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简介

啤酒是一种广泛使用的饮料，含有有机成分

和无机成分。无机成分的浓度取决于原料

和酿造的过程。啤酒知识中对无机成分的

浓度和类型有相当大的兴趣。因为它们可能

PinAAcle 900F火焰
原子吸收测定啤酒中
重金属元素

Atomic Absorption

会影响口感、外观、产品稳定性和消费者的健康。

测定啤酒中无机元素的火焰原子吸收光谱法(FAAS)是一个著名的过程。例如,

美国酝酿化学家协会(ASBC)在圣保罗,明尼苏达州,美国提出啤酒的常规测定钙

(Ca)、铜(铜)、铁(Fe)和钠(Na)使用火焰原子吸收光谱法(FAAS)测定。

火焰原子吸收光谱法(FAAS)使用更低的成本为每个元素测定提供精密，准确的

技术基础，相比其他微量元素测定方法，FAAS需要更少的操作人员。PinAAcle 

900 FAAS提供了一个更直观、高效的系统简化分析方法，同时保证数据性能和

无与伦比的生产力。
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Experimental

Instrumentation
All measurements were performed on a PerkinElmer PinAAcle  
900T atomic absorption spectrometer equipped with high  
sensitivity nebulizer (HSN) and ceramic impact bead. An air-C2H2 
flame with a 10 cm 3-slot solid titanium burner head was used  
for the determination of copper (Cu), iron (Fe), zinc (Zn), and 
manganese (Mn). Aluminum (Al) was determined with N2O-C2H2 
flame on a 5 cm solid titanium burner head. A nebulizer spacer  
was used for calcium (Ca) and sodium (Na) to reduce sensitivity,  
and for Al to improve N2O flame stability and minimize interferences. 
Lumina™ cableless hollow cathode lamps were used for all elements. 

Sample Preparation
Several brands of beer were purchased in a local supermarket in 
Singapore. When available, the same brand was purchased in two 
different packaging materials: a glass bottle and a metal can. A 
total of five bottled and six canned beers were analyzed. Sample 
aliquots for analyses were obtained by pouring the beers in 50 mL 
polyethylene autosampler tubes with caps. Samples were degassed 
of CO2 by ultra-sonication at full power for 30 minutes and then 
acidified to 2 % (v/v) with HNO3 (70 % w/v, Clean Room Chemical, 
Air Products and Chemicals Inc, Allentown, Pennsylvania, USA). 

All elements were measured against external calibration curves 
with linear-through-zero regression, except Na, which used a 
non-linear through zero regression. Standards were prepared by 
serial dilutions of 1000 mg/L PerkinElmer Pure single-element 
standards in 2 % HNO3 (v/v). 

Elements usually present at trace levels (Al, Cu, Fe, Mn, and Zn) 
were determined directly in the undiluted beers. The calibration 
solutions for these elements were prepared in 5 % (v/v) ethanol 
(99.5 % GR grade, Kanto Chemical Co. Inc., Japan) for matrix 
matching. For Al determination, 0.2 % lanthanum (La) (w/v) was 

added to all samples and standards as an ionization buffer (La2O3 
99.5 % LAB grade, Merck, Germany).

For the determination of Ca and Na, the samples were diluted 
30 fold with ≥ 18 MΩ ultrapure water (MilliQ system, Millipore, 
Billerica, Massachusetts, USA). Calibration standards were 
prepared in 1 % HNO3 (v/v). No ethanol was added, due to the 
dilution factor. La 0.2 % (w/v) was added as a releasing agent (to 
avoid phosphate suppression on Al) and as an ionization 
suppressant for Na and Ca (releasing agents are cations that 
react preferentially with an interferent). Table 1 shows the 
instrumental conditions used for this work.

Results and Discussion

Each beer sample was given a number to identify the brand  
and container type. Samples labeled “G” were from glass 
bottles, while samples labeled “M” were from metal cans. 
Results, reported in Table 2, show that Ca and Na are present  
at high concentrations (mg/L), while other elements are present 
at µg/L levels, as expected. The data showed good quality for  
all beers tested, with respect to their elemental contents, based 
on the current ASBC guidelines. These results indicate that the 
container material (glass or can) does not significantly contribute 
to the element content of the beer, with the exception of Mn, 
which is always a little higher in the bottled beers.

Due to the low level of Al in the beer samples tested, it could  
not be detected by FAAS in most samples. Instead, a more 
sensitive technique, such as graphite furnace atomic absorption 
spectrometry (GFAAS), should be used for Al determination. The 
PinAAcle 900T (and 900H) can easily be switched between flame 
and graphite furnace modes, offering the capability to determine 
the low concentration elements by GFAAS using a single system. 
For analysis using flame-only atomic absorption, the PinAAcle 
900F is also available.

Element Wavelength  
(nm)

Slit  
(nm)

Lamp Current 
(mA) Units Calibration 

Standards Air (L/min) Nitrous Oxide  
(L/min)

Acetylene  
(L/min)

Al 309.27 0.7 25 mg/L 2, 5  --- 10.0 7.98

Ca 422.67 0.7 10 mg/L 0.5, 0.8, 2.5 8.68 --- 2.48

Cu 324.75 0.7 15 µg/L 40, 100, 200 10.0 --- 3.16

Fe 248.33 0.2 30 µg/L 100, 250, 500 10.0 --- 3.16

Mn 279.48 0.2 20 µg/L 50, 125, 250 10.0 --- 3.16

Na 589.00 0.2 8 mg/L 0.5, 0.8, 2.5 8.68 --- 2.48

Zn 213.86 0.7 15 µg/L 50, 125, 250 10.0 --- 3.16

Table 1. Instrument settings for the analysis of beer.

Sample 1M 2G 3M 3G 4M 4G 5M 5G 6G 7M 7G

Al (mg/L) 0.14 ND ND ND ND ND ND ND ND 0.19 ND

Ca (mg/L) 79 104 72 93 139 143 107 143 96 77 76

Cu (µg/L) 35 31 63 62 37 33 45 44 46 36 35

Fe (µg/L) 43 42 45 31 22 30 52 68 54 25 25

Mn (µg/L) 62 144 107 136 87 118 123 153 190 64 72

Na (mg/L) 40 47 35 46 86 82 72 69 207 196 187

Zn (µg/L) 2.4 0.7 6.1 3.6 1.2 0.3 2.5 29 1.2 4.4 5.3

ND = not detected

Table 2. Results for the analysis of multiple beer samples using flame atomic absorption. 
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实验仪器

所有测量数据使用PerkinElmer PinAAcle 900T原子吸收

光谱仪配备高灵敏度喷雾器(HSN)和陶瓷撞击球的测定。

并使用带10厘米的空气乙炔火焰的钛合金燃烧体用于测

定铜(Cu)、铁(Fe),锌(Zn)和锰(Mn)。铝(Al)使用笑气乙炔火

焰的5厘米钛合金燃烧体测定。喷雾器垫片用于降低钙

(Ca)和钠(Na)灵敏度,以及改善一氧化二氮的火焰稳定性并

减少干扰。所有光源均为空心阴极灯测试。

样品制备

在新加坡当地超市购买几个品牌的啤酒在。同时同一品牌

选择两个不同的包装材料：购买一个玻璃瓶装和罐装。总

共五个瓶装和六罐装啤酒进行了分析。啤酒样品直接倒入

50mL聚乙烯自动进样杯，再在超声波超声30分钟脱气，

去除样品中二氧化碳 ，然后用2%的硝酸酸化备用。

所有元素用标准曲线法线性过零点测试，Na除外，其使用非

线性过零点测试。标准系列由1000 mg / L的珀金埃尔默单

元素标准标准溶液配制，稀释液使用2%硝酸溶液(v / v)。

微量元素 (铝、铜、铁、锰和锌)通常直接测定未稀释的啤

酒。这些元素的校准解决方案是在5%(v / v)乙醇(99.5% 

GR,关东化工有限公司公司,日本)配制。对于Al元素,使用

0.2%镧(La)(w / v)添加到所有样品和标准作为电力抑制剂

(实验室99.5%的氧化镧、默克公司、德国)。

表1 仪器参数设置条件

对于测Ca和Na的样本，使用大于18MΩ的超纯水（MilliQ

系统、密理博，比勒利卡,麻萨诸塞州,美国）稀释30倍。标

准溶液用1%硝酸稀释，不添加乙醇，并对所有标准溶液

和样品加入0.2%的La溶液，作为Ca和Na的电离抑制剂。

表1为仪器在这方面的数据。

结果和讨论

每个啤酒都给出了一个数字来识别品牌和容器类型。样

品标签“G”来自玻璃瓶,而样品标签“M”来自金属罐。结

果报告在表2中,表明钙和钠存在高浓度(毫克/升),而其它

元素出现µg / L的水平。数据显示所有啤酒质量测试，对

他们的基本内容,根据当前ASBC指南。这些结果表明,容

器材料(玻璃或罐装)不会明显导致啤酒的元素内容,除锰

外，其罐装含量总是比瓶装啤酒含量稍高一些。

对于低Al啤酒样品，大多样本不能用FAAS来测试，我

们需要一个更加灵敏的仪器来测试，比如石墨炉原子

吸收光谱仪，仪器的选择都给予Al含量的高低来决

定。PinAAcle 900T (和 900H) 都可以再火焰和石墨炉

模式之间来切换，提供对更低浓度监测的一体机系统。

或者使用单火焰模式原子吸收(PinAAcle 900F)分析也是

可以的。

元素

(nm) 

波长 狭缝 灯电流
单位 

校准
   曲线点 

空气 (L/min) 
笑气 乙炔

 表2 多个啤酒样品使用火焰原子吸收光谱测定结果

ND = 未检出 
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质量控制

对啤酒的分析,没有认证的参考资料(CRM)认证的基本内

容。出于这个原因,质量控制(QC)程序实现了通过运行选

定的样本重复测定，证明方法的精度和重现性。对样本进

行加标回收的测定来控制(表3)。由于样本有限,并不是对

所有样本的虽有元素进行了分析。 

样品的分析结果使用重复测试来表示分析的精度。通过

完整的样品重复包括样品制备的全过程。获得的结果数据

在表4中,显示良好的可重复性, 在整个应用程序中所有容

器使用一次性塑料制品，而不是典型的校准玻璃器皿。

结论

目前的工作报告的使用PinAAcle 900 t在火焰原子吸收

光谱模式来测定与啤酒行业相关的几个元素。过程简单、

快速、准确,不需要样品消化,可以应用于啤酒制造业的

质量控制产品在并客户验证的应用程序。报告结果证明

PinAAcle 900火焰原子吸收有能力来测定啤酒中元素，并

有良好准确性和精度。

引用

1.“食品中化学元素的测定:原子吸收和质谱”  2007年 

威利。 

2.珀金埃尔默火焰原子吸收使用  2009. 

3.美国社会的酿造化学协会(ASBC), http://www.

asbcnet.org,2010年5月,国际检验样品服务。

耗材使用

表3 回收率实验

表4 重复实验
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Consumables Used

Component Part Number

Al Hollow Cathode Lamp N3050103

Ca Hollow Cathode Lamp N3050114

Cu Hollow Cathode Lamp N3050121

Fe Hollow Cathode Lamp N3050126

Mn Hollow Cathode Lamp N3050145

Na Hollow Cathode Lamp N3050148

Zn Hollow Cathode Lamp N3050191

10 cm 3-slot Titanium Burner Head N0400103

5 cm 1-slot Titanium Burner Head N0400101

Al – 1000 mg/L Standard
N9300184 (125 mL)
N9300100 (500 mL)

Ca – 1000 mg/L Standard
N9303763 (125 mL)
N9300108 (500 mL)

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)

Na – 1000 mg/L Standard
N9303785 (125 mL)
N9300152 (500 mL)

Zn – 1000 mg/L Standard
N9300178 (125 mL)
N9300168 (500 mL)

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

Sample 3M 3G 4M 4G 6G 7G

Replicate 1 2 1 2 1 2 1 2 1 2 1 2

Ca (mg/L) 93 93 139 134 76 75

Cu (µg/L) 63 59 33 32 46 43

Fe (µg/L) 45 42 30 31 54 40

Mn (µg/L) 136 135 87 89 72 69

Na (mg/L) 46 46 86 85 187 189

Zn (µg/L) 3.6 3.2 1.2 1.2 5.3 4.0

Table 4. Duplicate tests.

Quality Control 
For beer analysis, there are no certified reference materials 
(CRMs) available with certified elemental content. For this 
reason, quality control (QC) procedures were implemented  
by running selected samples in duplicate and after performing  
a spike to demonstrate the method’s capability for precision  
and recovery. Due to the spread in concentration levels, spike 
additions were performed at mid-range of calibration curves,  
to provide a detectable signal increase (Table 3). Due to limited 
sample, not all elements were analyzed in all samples. 

Analytical results of some samples run in duplicate were utilized to 
demonstrate analytical precision. Sample duplicates were carried 
through the full sample preparation process. The obtained results, 
reported in Table 4, show a good level of repeatability, even 
when using disposable plastic-ware, which was used in this 
application, instead of the typical calibrated glassware. 

Conclusions

The present work reports the usage of the PinAAcle 900T AAS  
in flame mode for the determination of several elements relevant 
to the beer industry. The procedure is simple, fast, and accurate, 
requires no sample digestion, and can be applied to the quality 
control of beer manufacturing products when using a customer-
validated application. The reported results prove that the PinAAcle 
900 FAAS has the capability to determine elements in beer with 
high accuracy and precision. 

References
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Element Spike  
Level

% Recovery

3M 3G 4M 4G 6G 7G

Ca 1 mg/L 90 105 103

Cu 100 µg/L 93 97 95

Fe 250 µg/L 98 98 101

Mn 125 µg/L 100 95 94

Na 1 mg/L 103 110 103

Zn 125 µg/L 99 96 93

Table 3. Spike recovery tests.
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Fe – 1000 mg/L Standard
N9303771 (125 mL)
N9300126 (500 mL)

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

Na – 1000 mg/L Standard
N9303785 (125 mL)
N9300152 (500 mL)

Zn – 1000 mg/L Standard
N9300178 (125 mL)
N9300168 (500 mL)

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

Sample 3M 3G 4M 4G 6G 7G

Replicate 1 2 1 2 1 2 1 2 1 2 1 2

Ca (mg/L) 93 93 139 134 76 75

Cu (µg/L) 63 59 33 32 46 43

Fe (µg/L) 45 42 30 31 54 40

Mn (µg/L) 136 135 87 89 72 69

Na (mg/L) 46 46 86 85 187 189

Zn (µg/L) 3.6 3.2 1.2 1.2 5.3 4.0

Table 4. Duplicate tests.

Quality Control 
For beer analysis, there are no certified reference materials 
(CRMs) available with certified elemental content. For this 
reason, quality control (QC) procedures were implemented  
by running selected samples in duplicate and after performing  
a spike to demonstrate the method’s capability for precision  
and recovery. Due to the spread in concentration levels, spike 
additions were performed at mid-range of calibration curves,  
to provide a detectable signal increase (Table 3). Due to limited 
sample, not all elements were analyzed in all samples. 

Analytical results of some samples run in duplicate were utilized to 
demonstrate analytical precision. Sample duplicates were carried 
through the full sample preparation process. The obtained results, 
reported in Table 4, show a good level of repeatability, even 
when using disposable plastic-ware, which was used in this 
application, instead of the typical calibrated glassware. 

Conclusions

The present work reports the usage of the PinAAcle 900T AAS  
in flame mode for the determination of several elements relevant 
to the beer industry. The procedure is simple, fast, and accurate, 
requires no sample digestion, and can be applied to the quality 
control of beer manufacturing products when using a customer-
validated application. The reported results prove that the PinAAcle 
900 FAAS has the capability to determine elements in beer with 
high accuracy and precision. 
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Element Spike  
Level

% Recovery

3M 3G 4M 4G 6G 7G

Ca 1 mg/L 90 105 103

Cu 100 µg/L 93 97 95

Fe 250 µg/L 98 98 101

Mn 125 µg/L 100 95 94

Na 1 mg/L 103 110 103

Zn 125 µg/L 99 96 93

Table 3. Spike recovery tests.

Al  空心阴极灯

Ca 空心阴极灯

Cu 空心阴极灯

Fe 空心阴极灯

Mn 空心阴极灯

Na 空心阴极灯

Zn 空心阴极灯

10 cm 3槽钛合金燃烧头

5 cm 单槽钛合金燃烧头

Al – 1000 mg/L 标准溶液

Ca – 1000 mg/L标准溶液

Cu – 1000 mg/L标准溶液

Fe – 1000 mg/L标准溶液

Mn – 1000 mg/L标准溶液

Na – 1000 mg/L标准溶液

Zn – 1000 mg/L标准溶液

自动进样瓶

组件  

表4 重复实验


