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Interim Teledyne T640 Continuous PM2.5 Local Conditions Validation Templates

NOTE: This validation template attempts to provide the critical criteria; frequency and acceptance critria for checks, calibrations, and maintenance; and
Verification/calibration standards recertification frequencies and acceptable ranges for the Teledyne T640 (FEM: EQPM-0516-236). This validation template was
developed secificallyforthe Teedyne To4D trough  colboration between EPA, Teledyns, and SLT opesors. The mplte st rieria considered the most
important. Criteria are established to ensure that data are complete, accurate, and comparable to filter-based FRMs. The Teledyne Advanced Pollution
Tnctrumentation Model T640 PM Mass Moritor Automatic Equivaion Method: EQPM0516236state ..and perted i accondancewith the Teledyne Model
T640 Operations Manual™ therefore, iy, and acceptance ranges stated in the current manual are identified by bold and italics font. Criteria stated in
ihe FEM designationar also in bold and alics int. More detalcd information onth aperaton ofthe Teledyne T40is avilble in Sandard Operating Procedure
Teledyne Model 640 Real-Time Continuous PM Monitor developed by EPA.

EPA rqets that regions and monioring arganizations rport back 10 OAQPS on significant data los resuling from implementation of this template. As a reminder,
the check frequencies listed in checks may d more frequently to minimize data loss.

Where aproprst, 40 CFR Part 8 App & and 40 CFR Part 50 App L requirements aso bold and alics) appy othe Teledyne T640: however, notall FRM eieia
are considered critical due to the nature of the measurement principle and design of the instrument

1) Criteria (T640) | 2) Frequency 3) Atuphlhl» Range | ion /Action
CRITICAL CR 40 PM, < Local Conditions
Meets requirements listed in FEM designat ”"“ Sl
Sampler/Monitor Designation Na r.mr.m mthod designaionon ot e
fr=r ]NUCFRPmSE&[&M_LLM_nM\mU.u

1. Must be the firmware (o laer version) as
identifed i the published method designation

summary. 1) FEM: EQPM-0516-236
2 » 2) EPA T640 SOP
Firmware of monitor At setup and as updated 2. Firmware settings must be set for flowrate to 3) 1. FEM: EQPM-0516-236

2,40 CFR Part 50 App N. sec. 1 ()

operate and report at “local conditions” (.., not
STP).

1. The calculation of an hour of data is dependent on the | Se€ operator’s manual. Hourly data are aways
design of the mthod. reported as the start of the hour on local standard
time
Data Reporting Period Reportevery bour 2. 4 24-hour period is calculated in AQS if 18 or more | 40 CFR Part S0 App N. Sec 3 (¢)
valid hours are reported for a day L.

Sampling Instrament



mailto:hanley.tim@epa.gov

Age N d d— (30 minutes)

* T640 and T640x summary of method
e Data Quality of methods
 What is a Validation Template

* Applying a validation template to T640 and T640x data.



Summary of T640 and T640x Method

Method
T640 T640x 1640 T640x

EPA-approved omnidirectional

Inlet T-API custom inlet PM, inlet

16.67 lpm (total)
Sl Sl 5 Ipm to monitor
Sample Aerosol Sample Conditioner (ASC) where a heater is used to ensure that the
Conditioning measured aerosol's RH does not exceed 35%.

Broadband spectrometry using 90° white-light scattering with Polychromatic LED.
Measurement T640 calculates the aerodynamic mass fraction of PM, ¢ and PM,, aerosol based
Method on an algorithm which converts the measured light scattering signal from 64

channels (combined from 256 channels) to PM, . and PM,, mass concentrations.

1 — hour data are reported. Each 1 —hour period is based on sixty 1 - minute

Sample Period : . :
P averages that use a 10-min rolling average of the PM mass concentration

Resolution 0.1 pgm3

PM, . FEM PM, . FEM
Approvals (PM,, LC data is available and may be PM,, FEM
reported for AQl) PM,,, s FEM




T640 and T640x PM, . Continuous FEMs Reporting to AQS
parameter code 88101 - Comparing last five years.

Blue = 2018
Green = 2019

Purple = 2021

1

T640 T640x




Summarizing Federal Reference Method (FRM), T640 and
T640x Federal Equivalent Methods (FEMs)
Data Quality (2019 — 2021)

Collocated
Collocated Precision
Precision 1-hour

24-hour (2021 only)
(values >=3 (values >=3 Bias to PEP audits
pg/md) pg/ms3) (values >=3 pg/m3) Bias to SLT FRM
(%) (%) (%) (values >=3 pg/m?) (%)

Mean FRM of 8.3 ug/m3 (222,877 values). Range

FRMs 7.6 NA -8.0 - for this is 0 — 593 ug/m3.

5.0 4.7
15.2 23.5

Note: The goal for acceptable measurement uncertainty is defined for precision as an upper 90 percent confidence limit for
the coefficient of variation (CV) of 10 percent and £10 percent for total bias. These goals are applied across a PQAO.
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Overview of EPA Validation Templates

* Intended to provide consistent validation of a method across the US.

* Three criteria: critical, operational, and s%stematic criteria, where each criterion has a different
degree of implication about the quality of the data.

* For each criterion, members of a workgroup considered how significantly the criterion impacted the
resulting concentration

* This was based on experience from workgroup members, experience from non-workgroup members, and
feasibility of implementing the criterion.

* Critical Criteria - Observations that do not meet each and every criterion on the Critical Criteria
should be invalidated unless there is a compelling reason and justification for not doing so. Critical Criteria in Magenta

e Operational Criteria - Criteria that are important for maintaining and evaluating the quality of the

data collection system.
* Violation of a criterion or a number of criteria may be cause for invalidation. Operational Criteria in Yellow

» Systematic Criteria - Those criteria which are important for the correct interpretation of the data but

do not usually impact the validity of a sample or group of samples.

Systematic Criteria in Blue

* The Validation Templates provide the critical criteria, annual multipoint verifications/calibrations,
and verification/calibration standards recertification frequencies and acceptable ranges.

https://www.epa.gov/amtic/ambient-air-monitoring-quality-assurance

See: QA Handbook Appendix D Validation Templates (PDF)



https://www.epa.gov/amtic/ambient-air-monitoring-quality-assurance
https://www.epa.gov/sites/default/files/2020-10/documents/app_d_validation_template_version_03_2017_for_amtic_rev_1.pdf

T640 Validation Template - Critical Criteria

Note: We are focusing on the T640 validation template. The T640x validation template is nearly identical except the
inclusion of critical criteria for the second (external) pump to provide the 16.67 [pm needed for operation of the PM,, inlet.

1) Criteria (T640) 2) Frequency 3) Acceptable Range Information /Action

CRITICAL CRITERIA- T640 PM25 Continuous, Local Conditions

1) 40 CER Part 58 App C Sec. 2.1

Sampler/Monitor Meets requirements listed in FEM designation

Designation NA Confirm method designation on front panel or just inside instrument. ig ng CFR Part 53 & FRM/FEM method list

I Must be the firmware (or later version) as identified in the 1) FEM: EQPM-0516-236
Firmware o, ublished method designation summary. 2) EPA T640 SOP
monitor ! At setup and as updated F irmvfare settings must be sft for flowrate tor);perate and report at 33 1. FEM: EQPM-0516-236

“local conditions” (i.e., not STP). 2.40 CFR Part 50 App N. sec. 1 (c)

1. The calculation of an hour of data is dependent on the design of | See operator’s manual. Hourly data are always reported as the start
Dat? Reporting Report every hour the method. of the hour on local standard time
Period A 24-hour period is calculated in AQS if 18 or more valid hours are | 40 CFR Part 50 App N. Sec 3 (c)

reported for a day .

Sampling Instrument

1) FEM: EQPM-0516-236

TSP Sampling Inlet At Setup TAPI 5-Lpm sample inlet (P/N: 081050000) 2) EPA T640 SOP
3) 1. FEM: EQPM-0516-236

One-point Flow every 30 days each . 1, 2 and 3) 40 CFR Part 50, App.L, Sec. 9.2.5, 40 CFR Part 58,
<+4.19 + g
Rate Verification separated by 14 days LA @EDILII dlEsin il ool Appendix A Sec. 3.2.1
1) Teledyne T640 manual
2) EPA To64 P
PMT verification every 90 days <+ 1.5 of SpanDust™ value stated on bottle ) 640 50

3) To meet DQO set forth in 40 CFR Part 58, Appendix A Sec.
2.3.1.1



http://www.ecfr.gov/cgi-bin/text-idx?sid=9bdd3d11fbfd1ad1ca566d2db84c7292&c=ecfr&tpl=/ecfrbrowse/Title40/40tab_02.tpl
https://www.epa.gov/amtic/air-monitoring-methods-criteria-pollutants

T640 Validation Template — Operational Criteria

OPERATIONAL CRITERIA- T640 PM, s Continuous, Local Conditions

One-point Temp Verification

every 30 days

<+2.I°C

1) Teledyne T640 manual
2) EPA T640 SOP
3) Teledyne T640 manual

Pressure Verification

every 30 days

<+ 10.1 mm Hg

1) Teledyne T640 manual
2) EPA T640 SOP
3) Teledyne T640 manual

Leak Check (Zero Test)

every 30 days

<0.2 ug/m’

1) Teledyne T640 manual
2) EPA T640 SOP
3) Teledyne T640 manual

Span Deviation Tracker

Daily

If flagged

1, 2 and 3) Recommended. Teledyne representatives suggest monitoring this metric as a leading indicator
of potential instrument malfunction.

Signal Length

Daily

Logged

1, 2 and 3) Recommended. Teledyne representatives suggest monitoring this metric because it is useful
when diagnosing instrument malfunction (e.g., deviation from design flow rate).




T640 Validation Template — Operational Criteria
(continued)

Annual Multi-point Verifications/Calibrations

Pressure
Verification/Calibration

on installation, then every 365 days and 1/calendar
year

<+10.1 mm Hg

1) Teledyne T640 manual
2) Method 2.12 Sec. 6.5
3) Teledyne T640 manual

Flow Rate single-point
Verification/ Calibration

Electromechanical maintenance or transport or
Every 365 days and 1/ calendar year

<+ 2.1% of transfer standard

1) 40 CFR Part 50, App.L, Sec. 9.2.

2) 40 CFR Part 50, App.L, Sec. 9.1.3, Method 2.12
Sec. 6.3 & Table 6-1
3) Recommendation

Precision
1) and 2) 40 CFR Part 58 App A Sec. 3.2.3

0, S . .

Collocated Samples every 12 days for 1 5% ‘ff sites by method CV < 10.1% of samples > 3 pg/m’ 3 Recommendation based on DQO in 40 CFR Part
designation 58 App A Sec. 2.3.1.1

Accuracy
Temperature Audit every 180 days and at time of flow rate audit <+2.1°C o 2B el ) it 10 2112 S, 122
Pressure Audit every 180 days and at time of flow rate audit <+10.1 mm Hg 1,2 and 3) Method 2.12 Sec. 11.2.3

Semi Annual Flow Rate Audit

Twice a calendar year and 5-7 months apart

<+4.1% of 5.0 LPM design flowrate

1 and 2) 40 CFR Part 58, App A, Sec. 3.2.2
3) Method 2.12 Sec. 11.2.1

wEPA




T640 Validation Template — Operational Criteria

(continued)

Shelter Temperature

Temperature range

during operation

0-50°C

1) Teledyne T640 manual
2) Recommendation
3) Teledyne T640 manual

Temperature Control

Daily (hourly values)

<2.1°C SD over 24 hours

1, 2 and 3) QA Handbook Volume 2
Sec. 7.2.2

1, 2 and 3) QA Handbook Volume 2

Temperature Device Check every 180 days and twice a calendar year <+2.1°C Sec. 702
Monitor Maintenance
Inlet Cleaning every 30 days cleaned 1,2 and 3) Teledyne T640 manual
. 1) Teledyne T640 manual
Downtube Cleaning every 90 days cleaned 2 and 3) Method 2.12 Sec. 8.4
Inspect and clean optical chamber and relative every 180 days and twice a calendar year. More 1) Teledyne T640 manual
humiditi RH/T. . . cleaned 2) EPA T640 SOP
umidity/temperature (. ) sensors frequently with high loading 3) EPA T640 SOP
1) Teledyne T640 manual
Change Disposable Filter Unit Annually or when Pump PWM value approaches 80%. cleaned/changed 2) EPA T640 SOP
3) EPA T640 SOP
Inspect Downtube and ASC to ensure vertically Plumb (90° from instrument horizontal 1) Teledyne T64Q manual
lumbed every 90 days axis) 2) Recommendation
& 3) Teledyne T640 manual
1) Teledyne T640 manual
Check Pump Performance every 30 days PWM value 30 < 80% 2) EPA T640 SOP
3) Teledyne T640 manual
Inspect inner and outer sample tubes every 30 days Mk 1,2 and 3) Teledyne T640 manual

Cleaned as needed

Manufacturer-Recommended  Maintenance

per manufacturers’ manual

per manufacturers’ manual




T640 Validation Template — Systematic Criteria

SYSTEMATIC CRITERIA- T640 PM2.5 Continuous, Local Conditions

Siting

every 365 days and once a
calendar year

Meets siting criteria or waiver
documented

1) 40 CFR Part 58 App E, Sec. 2-6
2) Recommendation
3) 40 CFR Part 58 App E, Sec. 2-6

Data Completeness

Annual Standard

> 75% scheduled sampling days in each
quarter

1, 2 and 3) 40 CFR Part 50, App. N, Sec. 4.1 (a)(b)

24- Hour Standard

> 75% scheduled sampling days in each

1, 2 and 3) 40 CFR Part 50, App. N, Sec. 4.2 (a)(b)

quarter
Reporting Units all data ug/m’ at ambient temp/pressure (PM,5) | 1.2 and 3) 40 CFR Part 50 App N Sec. 3.0 (b)
Rounding convention for data . to one decimal place or as reported by 1.2 and 3) 40 CFR Part 50 App N Sec. 3.0 (b)
all concentrations .

reported to AQS instrument

p 1,2 and 3) 40 CFR Part 50, App. N Sec. 3 and 4 Rounding convention
Annual 3-yr average all concentrations nearest 0.1 ug/m’ (> 0.05 round up) for data reported to AQS is a recommendation

3 1,2 and 3) 40 CFR Part 50, App. N Sec. 3 and 4 Rounding convention
24-hour, 3-year average all concentrations nearest 1 ug/m’ (> 0.5 round up)

for data reported to AQS is a recommendation

wEPA




T640 Validation Template — Systematic Criteria
(continued)

Verification/Calibration Standards Recertifications - All standards should have multi-point certifications against NIST Traceable standards

Flow Rate Transfer Std.

every 365 days and once a

<1 2.1% of NIST Traceable Std.

1) 40 CFR Part 50, App.L Sec. 9.1 & 9.2
2) Method 2.12 Sec. 4.2.3 & 6.3.3

S SIEnIIEs 3) 40 CFR Part 50, App.L Sec. 9.1 & 9.2
Field Thermometer ey 68 A Al oies @ + 0.1° C resolution, + 0.5° C accuracy 1, 2 and 3) Method 2.12 Sec. 4.2.2
calendar year
Field Barometer ey 68 dhs AidoTEs @ + 1 mm Hg resolution, + 5 mm Hg accuracy | 1,2 and 3) Method 2.12 Sec. 4.2.2
calendar year
. . . . 1 2) Method 2.12 Sec. 4.2.1
Clock/timer Verification Every 30 days +5 min/mo** and 2) Me Od. Sec
3) Recommendation
Precision
. . i iati 19 1,2 R tion i t i \ rterl
Stinslle sanllyzer (eollossicd monions) sy S0 dhye Coefficient of variation (CV) < 10.1% for and 3) Recommendation in order to provide early (quarterly)

values > 3.0 pg/m’

evaluation of achievement of DQOs.

Primary Quality Assurance Org.

Annual and 3-year estimates

90% CL of CV < 10.1 % for values > 3.0
ng/m’

1,2 and 3) 40 CFR Part 58, App A, Sec. 4.2.1 and 2.3.1.1

Bias

Performance Evaluation Program
(PEP)

5 audits for PQAOs with <5
sites

8 audits for PQAOs with > 5
sites

<+10.1% for values > 3 ug/m’

1,2 and 3) 40 CFR Part 58, App A, Sec. 3.2.4,4.2.5 and 2.3.1.1



http://www.nist.gov/traceability/index.cfm
http://www.nist.gov/traceability/index.cfm

Questions?
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Standard Operating Procedures (SOPs) for
PM Continuous FEMs

Use of these SOPs is not required but should be useful to
provide the level of detail and instruction necessary to carry
out successful operation and maintenance of the PM FEMs.

* SOP for the Teledyne T640; Federal Equivalent Method EQPM-

0516-236 for PM2.5 Standard Operating Procedure
Teledyne Model 640
* SOP for the Teledyne T640x; Federal Equivalent Method Realgimg Loy Monitor

EQPM-0516-238 for PM2.5

See “Methods” at: https://www.epa.gov/amtic/amtic-pm25-monitoring-network

wEPA


https://www.epa.gov/amtic/amtic-pm25-monitoring-network

Technical System Audit (TSA) Checklist

Technical Systems Audit

L . Checklist for th
The TSA checklist is intended to support auditors Telzsy:; ngo :r

and managers in conducting a Technical Systems T640x PM Continuous Monitors
Audit of PM continuous FEMs. B — e —

Available TSA checklist: W:§
* PM Continuous TSA Checklist — Teledyne PO P ciiciians

57
4 of manufacture? These can be found .‘ 17
T640/T64O on the back of the monitor. Serial Year: 74 A
X number is identified as “S/N” .
e
Are there any concerns about the nal judgement. Items of concern might
s location of the monitor inside the e include substantial vibraticm where monitor is set-up; AC
walk-in shelter or small modular N blowing directly on down-tube with no insulation on downtube;
shelter? or poor access to monitor.
Isan nstr mentman If h Yes
PM;s nuous monitor lable . The | instrument manualv s dated: 20Ap \2021
6 at the jon (hardcopy o dg al)? t Ne Please check the manufacturer’s we b e for lat
If s the date on the Date: Note: one manual covers bo h the T640 a dTS—m

See “PM Continuous Technical System Audit (TSA) Checklists"
at: https://www.epa.gov/amtic/amtic-pm25-monitoring-network

EPA


https://www.epa.gov/amtic/amtic-pm25-monitoring-network

% PM,.5 Data Quality Dashboard
&

PM Assessment K

https://www.epa.gov/amtic/amtic- . — I e
ambient-air-monitoring-assessments ISP

PM, ; FRM Data Quality Dashboard |\ :

* Determine if your FRM data are acceptable
(meet MQO’s) and look like other agencies or

are an OUtl ier? PM. s Continuous Monitor Comparability Assessment

. . . . Site 06-061-0006: Roseville, CA
* Consider the concentrations belng experlenced Cort Mek-ne EAM-1TZ0 WM S SEC <
at your sites when evaluating MQOs

Cont. Reads Higher

R

* PM Continuous Monitor Comparability
Assessment [l) 26 52 78 104 130 0-11:;41‘2019 UBJ‘CZ(;T;DF‘:ZBT)SA{IITIZT:[:ZU 11‘)’30.’2[!20

{Z'}.‘ﬁ‘ ] - :{:gﬁlﬂn:e ©Spring  © Summer © Fall

* One page assessment per collocated pair.

5 1.004

* Compare your collocated site of interest to :
.. . . . ossi B ————
other similar paired sites in your network and 4 7
networks around you. _

H A=AllData, 9=2019, 0=2020, 1=2021 A=AllData, 9=2019, 0=2020, 1=2021
i Ava I Ia b I e fo r P M 2 5 a n d P IVI 10 i} R=Spring, S=Summer, F=Fall . aR=Sprir\g‘S=Summer F=Fall

Dataset N FRM Cont Ratio Dataset N Bias N Bias
nnnnnnnn all ctsanadarsi ardy 2= 3 ugim'3)
AllData m 9.6 95 099 AllData m 164 97 -0
Winter 27 78 84 1.06 Winter 27 84 19 77
Spring 3 52 50 096 Spring 3 1.8 27 38
Summer 27 143 1us 102 | Summer 27 25 03
Fall 26 17 002 Fall 26 57 26 57
2019 57 63 67 1.08 2019 57 360 46 32
2020 54 131 125 095 2020 54 43 51 -4
2021 0 E . 2021 ]

Data Source: EPA AQS Data Mart Generated: June 21, 2022



https://www.epa.gov/amtic/amtic-ambient-air-monitoring-assessments

T640x Validation Template - Critical Criteria

1) Criteria (T640x) 2) Frequency | 3) Acceptable Range | Information /Action
CRITICAL CRITERIA- T640x Continuous, Local Conditions (PM2.5) and STP (PM1o)
Sampler/Monitor Meets requirements listed in FEM designation 1) 40 CFR Part 58 App C Sec. 2.1
e NA Confirm method designation on front panel or just inside |2) NA
Designation

instrument.

3) 40 CFR Part 53 & FRM/FEM method list

Firmware of monitor

At setup and as updated

1 Must be the firmware (or later version) as
identified in the published method designation
summary.

Firmware settings must be set for flowrate to operate and
report at (1) “local conditions” for PM, s and (2)

1) FEM: EQPM-0516-238/239
2) EPA T640x SOP
3) 1. FEM: EQPM-0516-238/239
2. 40 CFR Part 50 App N. sec. 1 (¢)

STP for PM;y.
1. The calculation of an hour of data is dependent on | See operator’s manual. Hourly data are always reported as
. . b the design of the method. the start of the hour on local standard time
Data Reporting Period Report every hour A 24-hour period is calculated in AQS if 18 or more |40 CFR Part 50 App N. Sec 3 (c)
valid hours are reported for a day “.
Sampling Instrument
Must be a Louvered PM10 size selective inlet as 1) FEM: EQPM-0516-238/239
PM10 Inlet At Setup specified in 40 CFR 50 appendix L, Figures L-2 2) EPA T640x SOP
through L-19 3) FEM: EQPM-0516-238/239
Yverageltlon Rate evfry 24 hours of operation; average within £5% of 1 66 7 liters/minute at local 1, 2 and 3) 40 CFR Part 50 App L Sec. 7.4.3.1
alternatively, each hour can be checked conditions
Variability in Flow Rate every 24 hours of op CV<2% 1, 2 and 3) 40 CFR Part 50, App L Sec. 7.4.3.2
One-point Flow Rate <+ 4.1% of transfer standard 1, 2 and 3) 40 CFR Part 50, App.L, Sec. 9.2.5, 40 CFR
Verifli)cation (Total Flow) every 30 days each separated by 14 days <+ 5.1% of f{ow ra{; design value Part 58, A)ppendix A Sec. 3.2.§)p
One-point Flow Rate 1, 2 and 3) 40 CFR Part 50, App.L, Sec. 9.2.5, 40 CFR

Verification (Sample Flow)

every 30 days each separated by 14 days

<+ 4.1% of transfer standard

Part 58, Appendix A Sec. 3.2.1

PMT verification

every 90 days

<=+ 1.5 of SpanDust™ value stated on bottle

1) Teledyne T640 manual

2) EPA T640x SOP

3) To meet DQO set forth in 40 CFR Part 58, Appendix A
Sec. 2.3.1.1



http://www.ecfr.gov/cgi-bin/text-idx?sid=9bdd3d11fbfd1ad1ca566d2db84c7292&c=ecfr&tpl=/ecfrbrowse/Title40/40tab_02.tpl
https://www.epa.gov/amtic/air-monitoring-methods-criteria-pollutants
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