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Simultaneous determination of 26 inorganic elements by inductively coupled
plasma-mass spectrometry in Caenorhabditis elegans at different periods of time
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Abstract: Objective A method was established to simultaneously determine the content of 26 elements in C. elegans by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS), and to analyze the content changes of elements in different stages of C. elegans
growth and development. Methods The nematodes were treated by wet digestion using 65%—68% HNO, as the digestion solution,
and 26 elements (Al, As, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, Ga, In, K, Mg, Mn, Mo, Na, Ni, Pb, Sc, Se, Te, V, Zn, and Zr) in the
nematodes were determined simultaneously using ICP-MS. The eggs obtained after synchronization of nematodes were evenly
divided into five groups and cultured to L1, L2, L3, L4, and Adult stages, respectively. The content of 26 elements was determined
using the established ICP-MS method. Results The results showed that the linearity of the 26 elements was good in the range of 0—
500 pg L™ with R* > 0.999 3, the instrumental limits of detection were 0.000 1—0.090 3 pg-L™', the instrumental precision RSD was
0.4%—1.8%, the reproducibility RSD was 0.0%—2.5%, the stability RSD was 0.8%—4.6%, the average spiked recoveries were
80.8%—118.5%, and the RSD was 0.2%—1.5%. The L4 stage nematodes have the highest overall element content, followed by the
L2 stage, with the L1 stage nematodes having the lowest overall element content. Conclusion The content of elements in nematodes
during growth and development was determined by ICP-MS, which is a fast, sensitive, simple and efficient method suitable for

analyzing the distribution of elements in nematodes, and provides a certain theoretical basis for the further study of the potential
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effects of a single element or a variety of elements on Caenorhabditis elegans.

Key words: Caenorhabditis elegans; inductively coupled plasma mass spectrometry; inorganic elements; correlation analysis
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Table 1 Regression equations, correlation coefficients, linear ranges, detection limits and quantification limits of 26

inorganic elements

P TR LTI R AN/ (ug LD AR/ (ug LD ZER/(ug L™
1 Al Y=439.2157 X+1 711.007 9 1.000 0 0~500 0.001 3 0.004 3
2 As Y=3978.570 1 X+1088.2719 0.998 9 0~500 0.018 8 0.062 7
3 B Y=205.769 5 X+571.570 7 1.000 0 0~500 0.002 6 0.008 7
4 Ba Y=14994.829 0 X+ 12 438.430 2 1.000 0 0~500 0.026 8 0.089 3
5 Bi Y=425090.954 0 X+1 905.480 3 0.999 5 0~500 0.000 3 0.001 0
6 Ca Y=151.837 5 X+2 604.939 6 1.000 0 0~500 0.018 8 0.062 7
7 Cd Y=18 061.107 9 X+65.333 6 0.999 9 0~500 0.001 0 0.003 3
8 Co Y=78225.694 5 X+649.350 8 0.999 8 0~500 0.000 4 0.001 3
9 Cr Y=39436.114 9 X+88 533.184 5 0.999 8 0~500 0.026 0 0.086 7

10 Cu Y=>58286.212 5 X+28 282.890 1 0.999 3 0~500 0.005 7 0.0190
11 Fe Y=931.471 3 X+2 345333 1 1.000 0 0~500 0.000 3 0.000 1
12 Ga Y=11002.019 7 X+83.333 7 0.999 8 0~500 0.001 8 0.006 0
13 In Y=102 574.194 6 X+38.889 0 0.999 7 0~500 0.000 3 0.000 1
14 K Y=1566.1459 X+21 356.477 1 1.000 0 0~500 0.001 3 0.004 3
15 Mg Y=1891.490 8 X+9702.217 2 1.000 0 0~500 0.000 2 0.000 7
16 Mn Y=20406.150 8 X+2272.8755 0.999 9 0~500 0.009 4 0.0313
17 Mo Y=28 865.452 5 X+219.113 2 0.999 9 0~500 0.001 3 0.004 3
18 Na Y=20636.768 8 X+412 987.158 4 1.000 0 0~500 0.000 1 0.000 3
19 Ni Y=20217.101 0 X+3 808.139 2 0.999 9 0~500 0.009 6 0.0320
20 Pb Y=304 153.924 4 X+131200.3096  0.999 6 0~500 0.005 5 0.0183
21 Sc Y=7716.637 4 X+54.889 1 0.999 9 0~500 0.002 7 0.009 0
22 Se Y=92.637 0 X+0.666 7 0.999 7 0~500 0.021 6 0.072 0
23 Te Y=2852.883 4 X+0.888 9 0.999 7 0~500 0.003 6 0.0120
24 \% Y=24216.742 6 X+109.778 4 0.999 9 0~500 0.001 2 0.004 0
25 Zn Y=9017.177 6 X+20 686.905 7 0.999 5 0~500 0.090 3 0.3010
26 Zr Y=52964.502 6 X+2 398.454 7 0.999 9 0~500 0.002 7 0.009 0
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Table 2 Results of mass fractions of 26 elements in adult C. elegans (x*s, n=3)

P JLER e/ (pgrug ™D 75 JLR B/ (pgrpg™
1 Al 724.016+1.344 14 K 1519.824+7.822
2 As 0.012+0.003 15 Mg 47.037+0.708
3 B 8.733+0.007 16 Mn 0.481+0.023
4 Ba 3.383+0.036 17 Mo 0.002+0.000
5 Bi 1.228%107*+£0.000 18 Na 371.93140.672
6 Ca 250.971+£2.315 19 Ni —
7 Cd 5.509x107*+0.000 20 Pb —
8 Co 3.579x107+0.000 21 Sc 0.068+0.000
9 Cr 0.178+0.004 22 Se 0.260+0.004
10 Cu — 23 Te 5.546x107+0.000
11 Fe 3.283+0.034 24 v 0.010+0.000
12 Ga 0.004+0.000 25 Zn 0.392+0.006
13 In 0.002+0.000 26 Zr 0.004+0.000
RO AR

"-" indicated not detected.
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Fig. 1 Levels of elements in nematodes of L1—Adult stages
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Fig.2 Correlation among 26 elements in C. elegans (n=3)
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Table 3 Characteristic value, contribution rate and

cumulative contribution rate of each principal component

ERgy RIEE TETERE% BB EIRRE %
1 12.666 48.715 48.715
2 7.061 27.159 75.874
3 4.324 16.631 92.505
4 1.949 7.495 100.000
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Table 4 Principal component load matrix
P J Gy BT S Ji% 73 BT
1 2 3 4 1 2 3 4
Cr 0.975 -0.042 -0.218 0.000 Mn 0.706 -0.196 -0.129 -0.667
Ga 0.967 0.173 -0.110 0.150 B -0.688 0.686 0.105 0.212
Mg 0.961 0.017 0.228 0.156 Ba -0.047 0.953 0.289 0.082
Pb -0.925 -0.124 -0.274 0.234 Zn 0.136 0.948 0.286 0.001
Ca 0.919 0.386 0.003 -0.082 Ni 0.001 0.937 0.349 0.023
Te 0.911 -0.268 0.182 0.256 Co 0.389 0.854 0.339 -0.070
Al 0.906 0.062 -0.370 0.194 Zr -0.375 0.820 0.389 0.187
\Y 0.894 0.318 -0.239 0.207 Cu -0.639 0.767 0.021 -0.059
Cd -0.890 -0.162 -0.335 0.263 Na 0.118 -0.131 0.968 0.181
As -0.887 0.166 -0.165 0.398 Bi 0.358 -0.467 0.761 0.273
Sc 0.844 0.212 -0.420 0.259 K 0.293 -0.581 0.757 0.068
Fe 0.796 0.367 -0.216 0.430 In 0.311 -0.579 0.740 0.146
Se 0.781 0.152 -0.551 0.252 Mo 0.394 0.583 0.167 -0.690
x5 EHHFRER
Table 5 Principal component expression
END iy ESLS
1 Y,=-0.193 X,+0.033 X,+0.270 X;+0.255 X,+0.082 X;+0.258 X;+0.237 X;+0.251 X;+0.274 X,+0.198 X,,+0.224
X,;+0.109 X},+0.038 X;5+0.272 X;,—0.249 X,5+0.219 X,;,—0.105 X};+0.111 X}3;—0.250 X;,+0.087 X, +0.256 X,,—
0.013 X,,+0.101 X,;—0.180 X,,—0.260 X5
2 Y,=0.258 X;—0.049 X,+0.006 X;+0.023 X,—0.219 X;+0.145 X,+0.080 X;+0.120 X;—0.016 X,—0.074 X,+0.138
X,;+0.321 X,+0.357 X;5+0.065 X,,+0.062 X,5+0.057 X,,+0.309 X;;+0.219 X;,—0.061 X;,—0.218 X;,,—0.101 X;, +
0.359 X,,—0.176 X,;+0.289 X,,—0.047 X,5+0.353 Xy
3 Y;=0.050 X,+0.466 X,+0.110 X;—0.178 X,+0.364 X;+0.001 X,—0.202 X;—0.115 X;—0.105 X,—0.062 X,,—0.104
X,;+0.163 X;,+0.138 X;5—0.053 X;,—0.079 X;s—0.265 X,,+0.187 X,,+0.080 X3 —0.161 X,,+0.356 X,,+0.088 X;,+
0.139 X,,+0.366 X;;+0.010 X;,—0.132 X,5+0.168 X6
4 Y,=0.152 X,+0.130 X;+0.112 X;+0.139 X,+0.049 X;—0.059 X;+0.186 X;+0.148 X;—0.478 X,,+0.308 X;,—0.050
X,,1+0.001 X;+0.107 X;,+0.285 X;5+0.181 X,,1+0.134 X,,—0.494 X ;+0.188 X;,+0.105 X5, +0.183 X;,+0.059 X,,+
0.196 X,;—0.042 X,,+0.168 X,5+0.016 X5
Y~ Y, 4N TR KT X~ X, 9 26 BT 3R & B bR EAl 5 1 -

Y, to Y, were four principal component factors; X, to X,¢ were standardized data for the content of 26 elements.

F6 EHNBN GEABHMHR N As F1Cd 2 Fift 76 2 3 7] B 5 65 75 I BRAF 2 2L
Table 6 Principal component score, composite score and B MEE SN EA R, Cd e R IE gL i 75
ranking N FE AT 2 JUE As T3 IR, 900 As 0 3R AE 2k
- ERAA T ooy wapy  TEBAUZIESEBIRT. Mn AP T Pb Al As T
Yr vz vi ¥4 [ 5 55 6 £ o A FE I B R 4R D T Hh 78 Zn TG
L83 S8 m08% 0ot s ENCN 3 ZLEPTe SR TR R
oo o e 048 b R EN AT RIS T , LA 7 Zn 72 %

. —VU. —1. 4. —V. '7‘,_/_‘ Ql / > ‘%%Q\ ,
L4 382 -036 -2.06 143 1.53 1 & & E/\T ;ja BEN %Ej“ AR T 2R 05 @
Adult 1.16 -2.70 298 0.18 0.34 3 ROS. % fit 11 fik S- % B By 4o (Gstad) FI Y —

5 (MDA) , #i% 7 SOD A HK(GSH) A GSH-Px ,
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