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Abstract 

 

The traceability system for ozone monitoring in China was proposed. Quality assurance and quality 

control (QA/QC) procedures for ozone monitoring were described. Acceptance testing and calibration of 49i 

were conducted by 49i-PS. It was revealed that the analyzers could meet the technical specifications for 

acceptance. The initial verification was also successfully implemented. 
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1. Introduction 

 

1.1 Background 

In China, the newly revised Ambient Air Quality Standard (GB 3095-2012) has been jointly issued by 

Ministry of Environmental Protection (MEP) and General Administration of Quality Supervision, Inspection 

and Quarantine (AQSIQ) on Feb. 29, 2012 and will be implemented on Jan. 1, 2016. The new standard had 

adjustments, additions, stricter limits and new contents. 8-hour average concentration limit of ozone (O3) was 

added.  

It is required that any major cities on prevention and control of air pollution failing to meet the standard 

shall develop and implement the plan for meeting the air quality standard according to the Law of the People's 

Republic of China on the Prevention and Control of Atmospheric Pollution. The goal of National Ambient Air 

Automated Monitoring Network is to measure concentrations and spatial and temporal trends of selected air 

pollutants (O3 included) at 661 sites located in 113 key environmental protection cities throughout China. The 



 

 

ozone monitoring including QA/QC procedures are in urgent for the implementation of the new standard in 

China. 

The traceability is an important part in QA/QC system. Basically, all physical and chemical 

measurements should be traceable to SI unit. Calibration by Standard Reference Photometer (SRP) or transfer 

standard is widely used because of high precision and long term stability. However, this type of calibration is 

not SI traceable. Occasional check by SI traceable method (such as gas phase titration by NO gas) should be 

performed. 

There are ozone primary standards (Model 49i-PS) and ozone analyzers (Model 49i) currently in 

Quality Management Dept., CNEMC. The ozone traceability system of ambient ozone monitoring in China 

could be established based on these transfer standards and SRP located in China. 

1.2 Calibration traceability 

Considering the purpose of achieving higher O3 standard, CNEMC should maintain as direct a path as 

possible between its standards and National Institute of Standards and Technology (NIST). It also follows the 

general rule of thumb that monitoring organizations should always seek to minimize the use of additional levels 

of transfer standards. 

As shown in Figure 1, four (4) ozone primary standards (Model 49i-PS) and six (6) ozone analyzers 

(Model 49i) should be calibrated by Level 1 O3 standard (SRP). The O3 transfer standards of provincial 

environmental monitoring centers should be calibrated by 49i-PS or 49i. The O3 analyzers of municipal 

environmental monitoring centers should be calibrated by O3 transfer standards of provincial environmental 

monitoring centers.  



 

 

Figure 1.  O3 traceability scheme in China. 

Verification of O3 analyzers of municipal environmental monitoring centers by CNEMC could be 

carried out as inspection for the QA/QC performance of provincial environmental monitoring centers. A new 

verification rather than reverification should be implemented for this purpose because different standards will be 

used in this case. However, the calibration should be carried out by provincial environmental monitoring centers 

after the verification if necessary. The acceptance criteria for the verification of O3 analyzers of municipal 

environmental monitoring centers to the Level 2 standard could be different from that for the verification of O3 

analyzers of municipal environmental monitoring centers to the Level 3 standard. 

Thus, Level 2 O3 transfer standards, Level 3 O3 transfer standard, and Level 4 O3 standard are 

maintained and operated by CNEMC, provincial environmental monitoring centers, and municipal 

environmental monitoring centers, respectively, as shown in Table 1. 

As suggested in EPA-454/B-10-001, Level-3 standards are, at a minimum, a photometer. The level 3 

standard can be a photometer and generator but should not be just a generator. There are four types of 

calibration of Level 3 standard using Level 2 standard in CNEMC, as tabulated in Table 2.  



 

 

Table 1.  Different level of ozone standards in environmental monitoring organizations of 

China. 

Note: Level-2 standard is distinguished as the standard that is transported to SRP for comparison once a year. 

Table 2.  Instrument configuration for four types of calibration. 

Level 2 O3 STD Level 3 O3 STD Ancillary equipment 

Model 49i-PS 

(photometer and O3 generator) 

Photometer Zero air generator 

Photometer and O3 generator Zero air generator 

Model 49i 

(photometer) 

Photometer Zero air generator, O3 generator 

Photometer  and O3 generator Zero air generator 

1.3 Scope 

The fellowship study was conducted in particular for the following scope: 

 Acceptance testing procedures for new O3 standards and analyzers. 

 Calibration procedures for O3 standards and analyzers. This study mainly focused on the calibration 

by SRP or transfer standard.  

 

2. Methods 

 

2.1 Instrument 

In this study, the O3 transfer standard 49i-PS (Thermo Scientific, USA) and O3 analyzers 49i (Thermo 

Scientific, USA) were utilized. 49i-PS was used as the standard gas generator. 

The instrument model appears in the article does not mean that it is the authors’ recommendation. 

2.2 Acceptance procedures 

For commercially available analytical instruments, some or all of the testing may be carried out by the 

manufacturer. However, the user should assume a skeptical attitude, in view of manufacturing tolerances and 

possible defective components, and carry out at least some minimal tests to verify that each unit is acceptable. 

Moreover, qualifying new instruments can help ensure the instruments will perform under various field 

conditions that might not get observed during a traditional verification processes described. 

The acceptance testing for ozone analyzers was conducted according to the content of Appendix B in Ambient 

Air Quality Automatic Monitoring Technical Specifications (HJ 193-2005).  

The testing methods are as follows. 

Organization Standard Standard level Type 

NIM/IERM SRP 1 Stationary 

CNEMC 
49i-PS  × 4 2 Stationary 

49i  × 6 2 Stationary 

Provincial environmental monitoring center O3 transfer standard 3 Traveling 

Municipal environmental monitoring center O3 monitor 4 On-site 



 

 

2.2.1 Zero drift 

The zero point was calibrated after the instrument power was on. Zero gas was continuously supplied 

for 24 hr and the zero drift was recorded.  

2.2.2 Span drift 

Span calibration (400 ppb, full scale 500 ppb) was conducted. Standard gas of 400 ppb was 

continuously supplied for 24 hr and the span drift was recorded. 

2.2.3 Precision 

Standard gas of 400 ppb was continuously supplied for more than 15 min and the data of the 15th 

minute was recorded. The test was repeated for 5 times. The maximum deviation was recorded. 

2.2.4 Response time 

Standard gas of 400 ppb was supplied and the averaging time was set to 10 sec. The time from the 

beginning of the data change to 360 ppb (90% of the gas concentration) was recorded. The testing was repeated 

for 3 times. The average time was recorded. After the instruments passed the acceptance testing discussed above, 

the instruments could be used for further study. 

2.3 Calibration procedures 

2.3.1 Initial verification 

Prior to use, an O3 transfer standard must be verified by establishing a quantitative verification 

relationship between the transfer standard and the higher level O3 concentrations obtained by the UV calibration 

procedure as specified in Appendix D of 40 CFR, Part 50 (EPA 1979). The O3 analyzers also should be verified 

by establishing a quantitative verification relationship between the analyzer and the higher level O3 standard. 

The verification procedures are as follows. 

The verification relationship shall consist of the average of 6 individual comparisons of the transfer 

standard to a higher level UV O3 standard. Each comparison must cover the full range of O3 concentrations and 

is to be carried out on a different day to a primary standard. 

Each comparison shall consist of at least 6 comparison points at concentrations approximately evenly 

spaced over the concentration range of the transfer standard, including 0 and (90 ± 5%) of the upper range limit 

of the transfer standard. For the 6 or more comparison points of each comparison, compute the slope and 

intercept by the least squares linear regression of the transfer standard output (either a generated O3 

concentration or a concentration assay) and the UV authoritative O3 standard. 

When 6 comparisons have been completed, compute the average slope (m ): 

m
1
6

m  (Eq. 1) 

and the average intercepts (Ī): 



 

 

I
1
6

I  (Eq. 2) 

where  and  are the individual slopes and intercepts, respectively, of each comparison regression. 

Compute the relative standard deviation of the 6 slopes, ( ): 

s
100
m

1
5

m
1
6

m % (Eq. 3) 

and the standard deviation  defined in Equation 4 for the 6 intercepts: 

sI
1
5

I
1
6

I  (Eq. 4) 

The value of  must be ≤ 3.7%, and  must be ≤ 1.5 (ppb). If either of these specifications is 

exceeded, it indicates that the transfer standard or analyzer has too much variability and corrective action must 

be taken to reduce the variability before the transfer standard or analyzer may be certified. 

If the transfer standard meets the specifications (  ≤ 3.7%,  ≤ 1.5 ppb), the verification 

relationship for the transfer standard consists of the average slope (m ) and the average intercept ( I ) can be 

computed as shown in Equation 5.  

Std. O  conc.
1
m

Indicated O  conc. I  (Eq. 5) 

2.3.2 Periodic reverification 

A verified transfer standard of Level 3 and greater must be reverified at the beginning and end of the 

ozone season or at least every six months whichever is less. A transfer standard which loses its verification may 

cause the loss of ambient O3 measurements made with ambient monitors that were calibrated with the transfer 

standard. 

Consequently, more frequent reverification schedule will reduce the magnitude and risk of any such 

loss. If a transfer standard in only a generation device (no photometer) it is strongly suggested that more 

frequent reverifications occur. More frequent reverification may also provide better accuracy, particularly for 

transfer standards that show slow but steady change (drift) over long periods of time. 

To maintain continuous verification, an O3 transfer standard must be recertified as follows.  

The first step in the reverification procedure is to carry out a comparison of the transfer standard to an 

authoritative standard as specified in 2.3.1. 

The linear regression slope of the new comparison (m) must be within the interval  ± 0.05  (i.e., 

the average slope of the latest 6 comparisons). 

If the new slope of transfer standard is within the ± 5% specification, compute a new average slope  



 

 

and a new average intercept  as prescribed in 2.3.1 using the new comparison and the 5 most recent previous 

comparisons. Thus  and   are running or moving averages always based on the 6 most recent comparisons.  

Compute a new relative standard deviation of the slopes (sm) and standard deviation (SI) based on the new 

comparison and the 5 most recent previous comparisons. 

The new sm and SI must again meet the respective 3.7% and 1.5 SD specifications. If all specifications 

are met, then a new verification relationship (based on the updated  and ) is established. 

If a certified transfer standard fails to meet one of the reverification specifications, it loses its verification. 

Reverification then requires 6 new comparisons according to the entire verification procedure described in 

section 2.3.1. This failure could be due to a malfunction, which obviously should be corrected before repeating 

the verification procedure. If a transfer standard has been repaired or serviced in a way which could affect its 

output, the complete verification procedure must also be repeated. 

  



 

 

 

3. Results and discussion 

 

3.1 Acceptance testing 

3.1.1 Zero drift 

The zero drift testing results were shown in Figure 2. 
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Figure 2.  Zero drift graphs. 

All the O3 analyzers passed the testing except 49i-012. For 49i-012, some data was out of ±1ppb. 

3.1.2 Span drift 

The span drift testing results were shown in Figure 3. 
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Figure 3.  Span drift graphs. 

All the analyzers met the span drift requirement. 

  



 

 

3.1.3 Precision 

The precisions were shown in Table 3. 

Table 3  Precisions (gas of 400 ppb was used) 

Instrument No. 005 009 011 012 013 014 

Maximum deviation (ppb) 0.9226 0.5862 0.9276 1.2160 -0.9774 -0.6956 

3.1.4 Response time 

The precisions were shown in Table 4. 

Table 4.  Response time. 

Instrument No. 005 009 011 012 013 014 

Time (s) 13.06 16.92 16.47 16.72 10.09 9.96 

 

All the data of acceptance testing were shown in Table 5. 

 

 

Table 5.  Acceptance testing data. 

All the testing data met the technical specification except for the zero drift of 49i-012.  

It was sent back to the manufacturer. Currently, it meets the technical specification after the 

adjustment. 

3.2 Calibration 

49i-012 was used in the calibration experiment. The data of 6-Day initial ozone verification and the 

linear regression were shown in Table 6. 

Table 6.  6-Day initial ozone verification. 

Date CPS (X)/ ppb 
C49i (Y)/ 

ppb 

Absolute 

deviation 

(ppb) 

Relative 

deviation

% 

r 
Slope 

(mi) 

Intercept

(Ii) 

Day 1 0  0  0  - 1 0.987 -0.343 

Instrument 

No. 

Zero drift  

(ppb, 24 hr) 

Span drift  

(ppb, 24 hr) 

Precision  

(ppb) 

Response time 

 (sec) 

Specification
Test 

value 
Specification

Test 

value
Specification

Test 

value 
Specification 

Test 

value

005 

＜±1 

0.32 

≤1%full scale

(≤±5) 

-3.15

≤1% reading

(≤±4) 

0.92 

≤20 

13.06

009 0.98 1.67 0.59 16.92

011 -0.51 2.93 0.93 16.47

012 -1.53 1.91 1.02 16.72

013 0.69 2.25 -0.98 10.09

014 0.42 2.41 -0.70 9.96 



 

 

May 30, 2012 50  49  -1  -2.00  

100  98  -2  -2.00  

200  197  -3  -1.50  

300  296  -4  -1.33  

450  444  -6  -1.33  

Day 2 

May 31, 2012 

0  0  0  - 

1 0.987 -0.070 

50  49  -1  -2.00  

100  99  -1  -1.00  

200  197  -3  -1.50  

300  296  -4  -1.33  

450  444  -6  -1.33  

Day 3 

Jun. 1, 2012 

0  0  0  - 

1 0.989 -0.244 

50  49  -1  -2.00  

100  99  -1  -1.00  

200  197  -3  -1.50  

300  296  -4  -1.33  

450  445  -5  -1.11  

Day 4 

Jun. 4, 2012 

0  0  0  - 

1 0.989 -0.517 

50  49  -1  -2.00  

100  98  -2  -2.00  

200  197  -3  -1.50  

300  296  -4  -1.33  

450  445  -5  -1.11  

Day 5 

Jun. 5, 2012 

0  0  0  - 

1 0.990 -0.081 

50  49  -1  -2.00  

100  99  -1  -1.00  

200  198  -2  -1.00  

300  297  -3  -1.00  

450  445  -5  -1.11  

Day 6 

Jun. 6, 2012 

0  0  0  - 

1 0.990 -0.081 

50  49  -1  -2.00  

100  99  -1  -1.00  

200  198  -2  -1.00  

300  297  -3  -1.00  

450  445  -5  -1.11  

Average 0.989 -0.223 



 

 

Standard 

deviation 

(ppb) 
      

0.182 

RSD% 0.14 

sm was less than 3.7%, and sI was less than 1.5 ppb. The instrument after maintenance met the 

requirement for calibration. 

Thus, the quantitative relationship was obtained as equation 6. 

 

C49i = 0.989×CPS - 0.223                 (Eq. 6) 

 

The reverification would be carried out in the future study. 

 

4. Conclusions 

 

The ozone standard transfer scheme was depicted. The important QA/QC procedures including 

acceptance testing and calibration were illustrated. The analyzers used in this study could meet the technical 

specifications for acceptance. The zero drift was less than 1 ppb. The span drift was less than 3.15 ppb. The 

precision was less than 1.02 ppb. The response time was than 16.92 sec. The initial verification was also 

successfully implemented. sm was 0.14%, and sI was 0.182 ppb. The quantitative relationship could be 

expressed as C49i = 0.989×CPS - 0.223.  
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