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Calibration curve

A mathematical model for translating an instrumental response into
an amount or concentration of a target analyte
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Models used in Environmental Analysis

Average response factor

Linear regression
Weighted or unweighted

Quadratic regression
Weighted or unweighted
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Measuring calibration quality

Average RF: % Relative Standard Deviation, RSD

Regression curves:
Correlation coefficient / Coefficient of determination

And now:
Relative Standard Error, RSE

<= eurofins . .
Environment Testing

TestAmerica



Progress so far...

*RSE added to Method 8000 and 600 series
*RSE added to TNI standards

*Relative error added to 8000 series
*Relative Error added to TNI standards
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A few questions

What is this RSE?
Why do we need it?
Are we done?

U RSE = 100 % Zr _I]/{ﬂ—*p:}

"'||L

For Average Response Factor, RSE = RSD
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Let’s analyze a calibration

Amount Response
2.00 38345
5.00 104587
10.00 211363

20.00 432675
40.00 871485
80.00 1483247
120.00 2084890
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Average response (or calibration) factor

A
RF = —
Cx

Amount |Response RF

2.00 38345 19173

5.00 104587 | 20917
10.00 211363 | 21136
20.00 432675 | 21634

40.00 871485 | 21787
80.00 1483247 | 18541

120.00 | 2084890 | 17374

<= eurofins . .
Environment Testing

TestAmerica



Average response (or calibration) factor

RF;

REyyg = T

(19173 + 20917 + 21136 + 21634 + 21787 + 18541 + 17374)

FAVE == 7 — 20080

Y =20080x

Important:
Each point has the same weight in

determining the RF, g, regardless of
concentration
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Evaluating the Average RF calibration

VX (RF; — RFyg)?

Std Dev =
n—1
RSDY% Std Dev X 100
0 pr—
REgyE

RSD% = 8.5%

Important:
RSD is relative — the error at each point is

a percentage of the concentration.
An error of 10ppb at 100ppb has the same
weight as an error of 0.1ppb at 1.0 ppb.
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What do we want to minimize?

Average RF minimizes % error

We want to minimize error, but do we want to minimize absolute error
or relative error?

Have a relatively
happy birthday.

= W
€
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Absolute or Relative?

Absolute error=5

True 1 5 20 50 100
Measured -4,6 0,9 16,25 45,55 95,105

Relative error = 10%

True 1 3} 20 50 100
Measured 09,11 45,585 18,22 45,55 90,110
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Average RF minimizes the relative error
%RSD measures the average relative error

Which is what we want!
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Are we done?
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Let’s go back to our curve

Amount Response
2.00 38345
5.00 104587
10.00 211363

20.00 432675
40.00 871485
80.00 1483247
120.00 2084890
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Acceptance criteria

*Criteria
= Coeff. Determination =r? > 0.990
And
= RSE <20%
Or
= Mid point relative error < 20%
= Low point relative error < 30%
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Let’s analyze a calibration
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Linear regression calibration

4 N
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2.5E+06 -

—Linear 1/X2
2.0E+06 - 2
X TRUE
& 1.5E+06 - X
=
o
Qo
"
& 1.0E+06 -
R?=0.964 FAIL
5.0E+05 -
RSE =9.3% PASS
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-_

-28.52% -3.50% -156.7%
S -0.07% 4.35% -46.54%
10 7.46% 5.17% -11.91%
20 13.32% 7.50% 7.64%
40 15.73% 8.19% 16.86%
80 -0.95% -7.95% 2.38%
120 -6.97% -13.75% -2.94%
RSE 16.4% 9.3% 73.8%
R® 0989 0.964 0.993
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Calibration issues

RelResp = [0.4748] + [0.02275]«

20d  —IC 5809591 /5

- ] IC 580-9591/6 IC 520-9591/9 —
= 153 IC FB0-9591 47

= Rl

(a1 -

e .

() -

a i

” 0.5

IC 530-9531 /4
/ IC 520-9591/3
IC 580-9591/2
100 200 300 400 500 GO0 700 8O0 900 1000
Concentration

=
fum]

r=0.997, r2 = 0.994 RSE = 179%
Calibration Standard Lewvels
Lewvel o Uzed =7 Amount & 5F Area W [SArea W ZE mor il 421 ' 53

IC 580-3591 /2 5 1348 B18332 42163
IC 580-3591./3 10 3250 B47IE | a5 43 -I EIE 43
IC 580-3591./4 25 TEa7 B4E400 I 78.87
IC 580-9591 /5 50 23729 700033 l 713 l
IC 580-3591 /6 100 4713 48204 17.47
IC 580-3591 /7 250 111297 233662 8.93
IC 580-3591 /2 500 229185 917694 5.52
IC 580-3591./9 7h0 Areza 1005615 543
IC 580-3591/10 1000 499631 1131444 511
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Dalapon

Responge = [2.262E+04] + [1.693E+06]x + [-2.447E+05]:"2

] IC 480-3/4 —
1l —IC430-3/5

o . IC 480-341

E 1.0 |C 480-3/2

g i

Z ] —IC 480-3/3

m 5]

@ .
7 |C 480-3/6

0 EI: IC 480-3/7
n 0.1 n2 03 04 05 0B 07 08 09 1
Concentration
2 = —
r~=0.999 RSE = 63%
Lewvel | Uszed | Amoun 7 Area | ZEmor W
|C 480-347 ¥ Q.01 22047 103,37
IC 480-3/6 v 0.0z 49262 21.07
IC 480-3/5 v 0.05 1085930 068
p | IC 480-31 v 0.1 211249 14.05

IC 480-342 v 0.25 442363 474
|C 480-343 ¥ & TE2496 304
IC 480-344 v 1 1374873 0.33

| “Ermor W

105,57

| 21.07
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ICPMS, 51V

Blank | Unweighted | 1/X 1/X?2 1/SD?
offset

1.23 -0.45 0.957 1.00 1.07
10 10.3 8.66 10.0 9.94 10.1
100 104.5 102.9 104.1 102 103.9
2000 1999 2000 1996 1963 1991
R 1.0000 1.0000 1.0000 1.0000 1.0000
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So what is going on?
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Regression

In an unweighted regression, we are
minimizing the sum of the squares of
the absolute values of the residuals
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Correlation coefficient

Y mY — YT YU

) \/ﬂ.zﬂ (D)2 \/HZ*H.E_ Z“;Ua}

The main takeaway is that the correlation
coefficient is evaluating how far away from the
expectation each point is — in absolute terms
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Absolute or Relative?

Absolute error=5

True 1 5 20 50 100
Measured -4,6 0,9 16,25 45,55 95,105

Relative error = 10%

True 1 3} 20 50 100
Measured 09,11 45,585 18,22 45,55 90,110
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Unweighted regression minimizes the absolute error
Correlation coefficient evaluates absolute variance

Which is NOT what we want!
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Can calculate R for Average

-_

-4.52%
S 4.17%
10 5.26%
20 7.74%
40 8.50%
80 7.67%
120 13.48%
RSD  8.5%
R?  0.983

RSD = PASS

Coeff Determination = FAIL
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To get ridiculous for a moment

Conc Resp

1 0.00
2 0.00
3 0.00
4 0.00
5 0.00
10 0.00
100 117

slope 0.81564
corr 0.99679
int 4.16667

Because in absolute
terms, nothing is far off
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		-1.7161195877		0.0000694456						24085		-0.0435217093				0.00				0.0435

		-1.7161195877		0.0000694456						168825		10.0080380548				10.00				-0.0080

		-1.7161195877		0.0000694456						385779		25.0745441834				25.00				-0.0745
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		-1.6677939655		0.0000692296						24085		-0.0004000363				0.00				0.0004
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		DATE COMPLETED: 01/19/2005										INSTRUMENT:						Trace 2																		12%		19%				35%		38%

		METHOD NUMBER:		6010B/200.7								BATCH:		A5B00725																				26		3		5		26		9		10

		RUN:   A011905										ANALYST:		TRB

		PREP METHOD:      3005										QUALITY ASSURANCE:																						CCB						CCB

				SPIKE		REPLICATE MEASUREMENT														AVG (mean Value)		Recovery		PREC.		MDL		> 1/10 MDL		Report.				4/23/05						4/23/05

				CONC																		of Spike		Standard Deviation				spiking conc.		Limit				12:34						1:41

		ANALYTE		ug/L		1.0		2		3		4		5		6		7		ug/L		%		ug/L		ug/L		YES or NO		ug/L

		Al     A012505		30.00		28.27		28.40		27.29		24.59		25.99		23.35		24.36		26.04		86.8%		2.01		6.32		YES		200.0				7.19		1		1		19.3		1		1

		As    A012105		20.00		20.38		19.56		18.28		20.21		18.85		19.58		19.16		19.43		97.2%		0.74		2.32		YES		7.0				0.55		0		0		2.18		0		0

		B      A012505		5.00		5.23		4.89		5.34		4.44		4.75		4.84		5.16		4.95		99.0%		0.31		0.99		YES		100.0				0.5		0		0		1.09		1		1

		Ba		1.00		1.02		1.05		0.98		0.97		1.08		0.94		0.97		1.00		100.1%		0.05		0.16		YES		1.0				0.04		0		0		0.15		0		0

		Be   C012705		0.50		0.46		0.49		0.45		0.48		0.45		0.44		0.42		0.46		91.1%		0.02		0.07		YES		5.0				0.01		0		0		0.08		1		1

		Ca		30.00		33.02		31.73		32.37		32.68		35.50		33.22		33.17		33.10		110.3%		1.18		3.71		YES		500.0				-4.55		0		1		9.87		1		1

		Cd   A012505		1.00		1.06		0.96		1.00		1.04		1.07		0.95		1.08		1.02		102.3%		0.05		0.17		YES		1.0				-0.12		0		0		0.11		0		0

		Co		5.00		5.12		5.29		5.23		5.12		5.41		5.12		4.83		5.16		103.2%		0.18		0.57		YES		5.0				-0.14		0		0		0.08		0		0

		Cr   A012505		2.00		1.99		2.07		2.24		1.89		2.21		2.34		2.12		2.12		106.1%		0.15		0.49		YES		2.0				0.42		0		0		0.59		1		1

		Cu		5.00		4.65		4.51		4.41		4.53		5.12		4.55		4.56		4.62		92.4%		0.23		0.73		YES		10.0				-1.64		0		1		-1.17		0		1

		Fe    A012105		50.00		56.34		59.48		53.99		64.14		57.06		62.41		60.10		59.07		118.1%		3.54		11.14		YES		50.0				0.03		0		0		13.4		1		1

		K		200.00		203.48		194.33		189.86		200.10		207.49		178.70		196.90		195.84		97.9%		9.53		29.96		YES		500.0				-10.46		0		0		0.2		0		0

		Mg		30.00		36.13		32.68		33.28		32.99		36.76		31.59		30.48		33.42		111.4%		2.28		7.17		YES		200.0				1.42		0		0		16.3		1		1

		Mn   A012505		0.50		0.53		0.52		0.56		0.55		0.58		0.59		0.54		0.55		110.6%		0.03		0.08		YES		3.0				0.04		0		0		0.07		0		0

		Mo		2.00		2.32		2.03		1.86		1.76		2.06		1.75		1.42		1.89		94.3%		0.29		0.90		YES		10.0				0.85		0		0		1.2		1		1

		Na		1000.00		1008.90		976.06		980.06		883.97		1025.70		883.54		890.61		949.83		95.0%		62.03		194.96		YES		1000.0				58.8		0		0		9.13		0		0

		Ni   A012505		5.00		4.77		4.57		5.14		4.90		5.29		4.89		4.78		4.91		98.1%		0.24		0.76		YES		10.0				-0.41		0		0		0.48		0		0

		Sb		20.00		20.54		18.45		19.52		20.16		19.85		21.35		17.35		19.60		98.0%		1.34		4.20		YES		20.0				6.47		1		1		4.01		0		0

		Ti		4.00		4.25		4.18		4.15		4.23		4.34		4.07		3.91		4.16		104.0%		0.14		0.44		YES		10.0				0.51		1		1		0.48		1		1

		Tl		10.00		9.06		8.30		9.51		8.81		10.79		8.67		10.12		9.32		93.2%		0.88		2.76		YES		5.0				-1.3		0		0		1.21		0		0

		V   A012505		2.00		1.83		1.78		2.03		1.78		2.17		2.20		1.90		1.96		97.8%		0.18		0.56		YES		20.0				-0.06		0		0		0.53		0		0

		Zn   C012705		5.00		6.47		6.97		5.08		5.63		6.67		5.35		4.97		5.88		117.5%		0.81		2.56		YES		20.0				-0.01		0		0		0.34		0		0

		Sn		10.00		9.73		9.00		10.65		10.37		10.87		8.81		8.86		9.76		97.6%		0.88		2.78		YES		20.0				-0.13		0		0		1.1		0		0

		Ag		3.00		3.23		3.31		3.21		3.39		3.50		2.82		2.66		3.16		105.3%		0.31		0.96		YES		10.0				-0.73		0		0		0.38		0		0

		Pb		10.00		10.64		10.09		10.62		10.71		10.53		9.62		10.53		10.39		103.9%		0.40		1.24		YES		10.0				0.51		0		0		-0.4		0		0

		Se		20.00		20.05		20.70		22.28		20.38		21.31		22.01		20.21		20.99		105.0%		0.89		2.80		YES		15.0				1.35		0		0		0.84		0		0
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		chicago

		silver

		slope		intercept

		2.35247		0.000952				0		-0.00041		-0.0000125127

		2.35247		0.000952				0.4		0.17035		0.4016952645
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												0.08																												0.08

		Concentration (ug/l)		Response

		1		10.8		-3.8635545182				-0.6479661698		0.08		1		0.543632513				R		0.9929131763								1		10.8		-3.8635545182				-0.6479661698		0.08		1		0.9630386273				R		0.9960194376

		10		92		88.8181393798						0.8		-1		0.4322708793				SLOPE		10.2979659887								10		108		88.8181393798				9.9301332017		0.8		1		0.9313364125				SLOPE		9.1887962654

		25		270		243.2876292097						2		1		0.5330639389				INTERCEPT		-14.1615205068								25		230		243.2876292097				23.2071715075		2		-1		0.1749681633				INTERCEPT		16.7540291208

		50		460		500.7367789263						4		-1		0.1349477382														50		540		500.7367789263				56.9439081861		4		1		0.7886080601

		75		690		758.1859286429						6		-1		0.0427577254														75		690		758.1859286429				73.2681356113		6		-1		0.0977630531

		100		1080		1015.6350783594						8		1		0.8404267825														100		920		1015.6350783594				98.2986176631		8		-1		0.1561962023

		43.5		433.8		433.8														0										43.5		416.4666666667		433.8														0
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Concentration

Response

Linear Regression, unforced and unweighted
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Linear Regression, unforced and unweighted
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Linear Regression, unforced and unweighted
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Concentration

Response
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		can't fail!								0.2

		Conc		Resp																		Conc		Resp

		1		0.00				0.9092633396		0.2		-1		0.0865855512		1						1		0.92				0.412455916		0.2		-1		0.120670951		1

		2		0.00				0.5773757162		0.4		1		0.618236222		2						2		2.02				0.0613311255		0.4		1		0.7321280883		2

		3		0.00				0.4174800295		0.6		-1		0.282696879		3						3		3.41				0.6800255062		0.6		1		0.6388996892		3

		4		0.00				0.4220030737		0.8		1		0.7035135071		4						4		4.69				0.857159908		0.8		1		0.521330804		4

		5		0.00				0.729460497		1		-1		0.2428684122		5						5		5.58				0.5847069012		1		1		0.7390500726		5

		10		0.00				0.7240544664		2		-1		0.1502411296		10						10		9.46				0.272368844		2		-1		0.1156135352		10

		100		117				0.8747156327		20		1		0.7935559238		100						100		89				0.5634666777		20		-1		0.4169860085		100

		slope		0.81564

		corr		0.99679

		int		4.16667





		





		






Correlation coefficient

“Very common mistakes in the analytical calibration process are the
use of correlation and or determination coefficients...

Evaluation of analytical calibration based on least squares linear
regression for instrumental Techniques, Francisco Raposo, TrAC 77,
Match 2016, Pages 167-185
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Correlation coefficient

IUPAC, 1998
Guidelines for Calibration in Analytical Chemistry

The correlation coefficient, which is a
measure of two random variables, has no
meaning in calibration because the values

X are not random quantities
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Correlation Coefficient

For most applications, and calibration curves in particular, the
correlation coefficient must be regarded as a relic of the past

= Meier and Zund, Statistical Methods in Analytical Chemistry,
2000
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Correlation Coefficient

“One practice that should be discouraged is the use of the
correlation coefficient as a means of evaluating goodness of fit of
linear models”

= Van Arendonk and Skogerboe, Anal. Chem. 53, 1981, 2349-2350
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Taylor, Statistical Techniques for Data Analysis, 1990

“The author has seen cases where a
correlation coefficient of 0.997 was believed to
be a better fit than 0.996 of a 5 point
calibration curve. One can even find
requirements in quality assurance plans to
recalibrate if the correlation coefficient is less
than 0.995!"
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RSE Status

*RSE adoption should be relatively straightforward because:
= For the average RF calibration RSE = RSD

= RSE essentially just allows RSD to be applied to all types of
curves, instead of just Average RF

*However:
*Virtually unused
= May increase after 2016 standards are adopted

= Needs to be incorporated into major manufacturer
instrument software

= Needs removal of correlation coefficient option??
= Needs champions
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So what is important?

*Measuring relative error

*Do we already have measures of relative error in EPA

methods?
relative error
measured value
l o — :IB

dx =

actual value
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Method 524.4

*Linear or quadratic regression may be used

*Calibration points < MRL must calculate within 50% of true value
(Relative Error)

*Calibration points above the MRL must calculate within 30% of true
value (Relative Error)

°No correlation coefficient or coefficient of determination!
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Relative error (Method 524)

Using relative error of each point is less desirable than RSE, but it is
good:

= Measures what is important, relative error
= Consistent with TNI standards
= Consistent for different curve fits
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8270E Relative Error

Average curve fit — RSD (Relative Error)
Linear or quadratic regression
= Has RSE option (Relative Error)

= Recalc at low point 50%, other points 30% (Should) (Relative
Error)

= Consistent with method 524

= Unfortunately includes correlation coefficient and coefficient
of determination

Just drop r and r?2!!
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624.1 Relative Error

Average curve fit — RSD
Linear or quadratic regression
= Has RSE option (Relative Error)
= No recailc
= Unfortunately includes coefficient of determination

Just drop r? and add Recalc!
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What Next?

*Raise your hand if you think calibration is an important part of an
analytical chemical method

*Keep it raised if you think that a good measure of whether a
calibration is acceptable is important

*Keep it raised if you think a bad measure of calibration acceptability
is a problem
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THEN--AS IF AN IRRESISTIBLE FORCE WERE 1
MEETING AN IMMOVABLE OBJECT...

Vi
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