
介绍

2012年，美国药典计划用两个新的

章节替换掉原有的<231>的章节，新

的章节概述了用 ICP-OES和 ICP-MS

检测药品中一系列杂质元素的方法。

新的要求已经被概述进常规章节

美国药典对每日可能
摄入的有毒元素的
总量有何新要求？

<232>、<233>、<2232>1-3中，这一系列经过修订的版本最终将于2018年开始实

施。<232>、<2232>章节详细说明了按照行政管理单位要求所制定的检测元素列

表以及每种元素每日允许的最大暴露量。因为可以得到方法的详细摘要4，所以这

里只做一个简单的介绍。
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Table 1 displays the various routes of exposure to humans and 
lists examples of each. The maximum PDE for each element 
varies by the route of administration and is shown in Table 2, 
based on a 50 kg person. The elements in Table 2 are divided 
into two categories: those that must be considered for testing in 
all drug products (Cd, Pb, As, Hg) and those that must be 
measured only if they have been added/used during the 
manufacturing process or are present in the raw material.

Many articles and papers have presented data from the analysis of 
single drug or supplements based on the recommended dosage 
using the new USP methodology4. However, it is common for 
people to take several medications and supplements daily, and the 
total daily exposure from all consumed pharmaceutical products 
should be considered.

This work looks at the sum of USP <232>/<2232> contaminants 
found in a hypothetical mix of commonly-consumed oral 
medications and supplements that a person might use daily.

Experimental

Samples and Sample Preparation
Table 3 shows the oral medications and supplements used for 
this analysis, which represent a mix of medications that a person 
may take daily.

All samples were digested using PerkinElmer’s Titan MPS™ 
microwave sample preparation system with standard 75 mL  
PTFE vessels. The mass of the tablets and pills used in this study 

ranged from 0.12 – 5.6 g. Approximately 0.25 g of each sample 
was added to each digestion vessel, along with 5 mL of nitric acid 
(70%), 1 mL of hydrochloric acid (35%), and 2 mL of hydrogen 
peroxide (30%). (Tablets weighing more than 0.25 g were 
crushed, and 0.25 g taken for digestion.) The samples were 
digested following the program in Table 4. When the digestion 
was complete, all samples were diluted with deionized water to  
a final volume of 50 mL. To stabilize mercury, 200 ppb Au was 
added to each sample, standard and blank.

Instrumentation
All analyses were performed on a PerkinElmer NexION® 350  
ICP-MS in Collision mode, using the standard sample introduction 
system and conditions; the elements and masses are shown in 
Table 5. (Chromium oral limits in <232> were recently implemented 
and were not defined at the time of testing.) Although most of the 
measured elements do not have polyatomic interferences, Collision 
mode was used to produce a rapid analysis (80 seconds sample-
to-sample) and protect against unexpected interferences. 

Table 3. Samples Analyzed.

Oral Medications

High blood pressure
Thyroid function
Heart function (baby aspirin)
Indigestion

Inhalation

Fish oil capsules
Krill oil capsules
Calcium + fiber, chewable
Calcium, gummy
Multi-vitamin, gummy
Fiber, gummy
Plant extract (cholesterol)

Table 1. Routes of Pharmaceutical Administration and Examples.

Route of Administration Examples
Oral Solids, Liquids
Parenteral Injections, Implants, Ophthalmic 
Topical, Dermal Creams
Mucosal Nasal, Urethral
Inhalation Aerosols, Inhalers, Gases

Table 2. Permissible Daily Exposure (PDE) Limits Defined in USP <232>/<2232>.

Element
Oral Daily  
Dose PDE  
(µg/day)

Parenteral Daily 
Dose PDE  
(µg/day)

Inhalation  
Daily Dose  
(µg/day)

Cadmium (Cd) 5 2 2
Lead (Pb) 5 5 5
Arsenic (As)* 15 15 2
Mercury (Hg)* 30 3 1
Iridium (Ir) 100 10 1
Osmium (Os) 100 10 1
Palladium (Pd) 100 10 1
Platinum (Pt) 100 10 1
Rhodium (Rh) 100 10 1
Ruthenium (Ru) 100 1100 3
Chromium (Cr) 11000 1100 3
Molybdenum (Mo) 3000 1500 10
Nickel (Ni) 200 20 5
Vanadium (V) 100 10 1
Copper (Cu) 3000 300 30
* = inorganic forms

Table 4. Titan Digestion Program.

Step
Target  
Temp  
(° C)

Pressure 
Max  
(bar)

Ramp  
Time  
(min)

Hold  
Time  
(min)

Power 
(%)

1 150 30 5 5 60
2 200 30 5 20 90
3 50 30 1 10 0

Table 5. NexION 350 ICP-MS Measured Isotopes.

Element Mass
Arsenic (As) 75
Cadmium (cd) 111
Copper (Cu) 63
Iridium (Ir) 193
Lead (Pb) 208
Mercury (Hg) 202
Molybdenum (Mo) 98
Nickel (Ni) 60
Osmium (Os) 192
Palladium (Pd) 105
Platinum (Pt) 194
Rhodium (Rh) 103
Ruthenium (Ru) 101
Vanadium (V) 51
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表1显示了人类各种接触污染物的给药途径以及各途径所

接触的药物种类。每种元素的最大允许暴露量根据给药

方式不同，行政管理部门的规定有差异，对于50KG体重的

成年人，各种给药方式、不同元素的最大允许暴露量如表

2所示。表2中的元素被分为两种类别：一类是所有药品中

的必测元素（As、Pb、Cd、Hg），另一类为在制造过程中添

加/使用的元素或由原材料带入的元素。许多发表的文章

和论文已经按照美国药典规定的方法4根据限值要求测定

了单个药品或营养品中的数据。但是，人类通常每天会搭

配摄入几种药品或营养品，所以需要考虑每天所摄入的

全部药品和营养品中的每种元素总和低于所对应的总的

最大允许暴露量。

本次实验着眼于美国药典<232>/<2232>所规定的个人每

日可能搭配摄入的口服药和营养品中所有污染物的总和。

究所对应的药片或药丸的质量从0.12g至5.6g不等。在微

波消解罐中，每个样品称取0.25g左右，加入5mL70%的

硝酸，1mL35%的盐酸和2mL30%的过氧化氢（质量超过

0.25g的药品需要压碎后取0.25g进行消解）。样品按照表

4中所设定的程序进行消解。消解完成后，用超纯水将样

品定容至50mL。无论是标样、空白和样品，均需添加一定

量的Au溶液，使最终Au的浓度为200ppb，用来络合稳定

Hg元素。

仪器设置

所有测试在Perkinelmer NexION350型仪器上利用动能甄

别模式完成，使用标配的进样系统和条件；测定元素及对

应的质量数如表5所示（<232>不要求测试口服药中的铬

元素）。虽然大部分元素在测试过程中不存在多原子离子

干扰，但使用动能甄别模式能进行快速检测（每80秒钟测

定一个样品），并且可以消除意外的质谱干扰。

实验

样品和样品前处理

表3显示了本次实验所要分析的个人可能搭配着摄入的口服

药和营养品。所有样品利用Perkinelmer公司Titan 微波消解

炉进行消解，它具有75mLPTFE材质的微波消解罐。本次研
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Results and Discussion

The USP methodologies define the maximum daily exposure 
based on a person’s weight, assuming a 50 kg person. The 
maximum analytical requirement is defined as the “J” value:  

More detailed explanations of the J value are available 
elsewhere.1, 2, 4 For this work, the J value was calculated 
assuming a maximum daily dose of 10 g and a 200x  
dilution factor.

Method detection limits (MDLs) were determined based on  
five standard deviations of the digested blank. Table 6 shows 
the MDLs for each element, along with the J values in the 
measured solutions. The J values are based on a maximum  
PDE calculated assuming a high daily dose of 10 g of 
medication and supplements and a 200x dilution factor.

Tables 7 and 8 show the results for the individual medications 
and supplements, respectively. A comparison of the sum of  
all the medications with the maximum oral daily dose appears 
in Table 9. This comparison indicates that the total value of 
contaminants in the eleven analyzed medications and supplements 
is well below the oral permissible daily exposure limit, with the 
exception of As and Mo that slightly exceed the PDE. Looking 
at Tables 7 and 8, As mostly results from the Ca supplements, 
and Mo is an added component in the multi-vitamin.

J =
PDE

Maximum Daily Dose x Dilution Factor

PDE = Permissible Daily Exposure

Dilution Factor = the amount the sample was diluted for analysis

Table 6. J Values and MDLs.

Element J Value 
(µg/L in Solution)

MDL 
(µg/L in Solution)

Cd 2.5 0.005
Pb 2.5 0.002
As 7.5 0.038
Hg 15 0.003
Ir 50 0.001
Os 50 0.029
Pd 50 0.002
Pt 50 0.001
Rh 50 0.001
Ru 50 0.001
Mo 1500 0.019
Ni 100 0.006
V 50 0.011
Cu 1500 0.052

Table 7. Contaminants in Oral Medications (all units in µg/day).

Element Blood 
Pressure Thyroid Baby  

Aspirin Indigestion

Cd 0.14 0.01 ND ND
Pb 0.24 0.07 0.41 0.03
As 1.95 0.32 0.17 0.07
Hg ND 0.01 ND ND
Ir 0.04 0.94 0.11 ND
Os ND ND ND ND
Pd 0.01 ND ND ND
Pt 0.01 ND ND ND
Rh ND 0.04 0.01 ND
Ru 0.01 ND 0.01 ND
Mo 13.9 0.07 0.02 0.02
Ni 3.46 0.31 0.71 0.22
V 6.50 0.64 1.34 0.49
Cu 0.05 0.20 0.04 0.03

Table 8. Contaminants in Oral Medications (all units in µg/day).

Element Fish Oil  
Caplets

Krill Oil  
Caplets

Ca + Fiber 
Chewables Ca Gummy Multi-vitamin 

Gummy
Fiber  

Gummy
Cholesterol 

Homeopathic
Cd ND ND 3.55 0.61 0.10 0.02 ND
Pb 0.06 0.09 0.37 1.28 0.11 0.11 0.08
As 0.29 1.77 4.32 4.85 0.24 0.77 0.71
Hg 0.01 0.01 ND ND ND ND ND
Ir 0.07 0.04 ND ND ND ND 0.18
Os ND ND ND ND ND ND ND
Pd 0.02 0.01 0.01 0.09 0.09 0.16 ND
Pt 0.01 ND ND ND ND ND ND
Rh 0.01 0.01 ND ND ND ND 0.01
Ru ND ND ND ND ND ND ND
Mo 0.04 0.01 0.16 6.10 167 0.53 0.71
Ni 0.30 0.36 19.3 3.29 0.95 1.03 2.67
V 0.30 0.36 10.8 13.8 1.00 1.60 0.38
Cu 0.47 0.81 2.24 6.86 0.88 7.59 0.38

结果和讨论

美国药典规定了体重为50kg的成人所允许摄入的最大暴

露量。检测过程中允许的溶液最大限值定义为“J”：

 

  PDE=每日最大允许暴露量；

  Dilution Factor=样品检测过程中总的稀释倍数

更多关于J的详细解释可在别处查询1,2,4。对于本次实验，

按照每日最大摄入10g药品和200倍总的稀释倍数计算出

J对应的值。

将试剂空白的五倍标准偏差定义为方法检出限（MDL）。

表6显示了每种元素的方法检出限，以及检测溶液中对应

的J值。J值按照每日最多搭配摄入10g药品与营养品的总

质量和200倍总的稀释倍数换算得出。

表7和表8显示了部分药品和营养品中各自的检测结果。表

9显示了所有药物按照最大口服摄入量所对应的检测值与

限定值的比对。通过比对可以看出，在分析的十一种药品

和营养品中，除了As和Mo轻微超出口服摄入的最大允许

暴露量外，其余元素均低于这一限值。通过表7和表8可以

看出，As主要来源于Ca补充剂，而Mo则来源于添加的复

合维生素中。
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结论

当按照美国药典<232>/<2232> 的强制规定测定元素时，

单个元素每日最大允许暴露量的限值有必要将个人每天摄

入的所有药品和营养品该元素的总和加到一起计算。各种

类型的药品和营养品可以通过Titan微波消解炉处理后利

用NexION350型ICP-MS 的动能甄别模式进行检测。结果

显示，除Mo是人为添加进复合维生素中的外，其余所有样

品中的各元素总值均低于每日最大允许暴露量。本次实验

证明利用单一的动能甄别模式按照USP要求测定污染物是

一种简单可靠的技术手段。
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Conclusion

When considering the elements and their maximum daily exposure limits  
as mandated by USP <232>/<2232>, it is necessary to account for all of  
the medications and supplements a person consumes daily. A variety of 
medications and supplements were digested with the Titan microwave 
digestion system and measured with the NexION 350 ICP-MS operating in 
Collision mode. The results demonstrate that the sum of all elements from all 
samples was below the maximum daily exposure level, with the exception of 
molybdenum (Mo) which was added to the multivitamin. This work has shown 
that a simple Collision mode-only method is an easy and reliable technique for 
measuring contaminants in accordance with USP <232>/<2232>. 
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Table 9. Sum of Medications and Supplements (all units in µg/day).

Element Oral Daily Dose Sum of Supplements  
and Medications

Cd 5 4.43

Pb 5 2.85

As 15 15.5

Hg 30 0.03

Ir 100 1.38

Os 100 ND

Pd 100 0.39

Pt 100 0.02

Rh 100 0.08

Ru 100 0.02

Mo 3000 189

Ni 200 32.6

V 100 37.2

Cu 3000 19.6

Consumables Used

Component Description Part Number

Sample Uptake Tubing 0.38 mmd id (green/orange), PVC, flared, 2-stop N0777042

Drain Tubing 1.30 mm id (gray/gray), Santoprene, 2-stop N0777444

Internal Standard Addition Tee Tee for on-line addition of internal standard N0777295

Internal Standards Uptake Tubing 0.25 mm id (red/orange), PVC, flared, 2-stop N0773111

USP Oral Element Impurities (Big 4) Cd (25 mg/kg), Hg (15 mg/kg), Pb (5 mg/kg), As (1.5 mg/kg); 125 mL N9304150

USP Precious Metal Impurities B (with Os) Ir, Pd, Pt, Rh, Ru, Os (100 mg/kg); 125 mL N9304151

USP Oral/Parenteral Elemental Impurities C Cu (1000 mg/kg), Ni (500 mg/kg), Mo, V (100 mg/kg) N9304153

Pure-Grade Au Standard 1000 mg/L N9303728 (125 mL)

Autosampler Tubes Conical, metal-fee, sterile
N0776118 (15 mL) 
N0776116 (50 mL)
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that a simple Collision mode-only method is an easy and reliable technique for 
measuring contaminants in accordance with USP <232>/<2232>. 
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Table 9. Sum of Medications and Supplements (all units in µg/day).

Element Oral Daily Dose Sum of Supplements  
and Medications

Cd 5 4.43

Pb 5 2.85

As 15 15.5

Hg 30 0.03

Ir 100 1.38

Os 100 ND

Pd 100 0.39

Pt 100 0.02

Rh 100 0.08

Ru 100 0.02

Mo 3000 189

Ni 200 32.6

V 100 37.2

Cu 3000 19.6

Consumables Used

Component Description Part Number

Sample Uptake Tubing 0.38 mmd id (green/orange), PVC, flared, 2-stop N0777042

Drain Tubing 1.30 mm id (gray/gray), Santoprene, 2-stop N0777444

Internal Standard Addition Tee Tee for on-line addition of internal standard N0777295

Internal Standards Uptake Tubing 0.25 mm id (red/orange), PVC, flared, 2-stop N0773111

USP Oral Element Impurities (Big 4) Cd (25 mg/kg), Hg (15 mg/kg), Pb (5 mg/kg), As (1.5 mg/kg); 125 mL N9304150

USP Precious Metal Impurities B (with Os) Ir, Pd, Pt, Rh, Ru, Os (100 mg/kg); 125 mL N9304151

USP Oral/Parenteral Elemental Impurities C Cu (1000 mg/kg), Ni (500 mg/kg), Mo, V (100 mg/kg) N9304153

Pure-Grade Au Standard 1000 mg/L N9303728 (125 mL)

Autosampler Tubes Conical, metal-fee, sterile
N0776118 (15 mL) 
N0776116 (50 mL)
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Conclusion

When considering the elements and their maximum daily exposure limits  
as mandated by USP <232>/<2232>, it is necessary to account for all of  
the medications and supplements a person consumes daily. A variety of 
medications and supplements were digested with the Titan microwave 
digestion system and measured with the NexION 350 ICP-MS operating in 
Collision mode. The results demonstrate that the sum of all elements from all 
samples was below the maximum daily exposure level, with the exception of 
molybdenum (Mo) which was added to the multivitamin. This work has shown 
that a simple Collision mode-only method is an easy and reliable technique for 
measuring contaminants in accordance with USP <232>/<2232>. 
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