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Determination of Fatty Acids Methyl Esters (FAMEs) in 

aviation turbine fuel by GCMS Scan/SIM mode as per IP585

 A GC-MS method for the determination of 6 FAMEs in aviation jet fuel as per the proposed IP 585.

 The IP method criteria were met easily with better sensitivity (S/N ratio) for individual FAMEs. 

Jessin Mathai , Shailesh Damale, Raj Makhamale and Kumar Raju.

Shimadzu Middle East Africa FZE-Dubai.

GC-MS GCMS-QPTM2020 NX

 Introduction
Jet Fuels or Aviation Turbine fuels (AVTUR) are petroleum

products used to power gas turbine engines in aircrafts. It is a

mixture of variety of hydrocarbons and the individual ratios of

these hydrocarbons varies based on petroleum sources.

Recently there is an increasing trend of blending AVTUR with

biodiesel to overcome the excess dependence of petroleum

sources. Biodiesels are fuels which are normally produced from

plant oils or vegetable fats. Biodiesel consists of shorter or

longer chain Fatty Acid Methyl Esters (FAMEs) which are

inherited from the feedstock.

The presence of these FAMEs in biodiesel affects the fuel

properties of jet fuels. Biodiesel in jet fuel can cause thermal

breakdown under storage conditions or during use in aircraft

fuel systems leaving deposits which compromise performance

and safety. Furthermore, biodiesel freezes at very lower

temperatures which is typical at high altitudes. Because of these

concerns, IP has regulated the concentration of FAMEs in jet

fuels. The maximum permitted level for FAMEs in jet fuel is

limited to 50 mg/kg.

The method described here is followed based on the directions

laid down by IP 585 method. The analysis is performed on

Shimadzu GCMS-QP2020 NX (Fig. 1) using Shimadzu

StabilwaxTM capillary column. The system configuration and

instrument parameters are given in Table 1 & 2 respectively. The

ions used for the quantification of the various analytes are given

in Table 3.

Experimental
Individual FAME standard was purchased from Accustandard.

These individual FAME was then dissolved using dodecane to a

concentration of 10000 ppm. Similarly, 1000 mg/kg of methyl

heptadeconate d33 in dodecane was also purchased from

Accustandard. It was used as internal standard as required by IP

585. Cyclohexane was used as rinsing solution for autosampler

syringe.

Preparation of standard stock : 500 µL of each FAME solution

was pipetted into a 5 mL container, vortexed and finally made

up to 5 mL with dodecane. This was then labelled as Standard

Stock solution with concentration of 1000 ppm.

Calibration standards and sample preparations : Two

different sets of calibration standards were prepared as per IP

585 method.

Set 1: Low level standards with concentrations 0.0, 2.0, 4.0,

6.0, 8.0 and 10.0 ppm.

Set 2: High level standards with concentrations 0.0, 20.0,

40.0, 60.0, 80.0 and 100 ppm.

All standards were prepared by diluting 1000 ppm stock

solution. To 1000 µL of these standards, 10 µL of

heptadecanoate methyl ester d33 (C17:0 d33) was added as

internal standard before analysis. LOD standard with

concentration 0.5 ppm was included in the batch to evaluate

S/N ratio of the analysis.

Sample analysis and spiked samples preparations : Similar

to standards, 1000 µL of jet fuel sample was taken to which 10

µL of Internal standard was added.

Likewise, 1000 µL of spike standards with FAME concentrations,

0.5, 25.0 and 50.0 ppm were also prepared in jet fuel sample to

study the recovery of the method.

Fig. 1  GCMS-QPTM2020 NX system

System Configuration
Shimadzu GCMS-QP2020 NX system was used for this analysis.

The FASST (Fast Automated Scan/SIM Type) feature of

Shimadzu GCMS was utilized during this experiment. With

FASST feature, it is possible to carry out both Scan and SIM

analysis simultaneously. Scan mode is used for identifying the

FAMEs whereas SIM mode is used for quantifying. The IP

guidelines were followed for the analysis.

Model

Glass Insert

Analytical Column

: GCMS-QP2020 NX / AOCTM-20i Plus 
+ AOC-20s Plus

: Splitless Insert with deactivated glass wool
(P/N:227-35008-01)

: SH-Stabilwax
(60 m x 0.25 mm I.D., df= 0.5 µm)
(P/N:227-36248-02)

Table 1 System Configuration

GC-MS GCMS-QP2020 NX

根据 IP585，使用 GCMS SCAN/SIM模式测定航空燃料
中的脂肪酸甲酯（FAME）

Jessin Mathai、Shailesh Damale、Raj Makhamale 和 Kumar Raju.
岛津中东非洲 FZE- 迪拜
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对用户的好处
◆    一种根据拟定的 IP 585 方法测定航空燃料中的 6 种脂肪酸甲酯的 GCMS 方法
◆    该方法具有较高的灵敏度（信噪比），可轻松满足 IP 方法对单个脂肪酸甲酯的标准。

■  引言
喷气燃料或航空燃料（AVTUR）是用于飞机燃气涡轮发动机

的石油产品。它是多种碳氢化合物的混合物，这些碳氢化合物的
个体含量因石油来源不同而异。

近年来，将 AVTUR 与生物柴油混合使用成为一种趋势，用
以克服对石油资源的过度依赖。生物柴油是一类燃料，通常由植
物油或植物脂肪生成。生物柴油由短链或长链脂肪酸甲酯（FAME）
组成，这些脂肪酸甲酯来源于原料。

生物柴油中存在这些 FAME 会影响喷气燃料的燃油品质。喷
气燃料中的生物柴油在储存条件下或在飞机燃油系统中使用时会
引起热分解，从而留下沉积物，这些沉积物会影响性能和安全性。
此外，生物柴油具有非常低的凝固点，这在高海拔地区尤其典型。
基于这些考虑，IP 已经对喷气燃料中的 FAME 浓度进行了监管。
喷气燃料中 FAME 的最大允许含量限定为 50 mg/kg。

本文所述方法如下，此方法依据 IP 585 方法建立。使用岛津
StabilwaxTM 毛细管柱在岛津 GCMS-QP2020 NX（图 1）仪器上进
行分析。系统配置和仪器参数分别在表 1 和表 2 中给出。用于各
种目标物定量的离子如表 3 所示。

■  实验部分
FAME 单 体 标 准 品 购 自 Accustandard。 使 用 十 二 烷 将 这

些 FAME 单 体 溶 解， 并 配 制 成 浓 度 为 10000 ppm 的 溶 液。 十 

七烷酸甲酯 d33 的十二烷溶液（浓度为 1000 mg/kg）也购自
Accustandard。按照 IP 585 的要求，将其用作内标物。使用环己
烷作为自动进样器注射器的清洗液。

标准储备液的制备：将 500 μL 每种 FAME 溶液移液到 5 mL

的容器中，涡旋混匀，最后用十二烷配制成 5 mL。然后将其标记
为浓度为 1000 ppm 的标准储备溶液。

校准标准品和样品制备：按照 IP585 方法制备了两组不同的
校准标准品。

第 1组： 浓度为 0.0、2.0、4.0、6.0、8.0 和 10.0 ppm 的低
浓度标准品。

第 2组： 浓 度 为 0.0、20.0、40.0、60.0、80.0 和 100 ppm

的高浓度标准品。
所有标准品均通过稀释 1000 ppm 储备溶液进行制备。进行

分析前，取1000 μL这些标准品，加入10 μL十七酸甲酯d33（C17:0 

d33）作为内标物。在批次中加入浓度为 0.5 ppm 的 LOD 标准品，
用以评价分析的信噪比。

样品分析和加标样品制备：与标准品类似，取 1000 μL 喷气
燃料样品，加入 10 μL 内标物。

同样，在喷气燃料样品中也制备了具有不同浓度 FAME（0.5、
25.0 和 50.0 ppm）的 1000 μL 的加标标准品，用以研究该方法
的回收率。

■  系统配置
采用岛津 GCMS-QP2020-NX 系统进行分析。本实验采用了

岛津 GCMS 的 FASST（快速 SCAN/SIM 类型）功能。利用 FASST

功能，可以同时进行 SCAN 和 SIM 分析。SCAN 模式用于鉴定
FAME，而 SIM 模式用于定量。根据 IP 指南进行分析。

07-GC-21007-CN

图 1 GCMS-QP2020 NX 系统

表 1 系统配置

型号 ： GCMS-QP2020 NX / AOC-20i Plus + AOC-20s Plus

玻璃衬管 ： 使用灭活玻璃棉的不分流衬管
(P/N:227-35008-01)

分析柱 ： SH-Stabilwax
(60 m x 0.25 mm I.D., df= 0.5 μm)
(P/N:227-36248-02)
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通过绘制目标物和内标物峰的面积比与目标物浓度的关系，
绘制了低浓度和高浓度标准品的线性图。线性曲线如图 2 所示，
结果如表 4 所示。按照 IP 方法的指示，必须通过原点绘制线性曲
线。对于所有目标物，线性度超过 R2>0.985 的最低标准。

根 据 IP 585 指 南， 所 有 指 定 FAME 的 十 二 烷 溶 液（0.5 

ppm）的分析结果表明，它们的信噪比大于 10:1。表 5 列出了
各种 FAME 在 0.5 ppm 浓度下的信噪比观测值。分析了 3 个上市
样品 #201、#202 和 #203，并检查了 FAME 含量。在所有样品
中均未检测到 FAME。使用 #202 样品进行加标回收研究。所有
FAME 的回收率均在 80% ～ 120% 的标准品标准范围内。回收
结果如表 6 所示。图 3 和图 4 分别显示了 FAME 的十二烷溶液（40 

ppm）的 TIC 谱图和未加标、加标 0.5、25 和 50 ppm FAME 的
喷气燃料样品的 SIM 叠加谱图。

表 3 目标物采集质量数表

目标物 类型 离子 m/z

C16:0 目标 227, 239, 270, 271

C17:0 d33 ISTD 317

C17:0 目标 241, 253, 284

C18:0 目标 255, 267, 298

C18:1 目标 264, 265, 296

C18:2 目标 262, 263, 264, 294, 295

C18:3 目标 236, 263, 292, 293

表 4 线性结果

目标物 RT（分钟） 浓度范围 R2

C16:0 26.482

0.0 - 10.0 ppm

0.9949

C17:0 31.531 0.9947

C18:0 36.040 0.9946

C18:1 37.043 0.9947

C18:2 39.011 0.9944

C18:3 41.552 0.9944

C16:0 26.584

0.0 - 100.0 ppm

0.9930

C17:0 31.625 0.9929

C18:0 36.125 0.9928

C18:1 37.127 0.9922

C18:2 39.077 0.9924

C18:3 41.611 0.9927

表 5 0.5 ppm FAME 的十二烷溶液的信噪比

名称
S/N

在 0.5 ppm

C16:0 4146

C17:0 3742

C18:0 4419

C18:1 2287

C18:2 1752

C18:3 783

低浓度标准品

Application 
News

Table 2  Instrument Parameters

GC Parameters

Injector Temperature : 260℃
Flow mode : Constant flow

Column Flow : 0.8 mL/min

Purge Flow : 3 mL/min

Injection volume : 1 µL
Oven Program : 150℃ (5min) - 12℃/min                                   

- 200℃ (17min) - 3℃/min 

- 252℃ (6.5min)

MS Parameters

Ion Source Temperature : 230℃
Interface Temperature : 260℃
Solvent Cut Time : 20.00 min

Detector Voltage : 1.27 kV

Event Time : Scan 0.1 sec / SIM 0.3 sec

Scan Range(m/z) : 32-332

Table 3  Mass Table

Fig. 2 Calibration Curves of FAMEs Low and High Levels

Low Level Standards

High Level Standards

Analyte Type Ions m/z

C16:0 Target 227, 239, 270, 271

C17:0 d33 ISTD 317

C17:0 Target 241, 253, 284

C18:0 Target 255, 267, 298

C18:1 Target 264, 265, 296

C18:2 Target 262, 263, 264, 294, 295

C18:3 Target 236, 263, 292, 293

Analyte RT(min) Conc. range R2

C16:0 26.482

0.0 to 10.0 ppm

0.9949

C17:0 31.531 0.9947

C18:0 36.040 0.9946

C18:1 37.043 0.9947

C18:2 39.011 0.9944

C18:3 41.552 0.9944

C16:0 26.584

0.0 to 100.0 ppm

0.9930

C17:0 31.625 0.9929

C18:0 36.125 0.9928

C18:1 37.127 0.9922

C18:2 39.077 0.9924

C18:3 41.611 0.9927

The linearity graphs for both low-level and high-level standards

were drawn by plotting area ratios of analyte and internal

standard peak against the concentration of analyte. The

linearity curves are shown in Fig. 2 and the results are shown in

Table 4. The linearity curve was forced through the origin as

directed in the IP method. For all the analytes the linearity

exceeds the minimum criteria of R2 > 0.985.

The analysis result of 0.5 ppm of all the specified FAMEs in

dodecane resulted a signal to noise ratio greater than 10:1 as

per the IP 585 guidelines. The observed S/N value at 0.5 ppm

concentration of various FAMEs are provided in Table 5.

Analyzed 3 available marketed samples, #201,#202 & #203 and

checked for the FAME content. No FAMEs were detected in any

of the samples. #202 was used for spike recovery study. The

recovery of all the FAMEs were also found to be within the

standard criteria of 80-120%. The recovery results were shown

in Table 6. The scan TIC for 40 ppm of FAMEs in dodecane and

an overlay of SIM TICs for the un-spiked jet fuel, 0.5, 25 and 50

ppm FAMEs spiked in jet fuels are shown in Fig. 3 & 4

respectively.

Table 4  Linearity results

Name
S/N

at 0.5 ppm 

C16:0 4146

C17:0 3742

C18:0 4419

C18:1 2287

C18:2 1752

C18:3 783

Table 5  S/N ratios at 0.5 ppm FAMEs in dodecane
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图 2 低、高浓度 FAME 的校准曲线

表 2 仪器参数

GC参数

进样口温度 ： 260℃
流量模式 ： 恒定流量
柱流量 ： 0.8 mL/min
吹扫流量 ： 3 mL/min
进样量 ： 1 μL
柱温箱程序 ： 150℃ (5 min) - 12℃ /min

- 200℃ (17 min) - 3℃ /min
- 252℃ (6.5 min)

MS参数

离子源温度 ： 230℃
接口温度 ： 260℃
溶剂切除时间 ： 20.00 min
检测器电压 ： 1.27 kV
事件时间 ： 扫描 0.1 秒 /SIM 0.3 秒
扫描范围（m/z） ： 32-332
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Table 6  Spike recovery results
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Fig 3. Scan TIC for 40 ppm FAME Mix Standard

Name

Sample # 202
Conc. 

Spiked
Conc. found Recovery

FAME conc.
ppm

(N= 2)
ppm %

C16:0 ND

0.5 0.43 86.7

25 26.1 104.4

50 48.6 97.2

C17:0 ND

0.5 0.48 96.2

25 27.4 109.7

50 50.5 100.9

C18:0 ND

0.5 0.50 100.3

25 27.8 111.4

50 50.9 101.9

C18:1 ND

0.5 0.49 97.9

25 27.4 109.7

50 50.4 100.9

C18:2 ND

0.5 0.45 90.9

25 27.7 110.9

50 50.9 101.8

C18:3 ND

0.5 0.55 110.1

25 28.1 112.4

50 51.6 103.3

Conclusion
This application note demonstrates the use of Shimadzu single

quadrupole GCMS (GCMS-QP2020 NX) for the estimation of six

fatty acid methyl esters (FAMEs) in jet fuel (AVTUR). The FASST

feature of Shimadzu GCMS was utilized during this experiment.

All the method parameters were set according to IP

recommendations.

The results obtained from this experiment satisfies all the

necessary criterion laid by IP 585. The calibration curve for all the

analytes were found to be linear for both low and high-level

standards with regression (R2) greater than 0.99. The signal to

noise ratios for all the analytes at 0.5 ppm was found to be much

higher than that specified in IP Method. Additionally, the

recovery studies with three spike samples (0.5, 25 and 50 ppm)

were found to be with in 80-120%.

This application proves the adaptability of GCMS-QP2020 NX for

the use of IP 585 for the determination of FAMEs in jet

fuels/AVTUR. Additionally, the superior sensitivity and

robustness of Shimadzu GCMS-QP2020NX model resulted in

obtaining high quality data for FAME analysis by GCMS.

Shimadzu Middle East Africa FZE Dubai.
www.shimadzumea.com

Fig 4. Overlay of SIM TICs for un-spiked  and  spiked jet fuel sample by FAMEs
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■  结论
本 应 用 说 明 阐 述 了 岛 津 单 四 极 杆 GCMS（GCMS-QP2020 

NX）在评估喷气燃料（AVTUR）中的六种脂肪酸甲酯（FAME）
方面的应用。本实验采用了岛津 GCMS 的 FASST 功能。所有方法
参数均按 IP585 方法建议设置。

所得实验结果均符合 IP585 规定的所有必要条件。所有目标
物的校准曲线对于低浓度和高浓度标准品均为线性的，线性回归
系数（R2）大于 0.99。在 0.5 ppm 浓度下，所有目标物的信噪比
均远高于 IP 法中指定的要求。此外，对三个加标样品（0.5、25

和 50 ppm）的回收率研究发现，回收率均在 80-120% 之间。
该应用证明了 GCMS-QP2020 NX 在使用 IP585 测定喷气燃

料 /AVTUR 中 FAME 时的适用性。此外，岛津 GCMS-QP2020 NX

模型具有较高的灵敏度和耐用性，为 GCMS 的 FAME 分析提供了
高质量的数据。

表 6 加标回收结果

名称
样品 #202 加标浓度 检测浓度 回收率

FAME 浓度 ppm (N= 2) ppm %

C16:0 ND

0.5 0.43 86.7

25 26.1 104.4

50 48.6 97.2

C17:0 ND

0.5 0.48 96.2

25 27.4 109.7

50 50.5 100.9

C18:0 ND

0.5 0.50 100.3

25 27.8 111.4

50 50.9 101.9

C18:1 ND

0.5 0.49 97.9

25 27.4 109.7

50 50.4 100.9

C18:2 ND

0.5 0.45 90.9

25 27.7 110.9

50 50.9 101.8

C18:3 ND

0.5 0.55 110.1

25 28.1 112.4

50 51.6 103.3

图 3 40 ppm FAME 混合标准品的扫描 TIC

图 4 未加标和加标（FAME）喷气燃料样品的 SIM 叠加图


