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产品质量分析的重要要素

• 可靠的分析方法： CIPAC、AOAC、 国标、行业
标准、经过验证的企业标准、权威文献报道的方
法

• 可靠的分析实验室质量控制手段： 内部质量控制
IQC； 外部质量控制

• 公认的原则： 采用标准分析方法；开发并验证用
于质量控制的分析方法、使用实验室熟练掌握的
分析方法



FDA Systems Based Inspection:
Laboratory System

Method 
Validation

13%
Training/Qual.

4%

Stability Program 
21%

Inadequate
Records

27%

Controls. General
35%

Feb – July 2002: 212 Inspections (US)

* Reference: Albinus D’ Sa, FDA, CDER Office of Compliance, from AAPS, Nov. 2002 presentation.



分析中的三个重要因素

When expressing results of analytical measurements you
will need to bear in mind the 3 inter-linking parameters of:

VALIDATION

TRACEABILITY

MEASUREMENT
UNCERTAINTY

Has the method 
been validated
and it is fit for

purpose?

Will the results
be traceable

to an accepted
reference
standard?

How sure will you
be of the accuracy

of the results
obtained?



可溯源性通过一系列的比较来实现

SI 
Units

Primary 
standards

Industrial reference standards

Industrial working standards

Balances, thermometers, pressure 
gauges etc found in laboratories

International Primary Standards, set by 
International Committee of Weights and Measures
(CIPM) (Paris)

Maintained by National
Measurement Institutes

Used by industry and checked 
periodically against Primary 
standards



何时进行方法验证

F1,2,3文献报道、无方法的特征参数

P + E2文献报道、有方法的特征参数

P + E2经过验证但未经协作研究验证

P2新的协作研究方法

P2实验室管理或相关的改变

P2已验证方法长时间未采用

P1新的试剂与配件

P1仪器、操作人员改变

P1 or E2不同实验室之间方法交换

P or F1质量控制显示分析方法有偏离

P or F1标准方法的改良

F1,2,F or P3现有方法的适应（新的基质等）

F1,2,3新方法开发

F: full validation; E: extensive validation; P: partial validation;



农药分析方法验证的内容（1）

准确性 Accuracy:  与真值的偏离程度

线性范围 Linearity: 分析的可靠范围（定量分析的基

础）

精确性 Precision: 结果之间的接近程度



农药分析方法验证的内容（2）
灵敏度 Sensitivity: 不同浓度样本的响应大小

特异性 Specificity: 分析物定性的考察

添加回收率Recovery: 测定样本中分析物全部

的能力

重现性 Reproducibility  
稳定性 Stability  分析方法各步骤中分析物稳

定性

抗干扰能力

分析范围





讨论



Deviation from the AOAC-
CIPAC procedure

• Regulatory laboratories are forced to deviate 
from the CIPAC procedure if they have to 
analyze a number of different pesticide products. 
as they cannot change columns and eluents
after each product or on daily basis due to cost 
and time restrictions. 

• deviation: at the determination step? sample 
preparation? extraction can be carried out 
according to the CIPAC or AOAC procedure ; 
use of large amount of very expensive analytical 
standards?

Solution?



Application of CIPAC method:

• Blank formulation or no interference proof are 
necessary when apply with new formulations.

• no interface proof by different columns etc.



Method Validation for the active 
substance

• 特异性：干扰物< 3% area 
• 线性： ＋ — 20％：r>0.99： 3×2 or 1*5level
• Accuracy: 回收率, 需要测定干扰物质影响和方法精密

度。
• 重复性： 至少5个重复， 符合改良的Horwitz 方程。

• % Analyte Proposed acceptable RSDr
• (Horwitz value x 0.67) %
• RSDR = 2(1-0.5 logC)
• 100    1.34 ; 50    1.49
• 20      1.71;  10    1.90
• 5         2.10;  2      2.41
• 1         2.68; 0.25   3.30



Method Validation for relevant 
impurities

• 特异性： 证明在有效成分、或者其它杂质

存在时可以检出某一杂质

• 线性范围

• 准确性： 回收率

• 精密度

• LOQ



不同含量下 回收率要求



SST: 



GC：系统测试

• 进样重复性的测试
– 系统稳定后，进行系统测试SST
– 取标样和内标的混合物，重复进样5次

• 计算 SD和CV
– 要求：（对于不分流进样）

• （标样/内标）比值 CV≤1%（较难的
化合物最差≤2%）

• 单个峰 CV≤5%（最差
≤10%）

• 保留时间 CV≤0.5%
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Change of peak shape and 
RRT

1

2

3

Chlorpyrifos Ethyl
Asym
1.21
1.22
1.60

1

2

3

Dimethoate

RRT    Asym
1 0.690  1.56
2 0.691  1.82
3 0.708  3.33

1

2
3

EPTC

RRT   Asym
1 0.403  0.92
2 0.403  1.01
3 0.402  0.95

1- peak shape after the system 
maintenance;
2 – after injection of 20 sample 
extracts;
3 – after injection of 40 sample 
extracts

System suitability tests (SSTs)



标准曲线

• 斜率 Slope ( 可置信范围？)

• 截距 Intercept (可置信范围？

• 相关系数 Correlation Coefficient (R^2>0.997)

• 方差 Variance

• 相对残差的标准偏差 Standard deviation of relative 
residual (SS< 0.01 or 0.02)



残差在结果评价中的应用



0.0028sYrel.:

0.9999r:

0.007455547Intercept  b:

3.404088617Slope  a:
0.19303416Tebuconazole 3006B1002
0.19303416Tebuconazole 3006B1001
0.24258232Tebuconazole 2005B0802
0.24258232Tebuconazole 2005B0801
0.29123426Tebuconazole 1004B0502
0.29123426Tebuconazole 1004B0501

Caisolution ID
faStandardRun No



Chlorpyrifos methyl as an example

CP-Sil 8Column:

y=0,3054x+0,0087Calibration Equation:
0,0058    <0.01 or 0.02?Srr:

0,9998   >0.997?r:

0,0087  =0? statisticallyIntercept b: 

0,3054Slope a:

Note: For residue analysis, accept calibration if r ≥0.995 and  Srr <  0.1



contribution of residual plot in 
regression

An ideal residual plot should be random!
Standard deviation of relative residual, namely 
Srr, should be <0.02



Example of Srr calculation

0.6288088038185054470.99926

0.6210568099405030180.99926

0.5242687821214100410.83108

0.5241397732404052850.83108

0.3120157617212376680.51296
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0.008931Srr:

0.0009160.1224710.0005760.6282326

-0.01142-1.52641-0.007180.6282325

0.0098421.0868260.005110.5191584

0.0095931.0593240.004980.5191583

-0.00264-0.17581-0.000830.3128412

-0.00851-0.56641-0.002660.3128411

Relative 
Residual

ST residualResidualPred. YObserve

RESIDUAL OUTPUT

Srr<0.01  or  0.02   Acceptable！



X Variable 1 Residual Plot
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Another example of bad calibration

y = 1.0658x - 215.33

R2 = 0.9957
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r>0.997?;   b=0?; and residual pot? ; Srr<0.02? 



Solution?

Bracketing method for calibration ?



Q: 双柱验证－定量分析的例子

• 假设采取内标法测定某杂质， (CVra = 
1.5%). 对同一个提取液的含量分别进行3
次测定。

• CPSIL8CB  0.535 mg/ml ：
• CPSIL5CB 0.562 mg/ml.

• Q：两次的结果是否有差异?   －> 是否色
谱柱中有干扰物？



• The calculated t value is 4.018, 
• t2α=0.05, ν=4 = 2.776

• The difference is significant (5.9238%). The 
results indicate the possibility of impurity.
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Summary of most commonly used 
QC activities

• Analysis of reagent blank
• Analysis of blank samples
• Duplicate analysis
• System suitability tests  （SST）
• Spike or Recovery samples
• Efficient use of control charts
• Blind samples
• Participation in collaborative studies, 

proficiency tests



如何使用质控样品

• （1）批质控样品

• （2）由监督人员使用的盲样

• （3）将质控样品检测结果标在质控图中

标准曲线 QC 样品 QC

样品QC



接受和拒绝检测结果的规则

 （1）如果3个浓度的质控样（平行样的均值）中均
在2S范围，接受此批结果。

 （2）如果3个浓度的质控样（平行样的均值）中有
一个在2S之外，下列规则中任何一条成立则判断为
失控而拒绝结果：

其中一个浓度的样品（平行样的均值）超出3S界限

三个浓度中有两个（平行样的均值） 超出2S界限，并均值的
同侧

三个浓度中有两个（平行样的均值） 超出2S界限，并分布在
均值的两侧

某一个浓度的质控样品，累计连续7次以上结果在均值的同侧



SOP of QA QC：
File：4391.pdf



实验室质量控制

实验室内质控

• 自我控制

• 发现随机误差和新出
现的系统误差

• 评价分析质量的稳定
性

• 是分析的基础、必
需、常规

 实验室间质控

• 外部质控

• 发现系统误差和实验
室间数据的可比性

• 评价实验室的测试系
统和分析能力

• 有效的校核是参加与
标准实验室的比对



外部质量控制手段

• 初步实验室间研究： 由两个或多个实验室
参加， 评价一种方法， 确定其是否具备条
件作为协作研究的对象。

• 实验室间检测能力测试 Performance 
Test：
分析经仔细制备的均匀样本， 以证实和考核实验

室或分析人员的试验水平。







Structural changes from G13 and 
Guide 43 parts 1 and 2

• Technical Requirements come before 
Management Requirements

• One part with 3 Informative Annexes 
rather than two parts
A: Types of proficiency testing
B: Statistical methods for proficiency testing
C: Selection and use of proficiency testing

ISO 17043



Introduction – Types of ILC’s - PT

a. evaluation of the performance of laboratories 
and monitoring laboratories’ continuing 
performance;

b. identification of problems in laboratories and 
initiation of actions for improvement;

c. establishment of the effectiveness and 
comparability of test or measurement methods;

d. provision of additional confidence to laboratory 
customers;

e. identification of interlaboratory differences;
f. education of participating laboratories based on 

the outcomes of such comparisons;
g. validation of uncertainty claims;



Introduction – Types of ILC’s
not PT

h. evaluation of the performance characteristics of 
a method;

i. assignment of values to reference materials 
and assessment of their suitability for use in 
specific test or measurement procedures; and

j. support for statements of the equivalence of 
measurements of National Metrology Institutes 
through "key comparisons" and supplementary 
comparisons conducted on behalf of the 
International Bureau of Weights and 
Measurement (BIPM) and associated regional 
metrology organizations.



国际能力验证要求

• 国际指南ISO/IEC指南43：1997。正在由ISO/CASCO-WG28
进行修订，修订后将变更为国际标准，代号为
ISO/IEC17043，预计在2010年发布；

• ISO13528的发布。该标准经过多年的准备和讨论，于2005年
发布实施。为能力验证提供统计上的支持。ISO/IEC 17011：
2004《合格评定-认可机构通用要求》（GB/T27011-2005）

• ISO/IEC 指南43《利用实验室间比对的能力验证》
（GB/T15483，IDT）

• ISO13528：2005《利用实验室间比对的能力验证中的统计方
法》

• ISO/IEC 17025：2005《检测和校准实验室能力的通用要求》
（GB/T27025-2008）

• ISO15189：2003《医学实验室-质量和能力的专用要求》



ILAC和APLAC要求及其动态
• APLAC-MR001 《建立和保持APLAC 多边互认协议的

程序要求》中规定，签署互认协议认可机构能力验证工
作必须符合ILAC-P9的要求，同时，也要求认可机构符
合相应的能力验证要求；

• ILAC- P9《参加国家和国际能力验证活动的政策》也进
行了修订，新文件中给出了能力验证的频次和子领域划
分的相关指导；

• ILAC-G13 《能力验证计划提供者的能力要求指南》，正
在修订；

• ILAC-G22 《应用能力验证作为对检测能力认可的手
段》 ，从实验室如何参加能力验证的角度提出了相关要
求；

• APLAC-PT001等系列文件，既有改进也有新制定的。



农药产品质量检测与判定

• 原药含量分析

• 制剂含量分析

• 杂质分析



tolerance limits for pesticide 
products

• According the FAO Manual[i], the active 
ingredient content of technical materials 
should be expressed as:

• "The [ISO common name] content shall be 
declared (not less than ...g/kg) and, when 
determined, the mean measured content
shall not be lower than the declared 
content."



• The active ingredient content of technical 
concentrates and formulated pesticides 
should be expressed as:

• “The [ISO common name] content shall be 
declared (g/kg or g/l at 20 ± 2°C,) and, 
when determined, the mean measured 
content shall not differ from that declared 
by more than the following tolerances:”





• As the tolerances for pesticide product 
generally correspond to the 95% confidence 
level,

• thus standard deviation of the variability of 
active ingredient content, ST, can be derived 
from the tolerance intervals (T) specified for 
the mean measured content of the product: 
ST = T/1.96, 

• (for practical purposes ST =  T/2 may be 
used). 
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possibility of reducing ST





• Testing the minimum active ingredient 
content of technical active ingredient



• The FAO Specification declares the 
minimum a.i. content, e.g. 950 g/kg. The 
mean a.i. content should not be 
significantly lower than the declared 
content. 

μ ≤ ⎯x + 

n
ts



Testing the minimum active 
ingredient content of technical 

active ingredient
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Impurity tests

• if the measured impurity is significantly exceeds 
the specified limit or not. 

m ≤ ⎯x -
n

ts



实验室数据的质量



测量值的组成

• Observed value: 
xi = m + B + e

• where
• M: 平均值

• B is bias ;
• e is 随机误差;
• μ is 真值; often not known



单个实验室内部的误差来源

1- 每个分析测试员之间的差异,
2- 仪器之间的差异,
3- 实验试剂与消耗品之间的差异,
4- 一定时间内以上1、2、3的差异,



D

A 

B

C

B

A: Sr;   B: run bias; C: lab bias; D: method bias



测量不确定度的来源

在实际分析工作中，不确定度典型的来源包括：
1）对样品的定义不完整或不完善；
2）分析的方法不理想；
3）取样的代表性不够；
4）对分析过程中环境影响的认识或控制不完善；
5）对仪器的读数存在偏差；
6）分析仪器计量性能（灵敏度、分辨力、稳定性等）上的

局限性；
7）标准物质的标准值不准确；
8）引进的数据或其他参量的不确定度；
9）与分析方法和分析程序有关的近似性和假定性；
10）在表面上看来完全相同的条件下，分析时重复观测值的

变化等。





结果精密度的表述

• X = Average(Xi) +(-) t * Sigma * / 
Squareroot(n)

• n＝测定次数； Sigma： 方法的重复性；
t：一定容错概率下包含因子； Xi： 平均值



不确定度计算： 例

Pesticide Residue Workshop, April 28th, 2009, Beijing 



不确定表述实例

Pesticide Residue Workshop, April 28th, 2009, Beijing 



实验室内部控制手段

• 方法验证中采用已知 repeatability σr and 
reproducibility σR .

• 及时监测 accuracy, σr and σR parameters 
• 统计学原理和手段.
• 有力工具之一:

统计控制图 The control charts统计控制图 The control charts



质量控制图质量控制图 Control chartsControl charts

application of outliers test; Dixon’s Q and

Grubbs for screning of the data

application of the classical statistics.

Before chartingBefore charting

AfterAfter



统计控制图示意

For 95% confidence limits:                 m =⎯x ± 2σ/√n
For 99.7% confidence limits:              m =⎯x ± 3σ/√n



单一样本的测试 - I

• 一定时间内结果稳定性? －－－－》统计控制

图

• 如果试验结果不能提供充足数据建立统计控制图：

– 平行分析次数

– 添加回收、线性关系

Control limits?
Control limits?



单一样本的测试 - II

• 建立 CD值：critical difference. 

• CR＝f  * σ ∗ sqrt(2).

– f (CR factor)  depends on the probability level to 
be associated with the critical difference and on 
the shape of the distribution.



单一样本的测试 - III

• the repeatability limit r=2.8 σr

• the reproducibility limit R=2.8 σR.
For R and r, the probability level is 95% and 

we assume an approximately normal distribution.
• Under these conditions, f is 1,96 and  f sqrt2 is 2,77 

(we use a rounded value of 2,8).







CVr values of accepted CIPAC methods
(CVr calculated from r values, extracted from CIPAC volume H-K)
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CVr values of accepted CIPAC methods 

(data are compiled from CIPAC Handbooks H-K



测试结果的评价与表达测试结果的评价与表达

σr and σR of the measurement method are known.



例：例： 分析结果的有效性与表示分析结果的有效性与表示

• 乐果乳油分析 (CIPAC E p.69).

• r = 7 g/kg at 463 g/kg a.i. content.

• R =  20 g/kg at 463 g/kg a.i. content (18 results)

• We obtain 2 test results: x1= 451 and x2= 457 g/kg

• |x1-x2|= 6 < r, so the final quoted result is 

(451 +457)/2 = 454 g/kg.



当测定费时、花费较大时结果的评价当测定费时、花费较大时结果的评价



例：例： 分析结果的有效性与表示（续）分析结果的有效性与表示（续）

• The next time we obtain: x1= 453 and x2=468 g/kg
• |x1-x2|= 15 > r. We shall obtain 2 further results.
• x3= 460 and x4= 450 g/kg, 

– the CR0.95(4) = f(4) σr.
– r = 2.8σr, σr = r/2.8 = 7/2.8 = 2.5 g/kg

• f(4) = 3.6, therefore CR0.95(4) = 3.6*2.5 = 9

• We calculate xmax - xmin = 468 -450 = 18 > 9
• In this case the median （中值） of the 4 results is 

reported as the final quoted result. 450, 453, 460, 468, 
• so x = (453 + 460)/2 = 456 g/kg .

• 如果xmax - xmin < CR, 则结果应表示为四次测定的平均
值。



方法 A与B的比较研究

2.776tcrit=
1.126991tcalc=

0.009127SDdif

0.0046Average0.007447sAra

0.00150.52450.5280.5210.5260.5230.52991

-0.00050.5220.5310.5130.52150.5260.51790

0.010.5230.5190.5270.5330.5310.53589

-0.00550.53050.5230.5380.5250.530.5288

0.01750.5210.5240.5180.53850.5450.53287

DifferenceAverageReplicate 2Replicate 1AverageReplicate 2Replicate 1

Method B or reference methodMethod A 



y = 0.9121x + 0.0054

R2 = 0.9697
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0.08400.36100.445013
-0.01300.13700.124012
0.01100.09200.103011
0.03700.22400.261010

-0.02500.38000.35509
-0.01000.29100.28108
0.00200.02490.02697
0.00050.01180.01236
0.00250.00620.00875

-0.00180.03520.03344
0.00010.07090.07103

-0.00230.02790.02562
0.00070.02590.02661

R1-R2Lab 2Lab 1



分析同一样本的重复性考察

• 对同一样本的三个部位分析结果应符合:
Cmax-Cmin< 3.31*r/2.8

每两个重复分析间至少满足：
Amax—Amin≤3.64*CV*Xmean



分析同一样本的三个部位的考察

r=1.5

1.7732143.31*r/2.8:

0.97245 Cmax-Cmin:

38.43691 1.10351 

0.58391 0.22537 38.59627 38.75563 1.11266 

38.22581 1.09893 

0.31366 0.12017 38.31078 38.39576 1.10382 

39.20945 1.12193 

0.26565 0.10436 39.28324 39.35703 1.12616 

CVSDAverageContentRATIO of AS/IS



实验室内部两组结果的比较研究

• group 1 n1 results giving a mean of y1

• group 2 n2 results giving a mean of y2

• the SD of (y1- y2) is: 

• and the critical difference for |y1- y2| at 95% 
probability level is:
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两个实验室间对同一样本分析结果的比较:

• lab. 1 n1 results giving a mean 
of y1

• lab. 2 n2 results giving a mean 
of y2

• under repeatability conditions, the SD 
(y1-y2) is: 

• and the critical difference for |y1-y2| is:
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D: Difference between the 2 values obtained in one laboratory
p: number of laboratories or differences.
N: number of data of all laboratories.
These formulae are valid for n = 2 replicates. If more are performed, please refer to the I



实例: A, B, C 三人在不同的天数对
粉剂的五个部分进行分析， 结果如

下：

0.50.510.50.490.560.460.520.51

0.490.440.540.470.490.520.50.49

0.50.540.510.510.480.480.530.5

0.520.550.490.480.50.480.50.52

0.520.490.470.490.510.50.510.43

C d3A d3C d2B d2A d2C d1B d1A d1



• 1) A, B, C 三个人实验的重复性?
• Sa,ν=12 0.037193 % ；CV = 0.074189
• Sb,ν=8 0.013964 %    CV = 0.027928
• Sc,ν=12 0.021370 %    CV = 0.042854

• 2) 如何评价A B C 三人的测定?

• 3) 建立实验室内部重复性、再现性?
Sr =？ SR＝？

• 5) Are the Sr and SR values significantly 
different?

样本是否均匀

n
dSr 2

2∑
=



0.000
18

0.001
93

0.000
67

0.000
22

0.000
97

0.000
520.000170.00125Var

0.013
416

0.043
932

0.025
884

0.014
832

0.031
145

0.022
804

0.01303
80.035355SD

0.5060.5060.5020.4880.5080.4880.5120.49Ave

C d3A d3C d2B d2A d2C d1B d1A d1



Q5: 检查异常数据: 统计分析前



Q5: Outliner test:Grubb’s test:



Q5: 三个人的分析水平是否相

当？

Table A.13



Q5: 实验室内重复性

• The average repeatability standard deviations and 
corresponding coefficient of variations of the individual 
analysts (calculated from their measurements made on 
different days) are:

• SA,ν=12 0.037193 %  CV = 0.074189
• SB,ν=8 0.013964 %  CV = 0.027928
• SC,ν=12 0.021370 %  CV = 0.042854
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What is the within laboratory 
repeatability (Sr) of the method?



What is the within laboratory 
reproducibility (SR) of the 

method?

• The within laboratory reproducibility of 
the method is the SD of all 
measurements calculated with eq. 2.5: 
SR= 0.02632

• Note: Sr ≤ SR!
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Q5: 评价室内重复性和室间再现

性



样本是否均匀？
OR are the mean values obtained 

significantly different?



问题与交流讨论

• Email: panc@cau.edu.cn

Science net 博客：http://www.sciencenet.cn/blog/canpingp2222.htm


