l (pg/L) 5 (ug/L) 5 (mg/L) i (ug/L)
0~1% 17 320 500.03) 4 278(24.70) 8 348(48.20) 384(2.22) 112(0. 65) 7(0.04) 151¢0. 87)
>1~2 % 15 434 500.03) 2 189(14.18) 3 866(25.05) 310(2.01) 44(0.29) 2€0.01) 116€0. 75)
>2~3 % 13 427 2(0.01D) 1024(7.63) 1674(12.47) 329(2.45) 62(0.46) 3(0.02) 5400, 40)
>3~4 % 12 733 500.04) 810(6. 36) 903(7.09) 337(2.65) 70(0.55) 5(0. 04) 59(0.46)
>4~5% 12 114 6(0.05) 650(5.37) 635(5.24) 452(3.73) 46(0. 38) 3(0.02) 36(0. 30)
>5~6 % 11 901 3(0.03) 588(4.94) 492(4.13) 577(4.85) 57(0.48) 6(0.05) 35(0.29)
>6~7% 11 806 4(0.03) 495(4.19) 422(3.57) 631(5.34) 5500.47) 4(0.03) 310. 26)
>7~8 % 10 252 1€0.01) 352(3.43) 317(3.09) 677(6.60) 39(0. 38) 5(0.05) 22(0.21)
>8~9 % 8 698 500.06) 260(2.99) 244(2.81) 688(7.91) 49(0. 56) 4(0.05) 15€0.17)
>9~10 % 8 684 3(0.03) 267(3.07) 250(2. 88) 845(9.73) 48(0. 55) 2(0.02) 160. 18)
>10~11 % 6 541 1€0.02) 193(2. 95) 171(2.61) 900(13. 76) 36(0.55) 5(0.08) 13(0. 20)
>11~12 % 6 475 3(0.05) 199(3.07) 148(2.29) 1323(20.43) 22(0.34) 11¢0.17) 12(0.19)
X 7.248 8 850. 227 27 679. 330 5 296. 054 34.402 33.492 195. 290
P 0.779 <0. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001
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RV, ZRYASITFE L (P<<0.05) ., .45
KT 15 72 AT 38 39 8 B, S OK O B AR IR A A K
FEBETNRFEBEE LR 7, REEMILETCRRZ
BT AT O WL 8, A5 B = & 41 8] o4t i 2 E X
(P=>0.05) 8 Bk VBE VA T Bt = K4 8 Bs 45 4 1) 22

SHG I X (P<<0.05), Bz ez L
PR B AR S A A Fon R i g — i, o
Bk BRI = AE 2020 AF s oA 11, 20 %6 S 16. 00 %6 . 46
B =16 2022 FF BN 9. 47 % B Z 7E 2021 4R f
5 0.95%,

3 ARMEMNILETEKFELE (2 £5)
PR n B (mg/L) #k(mg/L) F#(mg/L) g/ 1) i (pg/ 1) 5 (mg/ L) T (pg/ L)
B 80 805 36. 773,74 439, 28--48.72 4.76+0.87 1038.794159.79  12.53+5.55 61.75-5.98 20. 88+15. 92
% 54 580 36.59-+3.73 436. 3947, 51 4.7240.88  1019.55159.76  13.1123.67 62.16-6. 02 19. 2415, 94
F 77.71 116. 72 90. 74 471,97 475,65 149.76 344. 19
P <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001
F 4 AEMEHIILE 6 ML E (.5 8.0 .55 BRZ RBBRERL(%)]
5 n £ (mg/L) # (mg/L) £ (mg/L) il (ug/1) i Cpg/ 1) 45 (mg/L) g/
5 80 805 27(0.03) 6 603(8.17) 10 057(12.45) 3 862(4.78) 473(0.59) 33(0.04) 375€0. 46)
iy 54 580 16€0.03) 4702(8.61) 7 413(13.58) 3 591(6.58) 167(0.31) 24(0.04) 185(0. 34)
x? 0.172 8.367 37.398 202. 881 54. 046 0.076 12.38
P 0.68 0. 004 <20.001 <20. 001 <20.001 0.783 <20. 001
x5 AEZEFILEREKFER(xEs)
=7 n B (mg/1L) #k(mg/L) #E(mg/L) il g/ 10 i (pg/ 1) 5 (mg/L) i (pg/L)
# 36 211 36.86-3.78 437.06-+48. 37 4.77+0.87 1042.884163.10  12.77+3.39 62.21-6.05 19.95+14. 54
H 46 440 36,5943, 71 435, 8847, 22 4.7040. 86 1023.344:155.82  12.844:3.32 61.715. 83 20. 35416, 27
# 30 877 36. 603, 63 440, 36-48. 42 4.7040. 87 1024, 634:152.56  12.7343.25 61.39+5.95 20. 3416, 41
£ 21 857 36. 8143, 84 441, 43449, 66 4,884+0.91 1 036.79+172. 34 12.60+9. 24 62. 60+6. 26 20. 22416. 80
F 49.56 95. 97 251.18 128.08 12.86 222.82 5.03
P <20. 001 <20. 001 <20. 001 <20. 001 <0. 001 <<0. 001 0. 002
x6 AEFEFIEHMTR(E S F0.2.5)RZEBFEERBRL2(X)]
E=St n £ (mg/L) # (mg/L) £ (mg/L) il g/ (TAGT-7A) 45 (mg/L) g/
# 36 211 11€0.03) 3207(8.86) 4 400(12.15) 1705(4.71) 179€0. 49) 14€0. 04) 125(0. 35)
" 46 440 16(0. 03) 3958(8.52)  6350(13.67) 2 717(5.85) 177(0. 38) 16€0.03) 194(0. 42)
#* 30 877 2(0.01) 2356(7.63) 4 295(13.91) 1 711(5.54) 138(0. 45) 13(0. 04) 137(0. 44)
% 21 857 14(0. 06) 1784(8.16) 2 425(11.09) 1 320(6. 04) 146(0. 67) 14€0. 06) 104(0. 48)
X 13.523 35. 855 134.199 66. 891 26. 786 3.250 6.865
P 0. 004 <20. 001 <20. 001 <20. 001 <20. 001 0. 355 0.076
x7 AEEBRILETEKFER(xEs)
Ay n BE(mg/ 1) #k(mg/L) £ (mg/L) il (pg/ L) fifi (pg/ 1) 5 (mg/ 1) 4 (pg/D
2019 4F 44 589 36.06--3. 59 431.96--48.76 4.7240. 90 1071.834:165.16  13.4746.93 62.08=6. 19 23.30£17.30
2020 4F 28 973 35.7943.43 424, 46344, 30 4.5740.83  1019.05+151.86  12.82+3.23 60. 655, 47 20.47415.16
2021 4F 23 001 37.40-+3.69 457. 2247, 55 4.93+0.88 1041.494155.39  11.99+3.18 62. 446,02 18.88+15.29
2022 4 17 485 37.7143.96 447, 87+48. 26 4,86+0. 89 986. 934154 64 12.3843.30 62.28+5.47 17. 43416, 44
2023 4F 21 337 37.6843. 69 440, 9344, 55 4,740, 84 986. 91-145. 88 12.33+3. 11 62. 415,78 17.18£12. 86
F 1729.17 1967. 42 643.07 1598. 79 471. 83 434.07 804. 80
P <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001 <20. 001
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2.5 ARMXILEITRKFEILE AFEMXILEIT KPR, Hoh = ey K 3% P57 AR % H Al 3 XL 5
FORP A E] FUHR L 22 S 3 A Gt 22 T L (P <20, 05) WK . 78 18 A M DX, 4% L DB Bk BE LA
WA 9. AR IXILHEITR = S AVBAR T 00 LS, s AMXEGE, ILE 10,

A A 25 5 A G (P <<0.05) . A HIIX TR

x8 FARAEBIELTRRZEBBRBERL2(%)]

Ay n B (mg/L) (mg/L) B (mg/L) i (g /1) B g/ L) 45 (mg/L) H (pg/L)
2019 4F 44 589 24€0. 05) 4 748(10.65) 6 279(14.08) 1 507(3.38) 143(0. 32) 25(0. 06) 248(0.56)
2020 4F 28 973 11€0. 04) 3 244(11.20) 4 637(16.00) 1 549(5.35) 74(0. 26) 13€0. 04) 100(0. 35)
2021 4F 23 001 2(0.01) 968(4. 21) 2 078(9.03) 905(3. 93) 218(0. 95) 10€0. 04) 97(0.42)
2022 4F 17 485 2€0.01) 978(5.59)  1894(10.83) 1 656(9.47) 138(0.79) 4€0.02) 67€0. 38)
2023 4F 21 337 4€0.02) 1328(6.22)  2582(12.10) 1 836(8.60) 67(0.31) 5(0.02) 48(0.22)
x° 14. 455 1 453. 567 688. 353 1420. 390 209. 969 5.432 44,166

P 0. 006 <0. 001 <0. 001 <20. 001 <0. 001 0. 246 <0. 001

®9 AEMRILETLEAKFLLE (2 L5)

X n B (mg/L) #k(mg/L) #(mg/L) il g/ L) 5 (pg/L) 5 (mg/ L) Hi(pe/L)
FBIN T 13 246 36. 66+3. 69 439. 54+47.29 4.7340.89 1 012.69+156.30  12.68+3.29 61.9645. 96 17.59415. 09
PiE2 NI 21 855 36.48+3.85  436.42+51.79 4.7140.93  1071.43+169.37  14.02+9. 27 62. 47+6. 87 19. 84+15.39
AT 10 497 36.91+3. 67 439. 39-+48. 31 4.7640.87  1021.444151.84  12.46+3.27 61.95+5. 90 20. 30415, 14
S 3906 36.4743.66 431, 32447. 80 4,7340.85  1039.284+158.23  12.46+3.19 62. 005, 67 20. 9415, 46
LA 3 810 36.66+3.59  446.07-+46. 65 4.9140.79  1007.34+153.56  12.54+3.13 60. 89+5. 45 23.54+13.49
s EET 207 36.60+3.98  441.73+43.49 4,86£0.76  977.24+146.72  12.53+3.45 61.5745.96 20. 29749, 56
E A 17 713 36.68+3.68  438.56+47.56 4,7540.87  1019.60+155.66  12.53+3.22 61. 9245, 84 21. 8915, 47
B (H] 5 946 36.3543.73  432.18+47.61 4.67+0.85  1030.33+155.71  12.65+3.30 61. 98-+5. 67 24.72+13.79
WERAT 1059 36.2743. 81 432. 97453, 68 4,7140.84  1029.904+161.52  12.27+3.31 62. 366,12 22.197418.42
VrE T 4100 36.754:3.61 444, 43346, 72 4.85+0.87  1002.81+149.01  12.47+3.23 61.52+5.78 22.38+23. 04
bESEIN 15 715 36.4343.69  433.01+46. 99 4.7240.85 1 040.464159.28  12.40+3.16 61. 795, 62 17. 72414, 04
=T 4172 36.76+3.68  436.22+46.78 4.45+0.91  1021.08+152.17  12.54+3.56 62.18+5. 99 39. 3027, 60
rg P 8 682 37.204:3.86  437.9946. 77 4.79+0.88  1010.23+162.08 12.37+3.19 62.13+5.93 17. 70213, 01
T i 2 925 36.663.86  438.92+47. 24 4.6640.85  1062.594158.62  12.91+3.65 61.48+5.43 17.14+10. 86
fHrAm 4 338 36.993.65 444, 11+47.41 4,960.84  1030.724+161.04  12.7243.42 60. 935 82 16.68+8. 56
JE T 11 897 37.3243.77  443.26+47.64 4,7840.86  1016.014154.79  12.3243.12 61.97+5.93 15.97+11.03
LS EA] 4413 36.3143.59  438.16+46. 45 4.7740.86  1040.63+161.97  12.78+3.32 60. 995, 99 17.31+10.78
e 904 36.07+3.65 445, 27+45.06 4,9140.80  1000.914148.11  12.71+3.36 60. 765, 53 52, 53426, 42
F 50. 97 475.75 66. 45 145. 08 113.88 36. 94 839.18

P <<0.001 <<0. 001 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001

% 10 FRMBRILETERZ RBBIRERL2(%)]

i X n £ (mg/L) # (mg/L) B (mg/L) il (g /1) i (g /1) 5 (mg/L) Hr (pg/L)
HB M T 13 246 2(0.02) 978(7.38) 1764(13.32) 922(6. 96) 66(0.50) 5(0. 04) 49(0.37)
Tr&b 21 855 16€0.07) 2 265(10.36) 3 244(14.84)  821(3.76) 57(0.26) 18€0. 08) 76(0. 35)
bl 10 497 1€0.01) 847(8.07) 1348(12.84)  567(5.40) 54(0.51) 3(0.03) 32(0.30)
SF-T9 1L 7l 3906 1€0.03) 398(10.19)  477(12.2D) 168(4.30) 25(0. 64) 0(0.00) 32(0. 82)
% fA T 3 810 0(0.00) 206(5. 41) 268(7.03) 280(7. 35) 15(0. 39) 1€0.03) 8(0.21)
e B 1l 207 0€0.00) 15(7.25) 17¢8.21) 22(10. 63) 1€0. 48) 0€0. 00) 0€0. 00)

E A 17713 4(0.02) 1437(8.11) 2 220(12.53) 1 037(5.85) 90€0.51) 5(0.03) 54(0. 30)
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&gk 10 AEMRIIETERZRBBIRBERL2(%)]
X n  (mg/L) # (mg/L) £ (mg/L) Hl (pg/L) i (pg/L) 5 (mg/1) 5 (pg/L)
AR 5 946 2(0.03) 602(10.12) 825(13.87) 307(5.16) 32€0. 54) 0(0.00) 17(0.29)
WERH T 1059 0(0.00) 138(13.03) 136(12. 84) 65(6.14) 7(0. 66) 1€0.09) 4(0. 38)
A=W 4100 0(0.00) 258(6.29) 439(10. 71> 295(7.20) 22(0.54) 1€0.02) 35(0. 85)
P 1T 15 715 5(0.03) 1482(9.43) 2 034(12.94) 708(4.51) 79(0. 50) 4(0.03) 40(0. 25)
=T 4172 1€0.02) 369(8. 84) 978(23. 44) 223(5. 35) 29(0.70) 2(0.05) 118(2. 83)
e 8 682 1€0.01) 668(7.69) 1069(12.31)  641(7.38) 54(0. 62) 4(0.05) 160.18)
[l 2 925 0(0.00) 206(7. 04) 436(14.91) 92(3.15) 12(0.41) 1€0.03) 6(0.21)
{5 BT 4338 40.09) 271(6. 25) 321(7. 40) 272(6.27) 19€0. 44) 7€0.16) 2(0.05)
JA o 11 897 2(0.02) 795(6. 68) 1349(11.34)  747(6.28) 510.43) 40.03) 160.13)
Ik o E T 4413 3(0.07) 325(7.36) 487(11. 04) 215(4. 87) 22(0.50) 1€0. 02> 6(0.14)
Vg 904 1€0. 11> 45(4.98) 58(6.42) 71(7.85) 5(0.55) 0(0.00) 49(5.42)
x* 29.610 396. 602 838. 284 409. 801 36. 255 31. 989 1262.486
P 0.029 <0. 001 <0. 001 <0. 001 0. 004 0.015 <0. 001
3 3t it W EBEAY¥TBEZ — R AR IEH S MY 6E, 2 58k
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