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ISO 748 @ BuxaEd, 98 8018 &7]e Ao &
AE £ e 0R/E o7 Jl8 g BTES Soj= )t
A PolE JUE F7IEA

g B

ISO(International Organization for Standardization: = #|3%EF
e AE AR FAA wEks X8, A -
b - 71 - AAIA Roellxe] Y F3E 9 Al
FEO ®F LS oz 1047de) AHE 71telc). dA|
AA 14097 A=) FPOZ TIdate] oF 13,5009 Fo] HE
S HA3a Ak 1SO W d#Ee) SAEE AYAYES IS0
7149 9 3) (technical committee) & F-3Fe] o] Fo1AH, 1SO
council®] %S 98] FA T I3 Fte] 7|egde
olah 2= G A (LA oR A= ST H)A
MR, Bl9EERY] A 75%9) 9 ) § FAEES)
7t He Aotk Evkehe #NFAXETH EE=°] KBS
(Korean Bureau of Standards) 2H= WA Z $2Uets Ui
sl 1963 IS0 Member body2 HZ 7I4stRed, 4%
AR we} 19979 FH714F 2 YEKNITQ: Korean
National Institute of Technology and Quality)2.2 3|71 w
3 WA AL AT, 19999 o|FEE 7ERTUKATS:
Korean Agency for Technology and Standards)e] 3|0
2E3la Qi) 1S09) 9 i e ¥5 ¥ ¥ 29
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Bo] @qske 2%, HEI ARl B ST Tl B F

A7) et FaEso)k, webd 1809 283 e 12 F
Z TUPAC/ISO/AQAC Internationa/EURACHEM 2ZHo] %3t %

i



272 AL .

AN B2 5o FAF 2FE 1T o, S FARE
224 IS0F E73le AL wi$ F8sitt & & Qo
Ao 243} B-Eskd 1S0%A WzkE 1SO 8466 Water
quality-calibration and evaluation of analytical methods and
estimation of performance characteristics)o|X &= 2% 4 F&
o= AFde] 2t ole} A¥E & (limit of detection),
A2 (limit of determination)s-oll #3) olgfe} AE-o 2 7)

%3kal ot

-Part 1: Stafistical evaluation of the linear calibration
function

-Part 2: Calibration strategy for non-linear calibration
functions

-Part 3: Method of standard addition
-Part 4: Estimation of limit of detection and lLimit of
determination of an analytical basis method

Aol e gFst oAl W) dERS 248 o 3
SEE A sk ded Aldke) o Aol olJel,
o] A8E, AU= 283, 84 718 HWAE AXE F
- T8 JEE 3= RAolth. IS0 84669 7+ A=A
& F AR AP AL S84, BAEE Ao oA
e AR HAZE UvkEel tig mat 3 Fo wi9A
He WeH xeolrt o, AR AL 98wk
ol ot o] aofsisict.

LAZE A4S A% A vx9) I w59 4%

2. 4% Ao o8-8 T M 24 2 EE: 1,

3, 5,7, 9ppm, &2 5 point calibration)

3.5%= ¥ wEt Ul 1ppm 33 =73, Standard

deviation, mean %)

4. 7% 3] (Linear regression)dl] $lo] AZF)7F AL, 1

adjusted r)

12] 735 A7 AL 98 FABEE 71713 A2
(Instrumental detection limit: IDL)S} #&3 Ao o= AlA
ANE A4 o] HA FAAE AR A% AR ol
"ot okge] 3 Tt AAEE AA) Bl glojxe] 2t
A9 (working range)E AR & Yo 1S0= FH3
(working range of an analytical methodye= A HEL ¥&)
I HIF AloloA AP, FAFoE dFQ o), 7
AE9 Wl 7Fed AR T=rF BAEe] A& (the limit
of detection of an analytical method)2}3 R<J3lw g}, wak
A A gle] A4-e Ao o8 B2 (the practice-related
objective of the calibration), 71&% FdAo] U&= A
(feasibilities of technical realizability) 5ol @=glc}. AgAle]
2] ofgfe] AFERE AABE Sl

fr H;t e

© 24 BHNE T 7P AEilert 24 Ue ReE o
FEe 23] =t A FYol olof s,
@ 22X F=9 AP (linearly correlation)el] 12 A

@ ZAEESe] W AR 2 E2HE e Baje] ¥
Al (blank of method) # TET]ojof 3}%,

@ mEpA, AAYHe] e AR (the lower limit of the
workimg range)®= 4 WHel A& A (the limit of

detection of the method)®t 27} & Aofsw, 3] A
o} FF WA B F A9Ae AP sk of
bias)E d = Ut

® wuba, 237k ik (variance)S TE2} EF A olojo}

o, Aol g 5AE AL T3 dF= ook g}

291 #AEse] ou] 2 WY HA F, O A& 5 BEFA
BE ZH@EIE 10 NE, N=10)3kL @ °|5 Z+ EFANE
9] F=w A9 W9 Ueld SAZE EXslopt dda /e
& At}

33 Azl @O A4k #EEE AR HaiA JAdH9
Ax Hxe} Hx Fmo sl 2tz 10 vHE FFsla, 7
=9 10709 A3t =&FHolok dth @ AR ]
A3l 2] #AA A, A AR e ARl F 39
A5 e, BAuhie]l ¥ 3] (standard deviation; SD)9}
©] A 4> (coefficient of variation, coefficient of variability; CV)
E TR BAYY 5 FAFCE Yl 4 St
71&sta At

o)t AF LS Table 19 VERA Nitrite(NO,)o] £33
Aol ofg Fe] o2 FojrA},

= 10V 5 £F02 FEFN) =100t}

Z} i AR FEE x(mg/Et S oln) 2HH 7 FEe &
Az Yot @ W HA A3 e 7F 103Y SHslee
oo FHUEL Y, Y Y00l HTH

SE 74 (Test for homogeneity of the variances). 9
A T ARE 8 A HI w29 103 243kl
ik 2akSHE AR Aldke FAFES] BARS 46X 107
5, IFTEE 13.56X 10°02 o] Bl gt Adde 3
AelX BA4 f2]Ad2 Fdistribution(Fisher-Snedecon)2 £
& thA] HARE

ojmje] AAMGLE PGEL 31, ol o) ulE} Alakgicl.

],

ol

o}

2
S10

PG = =& for §,)°>S,’ )
S, :
S 2

PG = 1 for §,’>8,,’ )
SIO

Ao BE §,>820182 PG=13.56X10%4.67X10°=29
7b €}, F-distibution® 53 F947%8-2 £ S%7 29
AHE Ff, f, 1-)2 f,=f,=n-1=9Z% F9,9,099) = F
XX 1% A (F table for a=0.01)<! 3t 53571 At}

AEHoZ PG=29, FO, 9; 099)=5352% o|s] PG<F
(f, £, 0.99) o z} E4F S §.2 Alele] Aol foj4do]
om, whfold fejgdo] Qe Aot ek Eilzke] 2}t
FelAdol ek Eakzke] Zjol7t T2 (random)’t € wi7ix]
qH|E 2] HAE O A vhEojoRt ). 99 oM o
o}X1 PG F(f,, f,, 0.99ET} 22 F, fejde] gl Aoy
ol TEAMIo] o, T4 Slojol whe] et 39
(regression)’} ©]Foid & Qlr}.

A4 77 (Testing linearity). Table 19 dataZFHE H)A
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Table 1. Data sheet for the calibration and analysis of variance

i X; (mg/l) Y, Y, Y5 Y. Y Y Y, Y Y, Y0

1 0.05 0.140 0.143 0.143 0.146 0.144 0.145 0.144 0.146 0.145 0.148

2 0.10 0.281

3 0.15 0.405

4 020 0.535

5 0.25 0.662

6 0.30 0.789

7 035 0.961

8 0.40 1.058

9 045 1.173
10=N 050 1.303 132 | 1300 [ 1304 | 1300 [ 1296 [ 1205 | 1301 1296 | 1306
Mean 0275 0.726

i | xmgn| Y, Y, Y, Y, Y, Y, Y, Y, Yo | Yo | SZ(mg¥®
1 005 | 0140 | 0143 | 0143 | 0146 | 0144 | 0145 | 0144 | 0146 | 0145 | 0148 | 467-10°
10 050 | 1303 | 1302 | 1300 | 1304 | 1300 | 1296 | 1295 | 1301 | 1296 | 1306 | 1356-10°

FIAAE o€ y=0013 5+2.62x-0081 8x’¢] 2344L
slar, A3 AAe o8 y=0.018+2.575 2x&] 13} 2Jo] F
AL o) wiMHFEI M) regidual standard deviation®] 2.
o BEAB}(difference of variance; DSHE 78 o7} Qv o]
< AT AR dle A&y, o]2H FAAe]
AA= = Aolt). ojulf, vl AT ol Fehd zhzt
9 residual®] EFHAR= WA (S,,) =0.005 2(0.00523) mg/l,
AR (S,)=0.005 2(0.00517) mg/I°]T}. residual®] FEHAES,
=/ E0,-y PN-2 vy, A4 B8l x 3= o Fejal
yihe ddRrel AEEE Jehle A0E 2 Mie
o tigt Hrt Pt HR LS % sl viea] &
AR x~x U SR A=, RASK Reu)
= YubH oz FAEZt(blank value, concentration x =0y 7
ZFAY 2 H AR (least-square fiyoll ZFAF|R] gt

2499 A%zt EXA(Calibration and characteristics of
the method). #4143 4] FFo=2 Table 19 e 72
y=0018+2.575 2x2] Fx4o] A=},

y=a+bx 3

@39 12} AN y= AU BAAES 4%
(measured value)Z}7] BT AlARk (infomation value)o]™
2 AE ae AAE FABZk(calculated blank), 7187)
A FTFEA BAPHO T (sensitivity) S 2|7 gH}
o] T tE BAA fo4 A3S A8 Bl oig
2 S8 AT residuald] REHAEZ o135t (4)9]
o2 A & ok

T

I
2

B R
HN 2
8 R

FAYe] FRURKS, )=
residual =TS, VEAA ] 71871 (b) @

=, 8,.=0.005 2/2.575 2=0002 07} 37, WEEE T

V=S, /mean of X;>< 100 %)

2, V = 0002 0X100/0275=073%2 45
oA 9 243 55 B3 g RHL Fo
Aol Eise Ao,

oX, o
32 B
ir

# 73171 (Evaluation)

GLAAF. Twble 1S EUZ P AFHE o)8sld &
YRFELH o R e vX 259 y F(infomation
value)o] 0.641018} & o, % xa> B0 EHE AHL
ate] B3l 3T Al EdES] 23HE AHElor &

CZ, 2L yol ois Al 7 xpke ARAHE B T
e A o) AUrk & = UthFig. 1). AL 32
ofsf Akd FAAFL] N7k Fig 10 vehd A" 2t
Ao wAERE & 5 Y, ojdY AFFELLE (6)
o] Ao g3 & F glon fo49 FEL 95%EA
Student’s t-factor (ouf;:N-2), confidence level = 1-0)ol] 2J3) +
s}, wWebd 95%, 1(8;0.95)=2.310°]tt.

1 (y —mean of y)2

n N

2 . 2
b” x z (xi—mean of x)

i=1

x=¥is x t 6)

1
X0 ﬁ

n®] 7¢ G|z vk} glo) 10] HA, Rt
o] 100]22 N=10°lt}. (6)9] 41& T= FHE,
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¥5 y=-itfomation value y=3 AN R a

HAA 71871 b -

©)

'E—*—Nﬂ 2 WA S,,x Student's t factor(95%, r_f(8;0.95))\/

2
_ 0.641—0.018{0'002 0X2'31A/L+1+(O.6412—0.726 2)]
2.575 101 557520206 25

£, 0242£0.005 mg/Zt =™, 0959 AFFES 2 A4
FEE 0237 <x<0247 mg/I?] Aol}. ‘

WHERA - mhok JukE (three replication) B3 AA|si] 7z}
infomation ZFe] 0.641, 0.631, 0.633°1, (6)21] infomation
value y& 3WHE-9] HFQl 0635, 28| n=32F A3}
Aaksta, AA] 0959 AZ5E YoM 59 Fge 0240
0.003 mg/l 2, 0.237 <x <0.243 mg/°]T}.

ISOoIA A8k 13k AE3|AY A gL Ut
ol MF3|A) AFHFHE LS 1, P EE adjusted 1S ©]8-3]
A gon, 95%9 AFTE HEshe Hg 7|8 gz
Lis=y

3, 1996 FHAETH (2003 FA| AFALE) G B
ISO AEE WYty Fxalgd 42 -] A4 &
W7kt s B4 tig Brraak A% e BA4 H7h
# AZO0F KSM 91222 A&t} HIE, KSM 91229]
HY g Fo] ez} Ao Fo] sfMHe] YA o] F=3h
g Ut BF FAYelE wysith

1978 American Chemical Society’s
Environmental — Improvement(CEl)+=  Subcommittee  on
Environmental Analytical ChemistryS E3] 73842 £33
FEFEE A% AAAE VHEEE dlo] 1980 CEI7}
“Guidelines  for and Data Quality
Evaluation in Environmental Chemistry”Z ‘2% 33t} o]

-

Committee on

Data  Acquisition

198210 CEI= AZeo] o|&o¢] ul¥l Subcommittee on
Y
//,//’7
///
.
P
7
y

confidence interval
for the concentration x

{
|
|
|
l
!
{
!
|
|
|
|

X1 X X10 X

Working range

Fig. 1. Working range x, to x,, calibration line with confidence
band a single analytical result with its appertaining confidence
interval.

1 1
yes Nt EgAEF T

infomation value y— AN vi e 2
AA4S A7) bix 3 (i 29l BR)’

Environmental Monitoring and AnalysisZ 3l& 1980d 73
B AAYI=E S, Keith 5Y°] F50] ol 1983d
“Principles of Environmental Analysis™& H3i3}od, A=
v B BARe] JI8FEECR o|§E St

o] =AM A AL BAEHE = od Al
of tial 2@ ARAE FYai, HAT e UE =
2 3ukE(riplicate)S 315, 3%% oS HIL(At least three
different concentrations of calibration standards should be
measured in triplicate, but than three different
concentrations are recommended)3lZ AT 23, AHE ¢
3 BFEAO] ¥Rt AR F dAdEsE BHU s2E W
A Zgsfol &b, B FRAANN Holue datas
7123 dethe ARET A ARE ANE 8,
blank®] ], FAAMEY 712 43, M AFT A 24
S 93 HA Fr 3 o A%, WA 2 olgd
= i 271 F AT AR Qo

v ¥521 ASTM®] Standard Guide for Good Laboratory
Practice in Laboratories Engaged in Sampling and Analysis
of Water, ASTM D3856-9579 58 Al #F 8-S &=
ek ok 2

7t BAOEA tsl ARAe B £ AdEst o
A 2, A 3 pointR F H g3t o FL o)
g ZA U=E s oA 3 He gelHo|a o] Bt
Al B3 (reasonably equitable distributiomy*|# 33t} 7
ZAdo)) glo] AAFQ A points FAFAS AR Fe
of 28 g, d2 §e e 32 FEdo] Mol opd
7% 5~7 point/} SR ZF FEEF] EH R Kpe) ™ A
Z K] AN (D difference)= D = S8k (Xope) — A5H
o) E T}, 0%, D) B 9 7 5o BEHA(SD)
& ARtgith. d8e] D gho] £3(SDye ®Hlel X e
A Awgsich AFAel e ZF FHFEEY HuHX (absolute
deviation)ol] t8F xSk (the sum-of-squares)E 3 A3}A|A
AAo] BHEoAW D 3k Hu] @9 (@bsolute unit)7} H,
Wi-g HAE A4S D 32 AFA]9 HES glo] H
= Rl

AOQACHIA 7+81%F Official Method of Analysis”9] A-Zol=
EgEAe] AF Table 28] SRS HHE 20, HALASH
off o3t Pl e As AT Utk

Table 25 (3)9 2] y=a+bx®EH 122 Yehd Az}
AXRE azkE 0.001, bE 0.0163°4 y=0.00+0.0163xZ e}

1 fob

H

more
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Table 2. Example of some data for calibration curve

Observation Concn Absorbance

No () X, Y, X? XY,
1 80 1.270 6400 101.6
2 60 1.000 3600 60.0
3 40 0.700 1600 28.0
4 30 0.550 900 16.5
5 20 0250 400 5.0
6 10 0.100 100 1.0
7 0 0.050 0 0.0

Totals;

n=7 2X=240 2Y=3.92 TX2=13,000 Z(X.Y)=212.1

Table 3. Spectrophotometer readings for protein analysis by the Lowry method

Sample (ug) Absorbance of three independent sample Range* Corrected absorbance (after substracting average blank)
0 0.099 0.099 0.100 0.001 -0.000, -0.000, 0.000,
5 0.185 0.187 0.188 0.003 " 0.085, 0.087, 0.088,
10 0.282 0272 0.272 0.010 0.182, 0.172, 0.172,
15 0.392 0.345 0.347 0.047 - 0.245, 0.247,
20 0.425 0.425 0.430 0.005 0.323, 0.325, 0.330,
25 0.483 0.488 0.496 0.013 0.383, 0.388, 0.396,
*Range; Max-Min
W™ Best Equation©]e} @kl 3ltt. 00049 & zZerh (6,=0000 2, ©,=00026, o=
ol ISO 8466-13 7+ #ete] 37 Ak F3H, 0% 0.005,). ¥, WA A g FE=rt 037308 7 E We &
EE Fden, = i o, #55] gig 7124 TE 03739 FHEoA Her RS wie B 38, &
¢ A2 gtk 53], fFEAe] wE (round off) ¥AIE a 0373 -0.099,=0.273,°] 31, 0.273,=(0.016 3)x+(0.004) =,

o
T

e 0 AN sl o] 42 2389 U (originy A
WA Heg, AS3A AReA] Al slol 7124

A7} E @ 5 9ok B97] Bl A7) P o
o gloms HANe A, FHuo| g AR w5t of

=1
Rim

—
i=]
(o]

K

i
) 1

off

FRot}, o]9} FAKEl ¢l 2 Daniel C. Harris?7} 19974 &7k
%t Exploring Chemical Analysis®|A] #8191, Harriss
Table 39] Lowrygell g ©hild Ao o= £tk A8
7} Opgd o EEgeAle] 4%k, & Eo] flg w (zero
analyte)®] ZAHZR FAAIo o8t JES SAIEE Nl
Zk(blank, reagent blank)°]2} 31, 71X Bt dAE7} QL
= RS #3789 (standard solution)]2} 4 2lsk2 i}, Table
39 AHE o] &3 HEAe] Aol W8] Hamisv= 3WHEe] wf
Bkl gk B+t (average)S oo} ol& EASIAL (Table 39
vl HE-2 0.099,) 7} T FHT olF wiEo=H
AA BAE FEEE vepdoh a8y 7t s F5x]9)

HAE ZARR=E], 15pge] A5 2 "R YR
WA $3=E SYFES O F3=d Hs)
YUF =7] wfiol] “bad daw”BM T e AXRIA A2AR)
Tk 25ugs] 739 ARl Yape] ARdolA oE
vl 2 olgiol] 7o) BA Frt RS, 5 zlel¢]
WS F3lA o] FRelAMe] ghE&83 — BAzhol A& &
2 ool ArhA FHEL A% Y= 0~20 pgol =}, o]
o thet AFAH AL HE AFPOE T3, ol
n=14°19, y=mx+b2] 43} 3 4A y=0016 3x+

5=l

x =16.50 pgel Fot.

AL 1308 AEVA AF 3 residual standard deviation
S Harist Standard deviation of vertical deviation(c,~ "
Xy, y) 27 BREAE, 718719 EFAR o,=04/ W/
D, W] XFAAE o,=0y DD YeRRSI. o5 7
7ke] 2& olg3le] Table 39 AFA thet o,~0.005, o,
=0.002, 6,=0.000 2,013, 10)2] 2o WE xo] Ba=
(uncertaintyy= +0.3824, 0.3739] S-3%=0f sk AAAQ] &
wzlol heke. 165(+ 04) ugol == Aol

[e]

Standard deviation of vertical deviation

(0,= v Xy~ y)'n-2) (N

Standard deviation of slope

6,=0y n/D (8)

Standard deviation of intercept

c,=0 Z(x/ /D ©)

Uncertainty in

x=06/|m|v 1+x20/D +Z(x’)/D - 2xZx/D (10)

|m|: the absolute value of slope

a9, ARe] ABe el A A A &
SPIEAE A Wi WakE (double-beam) R EAE T
Aol NE 871 F shizh B wHEgS BT AT, E
DA (single beam)] Aol AT Aot A F

P

N

4 AR oR wEge RASEE nEge FEE
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Vertical deviation =y, -y

Corrected absorbance

Y=mx+b

0.0

0 5 10 " 20 2 X
Protein (#48)

Y-Intercept = b = crossing point on y-axis

Slop=m = Ay/Ax (Ay =y, -y, AX =X, - X,)

Least-Squares slop m = n L (xiyi) - LxiTyilD

Least-Squares Intercept = b = ¥.(x) Ly, - I (xiyi) Lx/D

Dominator D = nT(x?) - (Ix)

Fig. 2. Calibration Curve of the Table 3.

zero®™, Table 37 22 F3=9] BAo] EFesith= Aolr}.

ok&2],” ACACY$t Hamis®®] 7 35HE Fio] Slod,
AOACE HIEZre] BAo] QAT faxAE yalshy ZHEA
o] H3ke| YHE AU, Haris®] 739 vlEZHS BAsilnz
A AL 43S AUA AT HF olME A O
dr EFdsle Ae7t "ohe Aot ¥ 3¢ 2%, 4dH9
Aol FAlol Ao 71719l AEIAY, B o] A
g dFEFEd E OE EAE s 5 ok ool

Harmis®] AA 7 FUdXz distaAqz Bo] o|gse
Skoog 59| Principles of Instrumental Analysis(1§98‘d 5%
dMe AR 2 o) HaAeYE T2 olgskedl, Haris
g} 2] blank B8 tisl] AFEEL lont, PHe Auke 2

Tz BHAFA ol Jrh.

Meierst Zund®E 159 AMY Statstical Methods in
Analytical Chemistryoll ] A%52170l) &3 Amaimn, oal Al
gol Ax FFATH0] AHL SASNE SRl Yt =do]
U] S-S AFIL e, Tabe 48 dE Eo] AL
FohR chewt 2ol HusE Yok .

Table 4] 243k 13 372 (y=a+ b2 AN, 7|
7] 0.004144:+0.000046(mean b, £SD S,)°1, Students
t 270 ©% AHEE 30|22 p=005, 2123 (confidence
limit)= 0.00400, 000429, 28|31, A&7 (confidence
interval)2 0.00029°]t}. ¥HA AHAIZ] 77 (relative confidence
interval; 100 - t - S/byS IEH3H b=0.00414+ 3.5%°|t}.
e o HA agkd ALHE, a=00141 111%EX,
ZHZIo] zero & & A7t YIOEE a= 0, b=y/x 7} HE
2, 3A40] b AAYLe 98e Hes AU dom
N =% B 4o 4 vk W, 5% S5 Sl
A B o, AA residuald] thE B} Eolur] mliEel X(y¥)
U YR)E A3 92 5 QA @)

Table 4. Calibration measurements

x=50% y=0.220 AU
75 0.325
100 0.428
125 0.537
150 0.362
Degree of freedom: Critical Student’s t:

n=5, thus f=n-2=3 t (=3, p=0.05)=3.1824

x: the calibration(or standard) sample's concentration in percent of prod-
uct's nominal concentration

y: the measured absorbance, and AU refers to absorbance units.

V., residual variance

y*: mean of several y*k, K=1 - - -
Y: expected signal value (at given x)
X: estimated concentration for mean signal y*

« m, y* = (Zy*k)/m
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7veFe) Arste] 98] 384 Al YR

ol-2¥, 34 HAF=A Y3 F=2 AF A=
r(correlation coefficient)?} r*(coefficient of determination)®] 4l
g ¥7] 3 2HT Ul golt). F ofH AiolA r FE PR
FHske o] Bl tet F5y w=ol= A= ok
LevieV= H4 A5HolA ro] linear correlation coefficient®
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oA & 4% o)) FE =3, Lack-offito] -} Mandel’s
fitting testolX 95%2] AFF7 g BEA He FHE ¢
I, Y dataE linear 9} quadratic® 2 o= Al At 7k A
o7} U=l ERItozN ro] BAF ] dis] AHsitt.
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éx
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+ the method bias
+ the laboratory bias
+ the run effect
+ the repeatability error
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Fig. 3. Pitfall of calibration curve in the same experimental data.
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Calibration: Theory and Practice
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Abstract: Various definitions and terminology applied to measurement in analytical chemistry are not always
consistent. But, internationally integrated terminology and interpretation of definitions play an essential role in
analytical chemistry fields. The review in this paper focused on problems associated with terminology, definitions,
statistical theories, and practical performance of calibration and validation. k
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