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对用户的好处
◆   一种根据拟定的 USP 通则 <1469> 测定氯沙坦原料药中的 7 种亚硝胺的 HS-GC-MS/MS 方法
◆   GCMS-TQ8050 NX 系统可轻松符合拟定的 USP 通则 <1469> 程序 -2 中的标准。

■  引言
概述：2018 年 7 月，药品监管部门首次注意到含有缬沙坦

的产品中存在亚硝胺杂质（NSA）⸺ N- 亚硝基二甲胺（NDMA）。
缬沙坦是一种血管紧张素Ⅱ受体拮抗剂（ARB），属于一类通常
被称为沙坦家族的类似化合物。此外，随后人们在沙坦家族的其
他原料药和其他活性药物成分（API）以及成品药（FPP）中检测
到少量其他亚硝胺，包括：N- 亚硝基二乙胺（NDEA）、亚硝基
二异丙胺（NDIPA）、亚硝基乙基异丙胺（NEIPA）、N- 亚硝基
二丁胺（NDBA）、N- 亚硝基二正丙胺（NDPA）和 N- 亚硝基 -N’-

甲基哌嗪（NMPrZ）。 

什么是亚硝胺？：亚硝胺是指含有亚硝基官能团的分子。尽
管它们也存在于一些食品和饮用水供应链中，但它们存在于药物
中是不可接受的。

毒性 /规定 /方法：NDMA 和 NDEA 属于所谓的“关注队列”，
这是一组被归类为潜在人类致癌物（PGI）的高效致突变致癌
物。因此，美国食品和药物管理局（USFDA）给出了 NDMA、
NDEA、NMBA、NMPA、NEIPA 和 NDIPA 的建议可接受摄入量（AI）
限值，见表 1。这些限值仅适用于药品中含有一种亚硝胺的情况，
对于最大日剂量（MDD）为 880 mg/ 天的原料药（DS），最低
限值为 0.03 ppm。如果在同一原料药中鉴定出一种以上的亚硝
胺杂质，则表 1 中列出的亚硝胺总量限值仍不超过 26.5 ng/ 天
或 0.03 ppm。因此，必须用尽可能低的定量限（LOQ）检测上述
NSA，以确保不仅单个亚硝胺杂质低于 0.03 ppm，而且总亚硝胺
杂质也低于 0.03 ppm。

存在情况：在酸性反应条件下，在存在仲胺、叔胺或季胺盐
和亚硝酸盐时，可能形成亚硝胺。在这些条件下，亚硝酸盐可形
成亚硝酸，亚硝酸可与胺反应形成亚硝胺。除此之外，还有其他
途径，如供应商采购的起始材料和原材料、回收的溶剂、催化剂
和试剂、来自通用生产设施的交叉污染、使用亚硝酸的淬火工艺
和包装 / 储存可能导致亚硝胺的形成或污染。

亚硝胺杂质含量较低，这给药品中的检测带来了挑战。对此，
美国食品和药物管理局（USFDA）发布了几种检测方法，在测定
药品中的亚硝胺时可以考虑这些方法。此外，美国药典（USP）
最近也发布了关于沙坦中亚硝胺的拟定通则 <1469>。

该拟定通则与现行科学和管理办法相一致，该办法是为确保
合理控制原料药和药品中的亚硝胺杂质而制定的。该标准的目的
是提供一种基于科学的方法，用以控制亚硝胺杂质，消除或减少
其在药品中的存在。本应用说明基于通则 <1469> 的程序 2。
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图 1 亚硝基结构，NDMA、NDEA、NEIPA、
NDIPA、NDPA、NDBA 以及 NMPrZ

User Benefits
◆ A HSGC-MS/MS method for the determination of 7 nitrosamines in Losartan API as per the proposed USP general

chapter <1469>
◆ The GCMS-TQ8050 NX system easily meets the criteria as per the proposed USP general chapter <1469> procedure-2.
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◼ Introduction
Overview The Drug Regulatory Authorities first noticed
the presence of the nitrosamine impurity (NSA), N-
Nitrosodimethylamine (NDMA) in products containing
valsartan in July 2018. Valsartan is an Angiotensin II
Receptor Blocker (ARB) and belongs to a family of analogue
compounds commonly referred to as the Sartans. Further,
few other nitrosamines were subsequently detected in other
drug substances belonging to the Sartan family & other
Active Pharmaceutical Ingredients (API’s) & Finished
Pharmaceutical Products (FPP), including: N-
Nitrosodiethylamine (NDEA), Nitrosodiisopropylamine
(NDIPA), Nitrosoethylisopropylamine (NEIPA), N
Nitrosodibutylamine (NDBA), N-Nitrosodi-n-propylamine
(NDPA) & N-Nitroso-N'-methylpiperazin (NMPrZ).

What are Nitrosamines? Nitrosamines refer to any
molecule containing the nitroso functional group. Although
they are also present in some foods and drinking water
supplies, their presence in drugs is considered unacceptable.

Occurrence Formation of nitrosamines is possible in the
presence of secondary, tertiary, or quaternary amines and
nitrite salts under acidic reaction conditions. Under these
conditions, nitrite salts may form nitrous acid, which can
react with an amine to form a nitrosamine. Apart from
these there are other routes such as, vendor-sourced
starting materials and raw materials, Recovered Solvents,
Catalysts, and Reagents, cross contamination from common
manufacturing facility, Quenching Process using Nitrous acid
& packing/storage may result in Nitrosamine formation or
contamination.

Toxicity/ Regulation/ Methods: NDMA and NDEA belong
to the so-called “cohort of concern”, which is a group of
highly potent mutagenic carcinogens that have been
classified as probably human carcinogens (PGI). Hence,
United state Food & Drug Administration (USFDA)
recommends the following acceptable intake (AI’s) limits for
NDMA, NDEA, NMBA, NMPA, NEIPA, and NDIPA (Table 1).
These limits are applicable only if a drug product contains a
single nitrosamine, and lowest of which is 0.03 ppm for drug
substances (DS) with Maximum daily dose (MDD) of 880
mg/day. If more than one nitrosamine impurity is identified
in the same DS the limit for total nitrosamines listed in table
1 is still not more than 26.5 ng/day or 0.03 ppm. Hence, it is
imperative to detect above mentioned NSA’s with Limit of
Quantitation (LOQ) as low as possible to be sure that not
just single nitrosamine impurity is below 0.03 ppm, but also
total nitrosamine impurities are below 0.03 ppm.
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Figure 1: Structure of Nitroso group, NDMA, NDEA, NEIPA, 
NDIPA, NDPA, NDBA & NMPrZ

Figure 2: GCMS-TQTM8050 NX with HS-20 system

The proposed chapter is aligned with current scientific and
regulatory approaches developed to ensure the appropriate
control of nitrosamine impurities in drug substances and
drug products. The objective of this standard is to provide a
science-based approach for the control of nitrosamine
impurities, eliminating or reducing their presence in drug
products. This application note is based on procedure 2 of
General Chapter <1469>.

Table 1: AI Limits for nitrosamines

Nitrosamine AI Limit 
(ng/day) Limit in ppm for MDD 880 mg/day

NDMA 96.0 0.109
NMBA 96.0 0.109
NDEA 26.5 0.030
NEIPA 26.5 0.030
NMPA 26.5 0.030
NDIPA 26.5 0.030

The low levels at which the nitrosamine impurities occur
creates challenges for testing in pharmaceuticals & to assist
that the USFDA has published several test methods that
may be considered when determining nitrosamines in the
pharmaceutical products, also recently, the United states
Pharmacopeia (USP) declared the proposed General
Chapter <1469> for Nitrosamines in Sartans.

NDPA
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The proposed chapter is aligned with current scientific and
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control of nitrosamine impurities in drug substances and
drug products. The objective of this standard is to provide a
science-based approach for the control of nitrosamine
impurities, eliminating or reducing their presence in drug
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The low levels at which the nitrosamine impurities occur
creates challenges for testing in pharmaceuticals & to assist
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may be considered when determining nitrosamines in the
pharmaceutical products, also recently, the United states
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NDPA

亚硝基

表 1 亚硝胺的 AI 限值
亚硝胺 AI 限值（ng/ 天） MDD 的限值（以 ppm 为单位） 880 mg/ 天
NDMA 96.0 0.109

NMBA 96.0 0.109

NDEA 26.5 0.030

NEIPA 26.5 0.030

NMPA 26.5 0.030

NDIPA 26.5 0.030

图 2 配备 HS-20 系统的 GCMS-TQ8050 NX
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Method
The MRM transitions of 7 nitrosamines standards & 1
internal standard are given in table 2 and analytical
conditions in table 3.

Table 2: MRM transitions of nitrosamines

MRM Transitions
Nitrosamine 

Impurity MRM-1 CE-1 MRM-2 CE-2

NDMA 74.00>44.10 6 74.00>42.10 21
NDMA d6 80.00>50.00 5 Not Applicable

NDEA 102.00>85.10 6 102.00>56.10 15
NEIPA 116.00>99.10 5 71.00>56.10 5
NDIPA 130.00>88.00 6 130.10>42.20 12
NDPA 130.10>113.10 6 130.10>43.20 18
NDBA 116.00>99.10 5 158.00>99.00 10
NMPrZ 99.00>56.10 12 99.00>72.10 9

GCMS System

Column

Injection Mode
Flow Control Mode
Carrier Gas
Column Flow
Diluent
Temp. Program

Ionization Mode
Ion Source Temp.
CID Gas

Oven Temp.
Pressurizing Gas 
Pressure
Shaking Level
Equilibrating Time
Load Time
Injection Time
Cycle Time

: GCMS-TQ8050 NX with HS-20 

: SH-Stabilwax 30-meter, 0.32 mm I.D.,   
1.0 µm df

: Split
: Column Flow
: Helium
: 1.8 mL/min
: Methanol-Acetonitrile

MS Parameters

: Electron Ionization (EI)
: 250 ºC
: Argon 

HS Parameters

: 110 ºC
: 20 Psi

: off
: 10.0 Min
: 2.0 Min
: 1.0 Min
: 45.00 Min

Table 3: Analytical conditions

Ramp Rate   
(ºC/min)

Temp. 
(ºC)

Hold Time 
(min)

- 45.00 3.00
10 130.00 3.00
15 190.00 0.00
40 240.00 15.25

N-nitrosodiethylamine

Figure 4: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NDEA

N-Nitroso-di-n-propylamine

Figure 7: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NDPA

N-nitrosoethylisopropylamine

Figure 5: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NEIPA

N-Nitroso diisopropyl amine

Figure 6: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NDIPA
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(x100,000) Sample Analysis :
Weigh 200 ± 10 mg of Losartan API and 100 mg of
imidazole in a headspace vial. Add 1.0 mL of 16.0 µg/L
internal standard solution prepared in acetonitrile and 1.0
mL of methanol, crimp the vial tightly.

 Spiked Recovery Test:
Weigh 200 ± 10 mg of Losartan API and 100 mg of
imidazole in a headspace vial. Add 1.0 mL of 16.0 µg/L
internal standard solution prepared in acetonitrile and 1.0
mL of LOQ solution, crimp the vial tightly.

Figure 3: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NDMA
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Figure 8: Calibration Curve, Overlay of Linearity Standards & 
Overlay of LOQ Solution for NDBA
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Table 2: MRM transitions of nitrosamines

MRM Transitions
Nitrosamine 

Impurity MRM-1 CE-1 MRM-2 CE-2

NDMA 74.00>44.10 6 74.00>42.10 21
NDMA d6 80.00>50.00 5 Not Applicable

NDEA 102.00>85.10 6 102.00>56.10 15
NEIPA 116.00>99.10 5 71.00>56.10 5
NDIPA 130.00>88.00 6 130.10>42.20 12
NDPA 130.10>113.10 6 130.10>43.20 18
NDBA 116.00>99.10 5 158.00>99.00 10
NMPrZ 99.00>56.10 12 99.00>72.10 9

GCMS System

Column

Injection Mode
Flow Control Mode
Carrier Gas
Column Flow
Diluent
Temp. Program

Ionization Mode
Ion Source Temp.
CID Gas

Oven Temp.
Pressurizing Gas 
Pressure
Shaking Level
Equilibrating Time
Load Time
Injection Time
Cycle Time

: GCMS-TQ8050 NX with HS-20 

: SH-Stabilwax 30-meter, 0.32 mm I.D.,   
1.0 µm df

: Split
: Column Flow
: Helium
: 1.8 mL/min
: Methanol-Acetonitrile

MS Parameters

: Electron Ionization (EI)
: 250 ºC
: Argon 

HS Parameters

: 110 ºC
: 20 Psi

: off
: 10.0 Min
: 2.0 Min
: 1.0 Min
: 45.00 Min

Table 3: Analytical conditions

Ramp Rate   
(ºC/min)

Temp. 
(ºC)

Hold Time 
(min)

- 45.00 3.00
10 130.00 3.00
15 190.00 0.00
40 240.00 15.25

N-nitrosodiethylamine

Figure 4: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NDEA

N-Nitroso-di-n-propylamine

Figure 7: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NDPA

N-nitrosoethylisopropylamine

Figure 5: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NEIPA

N-Nitroso diisopropyl amine
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(x100,000) Sample Analysis :
Weigh 200 ± 10 mg of Losartan API and 100 mg of
imidazole in a headspace vial. Add 1.0 mL of 16.0 µg/L
internal standard solution prepared in acetonitrile and 1.0
mL of methanol, crimp the vial tightly.

 Spiked Recovery Test:
Weigh 200 ± 10 mg of Losartan API and 100 mg of
imidazole in a headspace vial. Add 1.0 mL of 16.0 µg/L
internal standard solution prepared in acetonitrile and 1.0
mL of LOQ solution, crimp the vial tightly.

Figure 3: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NDMA

N-亚硝二甲胺
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7 N-亚硝二甲胺 (USFDA) (ID-7)
y = 3.413500x + 0.007378922
R² = 0.9994215 R = 0.9997107

曲线拟合：默认（线性）
加权：默认（无）
零：默认（非强制）
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N-nitrosodibutylamine

Figure 8: Calibration Curve, Overlay of Linearity Standards & 
Overlay of LOQ Solution for NDBA
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图 3 NDMA 的校准曲线、线性标准品叠加及定量限溶液 图 8 NDBA 的校准曲线、标准溶液叠加谱图及定量限溶液

图 4 NDEA 的校准曲线、标准溶液叠加谱图及定量限溶液

图 5 NEIPA 的校准曲线、标准溶液叠加谱图及定量限溶液

图 6 NDIPA 的校准曲线、标准溶液叠加谱图及定量限溶液

图 7 NDPA 的校准曲线、标准溶液叠加谱图及定量限溶液

■  方法
表 2 给出了 7 种亚硝胺标准品和 1 种内标品的 MRM 参数，

表 3 给出了对应的分析条件。

■  样品分析：
称取 200±10 mg 氯沙坦原料药和 100 mg 咪唑，置于顶空

小瓶中。加入 1.0 mL 在乙腈中制备的 16.0 μg/L 内标溶液和 1.0  

mL 甲醇，压盖密封。

■  加标回收试验：
称取 200±10 mg 氯沙坦原料药和 100 mg 咪唑，置于顶空

小瓶中。加入 1.0 ml 在乙腈中制备的 16.0 μg/L 内标溶液和 1.0 

ml 定量限溶液，压盖密封。 

表 2 亚硝胺的 MRM 参数
亚硝胺

亚硝胺杂质 MRM-1 CE-1 MRM-2 CE-2

NDMA 74.00>44.10 6 74.00>42.10 21

NDMA d6 80.00>50.00 5 不适用
NDEA 102.00>85.10 6 102.00>56.10 15

NEIPA 116.00>99.10 5 71.00>56.10 5

NDIPA 130.00>88.00 6 130.10>42.20 12

NDPA 130.10>113.10 6 130.10>43.20 18

NDBA 116.00>99.10 5 158.00>99.00 10

NMPrZ 99.00>56.10 12 99.00>72.10 9

表 3 分析条件
GCMS 系统 ： 带 HS-20 的 GCMS-TQ8050 NX

色谱柱 ： SH-Stabilwax 30-meter, 内径 0.32 mm, 1.0 μm 膜厚
进样模式 ： 分流
流量控制模式 ： 柱流量
载气 ： 氦气
柱流量 ： 1.8 mL/min
稀释剂 ： 甲醇 - 乙腈
温度程序 爬坡速度 温度 保持时间

（ºC/min） （ºC） （min）
- 45.00 3.00

10 130.00 3.00
15 190.00 0.00
40 240.00 15.25

MS 参数

离子化模式 ： 电子轰击电离（EI）
离子源温度 ： 250 ºC
CID 气 ： 氩气

HS 参数

柱温箱温度 ： 110 ºC
加压压力 ： 20 Psi
压力
摇动水平 ： 关
平衡时间 ： 10.0 Min
上样时间 ： 2.0 Min
导入时间 ： 1.0 Min
循环时间 ： 45.00 Min 

N- 亚硝二甲胺 N- 亚硝二丁胺

N- 亚硝二乙胺

N- 亚硝基乙基异丙胺

N- 亚硝基二异丙胺

N- 亚硝基二正丙胺
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GCMS-TQ 是岛津制作所在日本和 / 或其他国家的商标。

校准曲线的范围、由 S/N 建立的定量限和定量限下的 %RSD

如表 4 所示。（所示浓度与样品相关）

■  结论
岛津 GCMS-TQ8050 NX 配备高灵敏度检测器，噪声消除性

能优异，且具有优越的灵敏度、重现性和精密度，灵敏度可达当
前监管限值要求的 8 倍以上。

■  结果
▪  USP 通 则 仅 适 用 于 4 种 NSA（NDMA、NDEA、NEIPA 和

NDIPA），而岛津方法可用于另外 3 种 NSA（NDPA、NDBA

和 NMPrZ）的定量
▪ 7 种亚硝胺的相关系数（r2）均大于 0.999。（表 4）
▪ 定量限水平下的重复性（n=6）均小于 15% RSD。（表 4）
▪  在定量限水平下进行回收率分析，其结果符合 70%-130%

的可接受标准。（表 5）

表 5 氯沙坦原料药 LOQ 水平的样品加标研究（所示结果与样品相关）

氯沙坦原料药

名称 样品量
（ppb）

加标量
（ppb）

检测量
（ppb） % 回收率

NDMA 低于定量限 2.5 2.63 105

NDEA 低于定量限 2.5 2.24 90

NEIPA 低于定量限 2.5 2.44 97

NDIPA 低于定量限 2.5 3.19 127

NDPA 低于定量限 10.0 10.56 106

NDBA 低于定量限 5.0 5.54 111

NMPrZ 低于定量限 25.0 27.75 111
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Results
 The USP General Chapter is applicable to only 4 NSA’s

(NDMA, NDEA, NEIPA & NDIPA) whereas Shimadzu
methodology can be used for quantitation of additional
3 NSA’s. (NDPA, NDBA & NMPrZ)

 The Correlation coefficient (r2 ) was greater than 0.999
for all the seven nitrosamines. (Table 4)

 The repeatability (n=6) at LOQ level was found to be less
than 15% RSD. (Table 4)

 Recovery analysis was performed at LOQ level and it
matched to the acceptance criteria between 70 to 130
%. (Table 5)

Comp. CC range 
(ppb) r2

LOQ 

Conc. 
(ppb)

%RSD 
(n=6) S/N*

NDMA

2.5 to 160

0.999

2.5

8.5 50

NDEA 0.999 12.6 472

NEIPA 0.999 6.6 651

NDIPA 0.999 9.5 399

NDPA 10 to 640 0.999 10 7.5 612

NDBA 5 to 320 0.999 5 9.2 58

NMPrZ 25 to 1600 0.999 25 14.6 28

Table 4: Summary of Calibration Curves

The range for calibration curves, LOQ established from S/N
and % RSD at LOQ are shown in table 4. (Conc. expressed are
relative to sample)

Table 5: The sample spiked study for Losartan API at LOQ level 
(Results expressed are relative to sample)

Losartan API

Name Sample 
Amt. (ppb)

Amt. 
Spiked 
(ppb)

Found 
Amt.  
(ppb)

% Recovery

NDMA Below LOQ 2.5 2.63 105

NDEA Below LOQ 2.5 2.24 90

NEIPA Below LOQ 2.5 2.44 97

NDIPA Below LOQ 2.5 3.19 127
NDPA Below LOQ 10.0 10.56 106
NDBA Below LOQ 5.0 5.54 111

NMPrZ Below LOQ 25.0 27.75 111

Table 6: Shows LOQ comparison of USP <1469> Vs Shimadzu 
Application note.

Name
USP <1469> Shimadzu Application 

Note
LOQ (ppb) LOQ (ppb)

NDMA

20.0 2.5
NDEA

NEIPA

NDIPA
NDPA

Not Applicable

10.0
NDBA 5.0

NMPrZ 25.0

* = Peak to peak

N- Nitroso methyl piperazine

Figure 9: Calibration Curve, Overlay of Linearity Standards & LOQ 
Solution for NMPrZ
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N- 亚硝基甲基哌嗪 (USFDA) (ID-17)
y = 0.6280749x - 0.02503574
R² = 0.9995156 R = 0.9997578

曲线拟合：默认（线性）
加权：默认（无）
零：默认（非强制）

浓度比 (ppb)

2.63e4Q 99.00>56.10 (+)

18.5 19.0 19.5 20.0

6.0e3

8.0e3

1.0e4

1.2e4

1.4e4

1.6e4

1.8e4

2.0e4

RT (分钟)19.00 19.25 19.50

0.0

1.0

2.0

3.0

4.0

5.0

6.0
(x100,000)

Conclusion
Shimadzu GCMS-TQ8050 NX with high sensitivity
shielded detector offers outstanding noise elimination
with excellent Sensitivity, Repeatability & Precision while
outperforming the current regulatory limits by delivering
8 times more sensitivity.

GCMS-TQ is a trademark of Shimadzu Corporation in Japan and/or other countries.

06-SAIP-079-GC-024-EN

图 9 NMPrZ 的校准曲线、标准溶液叠加谱图及定量限溶液

N- 亚硝基甲基哌嗪

表 4 校准曲线汇总

化合物 浓度范围
（ppb） r2

LOQ

浓度
（ppb）

%RSD 
（n=6） S/N*

NDMA

2.5 - 160

0.999

2.5

8.5 50

NDEA 0.999 12.6 472

NEIPA 0.999 6.6 651

NDIPA 0.999 9.5 399

NDPA 10 - 640 0.999 10 7.5 612

NDBA 5 - 320 0.999 5 9.2 58

NMPrZ 25 - 1600 0.999 25 14.6 28

* = 峰至峰

表 6 显示 USP<1469> 与岛津应用说明的定量限比较。

名称
USP <1469> 岛津应用说明

LOQ (ppb) LOQ (ppb)

NDMA

20.0 2.5
NDEA

NEIPA

NDIPA

NDPA

不适用

10.0

NDBA 5.0

NMPrZ 25.0


