KRISS/IR--2007-052
SHAAEDN

SAXLAZIEMEE 0|8 FollS=E

ZXE PP CRM 215

Certification of PP CRMs for the Hazardous Elements using
Neutron Activation Analysis Methods

2006



ald

.z_.E

A

D ]
o

o

e

o+
<

it
)

w4 E 5A-8& PP CRM JUF"¢ #

)
pod

TRIMz AU

10 .

2007 .

o
o
ﬂ._
~

B
o
N



HEATHIN 25

I FToA - T
A AT o207 6. 0| @A FE | 025 / QA
amage | EAIE] eAREE 5D

AR [AAATAE FEol8 R E
R T S R

AZHAY [ZAABASEA RS o188 #319% 9 PP CRM U5

AE 30000 Hd
714 A4

»——AL\DQJO‘:O
ol ofl, of| M
% 0
OSL
ri
N

.
2 5 O a0 3000 29
BT azzzaaave ot
5\_—’_;—,‘;—/\1% srold g
ZTAZEATF| A= A AT B
AegdF | AdF7HE AFHAA
L azieeg 2 ge
- INAAE 0|83 Eg=zzgd F9 F3=% (As, Cd, Cr, Zn) IF 4 71 FE
- Comparator methodel] 93 &34 4
- ISO Guideo| @& 94 B3z A Hrt

2. ATAH

- Zgxzzgd CRM 2% & #3184 (As, Cd, Cr, Zn) 15 &%

- R B4 A8 24 2 IDMS Zaste] vl B4 s INAA ¥He H%
A g Ha4 8.

- A& ZAMA] ZA}Z (IP Hole) W9 neutron flux density Bl A &3 A A
o] A,

3. 7Ias 2 S8t

- FHAY =AY Fo gl INAA UJF 47« &9
F2 A& gtd CRM 53 A% 47 od

- S EZHEL CRM L E RoHS 5 FA G A9 A
Az 2854 2 MNFPPLE 5T F A& AL

- 29 INAA B9 FAEL(KC) 4.
-]Z],u]%],ﬁ.tlﬂtﬂ o] =

= = B3 o = Talw o S =
4 = , EFEF AF B85, L, ZYz2dA, 3
=2

¥ 2 lgangae

7 57HL o1 4H) Ins.trum'ental neutron activation analysis, certified reference material,
o] |certification, uncertainty, hazardous elements, polypropylene, Restriction of
hazardous materials(RoHS)

of




[. Al

Ko

—_—

€ PP CRM ¢

Ko
Ry

NH
22
Nlo

—_—

0

R

<

. B A

o

0

N
<A

of

%0

i

L
]!
o

of

)

tfo

ol

—

XU
oy
N

Nlo

—_—

0

o

A (RoHS)

T
o
Hp

— ;q]

ML Y7hLe| g 2 e

2 ISO Guided]

=
5]

@ CRM 2% <l

V. 2Kz}

o

4r

- Comparator method®l] <]

CRM 2% % #3135 (As, Cd, Cr, Zn) 15 &5

H)
i

)

ks

1 INAA

3]

IDMS ZAxbste] vlm B <]

=i
=

T #EE AR 24

o

7

o
o

el

o

o

1

isel

ZAFE (IP hole) Woll A <] neutron flux density Hl T ¥4



V. diE e e8HE

L3HA o]&HE IDMS ($9A8 °1§) 239 HIHE &

%
29 =gy BEAW oz INAA (AN E AHEAEE 75
L

CRM X Fo| <3 RoHS & FAzHolA el AFL7 A

38 INAA ¥ FARLEKC) &8



Summary

I. Title

Certification of PP CRMs for the Hazardous Elements using Neutron
Activation Analysis Methods

II. Objective and Importance

» Technical point of view
- Establishment of neutron activation analysis methods as primary relative
ratio method.
- Improvement of reliability of the certified values of certified reference
materials.
» Economical and industrial point of view
- Establishment of traceability of measurement results for the hazardous
elements in field laboratories through CRMs dissemination.
- Overcoming of technical barrier in international trade related to the
environmental regulations (RoHS) by improvement of measurement

reliability.

III. Scope and Contents

« Establishment of certification technology of the hazardous elements in

plastic material by INAA.
» Certification of the 2 polypropylene CRMs and evaluation of uncertainty by

ISO Guide.



IV. Results

» Establishment of certification technology of the hazardous elements in
plastic material by INAA.
- Establishment of the comparator INAA method.
~ Uncertainty budget and evaluation by error sources.

» Completion of certification of the hazardous elements (As, Cd, Cr, Zn) in 2
polypropylene CRMs.

* Confirmation of INAA method validation by control sample analysis and
comparison with IDMS results.

« Correction of effect by nonhomogeneity of neutron flux density in irradiation

hole (IP hole).

V. Application of results

» Application to certification of CRMs the established INAA method as the
independent method to check the confirmation of IDMS results.

* Overcoming of technical barrier related to the environmental regulations
(RoHS) in international trade by CRMs dissemination.

* Application to the international key comparisons.
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Table 1. Concentration of standard comparator for INAA

Concentration of standard
Element Half Life comparator / mg - kg~ E(rlzr\;g)y
MO1 LO01 LO01
As-76 26.33 h 208.93 559.1
Au-198 64.64 h 3.97 411.8
Cd-115 5347 h 206.34 336.25
Mo-99 65.94 h 318.72 140.51
W-187 2390 h 210.45 479.53
Zn—65 244.10 d 2202.67 1100.2 1115.52
Co-60 527 y 34.35 45.4 ?113;:;25
Cr-51 27.70 d 11541 320.1
Fe-59 4450 d 13936.06 1099.3
Sb-124 60.20 d 37.57 1691.04
Se-75 119.77 d 104.14 264.5
Sn-113 115.09 d 7602.68 391.7
Ag-110m 249.76 d 60.59 657.76
Hg-203 46.6 d 51.16 279.17

Y 2T E Mg, ZE8d%0] HslH EFAE clean bench W9 4204 Ax
A7l & 2" #A A A9 IR € press die EGd 13 mm)ol] A YU3dtz 1 ton FES

o] pellet FE|Z Ax3}Pt BEA Ax AHEH EFEELAHL &
A3 TR AHANTE o] &3l vBAEE RAFEAE AXsA
A} A e=+FE foil £ flux monitoring & Fe foil & # 3 4
Pt

AR ESAFAT AR SRAE o 2e M EEA o
2 2¥% 24 AREE 0§

EEAY A2e 7hE 2 2ANdE 29S BT & AR nd Fe 43

1 clean bench WollA slojof sttt
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3. A|l=2| ZFH]|

PP CRM 47= As, Cr, Hg, Pb, Zn7} 22t 1000 mg/ke, Cdo] 100 mg/kg +F< =
%% KRISS CRM (113-01-P05)3} As, Cr, Hg, Pb, Zn7} ztz} 150 mg/kg, Cd 15 mg/
kg &9 A F%= KRISS CRM (113-01-P03) & 2&o|th <A 23 npe} zo] BE
AT EFAY 5493 FH pellet Fel2 Az B24 AxAA AL IR
& press dieg °] &3t dA} nE2A AXEE Y& F 53 dHoz 4F Az
AT AlE AHAFE nFE ALE o&doq fAG FFY dAE A = CRM
(113-01-P03)el -+ ¢ 75 mg % G/ 4xH) 28l 1% E CRM (113-01-P05)&
% 68 mg (57) Y22 &tk Photo. 12 PP Ag A2 sl 9E A&
pellete] Apzlo]c},

e

Photo 1. Pelletized PP CRM (113-01-P05) and blank for INAA.

4. AJRO}] ZTA} HiH
ARl ZAMA e A8 T EFAYSY FAHAAE 9EE Sd3A 59
Aol g Fodth oE s Aag

ETAE TLE pellet BANZ HEI rabit W TLT AN ZAHES ok 3
>
[€)

zAbe) V)aotE ARYS B 8] 98l AR, A, 2L YT rabbitol
Yn zAsgn. 338 39 AAE Agdtel olg ARE 24z AN} 2AFEA
oo ARz e F44 &, 2AAL, NHEE 24 B4 ARAL BAATY w
2RozRy FAsrh

2APEE R INAA H& 71$8E o)&ste A& 9FoR oy, FAzt
ZAA B NAA A& 71453 d42 938 IP Holed o] &3ttt ZAF A4 9] IP

hole ZAbE SA &< (neutron flux) 35 x 10 n - ecm™ - s 'o]t}.
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ZE AZ pellet ¥ Ev’fiﬂlﬁ: ARE PP film (0.3 um)22 %<3 ot¥ HDLPE
filmo 2 MA rabite] AYTOLZN ZAA Y recoil effectE Foli A8 &4& W
Asty As AEE %015}71] Eigsi=y

z’“z} ZAME rabit T4l A2 HAEEAE FA DA ¥ dde dF

7 foill2 X% el A AT 4 AR A 747 107 Algek 971 v
A4, 17019 #gA g, 3709 Fe foil, 3 719 blank (A& EF o] A& PP film £
2ZS ol HDLPE filme 2 Beld A) AJE8& FAld ZAFIG T Fe foil2 FAX}
monitoring ©.2 AF&-3tATE olu A5 A= ALY FAHIoR YR core
ZRE FHYFOT FolA =Hu HAAANRY Folv ¢ 21 cm otk o9 2 AF
A Aole A7 HA He FAAE DEY olE dodleE 20l HedH o
HE Aol FAHZAT U E WA EHo Wi AA4e EFE <o Hrh & 2
Al o] g% UE IP Holed Z-F Hd 10 %8 Hoiad

gtk B Ao E rabits W AE wiE TAA 5YT wx vluRFAt 4A
dAez MAAEE @ AHdA 2AD e olF EEA BAH BEEL o83
of N2 9Ad BE 445 Ux By AX4E Fo AFAL BIHAY Fig. 1
£ IP Hole o149 A8 XE W& W IAF &8 FAAS 25 BA AR
o] & yeld Aol

14E+03 . - = : '

el . s 1 1.0000

i e e 2 1.0030

xxxxxxx s 3 1.0060

w 4 1.0089

g [AEH03 s S Toris

E CaiTL A 7 10171

E *’*”7-‘""*“”0"’666:( 43‘?4x+ 1378.969 : 8 1.0196

2 L 9 10221

e R = 1,000 10 1.0245

L3EH03 [prossoimmmiin e 11 1.0268

- 12 1.0289

13 10311

o ) 2 14 1.0331

3 \.,f.'::::f' : . f‘fg',:ff.'l ,w‘t\ i 15 1.0350

1.3E+03 16 1.0368

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 = ToRe

) " 8 1.040

Flux monitor position 19 1'041;

20 1.0431

p- sample position in rabit, f neutron flux density correction factor

Fig. 1. Neutron flux density gradient in HANARO IP hole #4.
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5. ZAMANRS HZF UY

AZA e ANEe} FFA 7 counting geometryd] & FFE Fo|7] H3 T
g AN AZHEE e, F YA wEF F T w P g2 24
A AZHEE 3= Aol FLdT A 2% Asel o AR ¥ FH
Ba5o] 9= PP filme €33 AAg ot& LDPE film tubeo] 44stz FzH2E
petri dish W9 Fdd 1A ] S AZssoh

Azgue B d7de 1% Ge WE71(BG&G ORTEC GEM 308 °l §3sith,
W5 A el dal AEAE 28 Fol) A TE ARE FEII2Y
B #2410 cm AN ANHAT AR E2EAY FAE 1 mm iz 233
o ol BE AR-AE7] AY Aoldl Fo|E vhehie], 05 mm o3 BT HEE

o

A-7A%7] AHE Uit o]& 10 cmolAl 1 %°l8te] QAtol| sjdsrt. 54 o

JE9 W7k g2y) Wi 74 dad Wy 21e HAHFE A8 =AF F A

Ao A&l 23] A3

Az A& 9 HE L EG&G ORTECY Gamma vision 32& A1&34t & 7
3

zAat AA4ATa0A Adetel AT Y& Labview T2IWE o83kl
Z

6. UZEEo| AE Y BHE B}

(4 D e 27 AL o8 FES AFehe EEA WIEAA Ree A
2ot Bz B4 EAE genz @4 1o dn, R, £% $UA A&7
U8 A= 2454 99 1o ke 2AL A% F Ak R R AES
2249 24 540 gk AEHE 2PAAE o] RE ARERNE A5
Addch olsh 2 BEE 89 F AWAHA AFIA /b B 202 HghE
Ae EEAS ASLY TS LS U Ryel

B ATAE ¢4 HEE vt o] A

= =
F3ate] HF At wkgdidnt olgtel EFA A F4 A4 §F A= EEA
o A&FALA gy BEANEY AS FEEA AAe ddd £F
3 golojth B AFqME 2o AF ¢ AF doleE2RY 4
E A&37]) 93] Table 29t 22 Excel spreadsheetE 7]@ste] o] &
CRMS] AlZ¥% PP CRM, 113-01-P03-001¢] As %3¢ 28% 2&o dzi 24
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2a (4 DAM 29¥ EFRFEE T 0§ o5 BHEE BYee] A A
44 RETAEE PR HYS HAFD Ao

Table 2. Excel spreadsheet for standard uncertainty budget in CRM certification by

INAA measurement.(As in PP CRM, 113-01-P03)

Carameter - Description Typical Value Standard 33?32;3
Symbol | Unit uncertalnty | ., ertainty
Mass
w Dry mass factor 1 0.0000 0.00000%6
C, mg/kg |Comparator mass fraction 208.93 0.00758 0.00363%
m, mg |Sample mass 74.517 0.00006 0.00008%
m, mg Comparator mass 516 0.04377 0.08488%
Ay parameter
Ny Sample counts 5035920 2414 0.048%
N, Comparator counts 547869 592 0.108%
A d=! |Decay constant 0.63201 0.0012683 0.20068%
tnx d Decay time of sample 1.31 2.3E-05 0.00176%
tn.c d Decay time of comparator 391 2.3E-05 0.00059%
tox d Elapsed time of sample 0.579 2.3E-05 0.00397%
tee d Elapsed time of comparator 0.244 2.3E-05 0.00942%
Aox 23778961 407751
Aoz 28673435 491765
Ratio uncertainty
R, Ratio of isotope abundance 1 0 0.00000%
ng Ratio of neutron flux 1.002 0.00300 0.30000%6
I Ratio of cross section 1 0 0.00000%
R, Ratio of efficiency 0.9978 0.00001 0.00122%
Results
Cy (mg - kg™!) |Sample mass fraction 119.7
u (rel), % Relative standard uncertainty 0.39 %
u, (mg - kg™ !) |Combined standard uncertainty 0.47

_19_



A3-d FHaE 54L PP CRM o5

1. A|lRS| MH

AF EH"L% Aae FTFEEHGAT LA Faldh SHE AFATEAR MY
Fol = FYzzHA (PP) X 2F9] E &A= As, Cr, Hg, Pb, Zn7} 2+2t
1000 mg/kg, Cde] 100 mg/kg &+ ILFE KRISS CRM (113-01-P05)3 As, Cr, Hg,
Pb, Zn7} 27} 150 mg/kg, Cd 15 mg/kg <%0 A ¥ % KRISS CRM (113-01-P03) ©]

t; o]& CRM< pellet8 224 77k 50 g 4 300-400 Hell &% HA" Aol o &
T WY A0 e 4R AR 1088 E FAE A 2 AFE AEE HAs
T o5 7 NEWOERE 60-80 mg & sl A¥E ANE2 s}

2. PP CRM &xi2| &L AL A1}

INAAE o] &3ted SRS 107] A8 gt SAS AFASSs (DPS/mg)Y FdE
THAL HES(@rsd %)& Table 3 - 49} Zth AF% A& (113-01-P03)¢} L5 E A
£ (113-01-P05)ol 4 HgZE A&stze A 1.60% oo HHFFAAESE Holx ¢l
th. Hg® 72 IINAAOIA 3| A2 ZAMA A 12 93 &4 7h5A
HZol wtEAdo]l A ¥ diolr. HgE Astis F A5 949 A& 3 95
do] 1.60%°IUQ] RoZE Hel AWt F#AMH LS CRMoEZAM AL & A

o® #YT 5 Ao

Table 3. Homogeneity test results of PP CRM 113-01-P03.

Element Mean (DPS / mg) rsd %
As 8204 0.97
Cd 13.1 1.53
Cr 1695 0.42
Heg 422 3.73
Zn 3.09 1.50
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Table 4. Homogeneity test results of PP CRM 113-01-P05

Element Mean (DPS / mg) rsd %
As 32300 0.82
Cd ol.l 1.58
Cr 739.7 0.82
Hg 202.7 2.86
Zn 114 1.40

3. PP CRM 2xl2] 21F
NE9 ¥zt A=Y 9% 285 T A5 dis) 1074 o5 B& AAs

1 4 ARERE 1 AR ARE 5 2

stk A5 A g B PP FA9 Af EE 2= x| of
o}

FAT FFEE JAHE R A T BFEE adhA] Fokth

t}. 2% PP CRM &4 % As, Cd, Cr, Znol W3 #HF AF@y} FHEIL: A=
spreadsheet= Table 5 - Table 128} 2t AFF2 7z CRM €4¥ Z+ ¥ A5 A
Ao FFFo 2 ot gird FAHEFEZEE Table 20149 o] +3 7 o
ANg 2340 EFFEZEE pooleddt the o7 3
Adsted A&t o714 pooled® Zt A& SR AT ZEEHEE %Zé‘%}‘?é =
3 ZFEFEeH 10 ANE AFY HF e
bottle uncertainty)oll A& sct. HEFLAES
K2 28 F3+9 5% AIAFFAAM e g
ol A o] &AHH 2F ZZzdFY CRM 113-01-P037 113-01-P05¢] AFH}E
Table 13- 149 f93ted Yel ATt o] Tabledles U A& tha] IDMS =
ICP/OES] 93] 249 A3°Z "lwste] etk F 277 §48 5= 2 &
355 Hola Ux 3

INAA Z37 oa F
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BCR CRM-680°14M %= +rAstAl uehdz gtk Table 152 INAA Z3E BCR
CRM-680 ¢1Z &3 vlamsle] yeldl Aot As, Cre AF <A@ 8= HH
Yol A dxjst 9oy Cde A$ AFFHEY 52 SHZAAE Hola o] oo o
g 271 AE7F 23t Zn: CRM BCR-680 Q1ZA° 4o <1Zzte] FojA A go}
ZAANE ¥n & ¢ . Zyzzgd CRM| i3 IDMS ¥ ICP/OES Z#
oto] et Zgodgdd CRM (BCR-680) U5z e] vluE T3l CRM UISHHoE
A9 INAAY FFEAE 9T & Ut

Table 5. Excel spreadsheet for expanded uncertainty budget in CRM certification by
INAA measurement. (As in PP CRM, 113-01-P03)

No Sample No Concentration / Measurement standard
' P ’ mg - kg uncertainty / mg - kg™
1 3001 119.69 0.466
2 3051 117.72 0.460
3 3101 120.60 0.471
4 3151 120.72 0.468
5 3201 118.99 0473
6 3251 121.13 0.495
7 3301 118.14 0.505
8 3351 120.12 0.637
9 3401 118.80 0.712
10 3421 117.90 0.782
Pooled standard deviation 0.547
Mean of concentration / mg * kg™ 119
Standard deviation of concentration / 1.244
mg - kg
Relative standard deviation / % 1.04 %
Combined standard uncertainty (u,) /
B 1.359
mg - kg
Coverage factor(k) 2
Expanded uncertainty (U) at 95 % 2.72
confidence level / mg - kg™
Relative uncertainty / % 228 %
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Table 6. Excel spreadsheet for expanded uncertainty budget in CRM certification by
INAA measurement. (Cd in PP CRM, 113-01-P03)

No Sample No Concentration / Measurement standard
' ple No. mg - kg ! uncertainty / mg - kg™

1 3001 1554 0.676
2 3051 1591 0.692
3 3101 15.34 0.667
4 3151 15.30 0.665
5 3201 15.66 0.681
6 3251 15.66 0.681
7 3301 16.18 0.704
8 3351 15.87 0.690
9 3401 16.21 0.705
10 3421 16.47 0.716

Pooled standard deviation 0.688

Mean of concentration / mg * kg " 15.8

Standard deviation of concentration / 0.387

mg * kg

Relative standard deviation / % 2.44%

Combin?ii standard uncertainty (u,) / 0789

mg - kg

Coverage factor(k) 2

Expanded uncertainty (U) at 95 % 1.58

confidence level / mg kg™

Relative uncertainty / % 998 %
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Table 7. Excel spreadsheet for expanded uncertainty budget in CRM certification by
INAA measurement. (Cr in PP CRM, 113-01-P03)

N Sample N Concentration / Measurement standard
o ampie 0. mg - kg™ uncertainty / mg - kg™
1 3001 149.19 5.193
2 3051 147.84 4.947
3 3101 14761 4590
4 3151 151.47 3.930
5 3201 150.54 3.807
6 3251 153.04 3.674
7 3301 149.86 3.538
8 3351 150.99 3572
9 3401 148.04 3.491
10 3421 149.67 3.499
Pooled standard deviation 4.024
Mean of concentration / mg - kg™’ 149.8
Standard deviation of concentration / 1.745
mg - kg™
Relative standard deviation / % 1.16 %
C : )
ombme_zii standard uncertainty (u,) / 4386
mg - kg
Coverage factor(k) 2
Expanded uncertainty (U) at 95 % 8.77
confidence level / mg - kg™
Relative uncertainty / % 5.86 %
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Table 8. Excel spreadsheet for expanded uncertainty budget in CRM certification by
INAA measurement. (Zn in PP CRM, 113-01-P03)

No Samole No Concentration / Measurement standard
' P ' mg - kg! uncertainty / mg * kg™’

1 3001 151.19 2.944
2 3051 144.90 2.821
3 3101 14855 2.822
4 3151 149.44 2.909
5 3201 149.89 2.882
6 3251 152.86 3.005
7 3301 150.95 2770
8 3351 146.95 3.048
9 3401 151.32 3.010
10 3421 151.89 2923

Pooled standard deviation 2913

Mean of concentration / mg * kg’ 149.8

Standard deviation of concentration / 2.429

mg - kg™

Relative standard deviation / % 162 %

Combined standard uncertainty (u,) /

» 3793

mg - kg

Coverage factor(k) 2

Expanded uncertainty (U) at 95 % 7.59

confidence level / mg - kg™

Relative uncertainty / % 5.06 %
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Table 9. Excel spreadsheet for expanded uncertainty budget in CRM certification by
INAA measurement. (As in PP CRM, 113-01-P05)

No Sample No Concentration / Measurement standard
' P ' mg - kg™’ uncertainty / mg - kg~
1 5001 762.80 3.062
2 5051 767.24 3.062
3 5101 756.74 2.999
4 5151 743.95 2.954
5 5201 758.40 3.029
6 5251 732.17 3.169
7 5301 756.51 3474
8 5351 750.08 3.888
9 5401 74793 9.868
10 5421 757.23 10.006
Pooled standard deviation 4551
Mean of concentration / mg - kg™ 753
Standard deviation of concentration / 10.117
mg - kg
Relative standard deviation / % 134 %
i d int
Cornblnc?ii standard uncertainty (u,) / 11063
mg - kg
Coverage factor(k) 2
Expanded uncertainty (U) at 95 % 22.19
confidence level / mg - kg '
Relative uncertainty / % 2.95 %
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Table 10. Excel spreadsheet for expanded uncertainty budget in CRM -certification
by INAA measurement. (Cd in PP CRM, 113-01-P05)

N S le No Concentration / Measurement standard
o ampie ’ mg * kg‘1 uncertainty / mg - kg
1 5001 104.81 3.964
2 5051 106.72 4.004
3 5101 101.85 3.812
4 5151 103.25 4014
5 5201 101.91 4.324
6 5251 103.66 4.609
7 5301 104.49 4625
3 5351 105.02 3.929
9 5401 96.62 3.559
10 5421 95.15 3.559
Pooled standard deviation 4.040
Mean of concentration / mg * kg ' 102
Standard deviation of concentration / 3.72
mg - kg |
Relative standard deviation / % 3.64 %
C i d rtai
ombme_z? standard uncertainty (u,) / 5 494
mg - kg
Coverage factor(k) 2
Expanded uncertainty (U) at 95 % 10.99
confidence level / mg - kg™
Relative uncertainty / % 10.74 %
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Table 11. Excel spreadsheet for expanded uncertainty budget in CRM certification
by INAA measurement. (Cr in PP CRM, 113-01-P05)

No Sample No Concentration / Measurement standard
’ P ’ mg - kg™ uncertainty / mg * kg™
1 5001 957.05 25.222
2 5051 953.98 24.844
3 5101 953.06 24.812
4 5151 950.27 24.332
5 5201 951.03 24.308
6 5251 938.01 23.846
7 5301 973.72 24.733
8 5351 977.54 24.827
9 5401 970.69 24.654
10 5421 975.83 24.801
Pooled standard deviation 24.638
Mean of concentration / mg - kg’ 960
Standard deviation of concentration / 13.38
mg - kg™
Relative standard deviation / % 1.39 %
Combin?i:l standard uncertainty (u,) / 93,039
mg - kg
Coverage factor(k) 2
Expanded uncertainty (U) at 95 % 56.08
confidence level / mg - kg™
Relative uncertainty / % 5.84 %
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Table 12. Excel spreadsheet for expanded uncertainty budget in CRM certification
by INAA measurement. (Zn in PP CRM, 113-01-P05)

No Sample No Concentration / Measurement standard
‘ D ’ mg - kg uncertainty / mg - kg™’
1 5001 971.10 5.777
2 5051 96743 5.960
3 5101 969.80 6.058
4 5151 948.78 5.877
5 5201 959.21 5.907
6 5251 939.75 5.804
7 5301 972.26 5.927
3 5351 970.45 5.955
9 5401 957.90 5.872
10 5421 977.49 5.984
Pooled standard deviation 5912
Mean of concentration / mg * kg_1 963
Standard deviation of concentration / 11.85
mg - kg™
Relative standard deviation / % 1.23 %
Combined standard uncertainty (u,) /
1 13.25
mg - kg
Coverage factor(k) 2
Expanded uncertainty (U) at 95 % 26.49
confidence level / mg - kg™
Relative uncertainty / % 2.75 %
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Table 13. Analysis results of KRISS PP CRM 113-01-P03 by INAA.

IDMS/ICP/OES
. .. |Energy| Unit(mass INAA results
Element |Irradiation (keV) fraction) resuilts |
© action Value U Value U
As long 559.1 mg/kg 119 3 123 3.6
Cd short 336.25 mg/kg 15.8 16 14.5 0.3
Cr long 320.1 mg/kg 149.8 8.8 146.0 2.3
Zn long 111552 mg/kg 149.8 76 148.8 85

Table 14. Analysis results of KRISS PP CRM 113-01-P05 by INAA.

Element |Irradiation IE(rlieel;g)y Li?;tc(trgis)s INAA results IDM?G/;&IZOES
Value U Value U -
As long 559.1 mg/kg 753 23 773 28
Cd short 336.25 mg/kg 102 11 96.6 3.0
Cr long 320.1 mg/kg 960 56 976 33
Zn long 111552 mg/kg 963 26 994 39

Table 15. Analysis results of CRM BCR-680 (high level) by INAA as control

sample
Element |Irradiation Pii:g)y [igtc(tr;is)s VfluAeA resulti V:li::' Valu;s
As long 559.1 mg/kg 305 0.22 309 0.7
Cd short 336.25 mg/kg 155.6 1.50 140.8 25
Cr long 320.1 mg/kg 112.9 0.92 1146 19
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