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This study used inductively coupled plasma optical emission spectrometry to evaluate the uncertainty asso-
ciated with measuring the cadmium content in waste sample. In this study, the uncertainty factors were divided
into acid digestion, standard solutions for calibration curve, calibration curve, and repeated measurement. The
cadmium content was determined to be 109.12 +3.60 mg/kg. In addition, it had a significant impact on the
uncertainty in the calibration curve and the standard solutions for constructing the calibration curve. The uncer-
tainty in the calibration curve can be reduced by increasing the concentration of the standard solution, as pro-
posed in previous studies. In addition, to reduce the uncertainty that arises from preparing standard solutions,
an alternative would be to pipette the liquid as the weight corresponding to the target volume instead of the

volume itself.
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Table 1. Analysis condition for cadmium in waste

Parameter Conditions or value
Sample flow rate (mL/min) 1.50
Used gas Argon
Plasma gas flow (L/min) 15
Auxiliary gas flow (L/min) 0.2
Nebulization gas flow (L/min) 0.60
Generator power (w) 1300
Wavelength (nm) 226.502
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71-& Table 13+ ZTh,

PN
T
AEF) A e

=2
kg) = (C—Cy) x VxF/W/G
o]

C: Ao ENE I F48 MBS mgl v
Cy : ABFAHOZRE I 7 A9 mgl §&=
V248 AR FE(L)

F : 3|4uls

W A5 Fl(kg)

G: & T 2L HE(gy)

25. ST 4E WY

3ol gkl 7k xS Uehl= s
BH71E7) 3 FAeg, B AFos @SS E(my
kg) / AFxT SR 7IE3) x 10022 ARSI



154 Hexl

Table 2. Classification of measurement uncertainty factors

Uncertainty factor Detail factor

Used item factor

Measurement factor

Weight measurement Balance

1. Sample

pretreatment Addition Reagents

5/10 mL Pipette

Making up to a final volume

100 mL Volumetric flask

. Calibration uncertainty

2. Resolution
3. Repeatability

. Calibration uncertainty
. Temperature deviation

3. Repeatability

Preparing
calibration blank

5/10 mL Pipette
100 mL Volumetric flask

. Calibration uncertainty
. Temperature deviation

3. Repeatability

100 mg/L Reference material

. Certificate uncertainty

. Calibration uncertainty
. Temperature deviation

3. Repeatability

. Certificate uncertainty

. Calibration uncertainty
. Temperature deviation

3. Repeatability

. Certificate uncertainty

. Calibration uncertainty
. Temperature deviation

3. Repeatability

Preparing 1/5/10 mL Pipette
stdl 0.1 mg/L
50/100 mL Volumetric flask
100 mg/L Reference material
2. Reference Preparing 5/10 mL Pipette
solutions for std2 0.5 mg/L )
P 50/100 mL Volumetric flask
calibration curve
100 mg/L Reference material
Preparing 5/10 mL Pipette
std3 1 mg/L
50/100 mL Volumetric flask
100 mg/L. Reference material
Preparing 5/10 mL Pipette
std4 2 mg/L

50/100 mL Volumetric flask

. Certificate uncertainty

. Calibration uncertainty
. Temperature deviation

3. Repeatability

3. Calibration curve Analysis with Instrument ICP-OES 1. Linearity
4. Repeated analysis Analysis with Instrument ICP-OES 1. Repeatability
Reference solutions Sample
for Calibration curve measurement

Reference Transfering

material Reference
1st Reference solution final volume \ \ \ ma.terlal
(Volumetric flask) (Pipett)

Cali Te R
- Cali Temp Rep  \ T T P
Transfering

reference solution / / \ (Pipett)

(Pipett) Cali Temp Rep Cali Temp Rep
Adding —/-
hydrochloric acid
(Pipett) / \ \

Cali Temp Rep

Adding Nitric acid

2nd Reference

solution final
volume

Cali Temp  Rep (yolumetric flask)

Repeatability

Cadmium
Concentration

Adding
hydrochloric acid
(Pipett) / /

Digested liquid
‘_rh Final volume

\ (Volumetric flask)
Cali  Temp  Rep Adding Hydrogen

<\\—\ Peroxide

(Pipett)
Cali Temp  Rep

Cali Temp Rep

I

Cali Temp Rep

Adding Nitric
acid
(Pipett)
Adding 1:1 Nitric

(mg/kg)

+———Repeatability

Weighing \ \ acid
sample 7 . . \ @i
pett)
(Balance) / / / Cali  Temp Rep
Cali  Resol Rep
Sample Calibration
pretreatment curve

Fig. 1. Fish bone diagram of uncertainty sources in Cadmium analysis.

Cali : Calibration

Temp : Temperature

Rep : Repeatability
Resol : Resolution
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Table 3. Uncertainty sample analysis result
Sample name Sample Weight (g) Blank Conc. Measured Conc. Corrected Conc. with Final Conc.
(mg/L) (mg/L) Blank (mg/L) (mg/kg)
Uncertainty Sample-1 1.0001 1.047 1.047 109.05
Uncertainty Sample-2 1.0000 1.049 1.049 109.27
Uncertainty Sample-3 0.9999 0 1.035 1.035 107.82
Uncertainty Sample-4 1.0000 1.051 1.051 109.48
Uncertainty Sample-5 1.0000 1.056 1.056 110.00
Average 109.12498
Table 4. Uncertainty sample recovery
ey oo 0
Uncertainty Sample-1 109.05 101.92
Uncertainty Sample-2 109.27 102.12
Uncertainty Sample-3 107.82 107 100.77
Uncertainty Sample-4 109.48 102.32
Uncertainty Sample-5 110.00 102.80
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3 9.959 9 9.977 8 0.022 2
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Calibration blank ¥ 47]]9] FF8S =43l HAA
A8 AAEHIL, A& Y=B; X+B,o2 %3
Y=135400x + 994.8°|%]t}. A5 53] WHE5g 5}
) AgFHozRE IS FEE Table 33 729]
1.04760 mg/L3Att. -8 w8, 78 s o}
& WEEE A9 A7) (Intensity), (C;— C ), [(Aj—=(By+
B, x C)RtE Table 63 Z9Uth HEEIE (ugyn)i=
0.011 57 mg/L, ANFFEIEE= 0.011 04(0.011 57 +
1.047 601U}, A o] Afics n—201210, ek

A SgEsks 159

3.5. HHEEEXA|o| B&l

ABE 53] WHES] B35 A, Thege] S s
(mg/kg) gk B FFHR=E 217F 109.124 98 mg/ke,
0.808 11 mg/kgeltt. WHEZAol o§ wFEtes
0.361 40(=0.808 11 + /& ) mg/kgolom, AhFFE
S 0.003 31(=0.361 40 + 109.124 98)°|ATh. &
WhEo o8 AY B Lol AHEE 4(=5- )|t}

36 SEEsE Y 28T 20 B
AF B

BHEQ MRS B

e}
= B 71998 (%) Table 72+ 24T}, 71948 (%)0] 749
BT el MRAE PYYNEFREES wF P
& gk PIPIRFRIES e F 1008 F3)
of AL, o AR AR AAe, AR
& FE8Y Az, A, SN P dEEES
T2 A Uy o sg was 0.013 57010, 84
O =

FE Va2 o g ) TOIQATE T HEolA AHFes}
70132, 21|55 oF 95%l 2] kghe 2.430|0H). g
She = AU EFES x FF 55 Fda x k2
2 Ui D), gEses Axtsid, v #7718 W 7}
TE A SRS 3.597 44(=0.013 57 x 109.124
98 x 2.43)0|t}. o]gA 4tEH FHESEE 77 HY]
&= U 7l=F el 7 xdsk=tl, EPA 3050B
oM A7 PHe el 71REle] A ot H7 =
AAIRZIE(ES 06900.200 whet 273 EAARE7A] &
7151590k, FAEHOZ 109.12 + 3.60 mgkg AFFE oF
95%, k=2.43)2 X8 7 S} E= Qx| duiEst
Tt HF AFAF 3ol vAE YT AvEE Tk
9] 739, 7 (47.50%) > AT 28 mEE
A A BE(29.53%) > WHES74(14.25%) > AHE3]
ZAAglol| me E3=(8.72%)pl WE B3 o2 e}

o

i

Table 6. Measured Intensity, (C;— C)y [(Aj— (By+ B, x C)J result

Calibration Curve Typed c(zlé(;)e ntration lni\:rfsii;riij) (o Cy [(A;— (By+ B x Cj)]2
Calibration-1 0.00 mg/L -327.0 0.518 1747155.24
Calibration-2 0.10 mg/L 14111.1 0.384 179521.69
Calibration-3 0.50 mg/L 68241.1 0.048 205843.69
Calibration-4 1.00 mg/L 139853.7 0.078 11963989.21
Calibration-5 2.00 mg/L 270178.0 1.638 2614042.24
Average(C )= 0.720 mg/L - Sxx = 2.66800 S= 2360.12373
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Table 7. Uncertainty of factors involved in cadmium determination

Relative Relative
Detail .. Uncertainty . standard standard
X Detail ,_~ Uncertainty o o,
. factor’s s factor’s ,_~ uncertainty’s uncertainty’s
Uncertainty . . factor’s . factor’s o I
Detail factor relative relative contribution contribution
factor freedom freedom
standard standard rate about rate about
. egree . degree . .
uncertainty uncertainty detail factor uncertainty
(%) factor (%)
Weight measurement 0.00015 11184 0.46
Addition 10 mL (1:1) nitric acid ~ 0.00107 18 3.17
Addition 5 mL nitric acid 0.00070 38 2.08
1. Sample i , 0.00203 101 8.72
pretreatment  Addition 3 mL hydrogen peroxide 0.00122 48 2.88
Addition 10 mL hydrochloric acid 0.00107 18 3.17
Making up to a final volume with a flask 0.00060 2678 1.79
Preparing calibration blank 0.00141 51 4.19
2. lRe.ferentcje Preparing stdl 0.1 mg/L 0.00368 171 10.91
solutions for Preparing std2 0.5 mg/L 0.00328 680  0.00686 1309 9.72 29.53
calibration ]
curve Preparing std3 1 mg/L 0.00317 655 9.41
Preparing std4 2 mg/L 0.00327 523 9.70
3. Calibration curve 0.01104 3 0.01104 3 32.72 47.50
4. Repeated analysis 0.00331 4 0.00331 4 9.82 14.25
st 2, BS99l 3 ARAT ARH A48 BE ISR 99 24t ARl waEe S9use
8 AxA BT 7P A S vidve s & WURIITh EEEacle I #48 AR AXE 9
o At & ksl A2, A= A8 B8z, A7
871 7 2ol g EEE Sole Jlo] o, A, ESgoR RStk o o)l AdiRE
T a9 MiESAS Fal A HeHER BEEE 2 ES=e 27 0.002 03, 0.006 86, 0.011 04, 0.003 31
=3t} S Ave] ESdAES ARHeR Wrlell £ oI, 8IS v Jl=se] A 109.12£3.60
Ash7] 919k FAH) AR o] meh R B = mgkelEISE oF 05%, k=2.43)0.2 ARSI e
EFU/ Jn OF BAU F RIS Zolr] G5 BUG AR AR 93 A0, A9FA Y e EF
of EEUAE WAL, SYAFME T} ek SOAE, WA, MEEY] BHE slolge A7)
A Aol o5 B E A7) Slsk] A8 8.72%, 29.53%, 47.50%, 14.25% ©IAth. &, 71=F &
Qo] AN vlel o] HEBY FEWAS & AN Behwe] 9L MR w4 TSP
H SA3FE ST U 28 B8 AEAESH SIS A 2otk
G A AR B8 Al BEEE A EYr] F 93 Re Q912 A8 1
7171 S8t MAE EHA T3 Al EEFIel s A 28 B8 AR S ERIsITE F 891
< TS 25T 5 k. Table 5elx9h 2ol . WRESA] ofsf WA E e EYEE, FFEURE 017
g Ilor BHeke el wsle® 10 mL 25 U RESA SIS STMIA BERE e S ot
A, 10 mLe] Ao sligshe AAF-w et HAF Has AT 2A A= B I Aol
0.007 6 mLollX ZTH 0.099 0 mL7HA] A7) wiizell, A AARE wpep 2], A=A 2ol ARSEE 58
o gl FUA; A AEEe] BEwrE A WY A5 WiESA SE STMIA AaAE S Ao
ATkl AlEE ) TS AR A8 BEgeAA Bl EE B
wE 72A717) S, AAE BAN B3 o Zua
1.4 E Sl sigEE FAS BAste] REEAE e Py
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