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Introduction 

 The aim of this key comparison (CCQM-K104) and the parallel pilot study 

(CCQM-P141) is to support National Measurement Institutes (NMIs) and 

Designated Institutes (DIs) to demonstrate the validity of the procedures they 

employ for the assignment of the mass fraction content of the organic primary 

calibrators used to underpin their capabilities and measurement services for 

organic analysis. 

 The study material for this key comparison has been selected to be 

representative of part of the “organic purity analysis space” as defined by a 

model using molecular weight, molecular complexity and polarity.  

 Avermectin was the material chosen for study in this key comparison. It 

provides a relevant analytical challenge indicative of the performance of a 

laboratory’s measurement capability for the purity assignment of organic 

compounds of high structural complexity, low polarity and high molecular 

weight (MW = 873.09 Da). This comparison is different from those previous 

comparisons in which the molecular weights were less than 500 Da, as in the 

CCQM-P20 pilot studies and CCQM-K55 series of key comparisons. The 

structural complexity of avermectin is significantly higher than in previous 

CCQM-K55 comparisons. 

 Avermectins are a representative class of biological pesticides, the 

measurement of which could support a number of calibration and measurement 

capability claims. 

 Avermectins are also important analytes in clinical chemistry. Certified pure 

substance reference materials were not available at the beginning of this study. 

They are safe and stable for transport using dry ice and avoiding light. The 
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structure of avermectin B1a is shown below. The structures of related 

compounds are given in Annex A. 

 

Structure of avermectin B1a 

 

“How Far Does the Light Shine” Statement for CCQM-K104 

 The comparison was designed to demonstrate a laboratory’s performance in 

determining the mass fraction of the main component in a high purity organic 

material. The measurement results should be indicative of the performance of a 

laboratory’s measurement capability for the purity assignment of organic 

compounds of high structural complexity (relative molecular mass range of 500 

Da -1000 Da and low polarity (-log KOW ≤ -2).  

Source material 

 The material for the CCQM-K104 comparison and the parallel pilot study 

CCQM-P141 was a sample of analytical grade avermectin purchased from a 

commercial supplier. The material was supplied as a white crystalline solid and 

dried under vacuum to constant weight, and then ground and blended. The 

initial analysis showed its purity as “ ≥ 90%”  

 This material was subdivided into a batch of 275 individual units given the 

NIM identifier such as “NIM 2012 012”. Each unit of NIM 2012 contained 500 

mg of avermectin in a 4 ml brown glass vial fitted with a rubber insert and 

sealed with an aluminum cap. 
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 The impurity profile of the batch of sub-divided candidate material vials was 

determined at NIM, including the assessment of homogeneity and stability of 

the various components.  

 The mass fraction of avermectin in the comparison material was assessed by 

NIM to be in excess of 900 mg/g. The homogeneity and stability of avermectin 

and its associated impurity components were also determined as being suitable 

for the purposes of the comparison. A detailed stability study of water content 

was completed after the comparison to investigate this aspect further.  

 A summary of the results for avermectin content and characterization of the 

material’s impurity profile reported by the comparison participants are 

contained in this report.  

 

Participation  

 Nine NMIs or DIs participated in the CCQM-K104 comparison. The samples 

were dispatched in June 2013. Eight participants reported their results at the end 

of September (see Table 1). BVL did not submit their results due to a problem 

with their instrument.  

No participants reported an estimate in the parallel pilot study CCQM-P141. 
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Table 1    CCQM-K104 Study schedule 

Abbreviation 
Sample Dispatching Date 

(2013) 

Sample Receipt Date 

(2013) 

Result Submission Date 

(2013) 

BAM 29 June 03 July 26 August 

EXHM 24 August 26 August 01 October 

GLHK 01 July 04 July 30 September 

LGC 29 June 01 July 30 September 

UME 01 July 05 July 03 September 

NIMT 23 July 25 July 30 September 

NMIA 29 June 05 July 30 September 

BVL 29 June 02 July None 

Table 2  Summary of methods by the participants for CCQM-K104 

 

Method for 

the B1a 

Approaches in mass balance method 

Determination 

of Related 

Impurity 

Identification 

of Related 

Impurity 

Water Solvent Non-volatile 

BAM qNMR - - - - - 

EXHM 
Mass 

balance 
LC-UV 

LC-DAD, 

LC-MS/MS 
KF 6*20mg GC 

ICP-MS, IC, 

HPLC-RI 

GLHK 
Mass 

balance 
LC-DAD 

LC-DAD, 

LC-MS 

KF Oven at 

150 ºC 

20~30 mg 

HS-GC-

MS 
ICP-MS, IC 

LGC 
Mass 

balance 
HPLC-UV 

LC-DAD, 

LC-MS 

KF Oven at 

110 ºC 

3*20mg 

HS-GC-

MS, 

TGA-MS 

TGA-MS, 

ICP-MS 

NIM 

Combinati

on mass 

balance & 

qNMR 

HPLC-DAD 

HPLC-MS/MS 

HPLC-IT-TOF

-MS,NMR 

KF,5*(15~

20) mg 

TGA120 ºC 

 

Quant: 

HS-GC-FI

D; Qual: 

GC-MS 

ICP-MS, 

TGA 

NIMT 
Mass 

balance 

LC-FLD as 

N-methylimida

zole derivative 

LC-FLD as 

N-methylimida

zole derivative 

KF 5*20mg 
HS-GC-T

OF-MS 
TGA 

NMIA 
Mass 

balance 
LC-DAD 

LC-DAD, 

LC-MS 

KF, 

5*(9~10 ) 

mg 

TGA 

120ºC 
TGA 850ºC 

UME 

Combinati

on mass 

balance & 

qNMR 

LC-DAD 
LC-DAD, 

LC-MS 

KF Oven at 

130 ºC 

3*25 mg, 

TGA 

HS-GC-

MS, TGA 

ICP-MS, IC 

(nitrate) 
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Sample distribution  

 Two units of the study sample, each containing 500 mg of material, were 

distributed to each participant within a shipping container packed with dry ice. 

Recipients were asked to confirm upon receipt whether the materials were 

frozen or had thawed during the transport process. The responses indicated that 

the units supplied to all the eight participants were frozen and sealed on arrival. 

There were extended delays obtaining Customs clearance for delivery of the 

samples to NIMT (Thailand) and to EXHM (Greece). Apart from these no 

particular shipping difficulties were encountered (see Table 1). 

 

Quantities and Units  

 Participants were required to report the mass fraction of the major component 

avermectin B1a, in one unit of the comparison study material. The units for 

reporting the mass fraction of avermectin B1a in this comparison material were 

mg/g. Participants were also required to describe the measurement equation and 

uncertainty budget used to assign the mass fraction content of avermectin B1a. 

Participants using a mass balance approach (summation of impurities) to 

determine the avermectin B1a content were encouraged to report the mass 

fraction assignment and associated combined standard uncertainty for the 

sub-classes of impurity contributing to their results. The sub-classes of 

impurities to be quantified for a mass balance assignment of avermectin B1a 

will include some or all of the following: 

1. total related structure organic substances 

2. water content 

3. total residual organic solvent / volatile organic substances (VOCs) 

4. total non-volatiles/inorganic content 

 Participants were also encouraged to provide their mass fraction 

determinations for each individual impurity identified in the comparison 

material. 

 

Reported Mass Fraction Content of Avermectin B1a in CCQM-K104 

 The estimates reported for the content by the participants of CCQM-K104 are 

given in Table 3 and a summary plot is shown in Figure 1.  

Methods used to assign purity for the comparison result include mass balance, 
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qNMR, or a combination of data obtained using both these approaches.  

Five participants in CCQM-K104 submitted estimates for avermectin B1a based 

solely on a mass balance approach. One participant submitted estimates for 

avermectin B1a based solely on qNMR data. Two participants in CCQM-K104 

submitted estimates for avermectin B1a using a combination of a mass balance 

method and a HPLC-based qNMR method. In the so-called HPLC-based qNMR 

method, they used qNMR to determine the sum of avermectins, and then 

applied HPLC-UV analysis to determine their respective ratios, to then calculate 

the avermectin B1a content (See Table 2). It is worth noting that UME supposes 

its direct qNMR result is only composed of Avermectin B1a and B1b. 

 

Table 3  Avermectin B1a mass fraction estimates for CCQM-K104 

Participant Avermectin 

B1a (mg/g) 

Standard Uncertainty 

(mg/g) 

Coverage 

factor 

Expanded Uncertainty 

(mg/g) 

NMIA 913 8 2 16 

UME 917.892 3.387 2 6.774 

NIMT 930.1 1.12 2 2.24 

EXHM 930.25 0.77 2.13 1.64 

NIM 933.86 3.56 2 7.12 

GLHK 938.2 4.73 2 9.5 

LGC 939.6 2.1 2.06 4.3 

BAM 968.82 1.03* 2 2.06 
*
BAM reported only expanded uncertainty, its standard uncertainty were calculated by k=2 

according to the protocol. 
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Figure 1  Avermectin B1a mass fraction content reported by participants in 

CCQM-K104 (with associated standard uncertainties, k = 1) 

 

Impurities Profile of CCQM-K104 

 All participants in CCQM-K104 using a mass balance approach were 

encouraged to give estimates for the mass fraction of the sub-classes of 

impurities they quantified and combined to obtain their final avermectin B1a 

mass fraction estimate. A summary of the total impurities is shown in Table 4. 

 

Table 4  Estimates of total impurities content for CCQM-K104 

Compound NIMT GLHK NMIA UME LGC NIM EXHM 

Avermectin B1b √ √ √ √ √ √ √ 

Avermectin B1a 

diastereomer 
  √     

Avermectin B2a 
   

√ √ 
 

√ 

Avermectin A2a 
   

√ 
 

√ √ 

Avermectin A1b 
   

√ 
 

√ √ 

Avermectin A1a 
    

√ √ √ 

Avermectin A2b 
      

√ 

Avermectin B2b 
      

√ 

Ivermectine √ 
     

√ 

Ethyl acetate 
      

√ 

DMF 
      

√ 

Cl 
      

√ 

SO4 
      

√ 

Na 
      

√ 

K 
      

√ 

Ca  
      

√ 

Mg 
      

√ 

Number of 

unidentified 

related structure 

impurities 

12 11 6 3 19 6 5 

Water (mg/g) 26.24 16.32 30.20 15.67 14.50 16.43 20.58 

Residual solvent 

(mg/g) 
1.09 0 0 0.0056 0 0.026 0.09 

Non-volatile 

(mg/g) 
0 0 0 0.013 0.5 0.026 2 

 

1) Related structure impurity content  

 The structures of the related structure impurities reported by two or more 
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participants are shown, with their associated numbering, in Annex A. The major 

compounds identified by participants were, in order of decreasing mass fraction 

content: Avermectin B1b (2), Avermectin A1a (3), Avermectin A2a (4), 

Avermectin A1b (5), Avermectin B2a (6), Ivermectin (7), Avermectin A2b (8), 

Avermectin B2b (9). Ethyl acetate, DMF, Ca, Mg, Cl, SO4, Na, K were also 

identified by one participant (EXHM). 

 An LC-UV chromatogram obtained by NIM, representing LC chromatograms 

of samples of the CCQM-K104 material, analyzed using a reverse phase UPLC 

column, with the relative retention time of each of the main related structure 

impurities, is shown in Figure 2.  

 An additional impurity was resolved from the avermectin B1a peak by NMIA, 

using four HPLC columns in tandem (Figure 3). This impurity was tentatively 

identified by NMIA as an unknown impurity based upon the UV spectrum and 

electrospray mass spectrum. It was subsequently identified by NIM using a 

combination of data from HPLC-IT-TOF-MS and NMR analysis as a 

diastereoisomer of avermectin B1a at the C-26 position. The proposed structure 

of this impurity is given in Annex A. This assignment was confirmed separately 

by GLHK and LGC. The content of this diastereoisomer of avermectin B1a was 

estimated at 14.1 mg/g by NMIA and in studies undertaken after the comparison 

at 14.03 mg/g by NIM, 13.0 mg/g by LGC and 11.84 mg/g by GLHK. All 

quantifications assumed the same response factor for the impurity as that of 

avermectin B1a.  
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Figure 2  LC-UV chromatogram for CCQM-K104 comparison sample (at 244 

nm) (2: B2a; 3: A2a; 7: A1b; 9: A1a) (from NIM report of CCQM-K104) 

 

Figure 3  HPLC-UV chromatogram of CCQM-K104 by NMIA showing the 

diastereomer at retention time 26.3 min 

 

All the participants used approaches of HPLC-DAD except one who used 

HPLC-FLD after derivatization with N-methylimidazole. The relative elution 

profiles and assignment of the components obtained using these approaches 
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were in general very similar to those shown in Figure 2, though “noisier” 

baselines and artefact peaks from the reagents were observed using the 

derivatization approach.  

 All participants reported avermectin B1b was the major related structure 

impurity in the comparison material. The estimates reported for total related 

structure impurities by the comparison participants of CCQM-K104 are plotted 

in Figure 4 and listed in Table 5. In this figure only the NMIA result includes as 

an impurity the diastereoisomer they observed. 
 

Table 5  Estimates of total related structure impurities content for 

CCQM-K104 

Participant Related structure 

impurities (mg/g) 

uc (mg/g) Coverage factor U95% (mg/g) 

NIMT 42.57 1.12 2 2.24 

LGC 45.4 2.0 2.0 4.0 

GLHK 45.50 4.64 2 9.29 

NIM 46.5 1.6 2 3.2 

EXHM 47.08 0.15 2.20 0.32 

NMIA 58.2 0.3 2 0.6 

UME 67.217  2.346 2 4.693 

 

 

Figure 4  Total related structure impurity estimates by participants in 

CCQM-K104 (with associated standard uncertainties, k = 1) 
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The identity and mass content estimates reported by participants for the 

individual impurities in the comparison sample is given in Table 6. The 

individual components are listed in decreasing order of the mean of their 

reported mass fraction (inorganic impurities are listed after organic impurities). 

The results reported by UME, both for mass fraction content of total related 

structure impurities in Table 5 and of individual impurities in Table 6, were 

significantly higher than those reported by other participants.  

 

Table 6  Estimates of individual related substance impurities in 

CCQM-K104 

Compound 
Number of 

participants 
Reported by  

Mass fraction 

(mg/g) 

Avermectin B1b 

 

 

 

7 

NIMT 22.56 

GLHK 22.20 

NMIA 23.8 

UME 36.130 

LGC 22.4 

NIM 22.81 

EXHM 26.15 

Avermectin B1a 

diastereomer 

1 
NMIA 14.1 

Avermectin B2a 

3 UME 4.977 

LGC 1.7 

EXHM 1.57 

Avermectin A2a 

3 UME 6.740 

NIM 3.86 

EXHM 4.21 

Avermectin A1b 

3 UME 7.781 

NIM 0.41 

EXHM 0.54 

Avermectin A1a 

3 LGC 5.8 

NIM 5.74 

EXHM 6.2 

Avermectin A2b 1 EXHM 0.11 

Avermectin B2b 1 EXHM 0.11 

Ivermectine 1 NIMT 0.32 

ethyl acetate 1 EXHM 0.064 

DMF 1 EXHM 0.026 
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Cl 1 EXHM 0.29 

SO4 1 EXHM 0.11 

Na 1 EXHM 0.1 

K 1 EXHM 0.05 

Ca  1 EXHM 1.14 

Mg 1 EXHM 0.32 

 

2) Water content  

The estimates reported for water content by the study participants are plotted in 

Figure 5 and listed in Table 7.  

Table 7  Estimates of water content for CCQM-K104 

Participant Water (mg/g)  uc (mg/g) Coverage factor U95% (mg/g) 

LGC 14.5 0.4 4.303 1.7 

UME 15.67 0.368 2 0.736 

GLHK 16.32 0.53 2 1.06 

NIM 16.43 1.64 2 3.28 

EXHM 20.58 0.39 2.45 0.98 

NIMT 26.24 0.014 2 0.028 

NMIA 30.2 2.7 2 5.4 

 

 
Figure 5  Water estimates by participants in CCQM-K104 (with associated 

uncertainties, k = 1) 

The majority of participants used coulometric Karl Fischer titration to obtain a 

water content estimate. Most results indicated the level of water in the material 
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was in the range14 mg/g -21 mg/g. Due to the high content of water measured 

by NMIA and NIMT, and the fact that there was some concern that the material 

was vacuum dried but this was not stated in the protocol and thus it may have 

been more susceptible to water uptake, NIM and GLHK further investigated the 

possible factors influencing the water content. 

 When the measurement was performed in an environment with relative 

humidity at 20% (NIM) and 40% (GLHK) the results obtained agreed with the 

original values from NIM of 16.43 mg/g (U95% =3.28 mg/g) and from GLHK of 

16.32 mg/g (U95% =1.06 mg/g). NIM also measured the water using TGA. The 

result matched with their value obtained by Karl Fischer titration. 

 The NMIA however also determined loss of mass at 120 °C by TGA in 

addition to elemental analyses on their sample and both their results were 

reported to be consistent with the relatively high water content value of 30 mg/g 

they reported. 

 Table 8 shows the results obtained for three samples, all stored at relative 

humidity of 30% and temperature of 30º C, which were respectively kept sealed, 

opened for two minutes every day, and kept always open. The change of 

observed mass of the sample vial indicated any absorption of water by the 

sample. Actually the “always open” is an extreme condition as normally a 

sample is closed after use. The results showed that the sample is stable even at 

this storage condition. 

 In Table 9 and Figure 6, four samples were kept at relative humidity from 40% 

to 90% at 25 ºC, respectively. The mass changes were determined for five times 

every day, and before each determination, the vials were opened for two 

minutes. By change of mass, instead of Karl Fischer determination, the result 

showed that water obtained was not significant when stored at humidity from 

40% to 90%. 

 In Table 10, Karl Fischer determinations under relative humidity of 40%, 60%, 

and 80% showed that the repeatability is larger and there was evidence of 

significantly higher result when Karl Fischer titration is performed at relatively 

high humidity. Unlike the results shown in Table 9 for storage conditions, 

conditions of high humidity significantly influenced the result of the 

determination process of Karl Fischer titration, even though the sample itself 

did not absorb significant water on storage even at 90% humidity. 
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Table 8 The relationship between water content and the different storage conditions 

(keep sealed, opened 2 minutes per day or opened for a month) measured via mass 

change 

Status Temperature/℃ 
Relative 

humidity/% 

Final Mass of 

sample (mg) 

Increased net 

weight (mg) 

Obtained 

water(mg/g) 

Keep sealed 30 30 502.08 0.91 1.8 

Keep opened 30 30 519.75 5.89 11.3 

Keep opened 2 

minutes per day 
30 30 506.46 2.56 5.1 

 

Table 9 The relationship between water content and the different storage humidity at 

   ̊C measured via mass change (opened for 2 minutes every two hours, 5 times per day, 

and repeated every day for a month) 

Temperature/℃ R.H. (%) 
Mass of sample 

(mg) 

Increased net 

weight (mg) 

Obtained water 

(mg/g) 

(LOD=0.04 mg/g) 

25 40 502.24 0.53 1.1 

25 60 503.34 1.17 2.3 

25 80 502.62 1.12 2.2 

25 90 501.76 1.09 2.2 

 

 

  
Figure 6 The content of increased water in avermectin under different humidity 

conditions 
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Table 10   Water content measured by KF evaluated at different relative 

humidity  

Mean sample size 

(mg) 

RH (%) Mean water content 

(mg/g) 

RSD of water 

content (%) 

37.1 (n = 3) 40 16.6 0.6 

37.5 (n = 4) 60 18.9 11.8 

34.3 (n = 4) 80 34.7 16.2 

 

 The results of these studies were taken into account in determining the best 

estimate of water content in the material for the KCRV estimation and it was 

noted that the protocol for the comparison did notify participants “As soon as 

possible after receipt and subsequently after opening they should be stored at 

low temperature (-20°C) out of direct sunlight and moisture.” 

 

3) Residual organic solvent/volatile organics content  

 The presence of trace level of dichloromethane, p-xylene and toluene were 

reported by individual participants but no significant levels of residual solvent 

were found. The results obtained for total residual solvent content are plotted in 

Figure 7 and listed in Table 11. 

Table 11 Estimates of residual solvent content for CCQM-K104 

Participant residual solvent uc (mg/g) Coverage factor U95% (mg/g) 

NMIA 0(Not detected)    

GLHK 0 0.03 2 0.05 

LGC 0 0.42 4.303 1.8 

NIM 0.026 0.01 2 0.02 

UME 0.0056 0.0167 2 0.0334 

EXHM 0.09 0.02 3.18 0.07 

NIMT 1.09 0.04 2 0.08 
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Figure 7  Residual organic solvent estimates by participants in CCQM-K104 

(with associated uncertainties, k = 1) 

 

4) Non-volatiles and inorganic contents  

 The estimates reported for combined non-volatile organic and inorganic 

content are plotted in Figure 8 and listed in Table 12. The majority of 

participants found either very low combined levels of inorganic/non-volatile 

material in the sample (≤ 0.5 mg/g) or established that if present it was below 

the limits of detection (LOD) of their various methods. Only one participant 

reported a significant amount of 2.00 mg/g with an associated uncertainty of 

0.12 mg/g.  

Table 12  Estimates of non-volatiles for CCQM-K104 

Participant Non-volatiles uc (mg/g) Coverage factor U95% (mg/g) 

NIMT 0.00 0.07 2 0.14 

NMIA < 2 (LOD) 0.2 2 0.4 

GLHK 0 0.71 2 1.41 

UME 0.013 0.0013 2 0.003 

NIM 0.026 0.013 2 0.026 

LGC 0.5 0.3 3.182 1.0 

EXHM 2.00 0.12 3.18 0.39 
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Figure 8  Non-volatile / inorganics estimates by participants in CCQM-K104 

(with associated standard uncertainties, k = 1) 

 

qNMR estimates of avermectin B1a content  

Three participants in the comparison used a qNMR study in one form or another 

in their assessment of the material.  

qNMR was used to:  

 provide an estimate of total avermectin-related component content that was 

combined with the ratio among them from an HPLC method to obtain a 

content of avermectin B1a. (2 participants, UME and NIM) UME supposes 

its direct qNMR result is only composed by B1a and B1b  

 obtain total avermectin related components as supporting data for a mass 

balance assignment. (1 participant, LGC) 
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The qNMR results for avermectin B1a reported by each participant are shown in 

Figure 9. A summary of the results, NMR solvent, quantification standards and 

final use of data by each participant undertaking qNMR is provided in Table 13. 

It is worth noting that the role of qNMR in assignment is different in these 

laboratories. BAM withdrew their data from the KCRV calculation, perhaps due 

to no deduction of impurities from direct qNMR result. 

Table 13  qNMR estimates for Avermectin B1a and the experimental 

conditions 

Participant Solvent(s) Quantification 

Internal 

Standard 

Avermectin 

B1a by 

QNMR 

Standard 

Uncertaint

y (mg/g) 

Role of QNMR in 

Avermectin B1a 

assignment 

UME CDCl3 Benzoic acid  918.969 3.480  

qNMR determined 

the sum of avermectin 

B1a+B1b. HPLC 

determined the 

B1a/B1b ratio. 

NIM CD3CN Ethyl paraben  930.7 2.300  

qNMR determined 

the sum of 

avermectins with 

H-25. HPLC 

determined the ratio 

among avermectins 

with H-25. 

BAM 

 

acetone-

d6 
Benzoic acid 968.82  1.03  

qNMR determined 

the avermectin B1a 

 
*
At LGC, qNMR was used to determine the mass fraction of the combined 

avermectins and related structure components, giving a result of 984 ± 21 mg/g. 
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Figure 9  qNMR values for Avermectin B1a (with associated standard 

uncertainties, k = 1) 

(Note: BAM withdrew its result from use in the calculation of the CCQM-K104 

KCRV on 22 April, 2015). 

 

Estimation of KCRV 

The equation for the mass fraction of avermectin B1a is: 

WA=1000-WR-WV-WN-WW 

WA=1000-(WD+WB1b+WOR)-WV-WN-WW 

 

Where,  

WA is mass fraction of avermectin B1a 

WR is mass fraction of related structure impurities; 

WD is mass fraction of the C-26 diastereoisomer of avermectin B1a; 

WB1b is mass fraction of avermectin B1b; 

WOR is mass fraction of other related structure impurities excluding the C-26 

diastereoisomer and avermectin B1b; 

WV is mass fraction of residual organic solvent/ volatile organics content. 

WN is mass fraction of non-volatile impurities. 

WW is mass fraction of water. 

 

(1) Estimation of information value for the total related structure impurities 

content 

 All participants using a mass balance approach quantified avermectin B1b, which 

due to its high content is an important contributor for the final KCRV for avermectin 

B1a.  
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Table 14 Result of related structure impurities 

Participant WD(mg/g) WB1b(mg/g) WOR(mg/g) WR(mg/g)
**

 

NIMT 
 

22.56 20.01 42.57 

LGC 13.0* 22.4 23.0 45.4 

GLHK 11.84* 22.20 23.3 45.50 

NIM 14.03* 22.81 23.69 46.5 

EXHM 
 

26.15 20.93 47.08 

NMIA 
14.1 

(13.7*) 
23.8 20.3 58.2 

UME 
 

36.13 31.09 67.22 

*Supplementary experiments, this data was used in calculation of KCRV only. 
** 

The WR (mg/g) is the originally reported data of relative structure impurities from each laboratory. The 

data is only used in plotting Figure 10 (d), but the information value for total related structure impurities is 

not calculated from these data directly. 

 

 The diastereoisomer of B1a was a difficult impurity to separate and quantify in 

avermectin. Only one participant (NMIA) reported it in CCQM-K104, and the three 

additional values are estimated by supplementary experiments. It was decided to 

attribute a rectangular distribution to WD over the range of the four available results. 

WD was assigned as the midpoint of the range and u(WD) as the half range divided by 

√3.  

 

Table 15 Information value for diastereoisomer content 

 WD(mg/g) 

Midrange = 
2

minmax
, mg/g  12.94 

Standard uncertainty(u)= 
32

minmax
, mg/g  0.63 

k = t (0.05,n-1)  3.18 

U95% =k* u , mg/g 2.01 

 

 For other impurities, the mean and median of total related structure impurities are the 

sum of each value, respectively. The uncertainties are calculated by quadratic 

combination of the contributing uncertainties (square root of the sum of the squares). 
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Table 16 Information value for total related structure impurities content 

(1) Median 

 WD(mg/g) WB1b(mg/g) WOR(mg/g) WR(mg/g) 

Median, mg/g  12.94 22.81 23.00 58.75 

MADe - 0.90 3.07  

Standard uncertainty(u), mg/g 0.63 0.34 1.16 1.37 

k = t (0.05,n-1) 3.18 2.45 2.45  

U95%, mg/g  2.01 0.84 2.84 3.59 

(2) Arithmetic mean 

 WD(mg/g) WB1b(mg/g) WOR(mg/g) WR(mg/g) 

Arithmetic Mean, mg/g  12.94 25.15 23.19 61.27 

Standard deviation (SD), mg/g - 5.03 3.79  

Standard uncertainty(u), mg/g 0.63 1.90 1.43 2.47 

k = t (0.05,n-1)  3.18 2.45 2.45  

U95%, mg/g  2.01 4.65 3.51 6.16 
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Figure 10  Information value for related structure impurities content  

(a) Estimates of Avermectin B1a diastereoisomer (WD) from submitted and supplementary 

experiments.  

(b) Avermectin B1b (WB1b) 

(c) Other Related Structure Impurities (WOR) 

(d) Total Related Structure Impurities (WR) 

Blue dots and bars: reported mass fraction result with its uncertainty (k = 1) estimates for total 
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related structure impurities by participant in CCQM-K104. 

Red solid line and dash lines: Arithmetic mean with its uncertainties (k = 1) of estimated 

value. 

Black solid line and dash lines: Median and with its uncertainties (k = 1) of estimated value. 

 (2) Estimation of information value of the residual organic solvent content 

Table 17  Information value for the residual organic solvent content 

(1) Median 

Median, mg/g  0.006 

MADe  0.008 

Standard uncertainty(u) (MADe /√n), mg/g  0.003 

k = t (0.05,n-1)  2.450 

U95%  (k*MADe/√n ), mg/g  0.008 

(2) Arithmetic mean 

Arithmetic Mean, mg/g  0.173 

Standard deviation (SD), mg/g  0.406 

Standard uncertainty(u) (SD /√n), mg/g  0.153 

k = t (0.05,n-1)  2.450 

U95%  ( k*SD /√n), mg/g  0.376 

 

 

Figure 11  Information value of residual organic solvents content 

Blue dots and bars: reported mass fraction result with its uncertainty (k = 1) estimates for residual 

solvent by participant in CCQM-K104. 

Red solid line and dash lines: Arithmetic mean with its uncertainties (k = 1) of estimated value. 

Black solid line and dash lines: Median and with its uncertainties (k = 1) of estimated value. 
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(3) Estimation of Information value of the non-volatiles content 

Table 18  Information value for the non-volatiles content 

(1) Median 

Median, mg/g  0.01 

MADe  0.02 

Standard uncertainty(u) (MADe /√n), mg/g  0.01 

k = t (0.05,n-1)  2.45 

U95%  (k*MADe/√n ), mg/g  0.02 

(2) Arithmetic mean 

Arithmetic Mean, mg/g  0.36 

Standard deviation (SD), mg/g  0.74 

Standard uncertainty(u) (SD /√n), mg/g  0.28 

k = t (0.05,n-1)  2.45 

U95%  ( k*SD /√n), mg/g  0.69 

©  

Figure 12 Information value of non-volatiles content 

Blue dots and bars: reported mass fraction result with its uncertainty (k = 1) estimates for 

non-volatiles content by participant in CCQM-K104. 

Red solid line and dash lines: Arithmetic mean with its uncertainties (k = 1) of estimated value. 

Black solid line and dash lines: Median and with its uncertainties (k = 1) of estimated value. 
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(4) Estimation information value of water content 

 Based on the additional stability experiments and discussion within the OAWG, it 

was decided that the water content calculation would take into account the spread of 

results and influence of KFT conditions in different NMIs and the evaluation of an 

uncertainty component to cover the stability of water in the material. Use of the mean 

and standard deviation of the participant results would achieve this to some extents, 

however the mean was not regarded as the best estimator of the water content in the 

remaining units of the material or as present in the samples when dispatched to 

participants. 

 The median and its associated MADe of the participant results were chosen as a 

better estimate. Inclusion of an additional uncertainty term was proposed to take into 

account the additional spread of results. This term assumes an uncertainty contribution 

for influence of KFT by conditions corresponding to a triangular distribution of results. 

The uncertainty was equal to the half-width of the interval (a = (a+ - a-)/2) divided by 

the square root of 6 (7.85/√6 = 3.20 mg/g) . 

 

From the reported water data for all participants: 

Table 19  Information value of water content 

(1) Median 

Median , mg/g 16.43 

MADe, mg/g 2.86 

Analytical uncertainty (u) (MADe /√n), mg/g  1.08 

Influence of KFT conditions (triangular distribution) 3.20 

Combined uncertainty 3.38 

k = t (0.05, n-1)  2.45 

U95% mg/g  8.29 

(2) Arithmetic mean 

Arithmetic Mean, mg/g 19.99 

Standard deviation (SD), mg/g 6.04 

Standard uncertainty(u) ( SD /√n) , mg/g 2.28 

k = t(0.05, n-1)  2.45 

U95%  ( k*SD /√n) , mg/g 5.59 
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Figure 13  Information value of water content  

Blue dots and bars: reported mass fraction result with its uncertainty (k = 1) estimates for water 

content by participant in CCQM-K104. 

Red solid line and dash lines: Arithmetic mean with its uncertainties (k = 1) of estimated value. 

Black solid line and dash lines: Median and with its uncertainties (k = 1) of estimated value. 

 

(5) Estimation of KCRV of Avermectin B1a 

 For mass balance (MB) method, the arithmetic mean is equal to 1000 subtracting 

arithmetic means of the four kinds of impurities, and its uncertainty is the quadratic 

combination of the uncertainties of the arithmetic means of the four kinds of 

impurities. The median is equal to 1000 subtracting the median of the four kinds of 

impurities, and its uncertainty is the quadratic combination of the uncertainties of the 

median of the four kinds of impurities. 

 For the qNMR method, the diastereoisomer-corrected results from UME and NIM 

were used (corrected for the midrange value of the diastereoisomer impurity, 12.94 

mg/g). The mean of the two qNMR results (also the median in this case) gives the 

avermectin B1a estimate by qNMR. 

 The separate mass balance and qNMR estimates were combined to a weighted 

average result, weighted for the uncertainties of each value, to give the combined 

estimate of the KCRV for avermectin B1a using either the arithmetic mean or median 

approach. The combined coverage factor for 7 mass balance and 2 qNMR results is k 

= t(0.05, 7+2-2) = 2.36. The weights are: 
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Table 20  Estimation of KCRV of Avermectin B1a 

(1) Median 

 
WR WV WN WW WMB WNMR Combined 

Median (mg/g) 58.75 0.008 0.01 16.43 924.81 911.90 924.63 

U95% (mg/g) 3.59 0.01 0.02 8.29 9.03 78.13 8.97 

Weighting (w) 
    

0.987 0.013 
 

(2) Arithmetic mean 

 
WR WV WN WW WMB WNMR Combined 

Arithmetic Mean (mg/g) 61.27 0.17 0.36 19.99 918.21 911.90 918.13 

U95% (mg/g) 6.16 0.38 0.69 5.59 8.36 74.53 8.31 

Weighting (w)         0.988 0.012 
 

 

 

Figure 14  Estimation of KCRV of Avermectin B1a  

Left graph:  

Blue dots and bars: reported mass fraction result and expanded uncertainty (U) estimates for 

Avermectin B1a by participants in CCQM-K104 

Red solid line and dash lines: Arithmetic mean and its U95% of estimated value. 

Black solid line and dash lines: Median and its U95% of estimated value. 

Right graph:  

Blue dots and bars: reported mass fraction result and uncertainty estimates (k = 1) for 

Avermectin B1a by participants in CCQM-K104 

Red solid line and dash lines: Arithmetic mean with its uncertainties (k = 1). 

Black solid line and dash lines: Median with its uncertainties (k = 1). 
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 After discussion at the OAWG meeting in BIPM April 2015, the median approach was 

chosen as the best estimate for the contribution from each impurity class to obtain the final 

reference value for avermectin B1a. During these discussions the NMIA recorded that they 

disagreed with the use of the median of the participants’ values as the appropriate estimate 

for water content due to their concerns of the stability of the water content in the material. 

 

 Figure 15  Final Estimation of KCRV of Avermectin B1a 

Left graph:  

Black solid line and dash lines: Median and its U95% of estimated value. 

Blue dots and bars: reported mass fraction result and expanded uncertainty (U) estimates for 

Avermectin B1a by participant in CCQM-K104. 

Right graph:  

Black solid line and dash lines: Median with its uncertainties (k = 1). 

Blue dots and bars: reported mass fraction result and standard uncertainty (u) estimates for 

Avermectin B1a by participant in CCQM-K104. 

 

Final KCRV= 924.63 mg/g, with uncertainty (k=1) = 3.89 mg/g , and KCRU = 8.97 mg/g. 

The KCRV is calculated based on estimations of each kind of impurity, and qNMR results. A 

brief summary: The reported values of NIMT, EXHM, NIM, GLHK and LGC were above 

the KCRV, because they did not resolve the diastereoisomer. NMIA’s result was below the 

KCRV, because its reported water content was rather high. As UME did not resolve the 

diastereoisomer and obtained a high value for total related structure impurities, its result was 

also below the KCRV. 

 

Degree of equivalence (DoE) plot with KCRV 

The DoE of a result with the KCRV (Di) is given by: Di = WAi - WA. 

The expanded uncertainty Ui at the 95% coverage level associated with Di was calculated:  

2

A

2

A )()()( WUWUDU
ii   

Table 21 records the degree of equivalence of each result. 
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Table 21  Degrees of equivalence (Di) and U(Di) for avermectin B1a results 

Participant Di U(Di) 

NMIA -11.6 18.3 

UME -6.7 11.2 

NIMT 5.5 9.2 

EXHM 5.6 9.1 

NIM 9.2 11.5 

GLHK 13.6 13.1 

LGC 15.0 9.9 

BAM 44.2 9.2 

 

  
Figure 16: Degree of equivalence with the avermectin B1a KCRV for each participant. 

Points are plotted with the associated expanded uncertainty in the degree of equivalence 

corresponding to an approximately 95% coverage range. 
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Annex A--- Related structures impurities reported in CCQM-K104 
1) The Structure of Avermectins: 
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Avermectin A1a CH3 C2H5 CH=CH 887.1 

Avermectin A1b CH3 CH3 CH=CH 873.1 

Avermectin B1a H C2H5 CH=CH 873.1 

Avermectin B1b H CH3 CH=CH 859.1 

Avermectin A2a CH3 C2H5 CH2-CH(OH) 905.1 

Avermectin A2b CH3 CH3 CH2-CH(OH) 891.1 

Avermectin B2a H C2H5 CH2-CH(OH) 891.1 

Avermectin B2b H CH3 CH2-CH(OH) 877.1 
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The structure of C-26 diastereoisomer of Avermectin B1a  

 

 

 

2) Structure of other identified impurity 

Ivermectin: 
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