
石墨炉原子吸收

分光光度法

测定食用油脂中的

有毒痕量金属

简介

石墨炉原子吸收分光光度法(GFAAS)已经广泛应用于食

品中微量元素的检测，因为它选择性强，简单易操作，灵

敏度高，并且在一个较大范围内对各种基质中都能准确

定量。食用油一般含有较低浓度的微量元素，如金属元

素砷(As)，铅(Pb)，镉(Cd)，铬(Cr)，和硒(Se)等，现已发现

这些元素的毒性严重影响消费者的健康。测定自然发生

的或生产中受到污染的油中的这些有毒元素可以使用石

墨炉原子吸收光谱法或电感耦合等离子体质谱（ICP - MS）。当只有几个元素要进行分析

时，应优先选择石墨炉原子吸收法。它简单易学习，能更快的建立方法，使用起来也比电

感耦合等离子体质谱简单。石墨炉原子吸收光谱与电感耦合等离子体质谱相比初始资本

投入、操作以及维护成本都比较低。食用油样品在进行仪器分析之前通常需要进行预处

理程序，以消除有机基质。湿法，干法或微波消解方法，都需要用有机溶剂稀释，提取方

法可能会非常耗时，同时需要更多的操作训练，不如直接进样的分析方法省时省力。本文

报道的方法是采用石墨炉原子吸收法直接分析食用油样品而不需要消化的一种方法。使

用这种方法的优点包括需要的样本量小，直接引进样本，灵敏度高，分析速度快。本文使
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表1 使用PinAAcle 900T分析食用油中的几种有毒金属的分析条件

分析元素 As Pb Cd

波长(nm) 193.70 283.31 228.80

狭缝(nm) 0.7 0.7 0.7

灯 EDL EDL HCL

信号处理方式 峰面积 峰面积 峰面积

读数时间(sec) 3 3 2

标准和样品进样体积(μL) 20 20 20

稀释体积(μL) 4 4 5

基体改进剂 5μgPd+0.5μgMg 5μgPd+0.5μgMg 5μgPd+0.5μgMg

基体改进剂体积(μL) 5 5 5

进样温度(̊ C) 90 90 90

针速率(%) 40 40 40

曲线方程 线性，过零点 线性，过零点 线性，过零点

标准点(μg/L) 0,20,30,40,50 0,20,30,40,50 0,0.5,1.0,1.5,2.0

质量检查浓度点(μg/L) 10 10 0.4

自动进样器回收浓度(μg/L) 10 10 0.5

用石墨炉原子吸收光谱法对食用油中的砷，铅和镉进行了

分析。优化了最佳热解和雾化温度，并对检出限，质量控

制（QC）检查和回收率进行了研究，以便建立一个快速准

确的方法。

实验条件

仪器

测量使用PerkinElmer® PinAAcle™ 900T原子吸收光谱仪

（谢尔顿，CT，美国）（图1），配以AS900石墨炉自动进样

器，以及用于原子吸收的直观的WinLab™32 软件，在微软

公司Windows™ 7操作系统中运行。
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The PerkinElmer PinAAcle 900T has a high-efficiency, true 
double-beam optical system and solid-state detector which 
provide outstanding signal-to-noise ratios. The system  
features longitudinal Zeeman-effect background correction  
for the graphite furnace, doubling the amount of light 
throughput by eliminating the need for a polarizer in the 
optical system. The use of standard transversely heated 
graphite atomizer (THGA) tubes provides uniform temperature 
distribution across the entire length of the graphite tube. 
By employing the latest analytical concepts of the Stabilized 
Temperature Platform Furnace™ (STPF) technique and the 
instrumental advances of THGA tubes, chemical interferences 
are overcome allowing for faster, simpler direct calibration.

The analytical conditions (Table 1) and the graphite furnace 
temperature programs (Table 2) are given below. A heated 
injection at 90 ˚C was used for all three elements. Standard 
(non-endcapped) pyrolytically coated THGA tubes (Part No. 
B3000641) were used for all analyses. The autosampler  
cups were soaked in 20% nitric acid overnight to minimize  
sample contamination, and were thoroughly rinsed with 
deionized water before use. Prior to unknown sample analysis, 
a five-point calibration curve (four standards and one blank) 
using isopropyl alcohol (IPA) was constructed for each analyte.  
By employing the latest analytical concepts of the Stabilized 
Temperature Platform Furnace (STPF) technique and the 
instrumental advances of THGA tubes, chemical interfer-
ences are overcome allowing for faster, simpler direct  
calibration.

This method reports the development of a direct analysis 
method for edible oil samples using GFAAS without digestion. 
The advantages of using this method include small sample 
volume, direct introduction of samples, high sensitivity, and 
rapid analysis times. The application of GFAAS to arsenic, 
lead and cadmium analysis in edible oils was performed. 
The optimal pyrolysis and atomization temperatures, limit of 
detection, quality control (QC) checks and recoveries were 
studied in order to develop a rapid and accurate method.

Experimental Conditions 

Instrumentation

The measurements were performed using the PerkinElmer 
PinAAcle™ 900T atomic absorption spectrophotometer 
(PerkinElmer, Inc., Shelton, CT, USA) (Figure 1) equipped 
with an AS 900 graphite furnace autosampler and 
WinLab32™ for AA software running under Microsoft® 
Windows™ 7 operating system. 

Figure 1.  PerkinElmer PinAAcle 900T atomic absorption spectrophotometer 
equipped with AS 900 graphite furnace autosampler.

Table 1.  Analytical conditions for analyzing several toxic metals in edible oils on the PinAAcle 900T.

Analyte As Pb Cd

Wavelength (nm) 193.70 283.31 228.80

Slit Width (nm) 0.7 0.7 0.7

Lamp Type EDL EDL HCL

Signal Processing Peak Area Peak Area Peak Area

Read Time (sec) 3 3 2

Standard/Sample Volume (µL) 20 20 20

Diluent Volume (µL) 4 4 5

Matrix Modifier 5 µg Pd + 0.5 µg Mg 5 µg Pd + 0.5 µg Mg 5 µg Pd + 0.5 µg Mg

Matrix Modifier Volume (µL) 5 5 5

Injection Temp (˚C ) 90 90 90

Pipet Speed (%) 40 40 40

Calibration Equation  Linear Through Zero  Linear Through Zero  Linear Through Zero 

Standard Concentration (µg/L) 0, 20, 30, 40, 50  0, 20, 30, 40, 50  0, 0.5, 1.0, 1.5, 2.0

QC Concentration (µg/L) 10 10 0.4

Automatic Spike Conc. (µg/L) 10 10 0.5

PerkinElmer PinAAcle 900T具有高效的，真正意义的

双光束光学系统和固态检测器，从而提供卓越的性噪

比。整个系统的特点为：采用纵向塞曼扣背景效进行石

墨炉分析，双倍的光能量通过系统，同时使用偏振光

学系统消除多余的光。横向加热石墨原子化器（THGA)

技术可以在整个石墨管长度上提供均匀一致的温度。

采用最新的分析技术上的概念产品：恒温平台石墨炉™

（STPF）技术和先进的横向加热石墨管，可使化学干扰

得以克服，更快速，更简单的进行直接校准。分析条件

（表1）和石墨炉升温程序（表2）在下表中给出。90˚C

加热进样均可用于三种元素。标准（无-封口端）的热解

涂层横向加热石墨管（货号 b3000641）用于所有的分

析。自动进样杯用20％的硝酸浸泡过夜，在使用前用

0.5％的硝酸彻底冲洗，以减少样品的污染。在未知样

品分析之前，先做一条包含五个点的校准曲线（四个标

准点和一个空白点），每一个样品都使用异丙醇(IPA)配

制。采用最新的分析技术上的概念产品：恒温平台石墨

炉™（STPF）技术和先进的横向加热石墨管，可使化学

干扰得以克服，更快速，更简单的进行直接校准。

图1. PerkinElmer® PinAAcle™ 900T原子吸收分光光度计 
配以AS900石墨炉自动进样器
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标准和样品的制备

PerkinElmer公司用于铅、镉和砷测定的单元素标准物

质(序列货号分别为As: N9300180；Pb: N9300175；Cd: 

N9300176；)作为标准储备液用来制备工作曲线同时用

作质量控制检查标准。所有标准的制备都使用异丙醇

（VWR，normapur试剂级）按照体积比(v/v)稀释。所有元

素都使用1000 mg/L Pd 和100mg/L Mg的混合溶液作

为化学改进剂。这种化学改进剂制备如下：称量0.1430克

乙酰丙酮钯（Ⅱ价钯）（奥德里奇，99%，兆MW=304.62），

移取1mL镁的油标准（conostan，5000μg/mL），将它们溶

于50mL二甲苯（panreac，试 剂级）溶液中。5种食用油（棕

榈，芝麻，向日葵，大豆和米糠）均从当地的超市购买，且没

有做任何预处理。所有的食用油样品均小心的在聚丙烯瓶(

货号： B0193234)中用异丙醇稀释20倍（体积比）。
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Standards and Sample Preparation

Single-element PerkinElmer Pure Calibration Standards  
(Part Nos. As: N9300180; Pb: N9300175; Cd: N9300176) 
were used as the stock standards for preparing working 
standards and quality control check standards. All standards 
were prepared with IPA (VWR, Normapur Reagent grade)  
by volume/volume (v/v) dilution.

A mixture of 1000 mg/L Pd and 100 mg/L Mg was used as 
the chemical modifier for all elements. The chemical modifier 
was prepared by weighing 0.1430 g of Pd(II) acetylacetonate 
(Aldrich, 99%, MW=304.62) and pipetting 1 mL of Mg oil 
standard (Conostan, 5000 µg/mL) and dissolving with 50 mL 
of xylene (Panreac, reagent grade).

Five edible oils (palm, sesame, sunflower, soybean and rice 
bran) were purchased from a local supermarket and were 
used without any pre-treatment. All oil samples were  
carefully diluted 20 times (v/v) with isopropyl alcohol in  
polypropylene vials (Part No. B0193234).

Table 2.  Temperature programs for analyzing several toxic metals in edible oils on the PinAAcle 900T.

Analyte  As   Pb   Cd

Furnace Program  Temp (˚C) Ramp (s) Hold (s) Temp (˚C) Ramp (s) Hold (s) Temp (˚C) Ramp (s) Hold (s)

Drying 1  110 1 20 110 1 20 110 1 20

Drying 2  150 10 10 150 10 10 150 10 10

Drying 3  450 10 20 450 10 20 450 10 20

Pyrolysis  1100 10 20 900 10 20 550 10 20

Atomization  2300 0 3 1900 0 3 1800 0 2

Clean Out  2500 1 5 2500 1 5 2500 1 5

BOC = 2 s for all samples

Results and Discussion

The calibration curves for all elements returned an r2 value 
≥ 0.997 (Figure 2). Direct calibration for the analysis of oil 
samples has several advantages over the method of standard 
additions. Direct calibration results in less operator error, 
lower cost, and shorter analysis times than with standard 
additions or matrix matched standards. 

An overlay of the peak plots for the standards (red), QC 
checks (green), and oil samples (various colors) taken on the 
PinAAcle 900T spectrometer are shown in Figure 3 (Page 4). 
Although there is a difference in appearance times for some 
elements, when using the conditions listed above and calcu-
lating for peak area, the results are accurate and precise. 

The results for the direct analysis of edible oils using GFAAS 
to detect toxic metals are shown in Table 3 (Page 4). All oils 
showed concentrations less than the detection limit for lead 
and cadmium. The soybean oil showed a concentration of  
4.28 µg/L arsenic. All others showed concentrations less 
than the detection limit. 

Figure 2.  Direct calibration curves for the determination of As, Pb, and Cd in edible oils. 

表2. 使用PinAAcle 900T分析食用油中的几种有毒金属的升温程序

分析元素  As    Pb    Cd   

炉程序  温度(̊ C)  坡升时间(s)  持续时间(s)  温度(̊ C)  坡升时间(s)  持续时间(s)  温度(̊ C)  坡升时间(s)  持续时间(s)   

干燥1  110  1  20  110  1  20  110  1  20   

干燥2  150  10  10  150  10  10  150  10  10   

干燥3  450  10  20  450  10  20  450  10  20   

灰化 1100  10  20  900  10  20  550  10  20   

原子化 2300  0  3  1900  0  3  1800  0  2   

清除 2500  1  5  2500  1  5  2500  1  5   

所有样品BOC = 2 s  

结果和讨论

所有元素的校准曲线得到的r2值≥0.997（图2）。直接校

准曲线法用于油样品的分析比标准加入法有几个方面

的优势：直接标准曲线法比标准加入法或者基质匹配标

准法操作误差小，成本低，分析时间短，图3（第4页）是

使用PinAAcle 900T分光光度计测定的谱图，包括标准

的峰形图（红色），质量控制检查的峰形图（绿色），和

样品的峰形图（各种颜色）。虽然一些元素出峰时间有

一些差异，但是当使用上述的条件列表计算峰面积时，

结果的准确度和精密度都很好。使用石墨炉原子吸收法

直接进样，测定食用油中的有毒金属的结果列于表3中（

第5页）。对于铅和镉这两种元素来说，所有油的浓度均

低于检出限，大豆油的砷检测浓度为4.28 μg/L，其余

食用油的砷浓度也都低于检出限。

图2. 直接进样测定食用油中的As, Pb,和Cd的标准曲线



Figure 3.  Peak overlays for standards (red), QC checks (green), and samples (various colors) run on the PinAAcle 900T for the analysis of As, Pb, and Cd in edible 
oils by direct calibration. Solid lines are the analytical signal after background correction (AA-BG); dotted lines are the background signal (BG).

Table 3.  Result for direct edible oils metals analysis using GFAAS. 

Analyte As Pb Cd

Palm Oil (µg/L) < MDL < MDL < MDL

Sesame Oil (µg/L) < MDL < MDL < MDL

Sunflower Oil (µg/L) < MDL < MDL < MDL

Soybean Oil (µg/L) 4.28 < MDL < MDL

Rice Bran Oil (µg/L) < MDL < MDL < MDL

Method detection limits (MDLs) were calculated based on 
3 times the standard deviation of seven (for Cd and As) or 
five (for Pb) replicates of the IPA blank. The result was then 
multiplied by 20, in regards to the 20x sample dilution, to 
estimate the MDL in standard/sample units. Table 4 shows 
the resulting MDLs of the PinAAcle 900T spectrometer in 
analyzing difficult oil matrices at lower concentrations. 

Table 4.  Method detection limits (MDLs) for the analysis of 
edible oils using the PinAAcle 900T.

Analyte As Pb Cd

MDL (µg/L) 3.4 3.0 0.42

The goal of this method was to develop a simple and direct 
method for the quantitative analysis of various toxic metals 
in edible oils using GFAAS without any sample pretreatment. 
The validity of the developed method has been verified by 
incorporating various QC checks and spike recovery checks 
throughout the analysis. As shown in Table 5, the QC  
samples showed good recoveries between 98-110%, well 
within acceptable limits. In addition, individual samples of  
oil were spiked for either As, Pb, or Cd in concentrations  
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Conclusions

A direct injection method for the quantitative analysis of 
toxic elements in edible oil samples was developed. With 
the THGA tube design, accuracy and sample throughput are 
improved by reducing the need of time-consuming sample 
pretreatment. The unique optical system, solid-state detector 
(which is highly efficient at low wavelengths), THGA, STPF 
technique, and longitudinal Zeeman background correction, 
all contribute to the ability of the PinAAcle 900T spectrom-
eter to provide highly accurate, fast and reproducible results 
with difficult matrices such as edible oils. The PinAAcle 900Z 
(Longitudinal Zeeman Furnace only) spectrometer can also 
be used for this application.

Table 5.  Recoveries of QC checks and spiked samples for the 
direct analysis of edible oils using GFAAS. 

              % Recovery

Analyte As Pb Cd

QC1  104 110 107

QC2 98.4 110 109

QC3 104 109 109

Spike Recovery – Palm Oil 93.9 106 109

Spike Recovery – Sesame Oil 94.8 93.2 112

Spike Recovery – Sunflower Oil 98.8 93.5 108

of 10 µg/L, 10 µg/L and 0.5 µg/L respectively. The recoveries 
for the individual spiked oils were between 93-112%  
(Table 5) meeting the guidelines of ±15%. 

结论

本文建立了直接进样法定量分析食用油样品中的有毒元

素。采用横向加热石墨炉原子化器技术，通过减少样品前处

理消耗的时间，使分析的准确度和对样品的分析能力都大

大提高。独特的光学系统，固态检测器（ 在低波长检测时是

非常有效的），横向加热石墨炉原子化器技术（THGA），恒

温平台石墨炉（STPF）技术，和纵向塞曼背景校正，所有这

些技术有助于PinAAcle 900T分光光度计在分析像食用油

这类复杂基质样品时能够提供高准确度，快速和可重复性

的检测结果。PinAAcle 900Z（单一纵向塞曼石墨炉）分光

光度计也可用于此项分析。

方法的检出限（MDLs）的计算如下：计算异丙醇空白7次

重复测定（镉和砷）值或者5次重复测定（铅）值的标准偏

差，检出限即为3倍的标准偏差。结果要乘以20，因为样品

测定时进行了20倍的溶剂稀释，这样检出限的单位与标

准或空白一致。表4列出了使用PinAAcle 900T分光光度计

分析复杂的油基质样品中低浓度元素时的检出限结果。

图3. 使用PinAAcle 900T分析食用油中的As、Pb和Cd的峰形图，包括标准（红色），质量控制检查（绿色），和样品（各种颜色）。实线
是背景校正(AA-BG)后的分析信号，虚线是背景信号(BG)

表3. 使用石墨炉原子吸收光谱法直接进样分析食用油中
金属的结果

分析元素 As Pb Cd
棕榈油(μg/L) <MDL <MDL <MDL
芝麻油(μg/L) <MDL <MDL <MDL
向日葵油(μg/L) <MDL <MDL <MDL
大豆油(μg/L) 4.28 <MDL <MDL
米糠油(μg/L) <MDL <MDL <MDL

表4. 使用PinAAcle 900T分析食用油的方法检出限(MDLs)

分析元素 As Pb Cd

方法检出限(μg/L) 3.4 3.0 0.42

本方法的目的是建立一种，使用石墨炉原子吸收分光光

度法，不用任何样品前处理，简单直接的定量分析食用

油中各种有毒金属。建立的这一方法的有效性经过分析

中的各种质量控制检查和加标回收检查得以验证。表5

中列出了，质量控制样品加标回收率良好，均在98-110%

之间，很好的控制在可接受的限值内。另外，各个油样

品还分别做了砷、铅或镉在其不同浓度浓度：10 μg/L, 10 

μg/L and 0.5 μg/L的加标回收实验。各种油的加标回收率

均在93-112%之间（表5）。符合指定范围±15%的要求。

表5. 使用直接进样石墨炉原子吸收光谱法分析食用油的质量
控制回收率和样品加标回收率

  % Recovery
分析元素 As Pb Cd
质控1 104 110 107
质控2 98.4 110 109
质控3 104 109 109
棕榈油的加标回收率 93.9 106 109
芝麻油的加标回收率 94.8 93.2 112
向日葵油的加标回收率 98.8 93.5 108
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