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Quantifying Uncertainty in Cadmium Analytical Measurements
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Al o1-§H Ak B 7171 thE o] gAe] ARESITh
® 2% 239 Ao
- JF=E : assay = 998 mg/L + 4 mg/ kg (2F95% A7} k = 2)
- Al {EEAZAL, Junsei (Cat # 7697-37-2)
@ 7171 & A
- FAAE : Sartorius (Lot # 61002349), SHEFT 0.29 mg - TA, =4719%
+ ¥3 (1 mL) : Gilson (Lot # 04D0764), S4E-3% 0.006 mg - TF, A471SA 8K
. Z#~3 (25 mL) : WITEG, SRE3% 0.009 6 mL - 74, 24714184
- F2254 (100 mL) WITEG, 383 0.031 mL - 7%, AR71E$A89
- ICP - Thermo, IRIS Intrepid II XSP - validation, S =}8}

wygas 3
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2. =22 Q0 RH=EU: =
7F AAFASHHm) S BFEEE, u(m)
O ALY BEEZLE, m)
Ago BARIE 000029 g (F 95%, k=2
Wm) = @020_22 = 0.000 145 g

AFrE = oo

A A2 Z(mass) = 51380 g

AANZY) HNETESE, wp(m) = %én;sl = 0.000 028 221 1
A E, v, = ©
2l EFEST(g) |HUEEEET| XR:
u(m) Balance | 0.000 145
0.000 145 |0.000 028 221 1 ®

b AlFEaRny] (Vo] e IFEEE, u(v)

D 2% mL Ed¢£329] EEE8x, u(25, flask) 5| A 2 Al (g)

Zglrze BAEBE 1 00096 mL, (F 95 %, k= 2) ! 24.946 4

0.009 6 2 24.935 8

u(25,flaSk) = -_—2__ = 0.004 8 mL 3 24.961 7

4 24.921 6

A, Zgaae] AYEEEREES : YT

u (25, flask) = u(25flask) 0.000 192 6 24.928 6
25mL

7 24.921 5

8 24.939 1

@ AP (APte 2R L) EFELE, w(manl) 9 24.942 0

. 95 mL Flask #r2 Agol Ud 28% u(manl, repeat) 10 24920 6

ML Haske == © S ulmant, 3 7 24937 13

QLA HT (25 mass) = 24937 13g TZ=Hat 0.0143

FHA = 00142792 g
FEAFE, v(m) =n-1=9

0.014 279 2

51937 13 0.000 572 6
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FASAHY] TEEEE, w(m) = 0000 145 g

e

u(m)
25flask, mass

cRAZAHY JANBEEEZE wiy(25flask, mass) = = 0.000 005 814 6

At YN EEEIE, up(manl)

= Vug (manl,repeat) +up (25flask, mass) = 0.000 572 638

NEA EEE8x, wlmanl) = (ug(manl) x 24937 13) g = 0014 279 94 g

4
A4E v :M-gom 856 2

’ manl u (m2

v(m)

@ 2= o3 BEIE, »(7)
9 2=4A A% 1 0.000 025 /T
¥ AlEAe 2= FYHHAE (20215 CTol2Z flaske] WA XEQ 20CE 7|Foz gL
WS 15T Q HAA 2y REE AMEE.
ZHexHY 1 15T

FHEEEZE, up(T) = 0.000 025><71% = 0.000 216 506

@ AMNBEEARI(V)Y FHEFEHIYL
= 0.000 641 6(
FAFNETERE, upg(V) = Vug (25flask)? + ug (manl)? + uy (7)°
wu(V) = (uR(V) x 25)mL = 0.016 040 046g
. uR( V)4
FaxH= = —————— = 14.186 484
FEARFE, vy u(manl)*
Vmanl
9l EZEET(g) AHEZEET A=
flask 0.004 8 0.000 192 00
u(V) man 1 0.014 279 94 0.000 572 6 9.001 856 2
Temp - 0.000 216 506 ©
0.016 040 046 0.000 641 602 14.186 484

o "ZER C ChHA g B AdE
O EE8&YAze XFEYR
@ xFEed BFEEE, u(CRM)
B2 FX : 998 mg/L

I'N

AN

®
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FEEE  4dmg (9F 95%, k=2)

2E28% 4(CRM) = 4—%‘1 = 2mg

23
SH
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iy
do
=2

u(CRM)

}
o 998 m
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= 0.002 004 008

f
AN
o
)
o
o>

%%Q’E, ZtR(CRM) =
@ 12 BEE& A (st STD) ¥ E 10 mg/L

O Pipette, u( pipette)
Pipettes] &4E &% : 0.006mL (¢F 95%, k=2)
- Pipette®] TFEHE, u(pipette) = 0.003mL
- Pipette®] ZUREEEHE, up(pipette) = -0—%%2?—1;- = 0.003

O 100 mL Flask, %«(100 flask)
100 mL flask®] SFEZE : 0.031mL (¢ 95%, k=2)
100 mL flaskd] BEFEZE, «(100 flask) = 0.015 5mL

0.015 5
100

= 0.000 155

100 mL flask® HUEZE 8T uy (100flask) =

O 100 mL Flask §H& A&l s E&%, w(man2, repeat)
e FA HT 99433 89 g
FHAF = 0066 583 4 g

SEAFE, v, =n-1=9
BUNEFEES, wug(man2, repeat) = %%z%
= 0.000 669 6
O FASA EEEFE, ulm) = 0.000 145 g
FASR FUETERE, uglm) = o) 1
= 0.000 001 458

O 12 B& &9 (Ist STD) % : 10 mg/L
12 BEE Y] JUBEFEEE, upr(1stSTD)

3| &t 7 H (g)
1 99.540 4
2 99.372 3
3 99.411 4
4 99.547 1
5 99.386 2
6 99.389 9
7 99.361 9
8 99457 4
9 99.463 4
10 99.408 9
B 99.433 89
E2WAL | 0.066 583 4

i

0.003 672 666

]

up (1stSTD)*

u (man2, repeat )*
v(man2, repeat )

SEASE = = 8 144.098 766

Vur (CRM)? 4+ uy (pipette ) + up (100 flask)? + ug (man2, repeat )* + ug (m)?
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12 FE4de EFEEYE = 0003 672 666 x 10 mg/L = 0.036 726 655 mg/L

® 22 EEE£4(2nd STD) ; %= = 0.1 mg/L
- 23 BEEQY FAEEESE, wp(2udSTD)
= yug (1stSTD)? + up (pipette)® + up (100flask ) + uy (man2, repeat )* + ug (m)?

= 0.004 791 753

up (2ndSTD)*

up (man2,repeat ) upy (1stSTD)*
vg (man2, repeat ) v(1stSTD)

- 22 BEEHY FFEFE, w(2ndSTD) = 0.004 791 753 x 0.1 mg/L = 0.000 479 175 mg/L

= 11 799542 95

FTEATE =

@ 328 FFEY(3rd STD) : % = 0.075 mg/L
- 32 BEEYY HUNEFESE, uy(37dSTD)

= Vugp (1stSTD)? + up, (pipette ) + uy, (100 flask)? + ug (man2, repeat ) + ug (m ) = 0004 791 753

up (3rdSTD)*
up (man2, repeat)*  up (1stSTD)?
vg (man2, repeat ) t (1stSTD)

- 3 RERY EFEEEE, u(3»dSTD) = 0.004 791 753 x 0.75 mg/L = 0.000 359 4 mg/L

FEAFE = = 11 799.542 95

A2y FFE Y (4th STD) @ =% = 0.05 mg/L
- 42t BEERHY FNEFEHE, 3 (4thSTD)
= Vug (15tSTD)? + up, (pipette ) + uy (100flask)? + up (man2, repeat )2 +up (m)? = 0.004 791 753
up (4thSTD)?

up (man2,repeat)!  uy (1stSTD)?
vy (man2, repeat ) v(1stSTD)

- 42 FER Y FEFEHE, (4mSTD) = 0.004 791 753 x 0.05 mg/L. = 0.000 239 6 mg/L

= 11 799.542 95

52t EF &9 (5th STD) : ¥% = 0.025 mg/L
53 BEE&AY HFHEEEHSE, 4 (5t4STD)

= Vug (1stSTD)? + up (pipette )* + ug (100 flask )? + up (man2, repeat ) + up (m )
up (5thSTD)*

up (man2,repeat ) up (1stSTD)
vy (man2, repeat ) v(1stSTD)

- bat EFER A EEEFE, »(54STD) = 0.004 791 753 x 0.25 mg/L. = 0.000 119 8 mg/L

= 0.004 791 753

= 11 799.542 95

FEARE =
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@ Aol B8

% Calibration results

=&, w(C) - HAASHE

o] &% EFEEE UFE

Concentration = - - S 008527305 A9 ¥EHA}
(mg/kg) 18] 23] 32| P 3 }1 QJHALO A7)9)5 HrE =5
7 —?‘_ L B |
0.025 2.806 2.751 5.778 - o T Ho 5 —
n .2 ) &
0.05 5.533 5.487 5.436 el
Sxx 0.009 375 "‘E;g(ﬂ RAe 97 912) ARFES] WEG
0.075 8.347 8.309 8.343 -
CoO 00294 HZAwG
0.1 11.36 11.32 11.33
C2 0063 EFEACIAE 9T U2 Y] Bagt
Ci: 8589 55 BO -0.145 667 3AEN9 Y HH
FEAE n-2=10 Bl 114.050 067 3)AEAQ) YL (Ci)
AFA g 8%, w(C,) = \/P +"‘—+i—‘—~—)‘
= 0.000 546 13 mg/L
@ A&, C (DEANH)Y BEEENE (u(C))
Cd Alggl HEZHmg/L) L (mg/L) HEHA} BEEET(mg/L) MfEFEsT
1 0.029 2
0.000 166 0.005 675
2 0.029 2 0.029 4 0.000 3 s 369
3 0.029 7
SEA8E :n-1 =2
@ Ha, C'o EEx ¢4
20l B2 AEss SEARE
2nd BF& 0.000 479 175 0.004 791 75 11 799.542 95
3rd e 0.000 359 381 0.004 791 75 11 799.542 95
o} 4th FFg 0.000 239 588 0.004 791 75 11 799.542 95
S5th FZ=g 0.000 119 794 0.004 791 75 11 799.542 95
AR 0.000 546 118 - 10
HHEA)E 0.000 166 667 0.005 675 37 2
FHESE
uC) =

Vu(2ndSTDY + u (3rdSTD)? + u (4thSTD)? + u (5thSTD)* + u (A

FA)P+u(EAG)

v (0.000 479) 2+(0.000359) 2+(0.000 239) 2+(0.000 119) 2+(0.002888 861)2+(0.000 033 338) 2
= 61.627 057 23 mg/L
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u(C)*

e " "u(2ndSTD)* _ u(3rdSTD)  w(athSTD)' . w(sthSTD)' u(ARN)  u(dzgh)
v(2ndstSTD) ' v{(3rdSTD) v{4thSTD) v (5thSTD) v(AHA) v(B&
= 16.745 818 37
c) = (C) 009 618 753
wlC) = ey ~°
z}. Blank (¥H5-A18) 3k (BLK)
BLK AlgiEls d=gt (mg/L) Y (mg/L) HEHL EFEEE(mg/L) AMUEFEST
1 0.000 3
2 0.000 3 0.000 2 0.000 0.000 1 0.5
3 0.000 0
2 ULl v WHETEUL M
gHEES
'— B) X
FIEE % : C(Cd) = (C=B)xV
m
- C”" = (C'" - B) = 0029 166 667 mg/L
(0.029 166 67 )mg/L X 25 mL
C 2 . =
JIEFE % : C(Cd 5.183 g
= 0.141 916 44 mg/kg
- crel B2Eas, u(c) = Vu(Qd)? +u(BLK)? = 0000 875 5 mg/kg
u(C)?
- C'Y AR = = 62.928 209 44
w u(Cd)" | u(BLK)"
v(Cd) T v (BLK)
- C'Y AYBFEEE, wR(C) = ﬂg—,,l = 0.030 018 115
2 ¢ =Hat EESET ARz AiEFEEss
cq c 0.029 166 67 0.000 875 5 62.928 209 44 0.030 018 115
Al g Ra] (V) 25 mL 0.016 04 14.186 483 97 0.000 641 602
A8AFZ (m) 5138 ¢ 0.000 145 o 0.000 028 22

FAFNEFELE up(CCd) = Vug(C ") +ug (V) +ug(m)?

v/ (0.030 018 1151)%+ (0.000 641 602 )+ (0.000 0282 2)?
0.030 024 984
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FHAEFETE, w(C(Cd) = ur(C(Cd)) x C(Cd) = 0.004 261 030 ung/g

7% FEASE
0 & A 0T (o) -
& ax AC) ) o’ 62.985 77
v(C) (V) v(m)

L $3EgE
°F 95% 2] AE|TE B ARE o oA t Fh 1.96 o]BE
U(Cd) = k x u(C(Cd)) = 0.004 261 039 mg/kg x1.96 = 0.008 351 136mg/kg
A FHEFSEE 95% AEFE, k=1.96904 0.009mg/kgolth. A F2 F FFeg TF SH Yo
BT 0.009mg/kg(95% AEGE, k=1.96)< o9|gich

A

= g o

B

I\

LAA F2 F FHeF TS 33 WHE A 2wk

ol Wk F 93 S48 AAR AEsien, 1 A

=1
3 S ESEZ T 0.004 261 030 ©]7 AHFEE 62.985°10 0 t-EXEZRE 95% A2 o k Al 1.96L

s SHSHETE A& A, 03] FA& F IIEEY SHETEE 2 0.009u/g S ol HEW 0.142ue/g
o el 6.3%l NFHATE YRR SAHEETIF Sk disle] 10-20%0]31H A12143E AA3ial Ak

HEZZQA NP ETe] HHL SHBEIACE FFele] “Qallx] FA ZCd 9 5(mg/kg) = (0.142 + 0.009) mg/kg
(95% AZTF, k=1.96)" 213 BAIE 4 9tk
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