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Trace Level Monitoring

* Why
* What

* Sources of Error and Minimizing Their Effect

* Pollutant Specific Caveats



Trace Level QA

Why?

To challenge monitoring instruments at reported ambient
concentrations
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Trace Level Monitoring —Why?
NCore

Technology Transfer Network
Ambient Monitoring Technology Information Center
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NCore Multipollutant Monitoring Network

MCore is a multi pellutant netwerk that integrates several advanced measurement systems for particles, pollutant gases and meteoroclegy. Most N¢
start of the network on January 1, 2011,

Monitoring Objectives
The MCore Metwork addresses the following objectives:

Timely reporting of data to public by supporting AIRMNow, air quality forecasting, and other public reporting mechanisms;

Support for development of emission strategies through air quality model evaluation and other ebservational methods;

Accountability of emission strategy progress through tracking leng-term trends of criteria and non-criteria pellutants and their precursors;
Support for long-term health assessments that contribute to ongoing reviews of the NAAQS;

Compliance through establishing nonattainment/attainment areas through comparison with the NAAQS:

Support to scientific studies ranging across technelogical, health, and atmospheric process disciplines; and

Support to ecosystem assessments recognizing that national air quality networks benefit ecosystem assessments and, in turn, benefit fro

Measurements



Trace Level Monitoring —Why?

Ncore (continued)

Measurements

Parameter

Comments

PM.2.5 speciation

PMZ.5 FRM mass

Organic and elemental carbon, major ions and trace metals (24
hour average; every 3rd day); IMPROVE or CSN

24 hr. average at least every 3rd day

continuous PMZ2.5 mass

1 hour reporting interval; FEM or pre-FEM monitors

PM(10-2.5) mass

Filter-based or continuous

ozone (03)

all gases through continuous monitors

carbon monoxide (CQO)

capable of trace levels (low ppm and below) where needed

sulfur dioxide (S02)

capable of trace levels (low ppb and below) where needed

nitrogen oxide (NO)

total reactive nitrogen (NQOy)

capable of trace levels (low ppb and below) where needed

capable of trace levels (low ppb and below) where needed

surface meteorology

wind speed and direction (reported as "Resultant"),
temperature, RH




Trace Level Monitoring —Why?
Auditing - 40 CFR Part 58 Appendix A
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Trace Level Monitoring - Why?
Auditing - 40 CFR Part 58 Appendix A

3.1.2.1 The evaluation is made by challenging the monitor with audit gas standards of known concentration from at

least three audit levels. One point must be within two to three times the method detection limit of the instruments within the
PLIAOs network, the second point will be less than or equal to the 959th percentile of the data at the site or the network of
sites in the PCIAD or the next highest audit concentration level. The third point can be around the primary MAACKS or the

nighest 3-year concentration at the site or the network of sites in the PQAO. An additional 4th level is encouraged for those
agencies that would like to confirm the monitors' linearity at the higher end of the operational range. In rare circumstances,

there may be sites measuring concentrations above audit level 10. Notify the appropriate EFA region and the AGS

program in order to make accommaodations for auditing at levels above level 10.
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Trace Level Monitoring

What is “trace level” ?



Trace Level Monitoring - What
OAQPS Memo On 10 Audit Levels & Acceptance Criteria

Established November 18, 2010
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Trace Level Monitoring - What
OAQPS Memo On 10 Audit Levels & Acceptance Criteria - Summarized

EPA Ambient Air Audit Levels
Concentration in ppb Conc. In ppm
SO2 NO2 CcO
0.02-0.059
0.06-0.199
0.20-0.899
40-69 8-19.9 8-19.9 0.9-2.999
70-89 20-49.9 20-49.9 3-7.999
90-119 50-99.9 50-99.9 8-15.999
120-139 100-149.9 100-149.9 16-30.999
140-169 150-259.9 150-259.9 31-39.999
170-189 260-799.9 260-799.9 40-49.999
190-259 800-1000 800-1000 50-60
fAudit Limits for SO2 & NO2 are £15% and @ Levels 1 and 2 1.5 ppb]
Audit Limits for CO are 15% and @ Levels 1 and 2 +0.03 ppm
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Trace Level QA/QC

The lower concentration limits we are discussing
today will be:

*03 = 15-20 ppb
*SO2&NO2=  4-8ppb

*CO = 120 -250 ppb

These levels are @ audit levels 2 & 3, where precision checks and QA/QC an be implemented with confidence
and accuracy. QA/QC @ Level 1 audit concentrations requires more equipment and benefits from previous
experience at audit levels 2 and 3.



Trace Level Monitoring — Sources of Error

* Analyzer zero drift

* Flow measurement error increases at lower flow ranges
 Gas standard accuracy/impurities at low concentrations
* Zero gas contamination

* Gas manifold/flow path cleanliness



Minimizing Sources of Error — Zero Drift

CO Analyzer Drift Over 48 Hours After Testing Zero Air Cylinders and Scrubbers
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Minimizing Sources of Error — Zero Drift

Adjusting Expectations



Minimizing Sources of Error — Zero Drift
Adjust Expectations - Zero Drift

Table 2. Zero Drift Results from Monitoring Organization Data Submittals

Number of Using Absolute Value SD
Pollutant | Monitors Avg ABSZero ABSSD 2*SD+Avg 3*SD+Avg

CO (ppm) 17
NO2 (ppb) 10
SO2 (ppb) 16
032 (ppb) 49

Data published in QA Eye Issue 16, June 2014



Minimizing Sources of Error — Zero Drift

Think in terms of
“absolute ppb/ppm difference from expected”
As well as
% difference



¢ o - U o U = C - —
DWwWer Pc 0 0 ANQE I d =1
0 ot ON C 500 DJ- 2 0
100 cc/min MFC 10 cc/min MFC
REGRESSION % error | REGRESSION |REGRESSION
MEC EPA R2 R2 7 eerror FéiiRREES CS_IES[I)\I CORRECTED MEC EPA R2 R? R2 CORRECTED | CORRECTED
Setting | ML-800 | Definer | Definer FLOW % RLOW Settlr_lg ML_?’OO befiner | Definer FLOW RLOW
(cc/min) RCSGING 290 vs. ML- R2 Definer oe.rror R2 f (cc/min) | reading 220 vs. ML- R2 Definer %e.rror R2
800 220 Definer vs. 800 220 Definer vs.
ML-800 10 9.81 9.35|  -4.69% 9.77 -0.42%
100 99.23 98.98 -0.25% 99.11 -0.12% 8 7.82 7.46 4.59% 7.89 0.89%
90 89.28 89.16Illr -0.13% 89.30r 0.02% 6 5.85 5.41 -7 A7% 5.85 0.04%
80|  79.30|  79.22[ -0.10% 7937 0.10% ) 3.90 3400 12 820 3.85 289,
70 69.36 69.09IIIIr -0.39% 69.25" -0.16% 2 1.91 1.470 -23.04% 1.93"' 1.05%
60 59.43 59.30 -0.22% 59.48 0.08%
50 4953  49.52[ -0.02% 49.71 0.37%
40|  89.56|  39.41[ -0.38% 39.61[ 0.14%
30 29.65 29.44 -0.71% 29.66 0.03%
20 19.72 19.41 -1.57% 19.64 -0.40%
10.5 10.31 9.99 -3.10% 10.23 -0.75%




Minimizing Sources of Error — Flow Measurement




Minimizing Sources of Error — Flow Measurement

Use simple GPT devices. Avoid devices that bypass the MFC for ozonator flow, because total
diluent flow can only be measured at the output, and not at the MFC, which is more accurate.

Zero

0 I I#I |an:|_-&5|_[4.55 I = I = I = OL“pUt Cy“nder

MF2

QZONE
REACT|ON
ouT] IN out

CHAMBER

GENERATOR

Mixing

; Reactlon
|port 1< OUTPUT Chamber Chamber

!
B

FIowDiagram-GasPhaseTitraﬁon

‘w
4;




Minimizing Sources of Error — Flow Measurement
Avoid flows below 5 cc/min, unless you have access to BIOS ML-
500/800 or DH Instrument Molbox or equivalent.

Have flow standards calibrated against higher quality standards at
least annually.

Have 2 sets of identical flow devices, so that they may be compared
against each other to examine for drift/departure from calibration.



Analyzer Reading {ppm Carbon monoxide)
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Minimizing Sources of Error — Gas Standards Accuracy

Pre and Post Audit Response of R2 TTP CO Analyzer to Direct Injection of Precision Gas Cylinders Standards
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Minimizing Sources of Error — Gas Standard Accuracy

* Use gas standards at levels that can be verified independently by
NIST SRMs or equivalent.

* Practically, this means standards should not be lower than the
following concentrations:

SO2>10 ppm
NO/NOx >10 ppm; check for NO2 impurity

CO >5oo ppm

O3 has no specific recommendation, as accuracy at low levels (20-
30 ppb has not been a problem).



Minimizing Sources of Error — Gas Standard Accuracy

* Using gas standards at the above stated concentrations, with a
practical lower limit of 5 cc/min for the pollutant MFC, will require
zero gas flow rates of 2o0L/min.

(120 ppm NO or SO2 gas std) x (5 cc/min MFC set) =2.49 ppb NO/SO2 gas delivered

(20 L/min + 5 cc/min)

(500 ppm COgas std) x (5 cc/min MFC set) = 0.125 ppm CO gas delivered

(20 L/min + 5 cc/min)

It is almost impossible to get > 24 L/min flows through the thick walled % o.d. x 1/8” i.d. tubing used in most zero air
generators. This is before using any additional scrubbers beyond purafill/charcoal. 30L/min specifications for zero air have
not been found to be achievable.



Minimizing Sources of Error — Gas Standard Accuracy

For ozone, do not use an “all in one” GPT + photometer device.

Backpressure will cause inaccurate ozone readings at the higher flow
rates needed.

Instead, use a GPT device with an ozone generator, and use an
outboard ozone analyzer for determining the levels of ozone
generated.
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Minimizing Sources of Error —Zero Gas

* Scrub zero gas of all moisture — Environics/API type zero air
supplies with compression drying (9o psi) is better than
drierite/nafion alone.

* Use charcoal and purafill scrubbers.

* Use palladium on alumina for CO scrubbing.



Minimizing Sources of Error —Zero Gas
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Minimizing Sources of Error — Manifold Cleanliness
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Minimizing Sources of Error — Manifold Cleanliness

» Keep manifolds/tubing clean
* Keep flow rates high to minimize residence time.

* Manifold contamination usually eliminates a constant level of
pollutant, independent of sample concentration.

* Manifold contamination is typically a surface area phenomenon.
Affected by contact area x residence time.



Pollutant Specific Observations - O3

* O3 analyzers are very accurate and linear to 5 ppb (or lower)
* Valves and intricate tubing can catch dirt and scrub ozone.

* Do not use “all in one” GPT devices



Pollutant Specific Observations — SO2

* SO2 equilibration is at least 45 minutes — 12 hour for the first point.

* When switching MFC’s to get lower flows (i.e. from o0-100 cc/min MFC to
0-10 cc/min MFC), the system needs to re-equilibrate for at least 30-45
minutes.

* Gas standards cylinder and regulator should be equilibrated under
pressure and purged the night before an assay.

* SO2 analyzers usually drift + 1-2% about a mean. Let each analysis
point fully equilibrate and take 10 or 15 minute averages if the drift is
excessive.



Pollutant Specific Observations — NO2

* NO2 analyzers are very linear and accurate, even to very low (2
ppb) concentrations

* Determinations of NO2 impurity in the standards cylinder are
essential.

* Overnight equilibration of regulator is recommended.

* Multiple purges of the regulator (as many as 10 times) may be
required in order to prevent the formation of NO2 from ambient
combination of NO w/ ambient O2.

* Regulator purges should ideally be done with a 1/8" tube of >5 feet
length attached, to minimize the possibility of re-entrainment of
O2 in the sample regulator.



Pollutant Specific Observations — CO

* CO analyzer drift of -0.100 ppm is typical, and can happen in
minutes after a calibration.

* CO isrelatively resistant to contamination degradation/absorption.



Conclusion

Accurate trace level monitoring can be achieved if careful consideration is
given to:

Expectations of drift

GPT device choice and proper MFC range

20L/100 cc/10 cc MFC's preferred
Proper gas standards concentration selection
Zero gas generator choice
Manifold/sample train cleanliness

Special caveats for individual pollutants
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