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Determination of calcium, magnesium, phosphorus, iron, and zinc in buffalo
milk by inductively coupled plasma-atomic emission spectrometry(ICP-AES)

XU Guang'", DENG Quan-Dao”, SHI Hai-Xin?, YANG Bo', LUO Hu', LI Ai-Li', HOU Han-Qiu'

(1. Qinzhou Entry-Exit Inspection and Quarantine Bureau, Qinzhou 535000, China; 2. Guilin Entry-Exit Inspection and Qua-
rantine Bureau, Guilin 535000, China; 3. Department of Biology and Chemistry, Qinzhou College, Qinzhou 535000, China)

ABSTRACT: Objective To establish a method for determination of calcium, magnesium, phosphorus, iron
and zinc in buffalo milk by inductively coupled plasma-atomic emission spectrometry(ICP-AES) with micro-
wave sample digestion. Methods The buffalo milk samples were dissolved by microwave digestion using ni-
tric acid and hydrogen peroxide as solvent and determined by inductively coupled plasma-atomic emission
spectrometry (ICP-AES). The spectral lines for Ca, Mg, P, Fe and Zn were 317.993 nm{106}, 202.582
nm{466}, 178.284 nm{489}, 238.204 nm{141} and 213.856 nm{457}. Results The detection limit of Ca,
Mg, P, Fe and Zn were 0.091, 0.063, 0.037, 0.019 mg/kg and 0.012 mg/kg. The recoveries for these elements
were 94.7%~108.2% with relative standard deviation(RSD, n=11) less than 2.5%. Conclusion The analytical
results consisted with those obtained by national standard method. This method has many advantages, such as
good repeatability, less use of digestion reagent, easy operation, synchronous determination of multiple ele-

ments, fast testing velocity, and less pollution.
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Table 1 Optimal conditions for ICP-AES
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Table 2 Optimal conditions for microwave digestion

(W) (min) (C) (min)

1 1200 25 150 10




1148 4
, 2.2 BRERYFZN
3 ; L 0.50 pg/mL ,
2 > 5
, , 1%~5% |
> 1% ,
(3 4
600000 1200
500000 1000
400000 800
300000 600
200000 400
100000 200
0
317.889 317.899 317.909 317.910%7.920 317.939 317.949 317.959 317.9 1(7)3 259 178.269 178&2{70 178.289 178.299
A I
S | | [ BN | O I [ | [ O [
loHas st Ca 317.933 {105] ¥  Rep# [ 1 e _k'i# P 176.28¢ (489} |v| Repk [1 3
8000 60000
6000 40000
4000
2000 20000
0
202.551 202.561 202.571 mﬁzoz 581 202.591 202.601 238.17 238.18 238.19 "‘&2;82 238.21 23822 238.23
I [ [ | e [
Has 184 Mg 202.582 {466} (v Rep# [ 1 2 . B L Fe 238.204 {141} ¥ Rep#
60000
40000
20000
0
213822 213832 213842 213852 213862 213872
K
_J Has L In 213.856 {457} ¥ Rep# [ 1 3]
1
Fig. 1 Spectrum of analyte
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Table 3 Spectrum line for measured elements
Ca Fe Mg P Zn
317.993 nm{106} 238.204 nm{141} 202.582 nm{466} 178.284 nm{489} 213.856 nm{457}
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Table 4 Effect of HNO;concentration on determination

(ng/mL)
(%)
Ca Fe Mg P Zn
1 0.502 0.496 0.498 0.501 0.499
2 0.498 0.499 0.496 0.498 0.504
3 0.499 0.498 0.498 0.499 0.501
4 0.497 0.498 0.499 0.502 0.503
5 0.496 0.495 0.503 0.501 0.501
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Table 5 Linear range, correlation efficiency and limit of detection

(mg/L) (mg/kg)
Ca 0~5.00 0.9999 0.091
Mg 0~5.00 0.9999 0.063
P 0~5.00 0.9999 0.037
Fe 0~2.00 0.9999 0.019
Zn 0~2.00 0.9999 0.012
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Table 6 Precision test of the method (n=11)

Element (mg-kg™)Found SD RSD(%)
Ca 1893 46.05 2.43
Fe 1.23 0.0106 0.86
Mg 18.73 0.1908 1.02
P 1240 22.06 1.78
Zn 4.36 0.0162 0.37
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Table 7 Comparison of analytical results by this method with that obtained by national standard method

(mg/kg)
Ca 1893 1968
Fe 1.23 1.19
1 Mg 18.73 18.96
P 1240 1291
Zn 436 432
Ca 1611 1705
Fe 2.24 2.09
2 Mg 29.36 28.91
P 1449 1482

Zn 3.16 3.22
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Table 8 Recovery test

(mg/L) (mg/L) (mg/L) (%)
0.50 4.249 96.2
Ca 3.768
1.00 4.715 94.7
0.50 0.610 97.8
Fe 0.1211
1.00 1.073 95.2
1.00 2.907 103.1
Mg 1.876
2.00 3.872 99.8
1.00 3.556 108.2
P 2.474
2.00 4.548 103.7
0.50 0913 95.9
Zn 0.4331
1.00 1.415 98.2
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