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Fig 1. The “Horwitz Trumpet”. Purists may object to negative 5D
values—the lines are best regarded as confidence boundanes.

991 ™ YV DWNN 90N PP NNVIANDYI PNYA D DAYV POV ITHAR DIYTHN
DIMIR2 DIRRNIN DNY DN DY DMWY DNAY 1N MDA RY IR NPT NI MNHON 1) NINT

MY MNPYIN 7901 1292910 17IVIANVI PNY IRIN



PORTRN) DYVINN TN DRV 2"y
PV=nRT

IIUND

nayna yny =P

RNINTN N2 =V

D211 790N =N

( K 273.15 = ooy mbyn var ) K 115 mmnia RnanTn nnvianv =T

NR 2WNY 991 19%.97N0 YW DYIN 790N NAY ,1MVIHNY LpnY P qwpnn Map wn =R
RNV NHR DY Navn MY Mapn YV 1Y

R=1.0 atm x 22.414 L / 1.0 mol x 273.15 K=0.082058 L atm mol™* K™

ANNWNN 9"y 2WINND N PP 273.15 = Mbyn DAX NNIVINLVA DI 1 Y DD N IWNRD
IINaAN

VmM=RT/P
ORI
0 99 MIRYIN N9 =VmM

199 273.15 = 0Yodx MYyn var =T

0 5» 1MVI9NVY NIADINLVR 1 YV PNY 1IN MY 1IN ) 2INY VY 22.414 = IRNINN
(Standard Temperature and Pressure = STP, 01098 mbyn

mbYyn 25 Y 77079001 11ADINOR 1 YW ynY 1na1)  Hmnd Y 24790 = ArNINN
M9p 298.15 =pyohHy

(Standard Ambient Temperature and Pressure = SATP,

5NNRA NPT MR VI PIRa CH3CH,OH - Ynnrn nam nyapa a1 nvn

P20 NININN A"Y 1pNn NPV MYW NR 71729 10y 240 ug/l nen pm s Sy namnn
5"10 1Y

THYIND TPYAn
2115 073 46 YV NIRYNPHIN "N HYa 1N DN
5mY 9vH 24.790 NN ITNN NVIANVI NINRN SV 13N N9




099 DX 1PN MITNA NN QWD PWINND NYAPNNA IRNIND NN
0299 91NR D 1.8555 = qv2Y 24.790-5 pHNY Hnnr oI 46

NINTA DNNN N | 1190552 HNNN 09319919 | NN 9"y 1pnn n»oo
DOMNNA DOMINNA
100 % 1855587 2%
1% 18556 4%
0.01% 186 8%
0.0001% 1.86 16%

MY 0095 DRI 240 YW H1INR 119275 NAVINNN JPNN DYV

(099 Dwpn 19.2 -/+ ) 240 = 8% -/+ Hw 1PN N1V 1Y 1YY DA 240

JIpnn oo DY 3100 99.73% Sv Manona NYIWN YY MRTIN R

3x19.2=57.6 ug

NN MXTN X OIIY DY NINIININ NIRIIND

240 +/- 57.6 g/l

90959 89 999721 300 4 180 122 10> MRHINA N

(2 "o N9 AN ) 19INY 192Y 1Y IV

Y DX MR RN TV ,NINDIN NTIYN HY DIRIN PIMNY VRITH PYWIN ATNIA
V1 MR HNNR DN 1PN 240 DD DYPN VIANY NYIRN G0 2IVN TVARTY

99) MNTNN IN IV PHNNND 990 MDY 1298 0NN 240 7990 Nt IWINa

VI PN VDY BIIP 320 NN N NIPNA NAYAND 0 L OWIVIN

-9297M

DM 1 (25.6 -/+ ) 320 = 8% navn 9v25H B3 PN 320 YW 11971 JpNN NYVD
PNN NV DY 31300 99.73% YW MIANDNA VYN YV MRTNN IR

3 X 25.6=76.8 g

NPN MXTNN OX Y DY NINNINN NRIINN

320 +/- 76.8 pg/l

(90999 DN 395 1YY 91 245 pnnn 91)

90 099972 240-1 MHND I1INAY M Y HYWIN NS0 MY »159aY
IV PNNR 90299 093 19991 320 1390 NOYINN




- 999) 191N

76.8 + I[I‘IJ.I‘IF']‘] 395

o oanjm 320 2o nran't o1 AR

J_ DA 245

nang'n 300 -|-
576 i‘ o oangn 240 jpina g

oA 180 J—

Y DNTNN NN MNTND X 299Y NN PAVYNI INNPY NOY 118D W) 1H9YN
9"y YVITIN PPWINY MNTINN N 299¥ NN ¥Y2IP NWINND (DN ) BYPT2ID
992 NIMHN T IR PR . X2 HINSNI NHHYTNINND 1PHN NPVY NIHYH
N D9V 901N NN AN NY .NIYN 2975 HMHNVA NIITN NIY II¥IT YVONNIDN
LNDY 3955 NITTN NP0 L DWNY NTAYNN DY MINTND N 199 NP MINTH
019902 MPMEHNNA WHTIN DD NN 03PN XY DN 2109 M8y T°9NNH ON JaN

D209 NN I .HY53 MNT IN NYAPY ©IPN 1PN ,INYT N

1NN SYMIN TOINNN 939N TPUNN

(n99X99) 19993 HNNIPY N*A

2% YT DNMOM MYYI MONIN NITOA YAPNNY 21300 NR DTN HPIN NMPY NVwa
933 217p 2571Y NRTY DVIN DXVITIVON NN .NIMI-DIND NMIPY DMIIRMI PTAIN ININN
DNIOYIN KV DN NNRNAY TNX DI VY IWAR TAN RYY 927 , 05910 11971 TWarD
D'Y'N2 ;DYVITIVDN YV DYION DINN TIN2 YA DHPIN YV LIPDIY O ,DVITIVDN HV
oy Y93 nmpy nuwwh annT  LIRMNI0PIR 'Y 1YIN YV 110 IR YIApY NN MINR
noowa Co(ll) Yw ®Ron AeSIvn .1 9982 MIRINN PXN9IVPR 'Y DOHYIN NI NYap
MRINT VAN HY 0NN PAY 1YHAN P2 MOYNN DR NIRDND IMPY NMIVMVINTVPID

Monnn pna Co(l) Yv ooyyr omoan mYonn

Signalofunknown

Absorbance

Concentration
of unknown

0 10 20 30 40 50
C.,,mM

Fig. 1. Determ ination of Co (lIll) by the calibration-curve method
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The amazing Horwitz function

Collaborative trials

For mawy years Dr William Horwitz has been wall
known as an advocate of the collaborative trial or,
nsing the more corract [ITPAC enminolozy, the
interlzboratory method performance smdy. o
collaborative trials, the orgawizer dismibutes a
duplicatad st of test materals to the participaut
laboratories, which analyse them blind by a smictly
defined method. The results are remurned to the
organizer, who caloulates the estimates (5 and 5 ) of
the repeatability and reproducibiliny (bemwaen
laboratory) standard deviations. These statistics are
mkan 3z measures of the performance of the analyncal
method Thouszwds of analviical methods (mostly m
food analysiz) have been subjecred to a collaboramve
rmmial and Bill Horwitz made a close study of the resulms.

The Horwitz ‘trumpet’

With so many results to hand, he noticed a striking
patem in the relatve standard deviatons. As the
concentration of the analyte decreased over owo orders
of magnimde, the ralative standard deviznon of
reproducibility (R5DE) increased by a factor of two.
So at 100% concentration of analyts the FSDE was
about 2%z, at 1% the RLSDE was abour 4%, and af
0:01%% (100 ppm) the RSDE. was about §%. This
pattemn perzisted at least down to sub-ppm levels.
These findmes gave rise to the famons "Horwitz
Trumper”', which depices the relationship expressed as
2 two-zided one-sigma confidence mrerval (Figure 1).
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Fig 1. Ths “Hoawitz Trempat”. Purists may object to negatrve RS0
waluss—ths kinss ars best ragardsd a5 confidence boundzsies.

A remarkzble aspect of this was thar the results of
collzborative tials seemed to obey this law regandless
of the namre of the analyte and the test marerial, or the
physical principle nnderlving the measurement meathod.

Moreover, the precision did not improwve with tose,
despite the enormons strides in analyncal recheology:
counter-innutively, it was fiound that collzsborative
trials conducted in the 19205 gave results falling on the
same curve as those conducted m 1990s.

Collaborative trial data

Of course, the results from all of these FSDE. values
did mot all fall exactly on the implied mathemancal
lina. There are a munber of obvions reasons for that
First each value of F.SDF. was estimated frowm smoall
samiples of results (the typical 10-20 parocipants is
“small” by stanstical standards) and had 2
correspondingly larze standard emor. An estmared
ESDF. could easily vary by = 30% relamve. This factor
alone accounts for about a kalf of the scamer around the
mathemarical live. Second, BSDE values vary
soqnewhat within a single method, especially at
concentrarions less than abowt 50 tmes the derection
limzt. Finally, some methods have inherently kigher
betweesn-laboratory precizion than others by a small
degree. Mevertheless, when this larze dataset was
considered as a whole, the roedian mend was
exmraordinarily clese wo Bill Horwitz's very simple lawr.

The mathematical form of the function

The fancrional form of the Horwitz relatonship is
more easily perceived if the wadidonal mumpet iz
replaced by the mathemarically equvalent relanonship
berween predicred reproducibility standard deviaton
ry and concentration ¢, namely

Ty = 002"

or, in leganthmic fonm, the linear equation

log,, &, = 0849510z, £—1.6000

where o, and ¢ are mass ratios. This is 3 simple
power law but with & verv strange exponent of 054035
(= 1-log,, 2/2).

The linsarised Horwitz function as exprassed above
suggests 3 nsefil way to look st analytical systems
empically. Applied o Horwitz®s compilations of
collaborative wial data up to 1998 {over 4000 resnls),
it showars that the fanction 15 slightly pessomistc ar high
conceniratens (2bove 10% m'm) and more noticeably
so &t low mace concentratons. Below about 10 pph, we
see 3 tendancy for an invanant ST of abowt 20-25%.
Thus is because a method with 2 higher FLSDy wonld
Lardly provide suy nseful quantitative information:
results would tead to be below the defection lindr*

amcancthstatssc homwiteth v2.doc 14072004 & Tie Roval Socety of Chemmistry
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Moreover, the empirical exponsnt for the ragion
between 10 ppb aud 10% m'm is not exactly as given
in the Herwitz finction but closer ro 0824, Bur despite
these small deviations, the Horwitz funcdon is still
impressive, as ¢an be seen in Figure 2.

oy, T el mnd et
[

& B E 4 LI

- -5
BgiCarce nirsion)

Fig 2. Trend of data Som collaborative trials {shows as a lowsss iz,
welid line)) compered with the Hoowits fazctom {dashed Line). Tha
syisnmtic deviation balow sboat 10 ppb is apperes:. Usits 2o maes
fractinns (og. 1% =001, | ppen =107

Compilstions of data from proficiency tests show
stmilar fomcnons. For example, early data from FAPAS
(2 foodstuffs proficiency test scherne) gave an excellent
fir to a Horwitz-style fimetion®, of the

form o = 0.023c™* . Thiz mdicates a slightly lower
pracision than collaboratve mials, bar that is hardly
surprising: proficiency test data include nncertamiy due
to varnzton in apalytical method, obviously not presant
in collaborative trals.

A benchmarl

The Horwitz fiunction is now widely wsed as 2
benchmark for the perfonnance of analytical methods,
via a measure called the “Horrat’ which is defined as
Homat =z, o, -

An analytical method thar dunng collzborative mial
zives Horrats that are substantally worse than unity is
regarded as flawed and requiring huprovement or
rejection. The fanction also became a benchmark for
perfonunance in soune imporiant proficiency tests, by
equarmg the Horwitz reproducibility standard deviadon
with the sigroa-value used to caloalate z-scores. The
rationale for this lamer decision is that the Horwitz Law
describes a fimess for purpese crifericn in many
spplicaton arezs. '

Cenerality

While it is thus widely useful, it would be unrezsonable
o expect the Horwitz function 1o cover every
confingency. Applications where very high acouracy is
requited readily spring to mind. and there is evidence
that Laboratories can fulfil the epbhanced reguirement
Wewer the less, the function often seems applicabla to
areas other thap food analvsis. A stanling instance of
this zeverality comes from a recenr interlabaratory
study of the analysis of a volcanic glass by microprobe
miethods (laser ablaton-mducively coupled plasma
miass specirometry sud aleciron probe).” This test

s anzcib stateec bowdteth v2.doc

14

material, and analyical method emploved, could
hardly be more ramote from the materials and methods
that provided the original Horwitz data. especizlly as
the mass of material apalvsed in LA-ICP-MS iz only 2
few microgrammes. The data (Figure 3) conform with
the Horwirz functon to 3 remarkable degrae.

L

el

Lo Standard desiation)

LogiComentraton)
Fig 3_ Rapenducsbility (batwean Isboratory) standard daviation v

comceziabon ehbiazed by microprobe mettods (potzis), compared
with the Heowits fonctiom (lins). Each point &5 a differest slamemt.

An explanation of the funchion?

Az well a5 being nseful, the Horwitz Trumpet is a
feamre of considersble theoretical interast. It is hard o
avoid the assunption that a simple mathematical law
that describes the bebaviour of larze numbers of
meathods over af least six orders of magnimide of
analyte conceniration nmst have soane inherent
meaning and deserves serious consideranon. So far,
though, nobody has managed to explain the sorange
empirical expowent from basic principles, althonzgh
several people have made conjectures. Are we sesing
the manifestation of 2 physical law here, or is thare 3
psychological basis, perhaps to do with our perceprion
of fimess for puopose? There is a sure-fire paper in
Nanre warting for sornebody!

Biographical

Eill Horwitz kas now retred after 37 years [5ic] with
the FDA. He was ziven a unigue personal award by
ADAC Intereanoral in 1995, and the Boyle Medal by
the Analytical Division of the F3C m 2000, Ses
Chemiziry Internationad, 2000, 22 (Mo § November)
fior further biographical details.
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PERFORMANCE EVALUATION FstChois for Qualy | (RTE)

WP08-4-144 RT2952

11-Nov-2008 through 14-Dec-2008 US EPA Labcode

Thank you for participating in study WP08-4-144, Additional information about this study may be found online at www.rt-corp.com.
you huve any guestions or comments about this study please contact me.

This rport shall not be reproduced except in full, without written approval of the laboratory. RTC is accredited by A2LA to perform
PT programs for the scope of accreditation under AZLA certificate 2122.01.A laboratory may not ¢laim endorsement by AZLA or
any other federgl agency.

This report may contain data that are not covered by the A2LA accreditation.

Sinceely,

S L

Christopher Rucinski
Quslity Director

2831 3oldier Springs Road
iaramie, WY 82070

(307) 742-5452
WWW.IT-COTR.Gom

IACGHEDITEU]

Cartificate # 2132,01
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Catasat

Dataset 1

Acereditors
Evaluations of this dataset wili be sent to

Zoo3

WP08-4-

Congluded 12/14

the acereditor(s) listed befow using your taboratory’s labcode listed above each accrediing
agency. If any of the infortation listed below is incorrect, please contact RTG immediately.

Demands
Analygis
SM/APHA 5210 B 21st ED {2005) ethod Numosr 2013500
Resutt Unjts Assigned Accept, z Evaliation
T . ____ Valus
Biochamical oxygen demand (BOD) 1.3,+ 73.0 mg/L 58.30 5.6t 858 139 Accaptable
1534/ 1-0%% - Lot 015315
Aratysle
SM/APHA 5310 B 21st ED (2005) Wiethod Number 201 57504
Result Units Assigned Accept. z Evaluation

Total erganic carbon (ToC) 134

—_— Value
—_——  Valie

-_— .

2040171036 - Lt 0413315 60.0 mul. S e 025 Acceptable
Minerais
Amlyglg
SM/APHA 4500-Ci D 2151 ED (2005) Mttt Number 20070805
Result Units Assigned  poeont z Evaluation
S . _—_— . Malue . S —_—
lori L 4,4 .
kisceilaneous Analytes
#nalysis
BM/APHA 2540 D 24st ED (2065) Matmod Numbar 2005 1007
Result Linis Assigned Accept. z Evaliation
- Value
Residue-nonfilterable (TS8) 1,54 o
1950/ HI30 - 1.3 umgwr Je (T53) 48.0mg/L 44.90 o055 1.04 Acceptable
4r alyzig
SM/APHA 4500.C1 B 218t ED (2005) Memas Number 20078200

. —— . -
12168 RT2952 WROB 4144 Dataget 1
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Miscellaneous Analytes (continued)

Amiysiz

10/02 09 TUE 17:59 FAX e e e .

doos

WP08-4-

Corcluded 12114

_ (continue
SM/APHA 4500-Cl B 21st ED (2005) Muthod Number 200752
Result Urits Assigned  pooone z Evaluation
— - Valug . -
Tatal residual chiorine 1.3.4
194D/ H133 - Lot 012575 0.65 mg/L 066 D4B40840  ap Acceptable
Aniyzis
SM/APHA 4500-Ct D 21st ED (2005) Mot Number 200798(
Result Units Assigned Accept. z Evaluation
. S Value _
Bromide 1,4.5 .19 ARRCE:] -
15401 1245 - Lot 012003 TomglL 7. o827 0.63 Acteptabie
Amalysls
SM/APHA 4500-H+ B 21 stED (2005) Method Numper 2010500
Resuit Units Assigned Acctpt. z Evaluation
- —_ . . Valie - —
H 124 .
‘x)snn/ 27400 - Lot 013313 5.58 Units 5.85 585t 5,05 045 Aceeptabie
Analyzs
SMIAPHA 5320 B 21st ED Method NumberC
Resuit Units Assighed Accept, z Evaiuation
e Value
Adsorbable organic halogens (AQX) 4 4
4345/ 4247 - Lot ng 3 98ns (ACX) 940.0 ugn. 869.00 89410 1040 1.21 Acceptable

Cnd of Dataset 1

1216/08 RT2852 WP0S-4-144

Dataset 1
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Sample Information

Demand
PZI-026 / Lot {EncryptedLotCode} o
Enenyp Asigned Study Study Gravimetric
Lnits Valur Méan Stg, Dav, Valle -
Biochemical oxygen demand (BOD) mgL 8030 .00 10 SRE=0784
1530 Domands.
Total organic carbon (TOC) mgL 6920 59.90 245 59.6:0304
2049 Damands
pH 100mL
PIIH027-100 / Lot {Enciypled LotCode}
. Assigned Study Stucly Gravimetric
e Value Mean Std. Dev. Vaiue .
pH i
R e Unifs 585 5.88 0.07 5.85
Residue
FIEI-030/ Lot {Encryptedl otCode}
i Assigneq Study Study Gravimetric
. —— Velue Mean 5id. Dev. Vaiug
Residue-nenfilterable (T3S
e ——— (TS5) mgiL 24,50 45.80 271 6.8 0,239
Total Residual Chiorine
PIZI-033 / Lot {EncryptedLotCode}
e Assigned Study Study Gravimetric
U vaue _ Mean  SidDev. Vae_ e
Total residual chiorine -
1940 Miscelianeous Anaiytes gt o LU L) iz
Anions
PEI05T / Lot {EnerypiedLotCoda}
. Aasigned Study Stuay Gravimetric
) Urits Vaiue Mean St, Dev. Vaius
Chloride - -
1675 Minorais [ 87.50 47,60 438 87.4% 0453
Biromide
PE}246 / Lot {EncrypledLotCode)
Assigned Study Study Gravimetric
s Vallie Mezn St Dev, Velue
Bromide T
1540 Mir=lianeous Anglyles mal 718 734 0.485 7100037
Total Organic Halides {TOX)
PEl-24/ / Lot {EneryptedLotCode}
e Assigned Study Etudy Gravimetric
- ”’ Vulue Mean Si0. Dev. Value
Adsarbable organic halogens (AGX ) T
4345 Migulancous Analytes ) pef Seete 8a8

12/ 16/08 RI2852 WROB-4-144 Dataset 1 Page 5 of
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Definitiomns:

Assigned Valua: Value atfribuied to a paricular quantity and accepied, sometimes by convamion, as having an urcertaindy
sppropriate for a give purpose. Ses 150 Guide 43 for additional information,

Ace ot Windew: The range of vaiues that zonsh

MEnce o1 = laboralory paricivadon in s OT Fhidy.

b

* A Z-Seora tells how 2 single dals point comparas to normal dats. A Z-Scors 34yS not only wiether @ point was abova of helo
M EGE, Bl NOW UnUSUEt the meatirement is. Ganerally, = method rzsuli with a 7 Soore iess hen (2] is considered to be in

ni -Beore between |2| 2nd 13] is considerad Cuesticnable’, but il within vonsidersd n
ceptable and s methed iz aut of confol

¥

nrteal =
contol, &

A

ronol apd & 7

o 121,
#ater than |2

Stuay Meam: Staiistical siudy mean caiculated using a robust statisilical madai {RTC amploys the ‘Biweignt Frogram”). Robust
statistical #chnigues to minimize the influence Hhat 2ithrsme results san have on esiiniatss of the mean and
atandard deviaion NOTE - Theze ‘evhniques assign less weight to sxirems results, rather than eliminzte them from a data set,

Study Sid. Dev.: Standard deviation calculsted fom siudy data using robust statisicals (Biweight).

Gravimetric Valse: The prapared to value, determined by gravimetric means. The uneervainty assodated to this vaiue is standar:
uncertainty and based on RTC's gravimedric tolerances,

Program anaivte accrediiing footnotas
* NELAC 2 £pA
3 Cher 4oAZLA
3 NELAC Experimental

T216/0R RT2852 \WH0B-4- 144 Dataset 1 Page § of &
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