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What We Will Cover

o Data Quality Indicators (DQI’s)
— The Statistics
— Proper Aggregation of the Data

 Tools
— Data Assessment Statistical Calculator (DASC)
— AQS Report (AMP255)
— Annual Box and Whisker Plots

 What to Look For
e Reconciliation with the DQO'’s
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What i1s Performed

Method Pollutants Frequency MQO
One-Point QC SO,, NO,, Every 2 Weeks | O; : SO,, NO,, CO:
O,, CO Precision = 7% | Precision = 10%
Bias = 7% Bias = 10%
Annual Performance | SO,, NO,, | Once per Year | <= 15% for each audit concentration
Evaluation O;, CO
Flow Rate PM;,, Once per <= 4% of Standard & 5% of Design
Verification PM, s, PM. | Month Value
Semi-Annual Flow PM;,, Every 6 Months | <= 4% of Standard & 5% of Design
Rate Audit PM, 5, PM, Value
Collocated Sampling | PM;,, TSP, | 15% of PM, s, TSP, PM.:
PM;s, PM. | Network Every | PMy, : Precision = 15%
12 Days Precision = 10%
PM PEP Program PM, 5, PM, PM, c: PM.:
Precision = 10% | Precision = 15%
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Using What Was Acquired

Method Pollutants What is Assessed How?
One-Point QC S0, NEp Precision & Bias Annual @ Site Level
04, CO
Annual Performance | SO,, NO,, Validation of Bias Annual @ Site Level or
Evaluation O, CO 3-Years @ PQAO Level
Annual/3-Year
Flow Rate Verification PMior PMz5, Bias .
PM, @ Site/PQAO Level
Semi-Annual Flow Rate | PM,,, PM, 5, Bias Annual/3-Year @ PQAO
Audit PM, Level
: PM,,, TSP . Quarterly/Annual/3-Year
Collocated Samplin e ’ Precision
PN pM, o, PM, @ POAO Level
. Annual/3-Year
PM PEP Program PM, s, PM, Bias

@ Site/PQAO Level
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What Are We Trying to Determine?

Precision Bias

“A measure of mutual “A systematic or persistent
agreement among distortion of a
individual measurements measurement process
of the same property, which causes errors in one
usually under prescribed direction”

similar conditions”
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Another Way of Looking at It...

# of Observations

Precise w Positive Bias

Precise w Negative Bias

Ideal: Precise w/o Bias

Low Precision w/o Bias

Low Precision w Negative Bias

Low Precision w Positive Bias

e —

-10 0 +10

% Difference
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Percent Difference &

Relative Percent Difference

Basis for All Statistical Calculations
e For standard gas

~ meas —audit
audit

d.

x100

* For Collocated Samples,

d

XY,
(X, +Yiy 100
2
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Precision

Defines the
“Width” of the
Bell Curve

90" Percentile of a Chi-
Squared Distribution =2
More Conservative

2
)

Gaseous Estimate =

e d? —(3d.)?
con Extimaten 2 &
Precision _ Estimate = ° |—
n(n-1) Xo.1.n-1

Collocated Estimate

nOidf _(idi)2

2n(n-1)

Precision _ Estimate = \/

Denominator changes
because we do not
have “truth”

Precision is more conservative when evaluated at
the 90% one-sided upper confidence level 8
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Bias )

Bias _Estimate =| AB|= AB+1,, ., *—
S_= L

Central
Tendency

Standard Error

95t Quartile of a
Student-t Distribution
w/ n-1 df
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Assigning a Sign to Bias

25t ogtile 1 75t 9ptile
+/-" (no sign)

25t ostile 75t Optile :
‘-’ (negative sign) | 25t otile 75t %%tile
2 | | ‘+’ (positive sign)
O i ' :
T | ! |
> | I l
3 | I |
2 ' =
O ! i
y— I i
:,2 751 Percentile
25t Percentile : |
: i
| I
-10 0 +10
25t < 0 < 75t > “+/-” % Difference

25" Percentile is >0 2 “+”
75" Percentile is <0 2 “-” 10



s Y United St g . . .
& PA Eriremmena protection National Air Monitoring Conference

Agency

Quality Assurance

Validation of Bias

Upper Probability Limit = m + 1.96*S
Lower Probability Limit = m + 1.96*S

e “d”s for the Results of the
Annual Performance Evaluation

2.5% of data in both tails

11
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4 N
Percent Differences
CV= 0% 10000 ]
Signed Bias= 0% » ot DU
Upper Probability Limit= 0% el RERSRERSREREREREREREREREN
Lower Probability Limit= 0% 10000 1
-15.000
. )
f Percent Differences |
CV=0% 15.000
Signed Bias= -5% P 000
Upper Probability Limit= -5% o]
Lower Probability Limit= -5% 000
-15.000
. )
f Percent Differences |
C_V: 73% 15.000
Signed Bias= +/- 5% 10,000
Upper Probab!l!ty L!m!t= 10.24 |« L AN A A AN A/
Lower Probability Limit= -10.24 sool NN NS NS NS
-10.000
-15.000
N )
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The DQI’s
e The Statistics
— Gaseous Precision & Bias Assessments
— Precision Estimate from Collocated Samples
— PM, ¢ Bias Assessment
— PM, : & PM_ Absolute Bias Assessment
— One-Point Flow Rate Bias Estimate
— Semi-Annual Flow Rate Audits
— Lead Bias Assessments

13
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Evaluation Tools

« DASC (Data Assessment Statistical Calculator)
— “Lightweight”
— Easy to Use
— Can be Used With Anything (If You Know What to

Apply)

 AQS: Data Quality Indicators Report (AMP255)
— Covers all of the Requirements
— “Official Copy”

 Annual Box Plot Evaluation
— Convenient (Let Someone Else Generate it)
— Interesting Method of Assessment

14
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DASC Tool

e Where to Access

— Downloadable Excel Spreadsheet Available
onthe TTN

— http://www.epa.gov/ttn/amtic/parslist.ntml

e When to Use

— Need a Quick Answer and You Have Data
Pairs in Hand

— Want to do an Assessment for Non-Criteria
Pollutants

15
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DASC Tool

References
Equations in
Appendix A

Insert Format Tools Data  FlashPaper  Window  Help
Va6 A9 o8 s A e @l
Pairs of \(/ A =IF(C44="""" ABS(CA4)2)

B [ ¢ | D | E | F [ 6 [H] l | 4 [

Valuea\/ PM, s Absolute Bias

N
>E‘ﬁfe ID: (B dte ID} [Poliutant type: PM, ; (Absolute Bias) | Bias (%}
| 3 | Meas Val [‘r’i\édil ¥al [X] d[Eqn 1] 25th Percentile d* Id| |(||2
[ 4] 5.05 555  -0.009"7 7509 81162 9.009 81162
| 5 | 1235 13 -5.000 75th Percentile = 25000 5000 25000 n Zid| =l “AB" (Eqn 4)
| 6 | 14 67 14,35 2.230" 2230 4973 2230 497328 213332 2660.956 8.205
| 7| a.59 762 24.870 618.507 24870 618.507|n-1 =d =d* "AS" (Eqn 5)
] 10.51 113 -6.99 48876 6.001 4B8876[ 25  -51.802 2660.956 6.035
R 12.44 1345  -7.500 56389 7.509 56,389
10| 378 451 -16.186 261,99 Bias (%) (Eqn 3) | Both Signs Positive
11 18.56 16.99 0,241 10.23 FALSE
E 12.56 13.32 -5.706 G aphs &- Signed Bias (%) |Both signs Megative
13 7 68 788 -2.662 +-10.23 FALSE
(14 ] 14.58 1632 -4.861 Stats
15 17.45 16.78 4117 .
16 1234 1344 -5.185 Automatlcally
17 5.05 555  -9.009
g | 1235 13 _5.000 U dated Return ta Main Menu Frint v ark sheet
19| 14.67 14.35 2.230
20 9,59 7.68  24.870 B18507 2n 507 (\ ™
[ 21 ] 10.51 113 -6.681 48876 6.681) 4B.ETE -@ Percent Differences
22 12.44 1345  -7.509 56389 7.509 56.389
23] 378 451 -16.186 261995 16186 261.895
| 24 | 18.56 16.99 0,241 85391 0241 85391 0.000
| 25| 1256 1332  -5.706 32655 6706 32565 20000 1 3
| 26 | 7.68 7.80 -2.6B2 7.084 2662 7.084 10.000 A A\
| 27 | 14 56 16532 -4.961 24610 4961 24610 p— JI \ . T\ A f, \ , f\ .}
F 17.45 16.76 4117 16.949 4117 16949 0000 o e | W N T YN
749 1234 1344 3185 66986 @185 66.986 : . 9
ﬁ -20.000
=R -30.000
3z
EE
= . vy
a5

R

16
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DASC Tool (Cont'd)

B3 Microsoft Excel - P&B DASC.

@] File Edit  Miew Insert Format Tools Data  FlashPaper  Window  Help

NG R SRITE $ SR P9 8 s A2 @

A - A DASC (Data Assessment Statistical Calculator)
A | B | ¢ | D | E | [ T
1 DASC (Data Assessment Statistical Calculator) Easy to Use

Navigation to Find

2 | Site: {Enter Sheil}
2 the Stats You Need
4 Step 1 Step 2
5 Fick a Poliutant Fick a Statistic to Calculate
=] Automated Methodds & PracisitiEatibiata
1 & 502 1
8| o ® flas: Csiimats Please Note \
g  Absolute Bias Estimate | .
[alia s If you wish to print & warkshest,
10 oo ; AR click on the "Print Worksheet" button
11 " One-Foint Flow Rate i
12 CPMI5 srn the.appmpr!ate wurkslheet. If
& B0 ou wish to print the entire warkbook
13 o please return to this worksheet prior
14 PM 10-2.5 to printing.
15 Manual Methods Step 3
= ©PM 25
T PM 0
o “ PM 1025 Go To Warkshest
7 Lead
13
19

' |

W 4 » WP Menu /COPEE /03 PRE /NO2 PR fS02 PRB f Colocated Precision 4/ PM 2.5 Bias (Current PEP) 4/ PM 2.5 Bias (Absolute Method) 4 PMc PEP / One-Paint Flow Rate { Semi-Annual Flow f Lead Bias /

17
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AMP255

 Where to Access
— AQS Standard Reports

e When to Use

— Submit for Annual Certification of Data

— Compare Your Results for What HQ Will
Refer to as “The Answer”

18
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AMP?255 Examples

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
AIR QUALITY SYSTEM

DATA QUALITY INDICATOR REPORT Oct. 27, 2009
1-Point Quality Control

Pollutant: CO PQAO: 1188 (Wyoming Air Quality Division, Dept Of Environmental Quality) App A?: Yes
Begin End %
Year Region State SiteID POC  MT Date Date # Req #0bs Complete CV Bias
2008 08 WY 56-041-0101 1 SP 01-JAN-08 31-DEC-08 26 98 100 7.18 +/- 568
2008 08 WY SUMMARY 26 98 100 7.18 +/- 568
SUMMARY 08 WY 26 98 100 7.18 +/- 568
Pollutant: NO2 PQAO: 1188 (Wyoming Air Quality Division, Dept Of Environmental Quality) App A?: Yes
Begin End %
Year Region State Site ID POC MT Date Date # Beq #0bs  Complete cv Bias
2008 08 WY 56-005-0123 1 SP 01-JAN-08 31-DEC-08 26 39 100 472 +/- 3.89
2008 08 WY 56-005-0456 1 SP 01-JAN-08 31-DEC-08 26 40 100 4.39 + 5.08
2008 08 WY 56-013-0099 1 SP 01-JAN-08 31-DEC-08 26 31 100 313 + 3.0
2008 08 WY 56-035-0098 1 SP 01-JAN-08 31-DEC-08 26 34 100 419 - 468
2008 08 WY 56-035-0099 1 SP 01-JAN-08 31-DEC-08 26 29 100 3.65 - 3.86
2008 08 WY 56-035-0100 1 SP 01-JAN-08 31-DEC-08 26 26 100 15.79 - 12.65
2008 08 WY 56-037-0200 A1 SP 01-JAN-08 31-DEC-08 26 49 100 6.41 +/- 536
2008 08 WY 56-041-0101 1 SP 01-JAN-08 31-DEC-08 26 117 100 473 + 5.48
2008 208 365 100 6.45 +/- 487
SUMMARY 208 365 100 6.45 +/- 4.87
PQAOQ: 1347 (Anadarko, WY) App A?: Yes
Begin End %
POC  MT Date Date # Req #0bs Complete CV Bias
StatiStiCS Shown 1 SP 01-JAN-08  31-DEC-08 26 28 100 17.78 +- 11.69
. 26 28 100 17.78 +- 11.69
on a per Site and 26 28 100 17.78 +- 11.69
RAQ: 0908 (Rhone Poulenc) App A?: Yes
Per PQAO Level Begin End %
. POC MT Date Date # Beq #0bs  Complete cv Bias
as Approprlate 1 ID  01-APR-08 381-OCT-08 15 0 0
15 0 "]

Page 2 of 26 19
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RECAP: What is Performed

Method Pollutants Frequency MQO
One-Point QC SO,, NO,, Every 2 Weeks | O; : SO,, NO,, CO:
Os;, CO Precision = 7% | Precision = 10%
Bias = 7% Bias = 10%
Annual Performance | SO,, NO,, | Once per Year | <= 15% for each audit concentration
Evaluation O;, CO
Flow Rate PM;,, Once per <= 4% of Standard & 5% of Design
Verification PM, s, PM, | Month Value
Semi-Annual Flow PM;,, Every 6 Months | <= 4% of Standard & 5% of Design
Rate Audit PM, 5, PM, Value
Collocated Sampling | PM,,, TSP, | 15% of PM, s, TSP, PM.:
PM;s, PM. | Network Every | PMy, : Precision = 15%
12 Days Precision = 10%
PM PEP Program PM, 5, PM, PM, c: PM.:

Precision = 10%

Precision = 15%

20
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AMP255 Examples (Cont.)

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
AIR QUALITY SYSTEM

DATA QUALITY INDICATOR REPORT Oct. 27, 2009
Performance Evaluation Program (PEP)

Pollutant: PMz2 5 PQAQ: 0520 (Indiana Depart OF Enviran Management/Offica OFf Air Managemant) App AT: Yas
#PEP  #PEP # Collocated # Collocated % Conf. Limits

Year Begion State #Sites Roguired Collected PEPRsg  PEP Col. Complate Bias Lowsr  Uppar

2008 05 IM Az B 7 a a B4 - 322 -10.32 3.88

SUMMARY o5 IM B3 - 322 -10.32 3.88

Pollutant: PM2 5 PQADQ: 0523 (Indianapolis Offica of Environmeantal Sarvicas) App AT: Yas
#PEP  #PEP # Collocated # Collocated % Conf. Limits

Year Begion State # Sites Reguired Collected  PEP Reg PEP Caoll. Complate Eias Lowsr  Uppar

2008 05 IM 5 5 5 0 0 100 - BT0 -17.08 -0.34

100 - BT0 -17.06 -0.34

SUMMARY o5 IN

21
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Notes About the AMP255

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
AIR QUALITY SYSTEM

DATA QUALITY INDICATOR REPORT Ot. 27, 2000
Semi-Annual Flow Rate Audits

Pollutant: PM2.5 Managamant/Office OF Air Managamant) Lpp AT Yas

Understanding

#

s}
o

Criteria =~ Obs/Q  Avg Conf. Limi®

Year  Ragion State  Sita ID Do e at? 0102 O3 04 %4 LowarUnporgie '
2008 05 IN 12-157-0008 2 2 4 35
2008 05 IN 12-163-0006 1 2 » 7 : 1 : : 0.3 Data Is Grouped
2008 05 IN 121630006 2 2 4 ¥ 1 1 1 1 00 Bv Whether it Aopli
2008 05 IN 121630012 1 3 2 4 ¥ o1 1 1 1 202 y ether It pples to
2008 05 IN 121630016 1 5  01-JAN-08 31-DEC-08 2 4 100 ¥4 o1 1 1 -1.4 . .
2008 05 IN 12167-0012 1 S 01-JAN-08 31-DEC-08 2 4 10 Y 1 1 1 1 04 Appendlx A Regulatlons
2008 05 IN 12-167-0023 1 5  01-JAN-08 31-DEC-08 2 4 100 ¥4 o1 1 1 1 .
2008 05 IN SUMMARY 73 145 100 84 36 35 37 38 0.5 Or Not (DEflned by the
SUMMARY 05 N 73 145 100 84 36 35 37 38 05 .
Pollutant: PMz2.5 antal Sarvices) App Monitor Type)
Flow Rata

Bagin Erd #0 L8 Critaria Obs! O Avg  Conf. Limits 2% Botwoan
oar Bagion State Sita D POC Dts Date  # A&y w/Data Complate Mat? O Q2 &3 Q4 3d  LowerUpper Conf. Limits
2008 05 IN 12-007-0043 1 g PR —- - ¥ 1 1 1 1 04
2008 05 IN 12-097-0066 1 ; ¥4 o1 1 1 -1.2
2008 05 IN 12-007-0078 1 Summaries are Computed ¥4 o1 1 1 1.2
2008 05 IN 12-097-0081 1 Y ¥ o1 1 1 1 -1.0
- N resetiEl Per Year within the Group [ EEEEREEERENY-
2008 05 IN 12-097-0083 1 - ¥ o1 1 1 1 -18
2008 05 IN SUMMARY And then Summarized 100 6 6 6 & -1.1 0
SUMMARY 05 N 00 6 6 6 6 -1.1 0

AcCross Years

22
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How Can This Be?!?1?!

#U ks Coritaria Audit Date Months Since
# Req w/ Data Complate Mat? L ast Audit
= 4 100 M March 16, 2008 n/a
 Rule Says:
June 19, 2008 3.10 Months

— Must Have at Least 2
Samples if the Monitor
was Operational at
Least 7 Months in the
Year

— Samples Must be
Between 5 and 7
Months Apart

July 22, 2008

1.10 Months (4.20
Months Since 15t
Sample)

November 4, 2008

3.42 Months (4.42
Months Since 2nd
Sample; 7.61
Months Since 15

23
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Practical Interpretations of the

AMP255

 Provides and INDICATION of Quality... Not the
Final Answer
— Data Will Not be Invalidated / Not Certified Because
the “Criteria Met” Column Says “N”
 Flow Rate Verifications Are Not Required to Be
Entered in AQS

— Interpretation of Results Provided for Those Agencies
that Choose to Report These Values

e Rules of the AMP255 Are Documented on the

TTN
(nttp://www.epa.gov/ttn/amtic/files/ambient/gaqc/AMP255FAQ. pdf)
24
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Annual Box and Wisker Plots

 Where to Access
— http://www.epa.gov/ttn/amtic/parslist.ntml
 When to Use

— Provides Interesting Graphical Displays of
Previous Year’'s Data

— Use In Historical Trends of Quality of Data

25
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Box and Whisker Plots

Upper Fence *
Q3 + (1.5*IQR)

A

i T+ Whisker, 4

Interquartile 3 <+<— Q3 (75" Percentile)

Range (IQR) N -~ |\Q/|2 (50" Percentile)
+<—1—— Mean
X l <— Q1 (25" Percentile) Outliers

<+ Whisker i,

Lower Fence

Q1 - (1.5*IQR)

A

—% %

26
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Box and Whisker Plots

Region  State Agency Parameter Monitor Type
- . . SO, SLAMS
AQSID
cv 717 4.83 14.386 4.1 3.99 7.54 573 7.31 6.37
Bias 6.66 439 9541 -4 36 +4 59 +6.63 +6.27 6.19 534
# Obs 28 26 10 26 25 26 26 26 26
20 7
T $ &
10 7 *
4
é H
. -
p + + +
fa]
® B -

Remember Me?

o - Posted Box and Whisker Plots are Available at:
WwwWWw.epa.gov/ttn/amtic/parslist.html

27
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What Data Is iIn AQS?

e Collocated Data

 Flow Data

 Annual Performance Audits

e NPAP Data

e Technical Systems Audit Information???

28
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“Where the Rubber Meets the Road”

An Example of Output of the Tools for a
Common Dataset

Extracted
Audit Data

-
AIR QUALITY SYSTEM e a | »a | » | = - » | = | = Es 1
DATA QUALITY INDICATOR REPORT e, U e e e O

1-Point Quality Control —1 z |
umy 1 . x 3 i
4 L
o b ) 1 i
1 Tan w3 A B om b
i AT 1 F— = E |
o " R B S
- i
. i It ] e 2
“s
‘i
s -
1,

£i§§ ﬁkit{ g
TV Ct1

Beufp BEzawseosuf

HE g!iﬁ:’ Egiﬁﬁﬁiii E!ﬁ!:‘ E

-l

- WY - L
Wy = r
i 2 24 ~
- E ]
= o Y Soo it e S 3

o
Bagen e SB0 PO Dty hng rgate o =
T s o .
sy SUMMARY = R T
- » : W 29
-] POAG: 0908 (Fhone Pt Agp A% Ve

Begs  Em .
Pegn Sele BME MC M Outn Ouw LY L Comowle  OX L]
S Wil O, S e
WY SUMMARY " o o
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Box Plot Output

Region  State Agency Parameter Monitor Type
10 WA Washington State Department Of Ecology (1136) co SLAMS
AQS ID (530110010-1/530330019-1(530330077-1|530330087-2|530530032-1|530610008-1|530630040-1|530770014-1
cv 3.43 2.58 3.21 2.1 2.69 3.30 3.19 1.35
Bias 294 212 2.64 -2.67 2.21 272 2.38 -1.96
# Obs 35 55 22 28 26 26 25 13
20

% Difference
o
|
L H' ]
—{3
HHH
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