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前言

随着葡萄酒消费普及的持续增长，一系列的

法规颁布了葡萄酒中金属含量的限量。

采用PinAAcle 500
分析葡萄酒中的铜，
铁和锰

Atomic Absorption

比如在中国，对进口葡萄酒中的铜，铁，锰，最大限量值见表1，这些元素的测定可

以通过火焰原子吸收光谱仪轻松完成。

本文描述了通过PinAAcle 500火焰原子吸收光谱仪对葡萄酒中的铜，铁，锰进行

测定的实验。
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实验

所有的实验均是按照表2的仪器条件，在珀金埃尔默的

PinAAcle 500上的空气/乙炔上进行的，仪器使用的光源为

空心阴极灯。同时还使用到仪器标配的雾化器和雾室。所有

的样品和标准溶液是通过手动的方式让仪器自吸进入到系

统的。

本实验中测定的样品见表3，样品未经过任何预处理，直接

把样品从瓶中倒入到样品管中进行分析。为了验证方法的

测定精度，所有的样品均选择两条不同的波长进行分析。此

外，在限值一半到限值之间还进行了加标回收实验。标准溶

液采用去离子水进行配置，标准点的最高点超过每个元素的

限量值，样品采用外标法进行分析测定。

结果与讨论

表 4-6 显示了葡萄酒样品中铜，铁和锰的分析结果。为了清

除起见，结果中未示出样品的多次分析。结果显示所有测定

的葡萄酒样品中各元素的含量均低于规定的限量值，夏敦

埃酒中锰的含量接近于限量值。

所有葡萄酒样品的加标回收率均在15%，这表明样品在测

定过程中未收到基体的干扰，结果准确可靠。

所有葡萄酒样重复测定和加标回收的结果以及表4-6展示

的结果一致表明了方法的稳定性。

所有的样品和加标样品同样采用第二条波长进行了测定，

如表2所示。测定结果与表4-6所显示的结果一直，更表明

了方法结果的准确性。

表1. 中国对进口葡萄酒中通，铁和锰的限量

元素 
铜 (Cu)

铁 (Fe)

1

8

2

限量值 (mg/L)

锰(Mn)

Table 2. PinAAcle 500 AA 光谱仪条件
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the limits. Spike recoveries were within 15% for all wines, indicating 
a lack of matrix interference, corroborating the accuracy of the 
results. Repeated analyses of all wines and spikes produced results 
consistent with those shown in Tables 4-6, demonstrating the 
stability of the method. 

All samples and spikes were also measured at a second wavelength, 
as indicated in Table 2. The results of these analyses were consistent 
with those in Tables 4-6, providing further confidence that the 
results are accurate. 

Type Country of Origin

Chardonnay Australia

Cabernet Sauvignon France

Red USA

White Zinfandel USA

Table 3. Wines analyzed.

Parameter Copper Iron Manganese

Primary Wavelength (nm) 324.75 248.33 279.48

Secondary Wavelength (nm) 327.40 302.06 279.83

Slit (nm) 0.7 0.2 0.2

Air Flow (L/min) 2.5 2.66 2.66

Acetylene Flow (L/min) 10 7.36 7.36

Calibration Standards (mg/L) 1 ,2, 3 1, 5, 12 1, 2, 5 

Calibration Curve Type
Linear Through 

Zero
Non-Linear 

Through Zero
Non-Linear 

Through Zero

Table 2. PinAAcle 500 AA spectrometer instrumental conditions.

Experimental

All analyses were performed on the PerkinElmer PinAAcle 500 AA 
spectrometer operating with an air/acetylene flame with hollow 
cathode lamps, according to the conditions in Table 2. The standard 
nebulizer and spray chamber were used. All samples and standards 
were introduced manually using self-aspiration.

The wine samples included in this study are shown in Table 3  
and were analyzed neat with no sample preparation – samples 
were just poured from the bottles into sample tubes. To assess 
accuracy, all samples were measured at two different wavelengths. 
In addition, spike recoveries at both the regulatory limits and half 
of the regulatory limits were performed. All analyses were made 
against external calibration curves with the standards being made 
in deionized water. The highest calibration standard exceeded the 
upper regulatory limit for each element. 

Results and Discussion

Tables 4-6 show typical results for the analyses for copper, iron, 
and manganese in the wine samples. For clarity, results from 
multiple analyses of each sample are not shown. These results 
indicate that all elements in all the wines are under the regulatory 
limit, with the manganese level in the chardonnay being closest to 

Element Limit (mg/L)

Copper (Cu) 1

Iron (Fe) 8

Manganese (Mn) 2

Table 1. Chinese limits on copper, iron, and manganese in imported wines.

Wine Concentration (mg/L) + 0.5 mg/L (mg/L) % Recovery + 1 mg/L (mg/L) % Recovery

Chardonnay 0.29 0.80 102 1.30 101

Red 0.19 0.72 107 1.24 105

White Zinfandel 0.14 0.63 98 1.13 99

Cabernet Sauvignon 0.13 0.61 96 1.09 96

Wine Concentration (mg/L) + 4 mg/L (mg/L) % Recovery + 8 mg/L (mg/L) % Recovery

Chardonnay 0.57 4.63 102 8.72 102

Red 1.56 5.99 111 10.1 107

White Zinfandel 2.02 6.03 100 10.2 102

Cabernet Sauvignon 3.33 7.33 100 11.1 97

Wine Concentration (mg/L) + 1 mg/L  (mg/L) % Recovery + 2 mg/L (mg/L) % Recovery

Chardonnay 1.70 2.60 90 3.49 90

Red 1.30 2.24 94 3.17 94

White Zinfandel 1.06 1.94 88 2.89 92

Cabernet Sauvignon 0.97 2.04 107 2.93 98

Table 4. Copper in wine results (regulated level = 1 mg/L).

Table 5. Iron in wine results (regulated level = 8 mg/L).

Table 6. Manganese in wine results (regulated level = 2 mg/L).

主波长 (nm)

参数   铜 铁 锰

线性过零点

第二波长 (nm)
狭缝 (nm)
空气流量 (L/min)
乙炔流量 (L/min)
标准点 (mg/L)

标线类型 非线性过零点 非线性过零点

表 3. 分析的酒样 
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原产地类型

表4. 葡萄酒中铜的测定结果 (限量值 = 1 mg/L).
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Table 4. Copper in wine results (regulated level = 1 mg/L).

Table 5. Iron in wine results (regulated level = 8 mg/L).
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表5. 葡萄酒中铁的测定结果 (限量值= 8 mg/L).

表6. 葡萄酒中锰的测定结果 (限量值 = 2 mg/L).

葡萄酒 浓度 (mg/L) % 回收率 % 回收率

葡萄酒 浓度 (mg/L) % 回收率 % 回收率

葡萄酒 浓度 (mg/L) % 回收率 % 回收率
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结论

本实验充分展示了在满足中国对进口葡萄酒限量的水平

下，PinAAcle500能精确测定各种葡萄酒样品中的铜，铁和

锰的含量。PinAAcle仪器上配有大触摸屏显示器，在分析

过程中操作Syngistix软件变得非常简单，若需要更大的灵

活性，Sygistix软件也可以满足需求，只需要连接上一个台

式电脑即可实现。

分析大批量样品时，为提高样品通量，可将FAST火焰快速

自动进样器与PinAAcle进行联用。样品通量的提高，对葡

萄酒中铜，铁和锰的测定结果与之前测定的结果一致。使

PinAAcle500成为测定葡萄酒中金属元素的完美仪器。

Type Country of Origin

Chardonnay Australia

Cabernet Sauvignon France

Red USA

White Zinfandel USA
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Conclusion

This work has clearly demonstrated the ability of the PinAAcle 500 
AA spectrometer to accurately measure copper (Cu), iron (Fe), and 
manganese (Mn) in a variety of wine samples at levels which meet 
the regulations imposed by China for imported wine. The Syngistix 
Touch™ software operated from the PinAAcle’s large touchscreen 
display allows for simple operation when analyzing samples. If 
more flexibility is desired, Syngistix™ for AA software can also be 
used, running from an on-board computer. For increased sample 
throughput when analyzing large batches, a FAST Flame sample 
automation system can be used with the PinAAcle 500. With the 
faster sample throughput, equivalent results can be obtained for 
the analysis of Cu, Fe, and Mn in wine2. The flexibility of operating 
mode and sample introduction systems, combined with its analytical 
capabilities, makes the PinAAcle 500 an excellent instrument for 
measuring metals in wines.
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Consumables

Component Part Number

Cu Hollow Cathode Lamp N3050121

Fe Hollow Cathode Lamp N3050126

Mn Hollow Cathode Lamp N3050145

Cu 1000 mg/L Standard
N9300183 (125 mL)
N9300114 (500 mL)

Fe 1000 mg/L Standard
N9303771 (125 mL)
N9300126 (500 mL)

Mn 1000 mg/L Standard
N9303783 (125 mL)
N9300132 (500 mL)

Autosampler Tubes
B0193233 (15 mL)
B0193234 (50 mL)
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消耗品

部件 货号

Cu 空心阴极灯

Fe 空心阴极灯

Mn 空心阴极灯

Cu 1000 mg/L 标准

Fe 1000 mg/L 标准

Mn 1000 mg/L 标准

自动进样杯


