Overarching QA Issues

e Guidance and documentation
— Measurement (MQOSs) and data quality objectives (DQOS)
— Metadata
— Up-to-date and accurate standard operating procedures (SOPS)

e Data validation
— Objective data quality standards and data validation procedures
— Meeting data delivery schedule
— Multi-tiered flagging system (NARSTO flagging scheme)

 Data management
— Robust archival system for all key dataset stages

— Tracking of changes to data and data processing procedures
— Data reproducibility




OR IS5 THIS ONE
OF THOSE SHODDY
MISTAKES I KEEP
HEARING ABOUT?

DOCUMENTED PROCESS

PROCESS DID YOU USE
TO USE?

WHAT DOCUMENTED
TO DECIDE WHAT

IN ORDER TO AVOID
SHODDY MISTAKES,
EVERYTHING WE DO
FROM NOLJ ON WJILL
BE PART OF A DOCU-
MENTED PROCESS.
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IMPROVE QAPP “The primary Data Quality Objective (DQO)
Project Management for IMPROVE is to be able to measure a 5-
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percent change in bext in 5 years. The effect
of individual components on bext depends on

the site. ... The DQO for IMPROVE will
therefore require that a 5-percent change in five years in each of the major
components of sulfate, organic carbon, and soiwnust also be achievecy

The Measurement Quality Objectives (MQO' s) sh
or be sufficiently stringent so that the DQO

Table 4. IMPROVE Measurement Quality

Mimmmm Quantifiable Linut.

Method Parameters Frecision® Accuracy MQL

Gravimetric  Mass + 5 ug = 2 Ug 300 ngm_]3

X*RF Elements Fe to Pb + 5% + 5% 0.05 - 0.18 ng'm”

FIXE Elementis S toc Mn + 5% + 5% 1-4 ng/m®
Element Na + 5% + 10% 20 ng/m®

FESA Elemental H + 5% + 5% 4 r‘ngm'l3

ic MNO3, S04, NHs + 5% + 5% 10 - 30 nga‘m3
NO., Cl + 5% + 2% &0 - 100 ﬂgirna

TOR Organic Carbon + 5% + 5% 250 ng/m®
Elemental Carbon + 10% + 5% 100 |'sgafmEI




Quality Assurance Project Plan
Chemical Speciation é S T N
of PM2.5 Filter Samples

Prepared for: Date: January 15, 2004
U.S. Environmental Protection Agency £0
Office of Air Quality Planning and Standards Pa = 16 of G0

Research Triangle Park, NC 27711

* A key conclusion of the DQO study was that the statistical power
to detect concentration trends in the chemical speciation datais
relatively insensitive to measurement error, up to about twice the
level seen in the IMPROVE Washington, D.C., data.

Thisis because the * uncontrollable’ error components, which are
primarily due to natural day-to-day variation in pollutant levels,
dominate the random errors that l[imit the ability of the statistical
analysis to detect atrend.”



“Table A.7.3)shows the number of years worth of data necessary to
detectad per cent annual trend using the IMPROVE data set in

conjunction with the regression model assuming one in three day

sampl|ng.

Date: January 13, 2004
Page 17 0f 09

v
Table A.7.3 Years Required to Achiev " Vith 1-in-3-day Sampling

Species Measurement Error =
IMPROVE Error % 1
Sulfate 4.1 vears
Nitrate 6.3 vears
Calcium 4.1 vears
Total Carbon 3.4 vears




sulfur, ug/m3

i : United States
e Environmental Frotection
" Agency
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Sulfur concentrations at Acadia. The haziest 20% of days in each calendar
year are highlighted in red, based on deciviews downloaded from CIRA.
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EUS site geom arith
ACAD1 48% 6.1%
BRIG1 4.0% 3.9%
CHAS1 3.4% 3.3%
DOSO1 3.6% 3.9%
GRSM1 2.9% 2.9%
LYBR1 5.3% 5.6%
MACA1 3.0% 3.0%
MOOS1 50% 6.2%
OKEF1 4.2% 3.5%
ROMA1 3.7% 4.2%
SHEN1 3.5% 3.5%
UPBU1 44% 4.2%
WASH1 4.6% 4.5%
median 4.0% 3.9%

Alternative estimates of
the sampling uncertainty
In 5-year sulfur means
from hazy days in 1999-
2003.



prescribed trend = -1 %/yr; bias = 0%

1 R =
= —— Z | o~ | 95% power
o 0.9 R
= .
-9 N O ! ./
: E
THE BEST WAY TO : £]1 sense THE DEAD
MAKE THIS DECISION |&| you 5| THAT WERE [ cqmr—
1S BY CALCULATING El MULTIPLY ‘musT % |[DONE HERE. \ T1mEs
THE EXPECTED VALUE 2| THE... PRETEND < COVER
OF EACH POSSIBLE g T0 BE DEAD. | & | THEIR
OUTCOME. | i EARS,
. :
8 -
= &
8 8
E 5
i ;

© Scott Adams, Inc./Dist. by UFS, Inc.
// l m = W 30

0.1 i :

O P

0.3 0.5 0.7 1.0 1.4 2.0 3.0

emissions trend / prescribed trend



/m\ — true

/

]
/ / \\ | 3%/y//

// <_k| 1 %ly _~~ for 5 years

relative frequency

5 6 7 8 9 10
five-year hazy-day mean concentration

arithmetic mean = 7 ng/m3



/ // \\ — 20% precision

/// |

|

/

"

g1 A

J) |\
A§

five-year hazy-day mean concentration
arithmetic mean = 7 ng/m3

//

relative frequency

9 10



// \\ —+L21f?/obias—

i
\
I
AR
i\
/R
|&E

5 6 7 8 9 10
five-year hazy-day mean concentration

arithmetic mean = 7 ng/m3

relative frequency




%\ — -2% bias

relative frequency

5 6 7 8 9
five-year hazy-day mean concentration
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Focus on bias?,
not imprecision**,

(If tracking progress is your objective.)

* “calibration drift’; “slow-changing”
*x “random noise”; “uncorrelated”

Our QAPP specifies “precision” and “accuracy”.



IMPROVE QAPP

Project Management
Section—Page: 4—30 of 32

Revision: 0.0
Date: March 2002

Table 4. IMPROVE Measwrement Quality Objectives of Precision, Accuracy, and
Mmmmun Quantifiable Linmt.

Method Parameters Frecision® Accuracy MGQL

Gravimetric  Mass + 5 ug + 5 g 300 ng/m®

ARF Elements Fe to Pb + 5% + 5% 0.05 - 0.18 ng/m”

FIXE Elements S to Mn + 5% + 5% 1-4 ngfm3
Element Na + 5% + 10% 20 ng/m®

FPESA Elemental H + 5% + 5% 4 ng/m?®

ic NO, 504, NHs + 5% + 5% 10 - 30 ngfm3
NO,, CI + 5% + 5% 60 - 100 ng/m?

TOR Organic Carbon + 5% + 5% 250 ng/m?

Elemental Carbon *+ 10% + 5% 100 I'EE].I’!’HE
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Precision 1s a measure of mutual agreement among indmviduy
property. The overall preciston will be determined
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Collocated B modules, BIBE, FRRE, GAMO, LAVO,
MACA, 6/03 — 8/04; 530 sample pairs.
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Collocated A modules,MEVE, OLYM, PMRF, SAFO,
TRCR, 10/03 — 8/04; 317 sample pairs.
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Five-year means (ng/m3) from hazy days in 1999 — 2003.

EuS site  M(SO,) M3xS) D
ACAD1 4.90 4.84 -1.2%
BRIG1 8.85 8.42 -5.0%
CHAS1 5.89 5.56 -5.7%
DOSO1 9.31 9.15 -1.7%
GRSM1 9.96 9.91 -0.5%
LYBR1 5.97 5.95 -0.3%
MACA1 9.55 9.71 1.7%
MOOS1 4.16 4.22 1.4%
OKEF1 6.27 6.20 -1.1%
ROMA1 6.91 6.55 -5.4%
SHEN1 9.81 9.32 -5.1%
UPBU1 6.38 6.34 -0.6%
WASH1 9.01 8.62 -4.3%
\/%é D? = 3.3%

Why

>> 1%7



Mackville 2 / Mackville 1

1. Errors in successive observations are not
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’ Same method, same lab,
. . matched samplers;
« | suggests flow calibration
differences
0.6

Ju-93  Jul-94  Jul-95  Jul-96  Jul-97  Jul-98  Jul-99  Jul-00  Jul-01  Jul-02  Jul-03

Collocated weekly CASTNet sulfate measurements at Mackuville, KY.



But

geometric mean SO4/S

DE, KY, MD, NC, NJ, OH, PA, TN, VA, WV
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ly geometric mean SO, /S over all IMPROVE sites in DE, KY, MD, NC,

NJ, OH, PA, TN, VA, WV.

(Requires SO,~ & 3S >1 ng/md.)
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But there are other, method-related,
possibilities: 1t
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u sampling artifacts?
- analytical interferences?

Oct-01 Jan-02 Apr-02 Jul-02 Oct-02 Jan-03 Apr-03 Jul-03 Oct-03 Jan-04 Apr-04

Monthly geometric mean SO, /S over all IMPROVE and STN sites in DE, KY,
MD, NC, NJ, OH, PA, TN, VA, WV.

(Requires SO, & 3S >3 ng/m3 for STN, SO,~ & 3S >1 ngy/m?3 for IMPROVE.)
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Cincinnati, OH (STN390610042)

[

successive
observations

[ —

2 2.5 3 3.5 4 4.5

Quaker City, OH (IMPROVE)

SO, /S

Aug 2002
- Nov 2003:

30 24h samples
with
SO,” > 3 ug/m’
and
S >1ug/m’

at both locations

There are occasional (this pairing is not typical) hints

that “it’s not all happening in the lab.”



Where does this leave us?

4.6.1 Precision Objectives

ents of the same
 collocated sampler

Precision 1s a measure of mutual agreement among mndmvids
property. The overall precision will be determined

A pair of samplers is all we need to determine the
overall precision of our measurement system, but we
have no way to determine our overall bias or accuracy.

4.6.2  Accuracy Objectives

Accuracy 1s the agreement between a sample reading and ﬂl@'ﬂlﬂe of the *SHIHE
Accuracy 1s deternuned by comparing mstnunents to reference standards traceable to
the National Institute of Standards and Technology (NIST). The reference standard for
flow rate and each analytical method 15 listed m Table 6.

The best we can hope to do is to stabilize our bias, to
ensure that measurements at different locations at
different times are comparable.

(As EPA does with the PM, . FRM!)



Focus on tolerances,
not outliers.

Track and analyze routine ancillary data (e.g. flow and
analytical calibrations, field and lab blank values) with no
diminimus criteria for entry: no error or deviation Is
“negligible.”

Use large-scale statistics to detect “unremarkable”
patterns or changes over time in the ancillary data;
unlike concentrations, they are not “contaminated” by
the natural noise of the atmosphere.
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Focus on tolerances,
not outliers. - continued

300

Accept that the normal
distribution is a = Il S
continuum, with tails! g2 Al {
Accept that some % 150 /T
outliers will defy € / \
1 - ” - 100 | I LA
explanation. /ﬁ m
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0 nnﬂ[L i Il 11

1275 1300 1325 1350 1375 1400 1425 1450
measurement, ng/cm?

Utilize rich flag fields to identify and annotate
observations taken outside established tolerances.



