
前言

食品中的微量金属成为是剧毒还是营养成

分取决于金属的类型及其浓度。目前对于

许多食物来说,一些元素的添加可以提高其
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ICP-MS测试奶粉中
的元素含量

ICP - Mass Spectrometry

营养价值，给消费者带来健康，然而一些元素浓度过高也可能会导致中毒，因此

元素分析不仅需要检测食物的痕量级同时也需要检测高浓度。

电感耦合等离子体质谱仪 (ICP-MS)的功能和动态线性范围使它适合于食品材料

的分析。ICP-MS的超痕量检测范围能够测试低浓度的污染物，如铅、砷、 硒、和

汞，而常量的营养元素，如钙、镁、钾、钠可以通过ICP-MS的扩展至9个数量级的

线性范围来进行检测。然而目前仍然存在许多需要克服的问题，包括复杂的基体,

高浓度的固溶物以及干扰。不过在适合的ICP-MS仪器条件和设计下，这些问题都

是可以克服并能成功分析出食物样品的。这篇文献将集中于脱脂奶粉这种尤其

在发展中国家的主要食品的分析。
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实验

样品前处理

本实验样品为NIST® 1549脱脂奶粉标准样品，称量约0.5-

0.6g样品（一式两份），放入预先清洗过的微波消解罐里，

加入5mL硝酸（Fisher ScientificTM，光谱纯），2mL过氧化氢

（Fisher ScientificTM，光谱纯）。消解程序有30分钟加热和

15分钟冷却，如表一所示。样品完全溶解后溶液为澄清透

明，用去离子水稀释到50mL，无需进一步样品稀释。为了

确保汞元素的稳定性，需要添加最终浓度达到200µg/L金

元素到溶液中。随样处理试剂空白，使用相同的微波消解

程序。

表一 微波消解程序

步骤         功率（W）      升温时间（min）  保持时间（min）

仪器条件

所有的数据需要在带有自动进样器的PerkinElmer NexION® 

300/350X ICP-MS的标准条件下进行。仪器条件请见表二。

表二 ICP-MS仪器条件

参数 条件

雾化器 玻璃同心雾化器

雾室 玻璃旋流雾室

锥 镍锥

等离子气流量 18.0 L/min

辅助气流量 1.2 L/min

雾化气流量 0.98 L/min

样品提升速率 300 µL/min

RF功率 1600W

积分时间 0.5s（As, Se, Hg 1.5s）

重复测定次数 3

通用池模式* 碰撞模式

* PerkinElmer独有

校准曲线

多元素标准溶液，含有所有的 S R M s分析物（来自

perkinelmer的单元素或多元素标准溶液），用10%HNO3

稀释。为了确保汞元素的稳定性，需要添加最终浓度为

200µg/L的金元素到溶液中。校准曲线范围基于分析元素

为高浓度营养元素如钾或钠，低/中含量必需元素，如锰、

铁，还是痕量/超痕量污染物，如铅或汞。

基于分析物的认定值，下面五种检测范围为待测元素的所

有范围。

高含量营养元素：0-300ppm

中等含量元素：0-20ppm

低含量元素：0-2ppm

痕量污染元素：0-200ppb

超痕量污染元素：0-20ppb

图1~5代表每个范围典型的校准曲线。

除了分析元素外，标准、空白、样品都需要用三通内标加入

器在线加入含有内标物6Li, Sc, Ge, In和 Tb的溶液，其包含

了所有质量范围。在内标溶液里加入少量乙酸消除样品消

解过程中残留碳的影响。

4（冷却）
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54Fe Correlation Coefficient = 0.99997.

Experimental

Sample Preparation
NIST® 1549 Non-Fat Milk Powder was used for this analysis. 
Approximately 0.5-0.6 g was digested in duplicate with 5 mL of 
nitric acid (Fisher Scientific™, Optima grade) and 2 mL of hydrogen 
peroxide (Fisher Scientific™, Optima grade) in pre-cleaned PTFE 
microwave sample vessels. The digestion program consisted of 30 
min of heating and 15 min of cooling, as shown in Table 1. All 
samples were completely dissolved, resulting in clear solutions that 
were diluted to a final volume of 50 mL with deionized water. No 
further sample dilutions were necessary. Gold was added to all 
solutions at a final concentration of 200 µg/L to stabilize mercury. 
Preparation blanks, consisting of the acid mixture, were taken 
through the same microwave digestion program as the samples.

Step Power (W) Ramp (min) Hold (min)

1 500 1 4

2 1000 5 5

3 1400 5 10

4 (cooling) 0 — 15

Table 1. Microwave Digestion Program.

Instrumental Conditions
All data in this study were generated under normal operating 
conditions on a PerkinElmer NexION® 300X/350X ICP-MS using  
an autosampler. The instrumental operating conditions are shown  
in Table 2.

Parameter Value

Nebulizer Glass concentric

Spray chamber Glass cyclonic

Cones Nickel

Plasma gas flow 18.0 L/min

Auxiliary gas flow 1.2 L/min

Nebulizer gas flow 0.98 L/min

Sample uptake rate 300 µL/min

RF power 1600 W

Total integration time 0.5 (1.5 seconds for As, Se, Hg)

Replicates per sample 3

Universal Cell Technology™* Collision mode

*PerkinElmer, Inc.

Table 2. ICP-MS Instrumental Operating Conditions for this Application.

Calibration
Multielement calibration standards, representing all the analytes  
in the SRM, were made up from PerkinElmer Pure single and 
multielement standards and diluted into 10% HNO3. Gold was 
added to all solutions at a final concentration of 200 µg/L to 
stabilize mercury. Calibration standard ranges were based on 
whether the analyte was expected to be a high-level nutritional 
element like potassium (K) or sodium (Na), low/medium-level 
essential element like manganese (Mn) or iron (Fe), or trace/ 
ultratrace contaminant such as lead (Pb) or mercury (Hg). 

Depending on the certificate value of the analytes, five different 
calibration ranges were made up to cover the complete range  
of elements being determined:

•	High-level	nutritional	analytes:	0-300	ppm

•	Medium-level	essential	analytes:	0-20	ppm

•	Low-level	essential	analytes:	0-2	ppm

•	Trace-level	contaminants:	0-200	ppb

•	Ultratrace-level	contaminants:	0-20	ppb

Figures 1 to 5 show representative calibration curves for each range.

In addition to the analyte elements used for the multielement 
calibration, the standards, blanks, and samples were also spiked 
on-line using a mixing tee with a solution of 6Li, Sc, Ge, In, and Tb 
for internal standardization across the full mass range. Acetic acid 
was added to the internal standard solution to compensate for 
residual carbon leftover from the sample digestion.

Figure 1. Calibration curves for 54Fe (0-2 ppm).

23Na Correlation Coefficient = 0.99996.

Figure 2. Calibration curve for 23Na (0-300 ppm).
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63Cu Correlation Coefficient = 0.99999.

31P Correlation Coefficient = 0.99999.

78Se Correlation Coefficient = 0.99995.

Figure 3. Calibration curve for 63Cu (0-200 ppb).

Figure 4. Calibration curve for 31P (0-100 ppm).

Figure 5. Calibration curve for 78Se (0-20 ppb).

Results

Quantitative results for two sample preparations of the NIST®  
1549 Milk Powder are shown in Table 3. All elements in every 
sample	were	determined	with	Universal	Cell	operating	in	Collision	
mode using helium as the cell gas. Figures in parentheses ( ) in the 
Reference Value column are not certified values but are included  
for information purposes only. The data show very good agreement 
with the certified values, especially for the elements that suffer  
from known spectral interferences. The elements that are outside 
the specified limits are mostly the ones that are well recognized as 
environmental contaminants, which have most likely been impacted 
by the sample preparation procedure.

Element Mass 
(amu)

Reference 
Value (mg/kg)

Experimental 
Value (mg/kg)

B 11 – 2.1

Na 23 4970 ±100 4700

Mg 26 1200 ±30 1170

Al 27 (2) 0.7

P 31 10600 ±200 10500

S 34 3510 ±50 3290

K 39 16900 ±300 16500

Ca 44 13000 ±500 12800

V 51 – 0.003

Cr 52 0.0026 ±0.0007 <0.003

Fe 54 1.78 ±0.10 1.98

Mn 55 0.26 ±0.06 0.26

Co 59 (0.0041) 0.005

Ni 60 – 0.013

Cu 63 0.7 ±0.1 0.6

Zn 66 46.1 ±2.2 46.7

As 75 (0.0019) <0.006

Se 78 0.11 ±0.01 0.17

Sr 88 – 3.7

Mo 98 (0.34) 0.37

Cd 111 0.0005 ±0.0002 <0.002

Sn 118 – <0.002

Sb 121 (0.00027) <0.001

Ba 137 – 0.83

Hg 202 0.0003 ±0.0002  <0.0007

Pb 208 0.019 ±0.003 0.019

Tl 205 – <0.0001

Th 232 – <0.00008

U 238 – <0.00002

Table 3. Analysis of NIST® 1549 Milk Powder using the NexION 300X ICP-MS.

结果

NIST® 1549脱脂奶粉标准样品定量分析结果对照表请见

表三。所有样品中的元素都用He碰撞模式。括号的数据并

非标准值仅供参考。数据与标准值有很好的一致性，尤其

在受到谱线干扰的情况下。超出标准值范围的元素可能是

收到前处理过程的环境污染造成的。

表三  NIST® 1549脱脂奶粉标准样品用NexION 300/350 ICP-MS
检测结果

  元素    质量数                标准值          测定值

  （amu）             （mg/kg）          （mg/kg）
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3

63Cu Correlation Coefficient = 0.99999.

31P Correlation Coefficient = 0.99999.

78Se Correlation Coefficient = 0.99995.
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Figure 4. Calibration curve for 31P (0-100 ppm).

Figure 5. Calibration curve for 78Se (0-20 ppb).
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结论

实验证明了PerkinElmer’s NexION 300/350X ICP-MS具有

无需稀释样品分析常量营养元素的能力， NIST® 1549脱脂

奶粉标准样品的实验验证结果一致，证明了分析的准确性。

仪器光学系统的设计消除了沉淀物的影响，保证了高基体

样品长期稳定性，使痕量级别的元素能被准确检测。
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Conclusion

This work has demonstrated the ability of PerkinElmer’s NexION 
300X/350X ICP-MS to effectively measure macro-level nutritional 
elements in the same analysis run as lower-level elements,  
without having to dilute the samples. The agreement between 
experimental and certified results for NIST® 1549 Milk Powder 
demonstrates the accuracy of the analysis. Instrument design 
characteristics eliminate deposition on the ion optics, leading to 
long-term stability in high-matrix samples, while permitting trace 
levels to be accurately measured.


