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Summary 
This work was the second part of the Inter-laboratory Comparison on Manganese and Permanganate Index in 
Water (2020), which was jointly conducted by Water Quality Analysis Laboratory, RCEES, CAS and Centre 
of Excellence for Water and Environment (CEWE), CAS-TWAS. And as part II of this activity, we sinceryly 
appreciated the support from both Certification and Accreditation Administration of People’s Republic of 
China, CNCA and RusAccreditation.

This study also included the determination of manganese and permanganate index in two different water 
items, which were both distributed to the participating laboratories with two testing samples at the same 
concentration respectively. Based on the close cooperation between China and Russia in the field of the 
inspection and testing industry, 9 representative laboratories were recommened by RusAccreditation to 
participate this project.

Totally 13 sets of testing samples were sent to the 9 different laboratories. This report II presents the returned 
results for 9 sets of manganese samples and 4 sets of permanganate index samples. 

The standard value for each analyte in the testing samples were determined by National Institute of 
Metrology, China. All values exceeding ±50% of the assigned concentrations were removed from the 
calculation. The consensus mean and the standard deviation (SD) were calculated from the remaining data, 
while this SD and the consensus mean were used to subsequently calculate z-scores.

For the samples of manganese(-a and -b), z-scores within ±2 were obtained by 66.7% of the reporting 
participants (corresponding to 6 of the total 9 participants) . 

For the samples of permanganate index(-a and -b), within ±2 were obtained by 75% of the reporting 
participants (corresponding to 3 of the total 4 participants) . 

Introduction
Inter-laboratory Comparison is an effective way to improve the quality control 
system for the analytical laboratories through external measures, which is 
particularly becoming of increasing importance in the context of globalization of 
world economy. 

The main objective of the activity is to assess the between laboratory 
reproducibility on water quality analysis, and to provide a QA/QC tool for each 
participating laboratory to improve their performance.

The second part of this activity started from November 2020. And because of the 
Customs inspection when delievering samples, 8 sets of samples were distributed 
to the 5 laboratories again in January 2021. Therefore, The work of this part was 
ended in March 2021 when all the result reports were received. And the report 
was drafted on April 2021.

From the end of 2019, the worldwide SARS-CoV-2 epidemic had brought great 
challenges to the implementation of this inter-laboratory comparison work. 
We sincerely appreciate all the participants and individual analysts for their 
professional contribution to to this activity.

Report of the Inter-laboratory Comparison on Manganese and Permanganate Index in Water II 54 Research Center for Eco-Environmental Sciences，Chinese Academy of Sciences



Table 2 Acceptable range of results in the Inter-laboratory Comparison on Manganese and Permanganate Index 
in Water II (2020) 

Items Assigned 
value(mg/L) |z|≤2.0

Minimum 
Concentration 

(mg/L)

Maximum 
Concentration 

(mg/L)
Lab to Lab 

Accuracy(%)

Manganese 23.9 Satisfied 21.3l 26.5 ≤11
Permanganate Index 107 Satisfied 78 136 ≤27

The final report and certificate 
The final report of the Inter-laboratory Comparison on Manganese and Permanganate Index in Water II (2020) was 
drafted by the coordinators and published on April 2021.

A certificate of participation was sent to each laboratory who has contributed to the results by the end of April 2021.

Coordination
This activity was initiated by CNCA and RCEES, and jointly carried out by the Water Quality Analysis Laboratory 
and CAS-TWAS Centre of Excellence for Water and Environment (CEWE), RCEES. Members of the coordination 
committee were:

Dr. Hongyan LI, Senior engineer
Prof. Min YANG, Director
szfxsys@126.com; cas_twas@rcees.ac.cn 

Design and practical implementation
Study design and reporting of results
The analysis should be performed using the laboratories’ own testing methods, their own quantification standards and 
quantification procedures. Table 1 showed the testing methods from the result reports of participants.

Table 1 Testing methods from the participants in the Inter-laboratory Comparison on Manganese and 
Permanganate Index in Water II (2020) 

Items Testing Methods Amounts

Manganese
Inductively Coupled Plasma Optical Emission Spectrometer(ICP) 3

Atomic Absorption Spectroscopy (AAS) 6
Permanganate Index Acid Potassium Permanganate Titration Method 4

Samples design, sample distribution, confidentiality and statistical analysis were all consistent with those in the previous 
report completed on March 2021. Table 2 showed the assigned value of the testing sampls and the acceptable range of 
results.

Z-score was adopted to evaluate the results in the inter-laboratory comparison. Z-score was calculated according to the 
equation (1):

 ………………………………………………………....(1)

Where =reported value; X= =assigned value; =SD. |z|≤2.0 means a satisfied result; 2.0<|z|<3.0 means a problematic 
result; |z|≥3.0 means an unsatisfied result. 

There were three kinds of evaluation results: satisfactory, problematic and unsatisfactory. For each laboratory, only 
when both samples meet the conditions of “|z|≤ 2.0”, a satisfied result will be achieved. Otherwise, the result will be 
evaluated as unsatisfied. 
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Manganese
For the testing samples of manganese, results from 9 laboratories were received. The 
assigned value of manganese is 23.9 mg/L, the uncertainties is 1% and SD was 1.31. 

Figure 1 Study results of Manganese

Figure 1 showed the study results of manganese. It could be seen that of the 9 participating 
laboratories, 6 achieved z-scores within ±2 as satisfied results, and 1 obtained z-scores 
over ±3 as unsatisfied results. In addition, one laboratory reported both testing results with 
Z-score of 2-3 as problematic results, and one laboratory submitted the testing results with 
z-score of -1.6 for manganese-a as satisfied result while z-score of -4.0 for manganese-b 
as unsatisfied result. Result of each participant were presented in Appendix C.

Results Permanganate Index
For the samples of permanganate index, results from 4 laboratories were received. The 
assigned concentration of permanganate index is 107 mg/L, the uncertainties is 1.7% and 
SD is 14.72.

Figure 2 Study results of Permanganate Index

Figure 2 showed the study results of permanganate index. It could be seen that of the 4 
participating laboratories, 3 achieved z-scores of ±2 as satisfied results, and one laboratory 
submitted the testing results with z-score of 2.6 for permanganate index-a as problematic 
result and z-score of 4.7 for permanganate index-b as unsatisfied result. Result of each 
participant were presented in Appendix C.
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Technical analysis
Through analyzing the original records and testing methods, the reasons for the 
unsatisfactory evaluation results would help to identify the potential risk of data and 
improve the testing ability of laboratories. As the previous report, the z-score of intra-
laboratory (ZW) in the “Guidance on Statistic Treatment of Proficiency Testing Results 
and Performance Evaluation CNAS-GL002:2018” was also introduced to evaluate the risk 
of all returned results. 

|ZW|≤2.0 means low risk of inaccuracy; |ZW|>2.0 means moderate risk of inaccuracy; 
|ZW|≥3.0 means high risk of inaccuracy, or the results are not even inaccurate. 

ZW of Manganese
Figure 3 showed the data security risk identification status of 9 laboratories that returned 
the results of manganese. Two of the laboratories with satisfactory results, Lab 118 and 
Lab 124 were at high and medium risk of inaccuracy respectively. Among the 3 non-
satisfied laboratories, 2 laboratories (Lab 121, Lab 126), which presented results in 
the medium and high risk of inaccuracy respectively, provided some original records. 
Unfortunately, this part of original records was insufficient to make technical traceability. 

Figure 3 Study results (ZW) of Manganese

ZW of Permanganate Index
Figure 4 showed the data security risk identification status of 4 laboratories that returned 
the results of permanganate index. All the 3 laboratories with satisfied results showed low 
risk of inaccuracy. And  the laboratorie with unsatisfied results was high risk of inaccuracy 
as well. However, the laboratories (lab125) has not provided original records, so it is 
difficult to make technical traceability.

Figure 4 Study results (ZW) of Permanganate Index

Analysis of the testing methods 
For the manganese testing, the laboratories with unsatisfied results or high risk of 
inaccuracy mainly used the atomic absorption method. For this method, more attention 
should be paid to the optical path regulation and atomization temperature.

For the determination of permanganate index, all the 4 laboratories used the titration 
method in the standard of "Water quality - Determination of permanganate index (ISO 
8467:1993)". For this method, manual titration processes, such as blank treatment, water 
bath and identification of the titration end, should be noted.

Acknowledgement
Thanks support from Certification and Accreditation Administration (Grant No.[2020]24) 
and support from the Alliance of International Science Organizations(Grant No.ANSO-
CR-KP-2020-05); Special thanks to Director Dong GUO from CNCA and Mr. Egor from 
RusAccreditation for the support to this project.
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Appendix A-1 Operation Instruction
“Manganese in water” Operation Instruction “Permanganate index in water” Operation Instruction

Participating laboratories:
The Inter-laboratory Comparison on Manganese and Permanganate Index in Water 2020 is organized and implemented by the 

CAS-TWAS Center of Excellence for Water and Environment Research Center for Eco-environmental Sciences Chinese Academy 
of Sciences. In this project, your laboratory code is XXX . The relevant information of the project is as follows:

To ensure the smooth implementation of the capacity verification, please read the following instructions carefully before 
testing:
1. Test sample description

1.1 This operation instruction is for the determination of manganese in water, and the assessment samples will be provided 
randomly according to the registration information.
1.2 Two samples provided for this test are packaged in ampoules with volume about 20 mL, numbered MXXXa and MXXXb. 
The matrix is 2% HNO3. The reference concentration of the manganese in samples is between 2.50 mg/L~37.50 mg/L (before 
the dilution).
1.3 The samples will be delivered from CAS-TWAS Center of Excellence for Water and Environment Research Center for Eco-
environmental Sciences Chinese Academy of Sciences.
1.4 Upon receipt, please confirm that the sample is in good condition. Please fill in the Sample Receiving Status Confirmation 
Form within 7 days after receipt and send the scanned copy of the form to szfxsys@126.com. If the sample received is 
damaged, please contact with szfxsys@126.com in time and apply for replacement (Note: The replacement is only for damage 
caused by transportation, but not that caused by experimental operations).
1.5 Store in dark with room temperature, and test as soon as possible.

2. Test description
2.1 Dilution method: Use a clean and dry pipette to accurately remove 10 mL of the sample from the ampoule, transfer it to a 250 
mL volumetric flask, dilute to volume with ultrapure water or as required by the test method, and test immediately after mixing. 
Each sample must be tested in duplicate.
2.2 The actual testing methods of each laboratory should be consistent with that in the registration form. If there is any change, 
instructions for the change should be submitted and the registration form should be resubmitted.

3. Result report
3.1 The results of "Manganese in water" should be reported in mg/L with the concentration before dilution in the 《Capability 
Verification Results Report Form》. At the same time, the average results should be calculated and retained 3-digit valid 
numbers. If the laboratory can evaluate the uncertainty of the results, please give the extended uncertainty (U) (k=2) in the 
report.
3.2 Each laboratory should send the 《Capability Verification Results Report Form》and the detailed original records to cas_
twas@rcees.ac.cn within 30 natural days (including weekends and national holidays) since the receipt of the samples. It will not 
be count and evaluated if the results are not sent in time. 
3.3 During the implementation of this proficiency testing program, each laboratory should pay attention to confidentiality, 
independently complete the experiment and submit the report.
Note: The original records should include quality control samples, standard samples, parallel samples and other quality control 
measures. Quality control measures should reflect the reliability of test results.

4. Contact information
If you have any question during the competency verification process, please contact with CAS-TWAS Center of Excellence 

for Water and Environment Research Center for Eco-environmental Sciences Chinese Academy of Sciences.

Contact: Si, Ludan
Contact number: +86-10-62849800
E-mail: cas_twas@rcees.ac.cn
Contact address: CAS-TWAS Center of Excellence for Water and Environment Research Center for Eco-environmental 

Sciences Chinese Academy of Sciences, Beijing 100085, CHINA 

Participating laboratories:
The Inter-laboratory Comparison on Manganese and Permanganate Index in Water 2020 is organized and implemented by the 

CAS-TWAS Center of Excellence for Water and Environment Research Center for Eco-environmental Sciences Chinese Academy 
of Sciences. In this project, your laboratory code is XXX. The relevant information of the project is as follows:

To ensure the smooth implementation of the capacity verification, please read the following instructions carefully before 
testing:
1. Test sample description

1.1 This operation instruction is for the determination of permanganate index in water, and the assessment samples will be 
provided randomly according to the registration information.
1.2 Two samples provided for this test are packaged in ampoules with volume about 20 mL, numbered PXXXa and PXXXb. 
The matrix is water. The reference concentration of the permanganate index in samples is between 50.00 mg/L~250.00 mg/L 
(before the dilution).
1.3 The samples will be delivered from CAS-TWAS Center of Excellence for Water and Environment Research Center for Eco-
environmental Sciences Chinese Academy of Sciences.
1.4 Upon receipt, please confirm that the sample is in good condition. Please fill in the Sample Receiving Status Confirmation 
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mL volumetric flask, dilute to volume with ultrapure water or as required by the test method, and test immediately after mixing. 
Each sample must be tested in duplicate.
2.2 The actual testing methods of each laboratory should be consistent with that in the registration form. If there is any change, 
instructions for the change should be submitted and the registration form should be resubmitted.

3. Result report
3.1 The results of " Permanganate index in water" should be reported in mg/L with the concentration before dilution in the 
《Capability Verification Results Report Form》. At the same time, the average results should be calculated and retained 
3-digit valid numbers. If the laboratory can evaluate the uncertainty of the results, please give the extended uncertainty (U) (k=2) 
in the report.
3.2 Each laboratory should send the 《Capability Verification Results Report Form》and the detailed original records to cas_
twas@rcees.ac.cn within 30 natural days (including weekends and national holidays) since the receipt of the samples. It will not 
be count and evaluated if the results are not sent in time. 
3.3 During the implementation of this proficiency testing program, each laboratory should pay attention to confidentiality, 
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Note: The original records should include quality control samples, standard samples, parallel samples and other quality control 
measures. Quality control measures should reflect the reliability of test results.

4. Contact information
If you have any question during the competency verification process, please contact with CAS-TWAS Center of Excellence 

for Water and Environment Research Center for Eco-environmental Sciences Chinese Academy of Sciences.

Contact: Si, Ludan
Contact number: +86-10-62849800
E-mail: cas_twas@rcees.ac.cn
Contact address: CAS-TWAS Center of Excellence for Water and Environment Research Center for Eco-environmental 

Sciences Chinese Academy of Sciences, Beijing 100085, CHINA 
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Appendix A-2 Sample Receiving Status 
Confirmation Form

AppendixA-3 Capability Verification Results 
Report Form
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Appendix B Document from CNCA
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Appendix C Presentation of results for manganese and 
permanganate index

Lab
code

country Item
comprehensive 

assessment 
Conclusion

Testing 
method

Sample code
Conc 1
(mg/L)

Conc 2
(mg/L)

Mean values
(mg/L)

z-score Conclusion Sample code
Conc 1
(mg/L)

Conc 2
(mg/L)

Mean values
(mg/L)

z-score Conclusion

118

Russian 
Federation

Manganese

satisfied
AAS

M118a 23.5 23.7 23.6 -0.2 satisfied M118b 25.9 25.5 25.7 1.4 satisfied

119 unsatisfied M119a 17.328 17.181 17.255 -5.1§ unsatisfied M119b 16.827 17.16 16.994 -5.3§ unsatisfied

120 satisfied ICP M120a 22.8 22.3 22.5 -1.1 satisfied M120b 22.4 22.8 22.6 -1.0 satisfied

121 problematic
AAS

M121a 21.7 20.4 21.1 -2.1* problematic M121b 20.5 20.0 20.3 2.8* problematic

122 satisfied M122a 23.8 23.8 23.8 -0.1 satisfied M122b 23.8 23.7 23.8 -0.1 satisfied

123 satisfied
ICP

M123a 24.15 23.89 24.02 0.1 satisfied M123b 23.74 23.82 23.78 -0.1 satisfied

124 satisfied M124a 23.7 23.3 23.5 -0.3 satisfied M124b 22.8 22.9 22.9 -0.8 satisfied

125 satisfied
AAS

M125a 23.65 24.21 23.93 0.0 satisfied M125b 24.11 24.20 24.16 0.2 satisfied

126 unsatisfied M126a 21.9, 21.5 22.1 21.8 -1.6 satisfied M126b 18.6 18.7, 18.7 18.7 -4.0§ unsatisfied

122

Permanganate 
Index

satisfied
Acid 

potassium 
permanganate 

titration 
method

P122a 115 113.5 114 0.5 satisfied P122b 111.5 113.5 112 0.30 satisfied

124 satisfied P124a 80.4 80.4 80.4 -1.8 satisfied P124b 86.2 86.2 86.2 -1.4 satisfied

125 unsatisfied P125a 144 148 146 2.6* problematic P125b 176 176 176 4.7§ unsatisfied

126 satisfied P126a 83.0 83.0 83.0 -1.6 satisfied P126 b 91.0 91.0 91.0 -1.1 satisfied

Notes
Manganese Testing: assigned vale =23.9, standard deviation =1.31.Permanganate Index Testing: assigned vale =107, 
standard deviation =14.72.

|Z| ≤ 2.0 means a satisfied result; 2.0 < |Z| <3.0 means a problematic result, which is marked with * in the table; |Z| ≥ 3.0 
means an unsatisfied result, which is marked with § in the table. The evaluation is "unsatisfactory", when any results in 
the two samples get a |z|>2.0.
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