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Assessment on Proficiency Testing of

Three Environmental Samples
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Abstract

Three kinds of samples(soil, sediment and onion powder) prepared by the IAEA for
proficiency testing were analyzed by instrumental neutron activation analysis. Standard
reference materials(NIST SRM 2709-SanJoaquin Soil, NIST SRM 1633a—Coal Flyash,
NIST SRM 1572-Citrus Leaves) of National Institute of Standard and Technology
were used for internal analytical quality control. About 30 elements in soil and
sediment sample and about 20 elements in onion powder sample were determined,
respectively. Proficiency of measurement data were evaluated by U-test score for
accuracy and by Horwitz function for precision. From the evaluated results, it shows
that assessment of proficiency for most elements except Mg was acceptable and

reliable.

FUALAT A FAA WAFEA APAAE 000ETE A Q2H 7] e
AR g0l M@ FARE 2 Beldl d@ Aol Felslm vk



of AFRle) BAL ARAYES AL Y ARAAe FAA
HAAE TH3to T2 AEA AF 53

(International Organization for Standardization)®] 1702504 A3 L
& AL T AlE 73] A g gk 1SO 170259 7]+ 49l Z

8
ABAs] e FARF B AL At el Uk F BAL WL AHE
o FARY, AYET vuy SAR AP L 9F EF BAL AR R
FAwe, A9 F& TPl At
BT AP SR AYe] Ao T PASEAYS o &3] FAUR
G FRPE ATWE 3% AnE B BAY AR B doj1 AREo)
distel Wk, Astel @Ae FAFAwe ] U AFHE dolr g 3

21 A= ol g aFALE

TADAE ) FREE A Fwe 329 AlEE A2 B2 2 C2AERE "HEd o A29
B2A 5+ fAbs; mld 2 o] Fozl Gl v EAR, C2A RS Aol FilE A TEAE
= 27|AEIE 3 AFEHAT F5 ¢EHR AR AFE ojde A E=
IAEA-405 Sediment, B2A] 5+ IAEA-Soil 7°0]3loH C2A &+
for Compositional Characterization of Materials)oll A 4|3 AZxd <Fxp EZo| )
T35k 7 A 5E NAA, ICP-MS$F 28 EAHs Aasle &
A&t 95% ABFFEAA FosHA Xes THSIY dtdRE
Al nEAtEt e R ARl AlPACA AREstaL e AXE A Este] 53] o] 4o vk
TS I BAZY 2952 E = AS 8735

of\

worlr

- ‘Fm
Ir
o
i
Lo
®
®)
@
=
@
@}
=)
&
=}

ﬁ
ol
HI 4a
S|
Y
¢}
[02]
—t+
E
-t
—t+
¢}
[62]
—t+
(i

2.2 A WAEEY

ATE NBE FFAAIAT2Y SFUR ATF DARE) TLIFIAE g3l
A% 7]

WARSERE A B(NAA #1) ZAbgo ALt WAE S Ala5E
o} v Ad JuREAA(EG & G ORTEC, GEM 25185)% AF&3le] #Avkid-$
AE9 4 AqFo] UAbs & Albete] A=A stk =3 FAEA B E 95t 7
F27)E99 <F #5 EAHAENIST SRM  2709-Sanjoaquin  Soil, NIST SRM
1633a—Coal Flyash, NIST SRM 1572-Citrus Leaves)S S A|o] FAlste] B4319 ).

rir
K
i
H
)
it
_‘1:1_1
Ao i

2.3 SAAE WY

TR ES] AEgre 7|Es AAsA AFEAS ddstr] fsted 4 (1D U-test
HA1]S AFRt o 87 U-test score’f 1.95 ©]&}9l A -fof AZm 7
s}, w3 AT AlE-S 913le] Horwitzel 23] Alotd 42 (2)7} @%Q%E}[Zl =3
FA2) oa Tzl grEh 2S dwelwt AMRTE MEY & Yd5s Yugth +4
2)oll A C&= @97F 9l w529 A= vl 1 1 ppm = 1 x 109& 9wt}



|Value certivalue — Value Lab. |/{(Ui’lc .certi.value)2 + UI’lC, Lab)Z}l/2 T (1)

U test

0.02 - C %

UH:

I(NIST SRM 2709-SanJoaquin Soil, SRM 1633a-Coal

Flyash, SRM 1572-Citrus Leaves)Z5-E] ¢F 300]F 2] 9405 &

Table 3¢ Az

wl
10 % Yoo 24

1, Table 2

A

=
=

o5l 10% ool A

3.2 A

ojy

e

j2)

Bol A of

°f 30F° Y4E, B2A

BollA=

itk A29F B2 A

S

=
=

peae.

e T o] & Table 40 £.9F3

=
=

10% o]

ol

H
i
(a

A,

2371 ¢

BollA =

= 97 ¥4, B2 A

ol A A2 AlFE oA

=
97 el il th

o

ojy

tel a2 (D3t (2)

S

-
1.

C2 Azl A

ok A2

Table 7] A#3s
14 2o A 1.95 o]

o
Horwitz Shel <)

Table 5, Table 6 %

=
=

23}

i3

olof
=9 712l U-test score”} 971

33

12 A Aol o

3|

RIS

S

o

1

3|

-
1.

lott Fest Mgel -0l

BN
T

Ky

]_

7
H

= 237

ol A

o2 ETE B2 A

K}

-
1.

Mg¥ Nao], Aol A

Lol A=

3}
ol

87 AihFolA A

F C2 AR5 A =

3
T

i3

.

_ZTI

3}
ol

Mgol 7|8k o] d& Wbk 23y C2 A= 9

,ﬂl

e

3

R

+

7ol
<7
)
o

TC
=
iz

-

Aol 20097 Yol oy

Al

aig

0
i

2 =yt 28y Horwitz $HFE+=

T

ol

&
()
Hin

—
o

fveel

ojy
z]t

_ZTI

A
pugd



3% VuHAE AP Z2 o] FAviete] 2 AlgAe EAgte] M dE A
E A} H2oe AP FARS L Ao I FoA o] vdo] x|
3tk 53 FAAE 3 wnlowE oy sHv &84 ¢ o o F UHE A
BAQA Wo] vasEn Algolg & & gtk wEkA] A &Aool AFAY = BAE
AP s f3le] Fr)d oz nusdaAn Algd Fojste] Aol 58S HUhsteE
Aol FQ 3}

gl

St
o

i

al

[1] ISO, "ISO 17025-General Requirements for the Competence of Testing and
Calibration Laboratories” (1999)

[2] C. J. Brooks, L. G. Betteley, S. M. Loxton, "Fundamentals of Mathematics and
Statistics, Wiley, (1979)

[3] W. Horwitz, L. R. Kamps, K. W. Boyer, J. Asso. Off Anl. Chem., 63, 1344, (1930)



Table 1. Analytical results of NIST SRM 2709-San Joaquin Soil by INAA(Unit:mg/kg)

. This work
Element Certified Value RSD (%) RE (%)
(Mean +SD)

Al 75000 £ 600 73965 £ 1632 2.2 -14
As 177 + 0.8 156 = 05 3.0 -11.9
Au 0.3) 031 £ 0.2 512 3.2
Ba 968 + 40 1109 £ 43 3.9 14.6
Ca 18900 = 500 17398 = 691 4.0 =79
Ce (42) 417 + 19 4.6 -0.6
Co 134 + 0.7 124 £ 05 3.8 -7.2
Cr 130 = 4 133 £ 5 4.1 2.1
Cs %.3) 54 + 0.3 5.7 2.8
Dy (35) 37 * 02 5.3 6.5
Eu 0.9 083 = 0.04 49 -7.2
Fe 35000 = 1100 32495 £ 1366 4.2 -7.2
Hf (3.7 3.9 0.2 5.0 6.1
K 20300 + 600 20415 + 1197 59 0.6
La (23) 230 £ 08 3.4 -0.2
Mg 15100 = 500 17672 = 998 5.6 17.0
Mn b3k = 17 48 £ 8 1.5 1.8
Na 11600 = 300 11315 = 376 3.3 -2.5
Nd (19) 212 = 22 104 11.3
Rb (96) 98 =+ 5 5.3 2.1
Sh 79 £ 06 794 = 027 35 05
Sc (12) 112 = 04 3.8 -6.4
Se 1.57 = 0.08 123 £ 025 20.6 -21.4
Sm (3.8) 384 + 013 34 1.1
Sr 231 £ 2 245 = 39 16.0 6.0
Th 11 104 = 05 4.7 -5.2
Ti 3420 £ 240 3919 = 141 3.6 14.6
U 3 41 += 04 10.6 37.0
A% 112 £ 5 118 = 3 25 51
W 2) 27 = 03 10.0 36.4
Yh (1.6) 1.7 £ 0.1 5.6 34
Zn 106 = 3 113 = 7 6.3 6.2




Table 2. Analytical results of NIST SRM 1633a-Coal Fly Ash by INAA(Unit:mg/kg)

. This work
Element Certified Value RSD (%) R.E (%)
(Mean zSD)
As 145 + 15 132 £ 5 3.8 -9.0
Ce (180) 164 £ 5 2.8 -9.1
Co (46) 43 £ 1 2.4 -6.5
Cr 196 + 6 200 £ 5 2.5 2.4
Cs (11) 101 = 1 49 -7.8
Eu (4) 4 = 01 3.2 -12.1
Fe 94000 = 1000 89812 + 2321 2.6 -45
Hf € 69 = 01 1.7 -14.1
K 18800 + 600 19982 £ 1912 9.6 6.3
Na 1700 = 100 1721 =+ 80 47 1.2
Rb 131 = 2 141 + 4 2.8 8.0
Sh 6.8 + 4 75 = 0.3 3.6 9.6
Sc (40) 377 £ 02 2.3 -5.7
Se 103 = 06 99 = 09 7.0 -3.8
Sr 830 £ 30 868 = 0.7 7.2 4.6
Th 2477 £ 0.3 245 £ 62 2.7 -1.0
u 102 = 0.1 11.0 = 0.7 9.3 7.9
/n 220 + 10 246 = 1.0 2.9 11.8

Table 3. Analytical results of NIST SRM

1572-Citrus Leaves by INAA(Unit:mg/kg)

. This work
Element Certified Value RSD (%) R.E (%)
(Mean =SD)
Br (8.2 74 = 02 2.2 -10.1
Ca 31500 + 1000 20472 = 677 2.3 -6.4
Ce (0.28) 030 = 0.05 179 77
Cl (414) 404 + 4 09 -24
Co (0.02) 0017 + 0.001 8.4 -17.1
Cr 08 £ 02 074 = 0.09 12.0 -8.1
Cs (0.098) 0082 = 0.006 7.8 -16.3
Fe 90 + 10 765 £ 41 5.3 -15.0
Hg 0.08 = 0.02 0.068 = 0.005 79 -27.3
K 18200 + 600 16228 + 407 2.5 -10.8
La (0.19) 016 = 0.03 16.8 -16.1
Mg 5800 = 300 o884 £ 206 35 1.5
Mn 230 + 2 202 = 05 2.6 -12.3
Na 160 £ 20 140 + 4 3.2 -12.6
Rb 484 + 0.06 495 = 0.156 3.1 2.3
Sc (0.01) 0.012 = 0.003 23.7 182
Sm (0.052) 0.047 = 0.005 109 -10.3
Sr 100 = 2 993 = 46 4.6 -0.7
n 29 + 2 278 = 1.1 4.0 -4.3




Table 4. Analytical results of A2, B2 and C2 samples by INAA(Unitmg/kg)

Sample A2 Sample B2 Sample C2
Element

MeanzUnc. D.I. MeantUnc. D.I. MeanzUnc. D.I.
Ag 0.096 + 0.012  0.026
Al 84095 £ 4158 5429 45035 £ 1806 2907 722+ 6.8 14.4
As 245+ 1.1 0.6 139+ 06 0.3
Au 0.035 = 0.003  0.003
Ba 419 £ 59 96 160 =+ 24 13
Br 9.8 £ 3.8 0.5 877+ 0.38 0.72 13.0+ 05 0.1
Ca 29157 £ 1921 8592 163425 £ 7007 13388 5073 £ 269 70
Ce 725+ 29 0.3 59.1+ 2.3 4.8
Cl 21238 + 863 220 2605 + 105 22
Co 134+ 05 0.1 362+ 0.35 0.71 0.168 = 0.007  0.008
Cr 3886+ 36 0.6 733+ 29 6.0 035+ 0.03 0.04
Cs 121+ 05 0.2 532+ 0.23 0.44
Dy 589 = 0.40 0.51 438+ 0.25 0.36
Eu 141 + 0.06 0.05 1.10 £ 0.05 0.09
Fe 38478 + 1624 73 26413 + 1046 2164 994+ 44 4.2
Hf 553+ 0.23 0.07 478 £ 0.19 0.39 0.017+ 0.002  0.005
K 25418 £ 2744 5156 12182 + 527 998 12222 + 497 90
La 40.7+ 16 0.1 295+ 1.2 24
Mg 12496 + 1526 3689 10880 = 910 391 1711 £ 123 220
Mn 498 = 20 6 614 + 24 50 187+ 09 0.7
Na 17263 + 6383 23 2311 £ 91 189 972 £ 38 1
Nd 315+ 36 3.6 228+ 2.1 1.9
Rb 162+ 7 4 51.0 £ 27 42 529+ 0.25 0.27
Sb 241 + 0.12 0.09 1.79 £ 0.08 0.15
Sc 13.95 £ 0.55 0.01 385+ 0.35 0.73 0.0207 = 0.0009 0.0004
Sm 754 + 0.30 0.01 517 + 0.20 0.42
Sr 162 £ 25 102 120 + 22 10 414+ 25 3.6
Ta 145+ 0.09 0.17 0.72 £ 0.05 0.06
Th 0.94 + 0.09 0.08 0.65 = 0.06 0.05
Th 13.89 £ 0.55 0.06 312+ 0.32 0.67 0.014 £ 0.003  0.004
Ti 4299 £ 482 915 2938 + 216 241
U 3.81 £ 0.67 0.59 2.36 £ 0.35 0.19
\Y% 110 £ 10 26 69.8 £ 3.6 5.7
\ 143+ 021 0.12
Yhb 277+ 0.18 0.16 222+ 011 0.18
7n 270 £ 11 5 99.6 £ 45 3.2 207+ 0.8 0.3




Table 5. Summarization of proficiency testing results for sample A2 (Unit:mg/kg)

IAEA Data Our Results SD by U-test
Element .

Value £ Unc. Value + Unc.. Horwitz Score

As 236 + 24 245 + 1.1 2.35 0.34
Co 137 £ 25 134 = 05 1.48 0.12
Cr 84 = 16 88.6 £ 36 7 0.28
Fe 37400 + 2800 38478 + 1624 1227 0.34
Mg 12300 + 1500 12496 = 1526 477 0.09
Mn 495 £ 40 498 = 20 31 0.07
Sb 1.81 £ 042 241 = 0.12 0.26 1.37
A% 9% + 14 110 + 10 8 0.87
Zn 279 + 33 270 = 11 19 0.26

Table 6. Summarization of proficiency testing results for sample B2 (Unit:mg/kg)

IAEA Data Our Results SD by U-test
Element .

Value + Unc. Value + Unc.. Horwitz Score

As 134 = 22 139 + 06 1.45 0.22
Ce 61 = 20 59.1 £ 2.3 5 0.09
Co 89 £ 14 862 £ 0.35 1.0 0.19
Cr 60 £ 35 733 £ 29 5 0.38
Cs 54 £ 09 532 £ 0.23 0.7 0.08
Dy 39 £ 03 438 £ 0.25 0.5 1.28
Eu 1.0 = 01 1.10 = 0.05 0.2 0.67
Hf 51 £ 05 478 £ 0.19 0.6 0.66
La 28 + 2 295 £ 1.2 3 0.75
Mn 631 = &0 614 + 24 38 0.20
Nd 30 £ 9 228 + 21 3 0.80
Rb 51 = 12 51 = 27 5 0.00
Sh 1.7 = 06 1.79 = 0.08 0.3 0.15
Sc 83 + 3.2 885 £ 0.35 1.0 0.17
Sm 51 £ 06 517 £ 0.20 0.6 0.11
Sr 108 + 13 120 + 22 9 0.47
Ta 08 £ 03 072 £ 0.05 0.1 0.25
Th 06 = 05 065 £ 0.06 0.1 0.10
Th 82 = 3 812 = 0.32 1.0 0.02
U 26 £ 1.3 236 £ 0.35 0.4 0.18
A% 66 =+ 14 69.8 £ 36 6 0.26
Yb 24 £ 08 222 + 011 0.3 0.23

Zn 104

H+

30 99.6

H+

45 8 0.15




Table 7. Summarization of proficiency testing results for sample C2 (Unit:mg/kg)

CCCM Data Our Results SD by U-test
Element .

Value £ Unc. Value + Unc.. Horwitz Score

Ag 0.080 = 0.003 0.09 = 0.012 0.019 1.29
Co 0.15 = 002 0.158 = 0.007 0.03 0.38
Cr 030 = 0.04 035 = 003 0.06 1.00
K 10700 = 630 12222 + 497 424 1.90
Mg 1310 = 41 1711 + 123 71 3.09
Mn 195 £ 04 187 + 09 2.0 0.81
Na 1190 = 58 972 + 38 66 3.14
Zn 207 £ 14 207 £ 08 2.1 0.00
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