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SUMMARY  

Phthalate esters (phthalates, PAEs) are widely used as plasticizers to enhance the 

durability, flexibility, and workability of plastics, especially Polyvinyl Chloride (PVC). 

Due to the nature of the physical binding of PAEs to polymers (via secondary molecular 

interactions), they can easily be released from various products. These compounds have 

become ubiquitous in water, sediment, as well as food products and are classified as 

endocrine-disrupting chemicals because of their potential effect on wild animals and 

human beings. Recently, many countries prohibit or restrict the use of phthalates in 

electrical and electronic products, toys and children articles. Evidence of successful 

participation in formal, relevant international comparisons is needed to document 

measurement capability claims (CMCs) made by national metrology institutes (NMIs) and 

designated institutes (DIs). To enable NMIs and DIs to update or establish, the CCQM 

Organic Analysis Working Group sponsored CCQM-K133 “Low-Polarity Analytes in 

Plastics: Phthalate esters in Polyvinyl Chloride (PVC)”.  

Nine National Metrology Institutes participated in the Track C Key Comparison CCQM-

K133: Phthalate esters in PVC. Participants were requested to evaluate the mass fractions, 

expressed in mg/kg, of BBP in a low concentration PVC sample, and DBP, BBP and DEHP 

in a high concentration PVC sample, termed LCPVC and HCPVC.   The consensus 

summary mass fractions for the four measurands are in the range of (95 to 905) mg/kg with 

relative standard deviation of (4 to 8) %. 

Successful participation in CCQM-K133 demonstrates the following measurement 

capabilities in determining mass fraction of organic compounds, with molecular mass of 

100 g/mol to 800 g/mol, having low polarity pKow< -2, in mass fraction range from10 

mg/kg to 5000 mg/kg in plastics: (i) value assignment of primary reference standards; (ii) 

value assignment of calibration solutions; (iii) extraction of analyte of interest from the 

matrix; (iv) clean-up and separation of analyte of interest from other interfering matrix or 

extract components; (v) separation and quantification using techniques such as GC-IDMS, 

GC-IDHRMS, HPLC-DAD or LC-IDMS/MS. 
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INTRODUCTION 

 Phthalate esters (phthalates, PAEs) are widely used as plasticizers for Polyvinyl Chloride 

(PVC). However, some research articles have reported the effect of phthalates on wild 

animals and human beings. [1-4] Recently, many countries have restricted the use of 

phthalates for toys and children articles. [5-6] Especially, the European Union (EU) directive 

on “the reduction of certain hazardous substances in electrical and electronic equipment” 

(RoHS II) [7-8] will restrict four phthalates in 2019. Di-n-butyl Phthalate (DBP), Di-iso-

butyl Phthalate (DiBP), Benzyl Butyl Phthalate (BBP) and Bis (2-ethylhexyl) Phthalate 

(DEHP) will be prohibited from being used in electronic and electrical equipment. 

At the CCQM Organic Analysis Working Group meeting held in Tsukuba in October 2014, 

possibilities for new studies in the organic field were discussed, including selected 

phthalates in PVC. NMIJ and NIM offered the provision of a suitable study material and 

were requested to review possibilities for coordinating a study in that field. It was agreed 

that CCQM-K133 would be held in parallel with a pilot study, CCQM-P170. 

Appendices A to G are the Protocol, the Registration Form, the Reporting Form, the Core 

Competency Form, the Full details of the analytical methods employed by participants, the 

Full details of the uncertainty budgets estimated by participants and the Core competency 

claimed by participant for this key comparison, respectively. 

TIMELINE 

Table 1.  Timeline for CCQM-K133 

Date Action 

Oct. 2014 Proposed to CCQM 

Oct. 2014 OAWG authorized CCQM-K133 as a Track C Key Comparison. 

Apr. 2018 The protocol of CCQM-K133 was approved and authorized by OAWG. 

Apr. 2018 
Study samples shipped to participants.  The range in shipping times reflects 

delays from shipping and customs. 

Aug. 2018 Results due to coordinating laboratory 

Mar. 2019 Draft A report distributed to OAWG 

Oct. 2019 Draft B report distributed to OAWG 

TBD Final report approved by OAWG 

MEASURANDS 

Minimum reporting requirements for participants in CCQM-K133/P170 are the mass 

fractions of DBP, BBP and DEHP in the high concentration PVC sample (HCPVC) and 

BBP in the low concentration PVC sample (LCPVC). Relevant characteristic information 

of study measurands is listed in Table 2. 

DBP, BBP and DEHP are restricted materials in the RoHS directive in EU. Although DiBP 

is also a restricted material and its molar mass is the same as DBP, DBP is a more popular 

plasticizer for PVC. DEHP exists as a number of enantiomers; because it is difficult to 

separate the enantiomers with versatile GC and LC columns, the reported mass fraction of 

DEHP shall include all enantiomers. 
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Table 2, Selected phthalates as study measurands for CCQM-K133/P170 

Congener DBP BBP DEHP 

CAS 84-74-2 85-68-7 117-81-7 

Molecular weight 278.344 312.360 390.556 

pKow (-log Kow) -4.50 -4.73 
-7.5 

(EUR23384 EN/2) 

Structural Formula 

 
  

Measurand 

LCPVC 

from NMIJ 

No (Included, but 

unnecessary to 

report) 
Yes 

No (Included, but 

unnecessary to report) 

HCPVC 

from NIM 
Yes Yes Yes 

 

STUDY MATERIAL 

Two types of PVC pellets (about 2 mm - 3 mm in diameter) in glass bottles were provided 

for CCQM-K133/170. Two bottles for each of the low and high concentration PVC 

samples were shipped together from NMIJ (NIM sent the HCPVC to NMIJ in advance). 

The PVC pellets were prepared by mixing and pelleting the available PVC, phthalates and 

other polymer additives. 

The concentration range of LCPVC from NMIJ was from 30 mg/kg to 200 mg/kg, and for 

the HCPVC from NIM was from 300 mg/kg to 1200 mg/kg. 

The HCPVC material required storage in a freezer. The LCPVC material required storage 

under 30 oC. 

Homogeneity and stability assessment of study material:  

The coordinating laboratories carried out homogeneity studies, long-term stability 

monitoring and short-term stability monitoring. The results indicate that all study materials 

are homogenous and stable. The results and other detailed information are included in 

appendix A. 

PARTICIPANTS, SAMPLE DISTRIBUTION AND STUDY GUIDELINES 

Ten NMIs participated in CCQM-K133 and three NMIs/DI participated in CCQM-P170. 

Five bottles of sample (3 bottles of LCPVC and one blank bottle, 3 bottles of HCPVC and 

one blank bottle) were sent to each participant via couriers at the end of April 2018. 

Participants reported results for two bottles for each level. Each bottle (both high and low 

levels) contained   approximately 10 g of PVC pellets. A temperature strip was attached 

on each bottle for the purpose of monitoring the maximum temperature exposure during 
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the transportation. A sample receipt form was sent together with samples and sent back by 

e-mail to s.matsuyama@aist.go.jp after receiving samples. Participants were asked to 

check the physical condition of the samples upon receipt of the sample pack and store two 

low level samples at room temperature and two high samples in a freezer until usage. All 

laboratories received the samples in good condition in 2-7 days. Additional bottles were 

sent to one laboratory on request during June 2018. 

Other relevant documents, including Technical Protocol, Result Report Form and 

Competency Template were sent to participants by e-mail before or at the same time of 

sample dispatching. 

Participants were requested to report the mass fractions (mg/kg) of DBP (in HCPVC), BBP 

(in LCPVC and HCPVC) and DEHP (in HCPVC) in the study material using their 

preferred analytical methodology, with the following recommendation additionally given 

by the coordinator:  

- The minimum sample intake must be at least 0.1 g. 

-All bottles at each level can be used for reporting. Participating laboratories shall report 

results obtained from each bottle. It was recommended that three subsamples are prepared 

and analysed for each bottle. 

The participants were requested to provide the following information in the reporting sheet 

to s.matsuyama@aist.go.jp or shaomw@nim.ac.cn (together with the Core competency 

table) before the deadline for submission (extended to 31st August 2018): 

(i) Participant's details. 

(ii) Mass fractions (mg/kg) of each individual measurand (see Table 2) in the study 

materials. 

(iii) Standard and expanded measurement uncertainties, with a detailed 

description/breakdown of the full uncertainty budget. 

(iv) Description of the analytical procedure employed (extraction, clean-up, 

separation/detection and quantification) as well as details concerning the calibration 

and internal standards used (purity statement or verifications done at the laboratory's 

premises, etc…), especially if not mentioned in the Core competency table. 

(v) Detailed information on blank testing (testing result, how to remove possible 

contaminations and so on). 

Table 3 shows the participating institutes and contact persons in CCQM-K133. All 

institutes were registered to test all measurands. Finally, all participants submitted their 

results except KEBS.
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Table 3 Participating institutes and contact persons 

No. Institute Country Contact person 

1 NMIJ Japan Shigetomo Matsuyama 

2 VNIIM Russia Anatoliy Krylov 

3 GLHK Hong Kong, China Po-on TANG 

4 UME Turkey Mine Bilsel 

5 KRISS Korea Song-Yee BAEK 

6 EXHM Greece Elias Kakoulides 

7 NIM China Shao Mingwu 

8 INMETRO Brazil Eliane Rego 

9 NMISA South Africa Désirée Prevoo-Franzsen 

10 KEBS Kenya Boniface Mbithi Muendo 

  

RESULTS 

Nine institutions submitted their results of CCQM-K133as required. In addition to the 

quantitative results, participants were instructed to describe their analytical methods, 

approach to uncertainty estimation, and the Core Competencies they felt were 

demonstrated in this comparison.   

Calibrants' Traceability 

The information on the calibration standards used by the participants in CCQM-K133 are 

given in Table 4.  

 

 

 

 

 

 

 

 



Version 1.0 CCQM-K133 Draft B Report 2021-06-03 

5 

Table 4. Calibrants used by the participants 

Participant  Calibrants' Source 
Determined purity  or certified 

value where not assessed in house 
Purity assessment 

Evidence of 

competence 

KRISS TCI, neat 

DBP:99.53% ± 0.26% 

BBP: 98.37% ± 0.26% 

DEHP: 99.52% ± 0.19% 

Purity was assayed 

by KRISS with 

mass-balance 

method and verified 

with qNMR 

The capability is 

underpinned by 

participating in 

CCQM-K55 series. 

GLHK 
NIM 

Solution CRM 

DBP: GBW (E) 100224 

 (164.0 ± 4.9 )µg/mL  

BBP: GBW (E) 100226  

(160.0 ± 4.0) µg/mL  

DEHP: GBW (E) 100223  

(202 ± 8.0) µg/mL 

N/A N/A 

VNIIM 
Sigma-Aldrich 

neat 

DBP:99.6% ± 0.3% 

BBP: 98.3% ± 0.3% 

DEHP: 99.5% ± 0.3% 

Purity was 

determined by mass-

balance method 

The capability is 

underpinned by 

participating in 

CCQM-K55 series. 

INMETRO 
NIST 

Solution CRM 

NIST 3074  

DBP: (51.2 ± 1.2) mg/kg 

BBP: (52.2 ± 1.4) mg/kg 

DEHP: (58.6 ± 1.3) mg/kg 

N/A N/A 

NIM 

Sigma 

Aldrich 

DR.E 

neat 

DBP:99.7% ± 0.4% 

BBP: 98.7% ± 1.5% 

DEHP: 99.5% ±0 .7% 

Purity was assayed 

using mass-balance 

CCQM-K55a,b,c,d 

used similar 

techniques 

EXHM 
Sigma-Aldrich 

neat 

DBP: (988.5 ± 2.5) mg/g 

BBP: (977.2 ± 2.5) mg/g 

DEHP: (993.8 ± 2.5) mg/g 

Purity was 

determined by 

EXHM using qNMR 

with traceability to 

NMIJ 4601a 

CCQM-

K55c/P117c,  

CCQM-P150, 

CCQM-K131 

NMISA 
NIM 

Solution CRM 

DBP: GBW (E) 100224 

 (164.0 ± 4.9) µg/mL  

BBP: GBW (E) 100226  

(160.0 ± 4.0) µg/mL  

DEHP: GBW (E) 100223  

(202 ± 8.0) µg/mL 

N/A N/A 

UME 
Dr.Ehrenstorfer 

neat 

DBP:99.22% ± 0.32% 

BBP: 97.12% ± 0.38% 

DEHP: 99.71% ± 0.29% 

Purity was 

determined by UME 

using qNMR 

Participation in 

CCQM-K55b-d 

underpins 

claimed 

uncertainties 

NMIJ 
NMIJ 

neat 

DBP:NMIJ CRM4023-a 

0.9996±0.0001 

BBP: NMIJ CRM4029-a 

0.998±0.00075 

DEHP: NMIJ CRM4024-b 

0.9994±0.0001 

N/A N/A 
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KEBS Results not submitted  

 

Solution CRMs of PAEs are available from NIST and NIM China. Pure CRMs are 

available from NMIJ. Pure PAEs are also commercially available from different suppliers 

as neat reagents (e.g. Sigma-Aldrich, Dr. Ehrenstorfer, TCI) and as solutions (e.g. Sigma-

Aldrich, Accustandard, Wellington Laboratories, CIL). 

Most of the participating laboratories (6 out of 9) used pure PAEs as the source of 

traceability, and all of them assessed the purity of the pure PAEs using in house methods  

(e.g.  qNMR, GC-FID, HPLC-DAD, mass-balance method). NMIJ used its own pure CRM 

(not commercially distributed). Two laboratories (GLHK and NMISA) used the NIM 

solution CRMs which were assessed by the OAWG to meet the CIPM traceability 

requirements. NIST had acknowledged at the OAWG meeting where the CCQM-K133 

protocol was finalised that their solution CRM was not certified in a way that met the CIPM 

requirements and thus it could not be used and was not listed in the protocol. INMETRO 

used the NIST solution without any further assessment and thus their result would not be 

deemed to meet the CIPM traceability requirements.  

Methods Used by Participants 

The methods for extraction, clean-up, instrumental techniques, the internal standards as 

well as the calibration type used by the participants in CCQM-K133 are listed in Table 5. 

The full details on the analytical methods as reported by each participant, are given in 

appendix E. 

Different dissolution or extraction methods were used among the participants. All nine 

participants used tetrahydrofuran (THF) as extraction solvent, and five of them used 

ultrasonic method for dissolution. Other four did not use any equipment for dissolution.  

For clean-up procedures, All nine participants applied precipitation by adding different 

solvents (methanol, hexane or ethanol).  

Regarding the instrumental analysis, various techniques were applied in the comparison. 

Most of participants (8 out of 9) used GC technique for chromatographic separation. Most 

of participants used MS technique for detection. KRISS used GC-IDHRMS. GLHK 

used LC-IDMS/MS. NMISA used GC-IDTOFMS. Three labs (VNIIM, EXHM, NMIJ) 

used GC-IDMS. NIM and UME used GC-IDMS/MS. INMETRO used GC-MS. 

Most of the labs (8 out of 9) used IDMS methods and they used the corresponding 

deuterated (Ring-D4) compounds as internal standards for calibration and most applied 

bracketing or single point calibration. INMETRO only used GC-MS, not IDMS, and used 

Benzyl benzoate as internal standard. 
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Table 5. Summary of analytical methods used by the participants 

Participant 
Sample intake / 

bottle number(s) 

(Pre-treatment) 

Extraction 
Clean-up 

Instrumental 

technique 
Internal standard(s) Calibration 

KRISS 
(0.1~0.2) g / 

(58,379),(155,277) 

Dissolution with 

Tetrahydrofuran (THF)  

5 mL for LCPVC, 8 mL for 

HCPVC 

Precipitation with methanol 

15 mL for LCPVC, 25ml for 

HCPVC  

GC-IDHRMS 
CIL, D4-BBP,DEHP; 

ISOTECH, D4-DBP 

IDMS Single-point 

exact matching  

GLHK 
0.1 g / 

(256,178),(173,117) 

Dissolution with THF,  

10 mL 

Precipitation with methanol, 

20 mL 
LC-IDMS/MS 

CIL, D4-

DBP,BBP,DEHP 

IDMS, Bracketing 

method 

VNIIM 
0.1 g / 

(27,185),(164,36) 

Dissolution with THF, 10 

mL, 

ultrasonic extraction:15min 

Take 0.5 mL extraction 

solution, Precipitation with  

1 mL of hexane 

GC-IDMS 

CIL, D4-

DBP,BBP,DEHP 

100 µg/mL in nonane 

IDMS, Bracketing 

method 

INMETRO 
0.3 g / 

(64,328),(28,180) 

Dissolution with THF,  

5 mL, ultrasound 

Precipitation with hexane,  

10 mL 
GC-MS Benzyl benzoate 

Internal standard 

calibration 

NIM 
0.1 g / 

(96,133),(18,162) 

Dissolution with THF,  

5 mL 

Ultrasound-assisted Extr. 

30 min 

Precipitation with methanol, 

10 mL 
GC-IDMS/MS 

CIL, D4-

DBP,BBP,DEHP,neat 

IDMS Single-point 

exact matching 

EXHM 
0.5 g / 

(72,217),(11,156) 

Dissolution with THF,  

10 mL 

Precipitation with n-hexane, 

40 mL 
GC-IDMS D4-DBP,BBP,DEHP 

Single point 

calibration at exact 

matching 

concentrations - 

IDMS 

NMISA 
(0.1-0.15) g / 

(163,009),(047,107) 

Dissolution with THF,  

3 mL, Sonication 

Precipitation with methanol,  

7 mL 
GC-IDTOFMS D4-DBP,BBP,DEHP 

IDMS 

bracketing 

UME 
0.2 g / 

(391,203),(55,185) 

Dissolution with THF,  

10 mL, ultrasonic 

Precipitation with ethanol,  

30 mL 
GC-IDMS/MS D4-DBP,BBP,DEHP IDMS, Single point,  

NMIJ 
0.1 g / 

(197,386),(073,150)  

Dissolution with THF,  

10 mL 

Precipitation with hexane,  

40 mL 
GC-IDMS D4-DBP,BBP,DEHP IDMS 

KEBS Results not submitted 
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Participants Results 

The measurement results officially submitted for BBP (low level), BBP (high level), DBP 

and DEHP in CCQM-K133 are summarised in Tables 6, 7, 8 and 9, respectively. 

Table 6. Results for BBP in LCPVC 

Participant 
Mass fraction  

(mg/kg) 

Combined standard 

uncertainty  u (mg/kg) 

Coverage 

factor, k 

Expanded 

uncertainty U 

(mg/kg) 

EXHM 90.7 3.39 2 6.78 

UME 92.2 5.5 2 11.0 

GLHK 92.42 2.87 2 5.73 

KRISS 94.0 1.8 2.31 4.2 

NIM 94.9 0.9 2 1.8 

NMIJ 101 2 2 4 

NMISA 103.1 3.55 2 7.1 

VNIIM 105.2 2.2 2 4.4 

INMETRO 114 4.4 2 9 

KEBS Result not submitted 

 

Table 7. Results for DBP in HCPVC 

Participant 
Mass fraction  

(mg/kg) 

Combined standard 

uncertainty  u (mg/kg) 

Coverage 

factor, k 

Expanded 

uncertainty U 

(mg/kg) 

GLHK 430.57 11.55 2 23.10 

NMISA 434.3 11.2 2 22.4 

NIM 437 3 2 6 

NMIJ 450 27 2 54 

KRISS 456 6.5 2.45 16 

VNIIM 456 12 2 24 

EXHM 453.44 10.84 2 21.68 

INMETRO 460 12 2 24 

UME 479.8 24.8 2 49.6 

KEBS Result not submitted 
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Table 8. Results for BBP in HCPVC 

Participant 
Mass fraction  

(mg/kg) 

Combined standard 

uncertainty  u (mg/kg) 

Coverage 

factor, k 

Expanded 

uncertainty U 

(mg/kg) 

NMISA 418.5 11.2 2 22.3 

GLHK 418.87 9.85 2 19.7 

KRISS 453 9.0 2.31 21 

NIM 454 5 2 10 

EXHM 456.59 10.18 2 20.36 

UME 465.6 27.8 2 55.5 

VNIIM 488 10 2 20 

NMIJ 499 14 2 28 

INMETRO 529 24.6 2 49 

KEBS Result not submitted 

 

Table 9. Results for DEHP in HCPVC 

Participant 
Mass fraction  

(mg/kg) 

Combined standard 

uncertainty  u (mg/kg) 

Coverage 

factor, k 

Expanded 

uncertainty U 

(mg/kg) 

NMISA 834.6 20 2 40 

NIM 849 7 2 14 

GLHK 859.61 21.53 2 43.06 

KRISS 884 17 2.45 42 

EXHM 905.29 16.78 2 33.56 

UME 908.5 52.8 2 105.6 

NMIJ 943 31 2 62 

VNIIM 968 42 2 84 

INMETRO 976 17 2 34 

KEBS Result not submitted 

 

 

Approaches to Uncertainty Estimation 

The major contributions to the uncertainty budgets are summarised in Table 10. The full 

details of the uncertainty evaluation reported by the laboratories are given in appendix F. 
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Table 10 Summary of Participants’ Uncertainty Estimation Approaches 

Participant source of the major contributions to uncertainty budget estimation 

KRISS 

(ⅰ) area ratio of native/istd for the calibration standard mixture observed by GC-MS. 

(ⅱ) purity of primary standard. 

(ⅲ) gravimetric preparation for standard solution. 

(ⅳ) gravimetric mixing for calibration isotope standard mixtures. 

GLHK 

(ⅰ) preparation of calibration standard solution. 

(ⅱ) weighing of standards/internal standard in sample blends and calibration blends. 

 (ⅲ) method precision. 

 (ⅳ) recovery. 

(ⅴ) method bias. 

VNIIM 

(ⅰ) the Response Factor (RF). 

(ⅱ) the mass fraction of analyte in the sample. 

 (ⅲ) the recovery of analyte from reference material. 

INMETRO 

(ⅰ)  Mass fraction of the analyte in diluted solution. 

(ⅱ) Dilution Factor. 

 (ⅲ) measurement (interpolation uncertainty and repeatability). 

NIM 

(ⅰ) Repeatability of PVC analysis in GC-MS. 

(ⅱ) purity of analyte. 

 (ⅲ) weighing of stock solution/calibration solution/sample.  

EXHM 

(ⅰ)  method precision. 

(ⅱ) weighing of stock solution/calibration solution/sample. 

 (ⅲ) mass fraction of analyte in the calibration solution. 

 (ⅳ) recovery. 

(ⅴ) measured peak area ratio of the selected ions in the sample blend. 

(ⅵ) measured peak area ratio of the selected ions in the calibration blend. 

NMISA 

(ⅰ ) traceability transfer/value assignment of Restek calibrant from NIM CRM 

calibrant 

(ⅱ) balance certificate uncertainty 

 (ⅲ) ESDM of the ratio 

 (ⅳ) repeat measurements 

UME 

(ⅰ) mass of sample intake+IS. 

(ⅱ) native stock solution. 

(ⅲ) calibration. 

(ⅳ) recovery. 

(ⅴ) repeatability. 

NMIJ (ⅰ) the mass ratio of standard solutions. 
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(ⅱ) the mass ratio of sample and phthalates-d4. 

(ⅲ) analysis of standard solutions (repeatability). 

(ⅳ) analysis of sample solutions (repeatability). 

(ⅴ) purity of the CRM of phthalates.  

KEBS Did not report 

 

Discussion of Results 

From table 6 to 9, the results of each measurand are consistent, but their uncertainties are 

quite different. The main reason for the results with the large uncertainty is that the 

participants specifically considered the contribution of recovery in their uncertainty 

estimates. NIM had a much smaller uncertainty than others as they did not include any 

factors for biases such as recovery. They relied on the fact that they were using IDMS to 

not include anything like recovery but this is potentially dangerous when the matrix is a 

solid such as a plastic and the internal standard is simply added as a solution. INMETRO 

also had no components for extraction, in that case there were not using IDMS so it would 

be expected that an uncertainty factor to account for such effects would be needed.   

After the Italy OAWG meeting in October 2019, EXHM provided further information on 

their approach to the assessment of recovery in their uncertainty. The NMIJ's CRM 8152-

a was used as mentioned in the section 15 of the results reporting form. In more details, 

low and high blank materials were spiked with appropriate (according to samples amount) 

amounts of the CRM and the quantification was performed against matrix matched 

calibrants (low and high blank materials spiked with EXHM’s calibration solutions). The 

recovery did not differ statistically from 100%, however, the variation of the above 

experiments (standard deviation of the mean) was used as the uncertainty of the recovery. 

EXHM found that the uncertainty of NMIJ's CRM 8152-a was not taken into account in 

the calculation of the uncertainty of the recovery, which lead their uncertainty to be low. 
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KEY COMPARISON REFERENCE VALUE (KCRV) CALCULATION 

According to the results reported by participants, 8 sets data of CCQM-K133 were used 

for the KCRV calculation for all measurands, this excluded INMETRO’s values because 

they don’t meet the CIPM traceability requirements.  

Table 11 summarises provisional KCRVs and their related standard uncertainty u(KCRV) 

using three different statistical approaches, i.e. arithmetic mean (standard deviation), 

median (MADe) and Bayes. 

Table 11. Provisional KCRVs and u(KCRV) 

Statistical 

Method 
Measurand 

LCPVC HCPVC 

BBP DBP BBP DEHP 

 No. of data 8 8 8 8 

Arithmetic 

Mean (mg/kg) 96.7 449.6 456.7 894.0 

SD (mg/kg) 5.6 15.9 28.7 46.4 

Standard uncertainty 

(=SD/√𝑛, 𝑚𝑔/𝑘𝑔) 
2.0 5.6 10.1 16.4 

Median 

Median (mg/kg) 94.5 451.7 455.3 894.7 

MADe (mg/kg) 4.5 14.1 31.9 59.8 

Standard uncertainty  

(=1.25×MADe/√𝑛, 𝑚𝑔/𝑘𝑔) 
2.0 6.2 14.1 26.4 

Bayesa 

(Consensus 

values) 

Consensus estimate (mg/kg) 97.0 445.3 455.8 884.6 

Standard uncertainty(mg/kg) 2.2 5.5 11.8 18.0 

Note: a estimated using NICOB[12]. 

 

 

From Table 11, there was no significant difference amongst calculated KCRV estimates 

from the three different methods (arthmetic mean, median and Bayes).  However, the 

standard uncertainty of the arithmetic mean and the standard uncertainty of the median do 

not take into account the uncertainties of the participants’ results[13].The Hierarchical 

Bayes approach was considered more appropriate given that it accounts for the relatively 

large dark uncertainty (excess variance) amongst these small datasets,  as well as the 

participant’s reported uncertainties.  The working group agreed that the Hierarchical 

Bayesian procedure implemented in the NIST Consensus Builder (NICOB) [12] be used for 

calculating the KCRV values and associated uncertainty. This method is based on a 

Gaussian random effects model: 

𝑋𝑖 =  𝜇 +  𝜆𝑖 + 𝐸𝑖 

Where i indexes the participating laboratories, Xi are the lab-reported means, μ is the 

consensus value, λi are the laboratory effects distributed as Gaussian with mean 0 and 

variance 𝜎𝜆
2, and Ei are the lab-specific measurement errors distributed as Gaussian with 

mean 0 and variance u(Xi)
2. The parameter 𝜎𝜆

2 directly estimates the excess variance and 

the estimate of μ is close to the weighted mean. 
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The model is estimated via Markov Chain Monte Carlo (MCMC) resampling, which 

produces large numbers of realisations (draws) of the parameters of the random effects 

model. This allows the value, standard uncertainty, and 95% credible interval of a 

parameter to be estimated, respectively, as the arithmetic mean, standard deviation, and 

95% credible interval between the 2.5th percentile and 97.5th percentile of a sufficiently 

large number (typically several tens of thousands) of draws. 

 

BBP in LCPVC, BBP in HCPVC and DEHP in HCPVC are not clear that random effects 

model alone can explain the dispersion in this dataset (APPENDIX H). These results are 

indicated as non-equivalent. If the Bayes estimator is to be used for this dataset, it would 

be better to calculate and to add the degrees of equivalence (including uncertainties) with 

respect to the same model determined. The consensus values in Table 11 were calculated 

by this method. 

 

The participants’ results with their standard uncertainties and the KCRV and its associated 

standard uncertainty are plotted in Figures 1-4 for BBP in LCPVC, DBP in HCPVC, BBP 

in HCPVC, and DEHP in HCPVC.  

 

 

 
 

Figure 1. KCRV and participants’ results for BBP in LCPVC 
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Figure 2. KCRV and participants’ results for DBP in HCPVC 

 

 
 

Figure 3. KCRV and participants’ results for BBP in HCPVC 
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Figure 4. KCRV and participants’ results for DEHP in HCPVC 

 

 

DEGREES OF EQUIVALENCE (DOE) CALCULATION 

The Degrees of Equivalence (DoE), 𝐷𝑖 , for participants of CCQM-K133 except for 

INMETRO are estimated by NICOB. DoE for INMETRO are estimated for the following 

formula (1). 

𝐷𝑖 = (𝑋𝑖 − 𝑋𝐾𝐶𝑅𝑉)                                           (1) 

Where 𝑋𝑖 is the result reported by participant i and 𝑋𝐾𝐶𝑅𝑉 is the KCRV. Using a Monte 

Carlo (MC) technique, the 𝐷𝑖 and their uncertainties at the 95% level of confidence, 𝑈(𝐷𝑖), 

can be estimated along with the KCRV. This was accomplished for this report using the 

NICOB Hierarchical Bayes procedure. The distributions of the 𝐷𝑖 were determined to be 

essentially symmetric, allowing the 𝑈(𝐷𝑖), to be estimated as the half-width of the interval 

between the 2.5th and 97.5th percentiles of the MC draws.  

The absolute and relative [%𝐷𝑖 = 100·𝐷𝑖/KCRV and %U(𝐷𝑖) = 100·U(𝐷𝑖)/KCRV] degree 

of equivalence and associated expanded uncertainty of each result with the KCRV for four 

measurands in CCQM-K133 are listed in Tables 12-15. 

Figures 5-12 display the absolute 𝐷𝑖 ± U (𝐷𝑖) and the relative %𝐷𝑖 ± %U(𝐷𝑖) for the four 

measurands in CCQM-K133. 
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Table 12 Degree of Equivalence (DoE) and their uncertainties for BBP in LCPVC 

Lab Di  U(Di) Lower limit Upper limit 

EXHM -6.3 13.6 -20.0 7.2 

UME -4.8 15.9 -20.6 11.2 

GLHK -4.6 13.1 -17.3 9.1 

KRISS -3.0 12.3 -15.1 9.5 

NIM -2.1 12.0 -14.1 9.8 

NMIJ 4.0 12.3 -8.2 16.3 

NMISA 6.1 13.4 -7.2 19.7 

VNIIM 8.2 12.6 -4.5 20.6 

INMETRO 17.0 15.0 2.0 32.0 

KCRV: 97.0 mg/kg, u=2.2, 95% coverage interval [92.6, 101.3] 

 

 

  

Figure 5. Absolute Degrees of Equivalence, Di ± U(Di) for BBP in LCPVC 
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Figure 6. Relative Degrees of Equivalence, %Di ± %U(Di) for BBP in LCPVC 

 

Table 13 DoEs and their uncertainties for DBP in HCPVC 

Lab Di U(Di) Lower limit Upper limit 

GLHK -14.8 33.9 -49.3 18.1 

NMISA -11.0 33 -44.8 21.3 

NIM -8.3 25.3 -34 16.7 

NMIJ 4.7 58.5 -55 62 

EXHM 8.1 32.1 -24.9 39.4 

KRISS 10.7 27.9 -18.7 36.9 

VNIIM 10.7 33.7 -23.7 43.6 

INMETRO 14.7 33.6 -19.7 47.7 

UME 34.5 54.4 -20.4 88.3 

KCRV: 445.3, u=5.5, 95% coverage interval [435.4, 457.3] 
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Figure 7. Absolute Degrees of Equivalence, Di ± U(Di) for DBP in HCPVC 

 

 

 

Figure 8. Relative Degrees of Equivalence, %Di ± %U(Di) for DBP in HCPVC  
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Table 14 DoEs and their uncertainties for BBP in HCPVC 

Lab Di U(Di) Lower limit Upper limit 

NMISA -37.2 70.6 -107.0 34.0 

GLHK -36.8 69.5 -106.0 32.9 

KRISS -2.7 69.6 -73.6 65.6 

NIM -1.7 68.3 -69.5 67.2 

EXHM 0.9 70.4 -70.3 70.5 

UME 9.9 86.8 -78.8 94.9 

VNIIM 32.3 69.4 -36.8 102.0 

NMIJ 43.3 71.1 -29.3 113.0 

INMETRO 73.3 81.9 -10.1 153.0 

KCRV: 455.8, u=11.8, 95% coverage interval [432.3, 479.7] 

 

 

 

Figure 9. Absolute Degrees of Equivalence, Di ± U(Di) for BBP in HCPVC 
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Figure 10. Relative Degrees of Equivalence, %Di ± %U(Di) for BBP in HCPVC 

 

 

 

Table 15 DoEs and their uncertainties for DEHP in HCPVC 

Lab Di U(Di) Lower limit upper limit 

NMISA -50.0 103.0 -156.0 51.1 

NIM -35.6 96.4 -137.0 55.0 

GLHK -25.0 104.0 -133.0 75.9 

KRISS -0.6 99.8 -102.0 97.1 

EXHM 20.7 101.0 -83.8 117.0 

UME 23.9 137.0 -116.0 157.0 

NMIJ 58.4 112.0 -56.6 168.0 

VNIIM 83.4 125.0 -41.7 207.0 

INMETRO 91.4 99.7 -10.8 189.0 

KCRV: 884.6, u=18.0, 95% coverage interval [851.8, 923.4] 
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Figure 11. Absolute Degrees of Equivalence, Di ± U(Di) for DEHP in HCPVC 

 

 

 

Figure 12. Relative Degrees of Equivalence, %Di ± %U(Di) for DEHP in HCPVC 

 

Most of the participants showed good performance for most analytes except for BBP in 

the LCPVC from INMETRO.  INMETRO’s result was high for BBP in the LCPVC. 

INMETRO was the only participant who do not use IDMS and this may have been the one 

reason for their biased results. 

INMETRO attributed its high result for BBP to the internal standard used during extraction 

and GC analysis. Because INMETRO did not have labelled phthalates to be used as 

internal standards and to perform IDMS, benzyl benzoate was used instead, in both 

samples and calibrants. Benzyl benzoate polarity (log Kow = 3.97) is slightly closer to 



Version 1.0 CCQM-K133 Draft B Report 2021-06-03 

22 

DBP (4.50) than to the other phthalates (4.73 for BBP and 8.70 for DEHP). This may have 

influenced the good result that INMETRO achieved for DBP in contrast to the positively 

biased results for BBP and DEHP, besides other potential differences in MS detection 

between measurands and internal standard. Moreover, INMETRO used NIST SRM 3074 

for calibration. Even though this CRM was mentioned in the protocol, its recommendation 

was later withdrawn for traceability issues but this was the only CRM for phthalates 

available at INMETRO during the time of the key comparison. 
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CORE COMPETENCIES AND HOW FAR DOES THE LIGHT SHINE 

This Track C comparison (CCQM-K133) was intended to provide the means for the 

assessment of the measurement capability of analysing "low-polarity organic analytes in 

plastics".  

In general, it demonstrates the participants’ capabilities of determining the polar and non-

polar analytes with molecular mass range from 100 g/mol to 800 g/mol at levels of 10 

mg/kg to 5000 mg/kg in plastics.  

This measurement capabilities include: (i) value assignment of primary reference 

standards; (ii) value assignment of calibration solutions; (iii) extraction of analyte of 

interest from the matrix; (iv) clean-up and separation of analyte of interest from other 

interfering matrix or extract components; (v) separation and quantification using 

techniques such as GC-IDMS, GC-IDHRMS, HPLC-DAD or LC-IDMS/MS.  

The Core Competencies claimed by the participants in CCQM-K133 are given in appendix 

G. The details of the specific approaches/techniques used by each participant underpinning 

their competencies are included in appendix E. 

CONCLUSIONS 

Most of the participants in CCQM-K133 successfully determined BBP, DBP and DEHP 

in the LCPVC and HCPVC samples. They were able to demonstrate their capabilities in 

determining low-polar organic molecules in plastics through the key comparison, though 

some participants have room for further improvement, particularly INMETRO who did not 

use an IDMS approach. The measurement of PAEs in plastic involves not only extraction, 

clean-up, separation and selective detection of the analytes, but also the pre-treatment 

procedures of the material and interference removal.  

In view of the complexity of the matrix, the complexity of the potential interferences and 

the complexity of the analytical procedure, the relative standard deviations for the eight 

sets of data included in the KCRV calculation were all less than 7% which were 

satisfactory. 
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Appendix A:  Protocol 

CCQM-K133/P170 polar and non-polar analytes in plastic: 

Phthalate esters in Polyvinyl Chloride (PVC) 

Key Comparison/Pilot Study 

Track C 

Coordinating Laboratory: NMIJ and NIM 

Study Protocol 

January 2018 

1. Introduction  

 Phthalate esters (phthalates) are widely used as plasticizer for Polyvinyl Chloride (PVC). On the 

other hand, some research articles have reported the effect of the phthalates on wild animals and 

human beings. Recently, many countries have restricted to use phthalates for toys and children 

articles. Especially, European Union (EU) directive on “the reduction of certain hazardous 

substances in electrical and electronic equipment” (RoHS II) will restrict four phthalates in 2019. 

Di-n-butyl Phthalate (DBP), Di-iso-butyl Phthalate (DiBP), Benzyl Butyl Phthalate (BBP) and Bis 

(2-ethylhexyl) Phthalate (DEHP) will be prohibited from being used in electronic and electrical 

equipment. 

At the CCQM Organic Working Group meeting held in Tsukuba in October 2014, possibilities for 

new studies in the organic field were discussed, including selected phthalates in PVC. NMIJ and 

NIM offered the provision of a suitable study material and were requested to review possibilities 

for coordinating a study in that field. 

2. Measurands 

Minimum reporting requirements for participants to CCQM-K133/P170 are the mass fractions 

of DBP, BBP and DEHP in the high concentration sample and BBP in the low concentration 

sample. 

DBP, BBP and DEHP are the restricted materials in RoHS directive in EU. Although DiBP is 

also restricted material and its molar mass is same as DBP, DBP is more popular plasticizer for 

PVC.  

DEHP has enantiomers. Because it is difficult to separate the enantiomers with versatile GC 

columns, the reported mass fraction of DEHP shall include all enantiomers. 

Table 1, Selected phthalates as study measurands for CCQM K133/P170 

Congener Structural Formula 

Measurand 

Low Concentration 

sample from NMIJ 

High Concentration 

sample from NIM 

Di-n-butyl Phthalate 

(DBP) 

 

No (Included, but 

unnecessary to report) 

Yes 
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Benzyl Butyl Phthalate 

(BBP) 

 

Yes Yes 

Bis (2-ethylhexyl) Phthalate 

(DEHP) 

 

No (Included, but 

unnecessary to report) 

Yes 

3. Description of the material 

Two types of PVC pellets in the glass bottle will be provided for CCQM-K133/170. Two bottles 

for each of low and high concentration samples will be shipped together from NMIJ (NIM send 

high level sample to NMIJ in advance). The PVC pellets were prepared by mixing and molding 

the available PVC, phthalates and other polymer additives. 

Concentration range of low level sample (from NMIJ) is from 30 mg/kg to 200 mg/kg, and the 

ones of high level sample (from NIM) are from 300 mg/kg to 1200 mg/kg. 

The PVC pellets from NIM (high concentration) should keep under freezing point. PVC pellets 

from NMIJ (low concentration) keeps under 30 oC. 

3.1. Homogeneity 

Homogeneity of BBP in low level sample was assessed by three subsamples on 10 units (0.1 g 

sample intake) measured. Homogeneity of phthalates in high level sample were assessed by 

three subsamples on 11 units (0.1 g sample intake) measured.  

Figure 1 to figure 4 show the homogeneity results of the samples. Table 2 to table 5 show the 

results of ANOVA for each measurands. F-values for all measurands are smaller than the Fcrit 

in table 2 to table 5, therefore it is expected that all study materials are homogenous. Estimation 

of potential between-unit inhomogeneity ubb were accomplished by ANOVA. The summarized 

results of the homogeneity are shown in table 6.  
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Table 2. Summary of ANOVA for homogeneity test of BBP in the low level PVC. 

Source of Variation SS df MS F P-value F crit 

Between Groups 0.0148 9 0.0016 0.41 0.914 2.39 

Within Groups 0.0800 20 0.0040    
 

 

 

 

 

 

 

 

 

 

Table 3. Summary of ANOVA for homogeneity test of DBP in the highlow level sample. 

Source of Variation SS df MS F P-value F crit 

Between Groups 0.0102 10 0.00102 2.11 0.95 2.30 

Within Groups 0.0106 22 0.000483    
 

 

 

 

 

 

 

 

 

Table 4. Summary of ANOVA for homogeneity test of BBP in the high level sample. 

Source of Variation SS df MS F P-value F crit 

Between Groups 0.00806 10 0.000806 1.16 0.95 2.30 

Within Groups 0.0153 22 0.000697    
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Figure 2 Homogeneity of DBP in the high level PVC
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Figure 3 Homogeneity of BBP in the high level PVC
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Table 5. Summary of ANOVA for homogeneity test of DEHP in the high level sample. 

Source of Variation SS df MS F P-value F crit 

Between Groups 0.00217 10 0.000217 1.40 0.95 2.30 

Within Groups 0.00340 22 0.000155    
 

Table 6. Homogeneity of the samples 

Congener 

ubb (%) 

Low Concentration sample from 

NMIJ 

High Concentration sample from 

NIM 

DBP  0.70 

BBP 1.2 0.84 

DEHP  0.40 

 

3.2 Long-term stability monitoring 

The long-term stabilities were studied for more than one year. The results of the long-term 

stability monitoring for the measurands are shown in figure 5 to figure 8. Regression analyses 

were done for all measurands, and their results were listed in table 7 to table 10. From the 

regression analyses, P-values of DBP and BBP in high level PVC were larger than the usual 

critical 0.05 confidence level that means the measurands were stable in the monitoring term. 

On the other hand, P-values of BBP in low level PVC and of DEHP in high level PVC were 

lower than the 0.05 confidence level. Until August 2018, the regression lines of BBP in low 

level PVC and DEHP in high level PVC did not over twice the standard deviations calculates 

from the long-term monitoring (table 11). Therefore all measurands will be stable in the period 

of this CCQM comparison. 
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Figure 4 Homogeneity of DEHP in the high level PVC
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Figure 5 Long term stability of BBP in the low level PVC. 

Table 7 Summary of regression analysis for the long-term stability study of BBP in the low level PVC. 

 df SS MS F  P-value 

Regression 1 0.00071 0.00071 5.118 0.047 

Residual 10 0.00139 0.00014   

Total 11 0.00211    

 

 

 

 

 

 

 

 

 

Figure 6 Long term stability of DBP in the high level PVC. 

Table 8 Summary of regression analysis for the long-term stability study of DBP in the high level PVC. 

 
df SS MS F P-value 

Regression 1 0.00055 0.00055 3.161 0.099 

Residual 13 0.00227 0.00017   

Total 14 0.00282    
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Figure 7 Long term stability of BBP in the high level PVC 

Table 9 Summary of regression analysis for the long-term stability study of BBP in the high level PVC. 

 
Df SS MS F P-value 

Regression 1 0.000403 0.000403 2.311 0.152 

Residual 13 0.00227 0.00017   

Total 14 0.00267    

 

 

 

 

 

 

 

 

Figure 8 Long term stability of DEHP in the high level PVC. 

Table 10 Summary of regression analysis for the long-term stability study of DEHP in the high level PVC. 

 
df SS MS F P-value 

Regression 1 0.00164 0.00164 7.091 0.0195 

Residual 13 0.00300 0.000231   

Total 14 0.00464    
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Table 11 Standard deviations calculated from ANOVA for long-term monitoring 

Measurands Time (year) number RSD (%) ubb (%) 

BBP in the low level PVC 2.5 4 1.4 1.4 

DBP in the high level PVC 1 5 1.1 1.5 

BBP in the high level PVC 1 5 0.9 1.1 

DEHP in the high level PVC 1 5 1.7 1.7 

3.3 Short-term stability monitoring 

A four weeks isochronous short-term stability study was performed at 40 oC. The results of the 

short-term stability monitoring for the measurands are shown in figure 9 to figure 12. 

Regression analyses were done for all measurands, and their results were listed in table 12 to 

table 15. All measurands except for DBP in high level PVC were stable, because P-values of 

them were larger than the usual critical 0.05 confidence level. Though P-values of DBP in high 

level PVC was lower than 0.05, DBP in high level was stable in 3 weeks. Short-term stability 

monitoring is to ensure the quality of the CRM during the shipping. The concentrations of 

phthalates in PVC during shipping will be stable within 3 weeks. 

No significant changes have been found in the concentrations for the all phthalates. 

 

 

 

 

 

 

 

 

 

Figure 9. Short term stability of BBP in the low level PVC 

Table 12 Summary of regression analysis for the short-term stability study of BBP in the low level PVC. 

 
df SS MS F P-value 

Regression 1 1.01×10-7 1.01×10-7 0.0013 0.982 

Residual 23 0.0031 0.0014   

Total 24 0.0031    
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Figure 10. Short term stability of DBP in the high level PVC 

 

Table 13 Summary of regression analysis for the short-term stability study of DBP in the high level PVC. 

 
df SS MS F P-value 

Regression 1 0.00194 0.00194 7.681 0.0159 

Residual 13 0.00328 0.000252   

Total 14 0.00521    

 

 

 

 

 

 

 

 

Figure 11. Short term stability of BBP in the high level PVC 

Table 14 Summary of regression analysis for the short-term stability study of BBP in high level PVC. 

 
df SS MS F P-value 

Regression 1 0.000207 0.000207 1.936 0.187 

Residual 13 0.00139 0.000107   

Total 14 0.00160    
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Figure 12. Short term stability of DEHP in the high level PVC 

Table 15 Summary of regression analysis for the short-term stability study of DEHP in the high level PVC. 

 df SS MS F P-value 

Regression 1 0.0000506 0.0000506 0.309 0.588 

Residual 13 0.00213 0.000164   

Total 14 0.00218    

4. Contamination 

As phthalates are widely used in the world and existing in laboratories, the contamination of 

phthalates to the glass apparatus is sometimes occurred. [9-10] In addition, some rubber 

materials, such as septum in GC, and some plastics, such as the cap of screw glass bottles, 

contain phthalates. IEC 62321-8 [11] recommends that non-volumetric glassware (e.g. beakers, 

round/flat bottom flasks, vials) should be kept under 400 °C to 500 °C for four hours or 

overnight to remove possible contaminations. We strongly recommend that the blank test 

should be performed during analyzing the samples. 

5. Study guidelines 

Each participant will receive 2 bottles of low concentration sample from NMIJ and 2 bottles of 

high concentration sample from NIM. Additional bottles are available upon request to NMIJ or 

NIM. Each bottle (both high and low levels) contains approximately 10 g of PVC pellets. 

The samples will be dispatched together with a receipt form (to be completed upon sample 

reception and sent back by e-mail to “s.matsuyama@aist.go.jp”). At the same time, the 

reporting sheet for the results will be sent to each participant via e-mail.  

Though two level samples will be dispatched at room temperature, it is better to keep the high 

level sample under freezing point until usage. 

The minimum sample intake must be at least 0.1 g. 

Participants are required to report the mass fractions (mg/kg) of DBP (in the high level sample), 

BBP (in the low level and high level samples) and DEHP (in the high level sample). All bottles 

at each level can be used for reporting Participating laboratories shall report results obtained 

from each bottle, and may use their preferred analytical methodology. We strongly recommend 
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that three subsamples are prepared and analyzed for each bottles. If you prepare subsamples, 

each results of all subsamples must be reported in the reporting form. 

 

CRMs for calibration (standard solutions) are available from 

NIM (China) 

 GBW(E)100223         DEHP in Methanol (186 mg/kg) 

 GBW(E)100224  DBP in Methanol (195 mg/kg)  

 GBW(E)100226  BBP in Methanol (165 mg/kg) 

NIST (USA) 

 NIST SRM 3074       6 Phthalates in Methanol (45 – 60 mg/kg) 

Native and isotopically labelled phthalate esters are commercially available from different 

commercial suppliers (Sigma-Aldrich, Wako Pure Chemical Industries, Kanto Chemical, 

C/D/N isotopes, Cambridge isotope laboratories, etc.) as neat reagents or solutions. If 

commercial neat reagents are used as calibrants, purity assessment with appropriate 

metrological traceability will be the responsibility of individual participants. 

6. Time schedule 

Call for participation                    January 19, 2018 

Deadline for registration                 February 2, 2018 

Dispatch of samples    March 2018 

Deadline for submission of results  July 2018 

Preliminary discussion of results Meeting  October 2018, CCQM-OAWG 

7. Submission of results 

Each participant must indicate in the reporting form and Core competency table if he/she 

participates in the CCQM-K133 or CCQM-P170 study. 

The results shall be entered in the provided reporting sheet and sent back via e-mail together 

with the Core competency table to “s.matsuyama@aist.go.jp” before the deadline for 

submission. Participants should be aware that submitted results are considered final and no 

correction or adjustment of analytical data will be accepted. 

They shall include 

 Mass fractions (mg/kg) of each individual measurand in the study samples. 

 Standard and expanded measurement uncertainties, with a detailed description/breakdown 

of the full uncertainty budget 

Description of the analytical procedure employed (extraction, clean-up, separation/detection 

and quantification) as well as details concerning the calibration and internal standards used 
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(purity statement or verifications done at the laboratory's premises etc…) should be supplied 

through the Core competency table, and participants are encouraged in providing exhaustive 

and complete information. 

8. How Far Does the Light Shine? 

The participation in the Track C "polar and non-polar analytes" CCQM-K133 study, phthalates 

in PVC provides the means for assessing measurement capabilities for the determination of 

using procedures requiring extraction from the matrix, clean-up from interfering substances, 

analytical separation, selective detection and final quantification by analytical methods. 

This Key Comparison will demonstrate the capabilities of participants for assigning mass 

concentration of analytes with molecular mass range from 100 g/mol to 1000 g/mol in plastic 

at the 10 mg/kg to 5000 mg/kg mass concentration levels. 

9. Coordinating laboratories and contact person 

Coordinating laboratory 1:  

National Metrology Institute of Japan (NMIJ) 

National Institute of Advanced Industrial Science and Technology (AIST)  

Higashi 1-1-1, Tsukuba, Ibaraki 305-8565, Japan 

Study coordinator contact details:  

Shigetomo Matsuyama (s.matsuyama@aist.go.jp)  

Phone: +81-29-861-9377  

Fax: +81-29-861-4618 

 

Coordinating laboratory 2:  

  National Institute of Metrology (NIM) 

  No.18, Bei San Huan Dong Lu, Chaoyang Dist, Beijing, 100029, P.R.China 

Study coordinator contact details: 

  Shao Mingwu (shaomw@nim.ac.cn) 

  Phone: + 86-010-64524788 

Fax: + 86-010-64271639 

Please complete and return the attached registration forms to the above contact persons for the 

participation no later than December 1, 2017. 
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Appendix B:  Registration Form 

Registration form 

CCQM-K133/P170 

Phthalate esters in Polyvinyl Chloride (PVC)  

"Track C" – polar and non-polar analytes in plastics 

Participation to: 

□ CCQM-K133 

□ CCQM-P170 

 

ORGANISATION / DEPARTMENT / LABORATORY 

                                /                              /                                        / 

 

FULL ADDRESS (no PO box) 

                                          /                                               / 

 

CONTACT PERSON 

                                                                 / 

 

TELEPHONE, FAX, E-MAIL 

TEL :                                                      . 

FAX :                                                      , 

E-mail :                                                   . 

 

Date         /         /        . 

 

Please complete the form and send it back to s.matsuyama@aist.go.jp and 

shaomw@nim.ac.cn before 5 March 2018. 

 

mailto:s.matsuyama@aist.go.jp
mailto:shaomw@nim.ac.cnb
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Appendix C:  Reporting Form 

The original was distributed as an Excel workbook. The following are pictures of the relevant portions of the workbook’s 

three worksheets. 

“Participant Details” worksheet 
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“Results” worksheet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“Analytical information” worksheet 
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Appendix D:  Core Competency Form 

CCQM OAWG: Core Competency Template for Analyte(s) in Matrix 

CCQM-K133 NMI polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride (PVC) - 

Scope of Measurement: Participation in this study would provide the opportunity to demonstrate 

measurement capabilities including: (1) value assignment of primary reference standards; (2) value 

assignment of calibration solutions; (3) extraction of analyte of interest from the matrix; (4) cleanup 

and separation of analyte of interest from other interfering matrix or extract components; (5) 

separation and quantification using techniques such as GC/MS, GC-HRMS, HPLC-FLD or LC-MS. 

The study will test the capabilities of participants for assigning the polar and non-polar analytes with 

molecular mass range from 100 g/mol to 1000 g/mol at levels of 10 mg/kg to 5000 mg/kg in plastics. 

Competency 

Tick, 

cross, 

or 

“N/A” 

Specific Information as Provided by 

NMI/DI 

Competencies for Value-Assignment of Calibrant 
Calibrant: Did you use a “highly-pure 

substance” or calibration solution? 

 <Identity of supplier & CRM>  

Identity verification of analyte in 

calibration material. # 

 <Methods used to confirm structure> 

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 

 <Specify> 

For calibrants which are a calibration 

solution: Value-assignment method(s). # 

 <Specify> 

Sample Analysis Competencies 

Identification of analyte(s) in sample  <Methods used to identify the analyte> 

Extraction of analyte(s) of interest from 

matrix 

 <Specify> 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

 <Specify> 

Transformation - conversion of analyte(s) 

of interest to detectable/measurable form 

(if used) 

 <Specify> 

Analytical system  <Specify> 

Calibration approach for value-

assignment of analyte(s) in matrix 

 <Specify> 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

 <Specify> 

Other   

⚫ In the middle column place a tick, cross or say the entry is not applicable for each of 

the competencies listed (the first row does not require a response) 

⚫ Fill in the right hand column with the information requested in blue in each row 

Enter the details of the calibrant in the top row, then for materials which would not meet 

the CIPM traceability requirements the three rows with a # require entries. 
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Appendix E:Full Details of the Analytical Methods Employed by 

Participants 

NIM 
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NMIJ 
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VNIIM 
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GLHK 
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UME 
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KRISS 
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EXHM 
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INMETRO 
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NMISA 
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Appendix F: Full Details of the Uncertainty Budgets Estimated by 

Participants 

 

NIM 
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VNIIM 

LOW SAMPLE 
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HIGH  SAMPLE 
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UME 
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KRISS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EXHM 

The measurement equation is: 

𝑤𝑀,𝑆 =  𝑤𝑀,𝐶  ×  
𝑚𝑖𝑠,𝑆

𝑚𝑀,𝑆
×

𝑚𝑀,𝐶

𝑚𝑖𝑠,𝐶
×

𝑅𝑆

𝑅𝐶
 

 

where  wM,S  = phthalate ester mass fraction in the sample, (mg/g)  

wM,C  = phthalate ester mass fraction in the calibration solution, (mg/g)  

mis,S  = mass of internal standard solution added to the sample blend, (g) 

mM,S  = mass of sample in sample blend, (g) 

mM,C  = mass of the calibration solution in the calibration blend, (g) 

mis,C  = mass of internal standard solution added to the calibration blend, (g) 

RS  = measured peak area ratio of the selected ions in the sample blend  

RC  = measured peak area ratio of the selected ions in the calibration blend  

 

The equation used to estimate standard uncertainty is:  

 

𝑢(𝑤𝐵𝑆) = √(
𝑠𝑅

√𝑛
⁄ )

2

+  ∑(𝐶𝑗𝑢(𝑚𝑖))
2

+ (𝐶𝑗𝑢(𝑤𝑀𝐶))
2

+ (𝐶𝑗𝑢(𝑅))
2

 

Systematic U,sys (rel%) DOF

Uncertainty of purity of primary standard 0.10% 5        

Uncertainty of gravimetric preparation for standard solution 0.90% 3        

Uncertainty of gravimetric mixing for calibration isotope standard mixtures. 1.25% 4        

Area ratio of native/istd for the calibration standard mixture, observed by GC/MS 1.16% 2        

SUM 1.93% 8        

Systematic U,sys (rel%) DOF U,sys (rel%) DOF U,sys (rel%) DOF

Uncertainty of purity of primary standard 0.09% 4        0.10% 5           0.06% 3           

Uncertainty of gravimetric preparation for standard solution 0.62% 3        0.90% 3           1.15% 3           

Uncertainty of gravimetric mixing for calibration isotope standard mixtures. 1.20% 4        1.25% 4           1.42% 3           

Area ratio of native/istd for the calibration standard mixture, observed by GC/MS 0.35% 2        1.16% 2           0.61% 3           

SUM 1.39% 6        1.93% 8           1.93% 6           

DBP BBP DEHP
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where sR is the standard deviation under reproducibility conditions, n the number of determinations and Cj 

the sensitivity coefficients associated with each uncertainty component. The uncertainty of the peak area 

ratios was considered to have been included in the estimation of method precision. 

Uncertainty estimation was carried out according to JCGM 100: 2008. The standard uncertainties were 

combined as the sum of the squares of the product of the sensitivity coefficient (obtained by partial 

differentiation of the measurement equation) and standard uncertainty to give the square of the combined 

uncertainty. The square root of this value was multiplied by a coverage factor (95% confidence interval) from 

the t-distribution at the total effective degrees of freedom obtained from the Welch-Satterthwaite equation 

to give the expanded uncertainty. 

The uncertainty budgets for the two CCQM-K133 samples are shown in the pages that follow. 

 

Low level sample, BBP  

 

 

 

 

 

 

 

 

 

 

High level sample, DBP 
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High level sample, BBP 

                    

 

 

 

 

 

 

 

 

 

High level sample, DEHP 
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INMETRO 
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NMISA 
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Appendix G: Core Competency Claimed by Participant 

Table G-1 Core Competency claimed by NIM in CCQM-K133 

CCQM-K133 NIM 
polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride 

(PVC) - 

Scope of Measurement: Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular mass 

of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 5000 mg/kg.  

Competency 
Tick, 

cross, or 

“N/A” 

Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant: Did you use a “highly-pure 

substance” or calibration solution? 

    High pure material, DBP from Sigma, BBP from 

Aldrich, DEHP from Dr.E. 

Identity verification of analyte in 

calibration material. # 
√ GCMS  

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 

√ GC-FID, HPLC-DAD 

For calibrants which are a calibration 

solution: Value-assignment method(s). # 
√ weighing 

Sample Analysis Competencies 

Identification of analyte(s) in sample √ 
GC-MS 

Extraction of analyte(s) of interest from 

matrix 
√ Ultrasound-assisted Extr.30min, THF 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

√ 
precipitated  by adding Methanol, centrifuge the 

solution at 15000r/min at  4℃ for 10min 

Transformation - conversion of analyte(s) 

of interest to detectable/measurable form 

(if used) 

N/A  

Analytical system √ GC-MS/MS 

Calibration approach for value-

assignment of analyte(s) in matrix 
√ GC-IDMS/MS, single-point 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

N/A 

 

Other N/A  

 



81 

Table G-2 Core Competency claimed by VNIIM in CCQM-K133 

CCQM-K133 VNIIM polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride (PVC) - 

Scope of Measurement: Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular mass 

of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 5000 mg/kg. 

Competency 
Tick, 

cross, or 

“N/A” 
Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant: Did you use a “highly-pure 

substance” or calibration solution? 

 Commercially available highly-pure substances from 

Sigma-Aldrich:Di-n-Butyl Phthalate #524980, Benzyl Butyl 

Phthalate #308501, Bis(2-EthylHexyl)Phthalate #D201154 

Identity verification of analyte in 

calibration material. # 
√ GC/MS (NIST 14) 

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 

√ 

The purity of highly-pure substances was determined in-

house by mass balance approach.  

Structurally related organics: GC/FID, GC/MS, LC/UV, 

LC/LS 

Moisture: Karl Fisher Titration 

VOC: GC/FID, GC/MS 

Non-volatiles: ICP/MS; Vacuum evaporation 

For calibrants which are a calibration 

solution: Value-assignment method(s). # 
N/A 

 

Sample Analysis Competencies 

Identification of analyte(s) in sample √ GC/MS (NIST 14), RT 

Extraction of analyte(s) of interest from 

matrix 
√ Matrix dissolving in the organic solvent (TGF), ultrasonic 

extraction 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

√ 
Matrix precipitation by adding 1 ml Hexane 

Filtration through nylon syringe filter (0,22um) 

Transformation - conversion of 

analyte(s) of interest to 

detectable/measurable form (if used) 

N/A 
 

Analytical system √ GC-MS 

Calibration approach for value-

assignment of analyte(s) in matrix 
√ 

Bracketing  

IDMS 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

√ 

Measuring by using Reference Material CPEX CRM 

PVC001 

Measuring by using SRM NIST 3074 

Other N/A  
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Table G-3 Core Competency claimed by GLHK in CCQM-K133 

CCQM-K133 GLHK polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride (PVC) - 

Scope of Measurement: Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular mass 

of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 5000 mg/kg. 

Competency 

Tick, 

cross, 

or 

“N/A” 

Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant: Did you use a “highly-pure 

substance” or calibration solution? 

 The following certified reference materials in solutions were 

used as the calibrants. 

DBP: GBW (E) 100224 (16001) 

BBP: GBW (E) 100226 (17001) 

DEHP: GBW (E) 100223 (17001) 

Identity verification of analyte in 

calibration material. # 
✓ Counter checked with NIST SRM 3074 

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 

N/A Nil 

For calibrants which are a calibration 

solution: Value-assignment method(s). # 
N/A Nil 

Sample Analysis Competencies 

Identification of analyte(s) in sample 
✓ The analytes in sample were identified by LC-MS/MS/ GC-

MS/MS/ GC-MS (Full scan) 

Extraction of analyte(s) of interest from 

matrix 

✓ The analytes were extracted according to the CPSC method 

CPSC-CH-C1001-09.3 using THF until the sample was 

completely dissolved 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

✓ 
Methanol was used to precipitate the plastics from the 

extract 

Transformation - conversion of 

analyte(s) of interest to 

detectable/measurable form (if used) 

N/A 

Nil 

Analytical system 
✓ 

LC-QqQMS, GC-QqQMS, GC-qMS 

Calibration approach for value-

assignment of analyte(s) in matrix 

✓ 
IDMS with bracketing method 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

✓ 

GC-MS/MS was used for verification 

Other N/A Nil 
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Table G-4 Core Competency claimed by UME in CCQM-K133 

CCQM-K133 
TUBITAK 

UME 

polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride 

(PVC) - 

Scope of Measurement: Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular mass 

of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 5000 mg/kg. 

Competency 
Tick, cross, 

or “N/A” 
Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant: Did you use a “highly-pure 

substance” or calibration solution? 
 

Highly pure substances were used 

Phthalic acid, benzybutyl ester (BBP), LGC/Dr. 

Ehrenstorfer,  

Phthalic acid, bis-butyl ester (DBP), LGC/Dr. 

Ehrenstorfer,  

Phthalic acid, bis-2-ethylhexyl ester (DEHP), LGC/Dr. 

Ehrenstorfer, 

Identity verification of analyte in 

calibration material. # 

√ GC-MS/MS and IDMS 

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 

√ 

The purity determination of BBP, DBP and DEHP was 

performed by qNMR by using maleic acid IS in traceability 

chain of UME-CRM-1301. 

Phthalic acid, benzybutyl ester (BBP), (97.120±0.373)% 

Phthalic acid, bis-butyl ester (DBP), (99.224±0.314)% 

Phthalic acid, bis-2-ethylhexyl ester (DEHP), 

(99.706±0.284)% 

For calibrants which are a calibration 

solution: Value-assignment method(s). 

# 

N/A 
- 

Sample Analysis Competencies 

Identification of analyte(s) in sample 
√ Retention time 

Parent/product ion 

Extraction of analyte(s) of interest 

from matrix 

√ Dissolution and precipitation technique 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

N/A 
- 

Transformation - conversion of 

analyte(s) of interest to 

detectable/measurable form (if used) 

N/A 
- 

Analytical system 
√ GC-MS/MS 

Calibration approach for value-

assignment of analyte(s) in matrix 

 
a) IDMS 

b) single-point calibration 

Verification method(s) for value-

assignment of analyte(s) in sample (if used) 
N/A - 

Other N/A - 
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Table G-5 Core Competency claimed by KRISS in CCQM-K133 

CCQM-K133 KRISS 
Low-polarity and high-polarity 

analytes in plastic 

Scope of Measurement:  Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular 

mass of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 

5000 mg/kg. 

Competency 

Tick, 

cross, or 

“N/A” 
Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant:  Did you use a “highly-pure 

substance” or calibration solution? 

 Neat commercial calibrants for DBP, BBP, and DEHP 

were from TCI (Tokyo Chemical Industry). Purities of 

them were assayed by KRISS with mass-balance 

method and verified with qNMR. 

Identity verification of analyte in 

calibration material.  
√ ID-GC/MS 

For calibrants which are a highly-pure 

substance:  Value-Assignment / Purity 

Assessment method(s). 

√ 

The purity of the primary materials was determined 

following protocols maintained in KRISS. GC-FID 

used for the analysis of structurally related impurities, 

Karl-Fischer Coulometry for water content, 

thermogravimetric analysis for non-volatile impurities, 

headspace-GC/MS for reidual solvents. As a result, the 

purity of each was 99.53% ± 0.26% (DBP), 98.37%  ± 

0.26% (BBP), and 99.52 ± 0.19 % (DEHP) 

For calibrants which are a calibration 

solution: Value-assignment method(s). 
√ 

Calibration solutions were gravimetrically prepared in 

KRISS and verified by cross-checking of multiple 

calibration solutions.  

Sample Analysis Competencies 

Identification of analyte(s) in sample √ 
GC retention time, mass spec ion ratios, comparison of 

GC/MS measurement results by high resolution SIM. 

Extraction of analyte(s) of interest from 

matrix 
√ 

dissolution with Tetrahydrofuran (THF) and 

precipitation with methanol  

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

 None 

Transformation - conversion of analyte(s) 

of interest to detectable/measurable form 

(if used) 

 None  

Analytical system    GC/MS, resolution = 10000 (HR) 

Calibration approach for value-

assignment of analyte(s) in matrix 
√ 

Gravimetrically prepared calibration solution was used 

as a calibrant. For ID-GC/MS analysis, calibration 

bland was prepared by gravimetrically mixing the 

calibration solution and the internal standard 

solution. IDMS with exact matching single-point 

calibration 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

√ KRISS CRM 113-03-006  

Other   

Table G-6 Core Competency claimed by EXHM in CCQM-K133 
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CCQM-K133 EXHM 

Low-polarity and high-polarity analytes in 

plastic- Phthalate esters in Polyvinyl 

Chloride (PVC) 

Scope of Measurement:  Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular 

mass of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 

5000 mg/kg. 

Competency 

Tick, 

cross, 

or 

“N/A” 

Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant:  Did you use a “highly-pure 

substance” or calibration solution? 
 

NMIJ CRM 4601-a 
own calibration solutions 

Identity verification of analyte(s) in 

calibration material.# 
✓ NMR 

For calibrants which are a highly-pure 

substance:  Value-Assignment / Purity 

Assessment method(s).# 

✓ 
qNMR  
purities assigned against NMIJ 4601-a 

DBP, BBP, DEHP 

For calibrants which are a calibration 

solution: Value-assignment method(s). 
✓ gravimetrically 

Sample Analysis Competencies 

Identification of analyte(s) in sample ✓ retention time, MRMs, ion ratios 

Extraction of analyte(s) of interest from 

matrix 
✓ dissolution-precipitation/ centrifugation 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

N/A  

Transformation - conversion of analyte(s) 

of interest to detectable/measurable form 

(if used) 

N/A  

Analytical system  ✓ GC-IT-MS 

Calibration approach for value-

assignment of analyte(s) in matrix 
✓ single-point calibration, IDMS at exact matching 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

✓ used HPLC-UV to verify the measurements 

Other ✓ used NMIJ CRM 8152-a  to assess recovery 
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Table G-7 Core Competency claimed by INMETRO in CCQM-K133 

CCQM-K133 INMETRO 

polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride 

(PVC) - 

Scope of Measurement: Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular mass 

of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 5000 mg/kg. 

Competency 
Tick, cross, 

or “N/A” Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant: Did you use a “highly-pure 

substance” or calibration solution? 

 SRM NIST 3074 - Phthalates in Methanol 

 

Identity verification of analyte in 

calibration material. # ✓  
GC-MS 

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 
N/A 

 

For calibrants which are a calibration 

solution: Value-assignment method(s). 
# 

N/A 

 

Sample Analysis Competencies 

Identification of analyte(s) in sample ✓  Retention time, mass spectrum (m/z) 

Extraction of analyte(s) of interest 

from matrix 
✓  

Sample dissolution with THF; polymer precipitation 

with Hexane 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

N/A  

Transformation - conversion of 

analyte(s) of interest to 

detectable/measurable form (if used) 

N/A  

Analytical system ✓  GC-MS 

Calibration approach for value-

assignment of analyte(s) in matrix 
X Internal standard calibration 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

N/A  

Other N/A  

 

The result for INMETRO for BBP in the LCPVC did not overlap with the zero line for their DoE. 

INMETRO did not use IDMS and this is likely to have been the cause of this deviation.  

 

 

Table G-8 Core Competency claimed by NMISA in CCQM-K133 
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CCQM-K133 NMISA 
polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride (PVC) - 

Scope of Measurement: Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular mass 

of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 5000 mg/kg. 

Competency 

Tick, 

cross, 

or 

“N/A” 

Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant: Did you use a “highly-pure 

substance” or calibration solution?  
NIM CRMs were used to value assign ISO guide 34 

accredited calibrants 

Identity verification of analyte in 

calibration material. # √ 
Identity was confirmed by comparing mass spectra and 

retention time of calibrant against NIM CRM 

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 
N/A 

 

For calibrants which are a calibration 

solution: Value-assignment method(s). # √ 
Single point dIDMS using NIM CRM 

Sample Analysis Competencies 

Identification of analyte(s) in sample 
√ 

The retention time and mass spectra of the target analytes 

was compared to the standard using GC TOFMS 

Extraction of analyte(s) of interest from 

matrix √ 
Liquid-solid extraction by dissolution (sonication)of pellets 

in THF 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 
√ 

Polymer was precipitated with the addition of methanol and 

separated by centrifugation 

Transformation - conversion of 

analyte(s) of interest to 

detectable/measurable form (if used) 
N/A 

 

Analytical system √ Leco Pegasus 4D GC-TOFMS 

Calibration approach for value-

assignment of analyte(s) in matrix √ 
Double isotope dilution mass spectrometry bracketing 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 
N/A 

 

Other   

 

 



88 

Table G-9 Core Competency claimed by NMIJ in CCQM-K133 

CCQM-K133 NMIJ polar and non-polar analytes in plastics 

- Phthalate esters in Polyvinyl Chloride (PVC) - 

Scope of Measurement: Successful participation in CCQM-K133 demonstrates the following 

measurement capabilities in determining mass fraction of organic compounds, with molecular mass 

of 100 g/mol to 800 g/mol, in a plastic matrix ranging in mass fraction from 10 mg/kg to 5000 mg/kg. 

Competency 
Tick, 

cross, or 

“N/A” 

Specific Information as Provided by NMI/DI 

Competencies for Value-Assignment of Calibrant 

Calibrant: Did you use a “highly-pure 

substance” or calibration solution? 
✓ Highly-pure CRMs (NMIJ CRM 4023-b, 4024-a and 

4029-a) 

Identity verification of analyte in 

calibration material. # 
N/A  

For calibrants which are a highly-pure 

substance: Value-Assignment / Purity 

Assessment method(s). # 

✓ 
Certified by mass balance approach (GC, HPLC and Karl 

Fischer titration) 

For calibrants which are a calibration 

solution: Value-assignment method(s). # 
N/A 

- 

Sample Analysis Competencies 

Identification of analyte(s) in sample ✓ GC retention time and mass spectra 

Extraction of analyte(s) of interest from 

matrix 
✓ Samples were dissolved into THF. 

Cleanup - separation of analyte(s) of 

interest from other interfering matrix 

components (if used) 

✓ 
Matrix was precipitated with hexane, and the supernatant 

was recovered by centrifuge 

Transformation - conversion of 

analyte(s) of interest to 

detectable/measurable form (if used) 

N/A  

Analytical system ✓ GC-MS 

Calibration approach for value-

assignment of analyte(s) in matrix 
✓ 

IDMS with triple-point calibration using gravimetrically 

prepared calibration solutions (IS: D4-labeled respective 

phthalate esters) 

Verification method(s) for value-

assignment of analyte(s) in sample (if 

used) 

N/A  

Other N/A  
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Appendix H: Analysis of Dispersions 

 

LCPVC BBP 

Chi square: 41.3 

Critical: 14.1 

Conclusion: Excess Dispersion 

 

 

 

HCPVC DBP  

Chi square: 13.7 

Critical: 14.1 

Conclusion: No excess dispersion 

 

 

 

HCPVC BBP  

Chi square: 44.9 

Critical: 14.1 

Conclusion: Excess Dispersion 

 

 

 

HCPVC DEHP  

Chi square: 27.6 

Critical: 14.1 

Conclusion: Excess Dispersion 
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DSL 

Mean, 
mg/kg 

DSL standard 
Uncertainty, 

mg/kg 

HB Mean, 
mg/kg 

HB standard 
Uncertainty, 

mg/kg 

LCPVC BBP 96.75 1.77 96.7 2.2 
HCPVC DBP 445.61 4.82 445.3 5.5 
HCPVC BBP 455.41 9.03 455.8 11.8 

HCPVC DEHP 883.61 14.04 884.6 18.0 
 

 


