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In this study, a method for preparing proficiency testing materials (PTMs) regarding soil-based metals is
introduced; PTMs for a total of 6 metals, i.e., Cd, Cu, Pb, Zn, As, and Ni, were prepared. The level of con-
centration for each manufactured sample was measured according to Standard Methods. Soil quality, homo-
geneity, and stability were also evaluated. In order to verify the homogeneity of the manufactured soil PTMs,
the standard deviation of proficiency and homogeneity of the samples were compared in accordance with the
procedure stipulated in ISO 13528 and all samples were found to have good homogeneity. Furthermore, the
stability of the PTMs was assessed as per the regulations specified in the ISO guide 35, and the results showed
that the condition for stability was satisfied for the testing materials. The PTMs were distributed among soil
environmental testing laboratories for proficiency tests and variations of z-scores from the test results were
compared for different assigned values. Analytical results from inter-laboratory comparisons showed that the
robust means were lower than the certified value for most of the target metals.

Key words: PTMs, Metal, Soil, Homogeneity, Stability

LM B

AAAA R 2 gt Qlze} 75 5 EA o)
A HskR Qe B 09 S83 @44 o= ol
FEAL L, oln] B2 H7RE] oHE Bl o
334 80l =z2H Ak BERS 29AE F
H A= T sl 252 ds Wi, A H71E A
, =eA Ael 5 557 HAF QA o8 F= s
Ha ok 542 sjebd o g RajEx] 7] wzel
EYoR wiEd Fox ezt EY W IR
F At aneEg B U 3452 A AR

ACA

"To whom correspondence should be addressed.

JJES B2 S0z Ausle] Zol} AE THS

Sal| A4 Aol e 0 & Ak wA

e EE R E
oIS ER B U A Faldel o)

it

ar e | &2
i
Rl
32
.ﬂ
&
tr
o2
O
2

i o -
o
N
N
p‘L
K
rd
O
_?L
N
)
:L_tl
=

=L Qo] o] 7] a8l vt dasitt
SR 73] BUh) ASEARE B3 A|g49E
NBH o2 Hrisie] Alddze] A A8 e

Tel: 82-63-290-1506, Fax: 82-63-290-1501, E-mail: sklee822@daum.net



|

EY ¥ ARS8 35 IR (PTMs) Al 9 9 284 %7t 127

T8 e s &5 A AAZE albE o
Zof g}, B4 FFslel Awste] ISO(International
Organization for Standardization), IUPAC(Internatio-
nal Union of Pure and Applied Chemistry) < #&
ARA AT Bl S8 718 FHAE 9 Al
5 A% 87EAL AXNE kS mEskE
Ze] AA el d3toZ X&Ho] 21FA 9
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= T4 Falal Hsh S5 ¥ ek =
A 2 EF A4 wet 7paA o R veRd o lo] g
7 AS ket S RS o]fo] Q7H)
L12) e =1o] IRMM(Institute for reference materials
and measurements), "]=F2] NIST(National institute
of standards and technology), 7tit}e] NRC-INMS
(National research council-Institute for national mea-
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2.1. PTMs M3 & =
F& PTMs Al%g SHEHY AAS 93] 4%
¥ 4504 XY B G AR 74 (2007)2 EYY

2 7l=E, e, |, ok, HlA 2 yale] st A
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SAAER A Q5AT Y sl FaElolo} B,
o e Teisle] AEY A AsAT 438 F-
SFEA Aol AR Buis ARy wue F
% g $sk] B A7oi 493 PTMs] A%
B FEdl] TPHES B} O 230 BE A
591 Metal- I3} Metal-TE A|Z3HATtE. PTMse] A|lZE
® AZ oaele 2 949 a4 Ul meke: As

—

~60, Cd 10~20, Cr 30~300, Cu 10~150, Pb 50
~500, Zn 100~1000 5 67l Y4 F=HL9} Bk
AR AL e RKYH XY $87|52
¥ 715 == Table 10 YeRAATE PTMs AZE
28l ANF XHF 30 kg o)Fe] EFNFEE AN
AHE NEE 543 F 2 mm A2 A AFSI H]
Z2 AA Egfolo] F 2 cm FAR F=2A HA Az
SfaL o] wl AlE T o] AlF Aol via] <F 15%
7} ZHaaelom) 50°Col 2087 AxAIZ A% &
FEIFE oF 1% A=E AT AxH A s
air jet milts )83t Y2 =717F 100 pm °lsk7}
He2 Bslsich. Metal-1S Fagate] oA Bur
ol Metal-lle FH334F 232¢] B2 E3sle] A%
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2.2. &M AlEl(Homogeneity test)

T2 A1ELS 28 HYE 2000 EY PTMs A&
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F2E AAsIATE 1SO 135283 ISO Guide 351
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Table 1. Target concentration for preparation of soil PTMs for hazardous metals in soil

Metals (mg/kg)

Cd Cu Pb Zn As Ni
Region 1 4 150 200 300 25 100
.. Concern .
Standard of soil Region II 10 500 400 600 50 200
contaminant Measure Region 1 12 450 600 900 75 300
Region II 30 1500 1200 1800 150 600
Concentration range of PTM 1~20 10~150 50~500 100~1000 1~60 1~100
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2.3. OFHM A8 (Stability test)
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Table 2. Typical operating condition of ICP-AES
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A5 eFAeIM ] Hade 240l me S
goldlr] s e sl xfo|E ZAFSte] Hrt
sttt 7+ 2= WeATE 7kt 23 Metal- 1>
0.31~3.05%, Metal-Il= 0.06~3.50%22 HERE O
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Operating condition

1) Model: Shimadzu 9000
2) Generator:

3) Spectrometer:

4) Torch: Cyclonic spray chamber
coolant: 8 L/min
auxiliary gas: 0.2 L/min
sample: 0.8 L/min

5) Sample uptake rate: 1.2 mL/min.

6) View system: axial and radial

7) Nebulizer:
8) Spectral wavelength:

9) Point per Peak: 30-40 points

10) Spectrum Profile: use

11) Integration Time: 2~5s (33 =3#)
12) Spectral Window (nm):
13) Stable time: 12 s
14) Pump Flush Time: 15 s

27.12 MHz, 1600W, Solid State, Free Running
Echell grating with CCD detector

MEINHARD concentric nebulizer
As 193.696 nm (I), Cd 214.440 nm (II), Cr 267.716 nm (I ), Cu 327.393 nm (I),
Ni 231.604 nm (I), Pb 220.353 nm (II), Zn 213.857 nm (I), Y 360.073 nm (Internal Std.)

As 0.124, Cd 0.295, Cr 0.303, Cu 0.21, Ni 0.149, Pb 0.141, Zn 0.137, Y 0.231
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Table 3. Homogeneity test results for PTMs of Metal-I

Mass fraction (mg/kg)

Cd Cu Pb Zn As Ni
Average 2.61 27.88 101.49 140.15 33.73 44.72
Sx 0.02 0.74 0.58 1.06 0.34 0.51
ISO Sw 0.05 0.64 1.85 1.12 0.88 0.79
13528 Sb 0 0.58 0 0.71 0 0
0.30 0.05 0.59 2.13 2.94 0.71 0.94
S, < 030 Accept Accept Accept Accept Accept Accept
S, 0.002 0.41 341 1.25 0.78 0.62
S,2 0 0.34 0 0.50 0 0
;E)f?cgl (0:36)2 0.003 0.34 4.54 8.66 0.50 0.88
F,(0.30)* + F,S,2 0.01 1.01 11.48 17.02 1.64 2.19

S,2 < Fi(0.30)% + F,S,2 Accept Accept Accept Accept Accept Accept
S,: Standard deviation of mean, S,: Within-bottle homogeneity, S,: Between-bottle homogeneity, c: Targeted relative
standard deviation for proficiency testing

Table 4. Homogeneity tests results for PTMs of Metal-II

Mass fraction (mg/kg)

Cd Cu Pb Zn As Ni
Average 4.43 56.50 290.04 152.04 14.27 9.38
Sx 0.03 0.54 2.13 1.60 0.22 0.20
ISO Sw 0.04 1.26 2.46 2.25 0.23 0.20
13528 Sb 0.02 0 1.23 0.15 0.16 0.13
0.30 0.09 1.19 6.09 3.20 0.30 0.66
S, < 030 Accept Accept Accept Accept Accept Accept
S, 0.002 1.59 6.08 5.06 0.05 0.04
S,2 0.0003 0 151 0.02 0.02 0.02
plgfi% (0.30)? 0.01 141 37.10 10.24 0.09 0.04
F,(0.30)* + F,S,2 0.02 4.05 73.54 23.44 0.21 0.11

S,2 < F1(0.30)% + F,S,2 Accept Accept Accept Accept Accept Accept

HEA ST} thi Eo AEgS Ho|I gtk F PTMse 2 =Sl
H

Table 59} 67o] < 650l = He Wl 1&
X3slal glomg ﬂEH 40°C, 05701 o9 5271 33. 7IF# 4 =S¥ ME
Me freleh skt glo] gk Zle= SRlEiT EY 24 44 PTMse 7155 A4S 98 &
E, Barie] mE S Slsk] Sl o, 2 AEE 1S sl thall 2 AlgHE 53] Rt
o %)

02571, UHY, 20€, 04, e/lg Z=st AV&O%W A

274 JHe] Also] Bk olgsl] AN A T EHY §
AlBIAaL L A3E Table 7 8ol YERASICE ATkl Al o

2 7H4HES Cde 0.02~0.04, Cue -0.18~-0.08,  F-a}aL 78X ol thak é o] FFAUAY FEE f‘ﬁ_
Pbe 0.82~2.36, Zne 0.24~0.44, AsE -0.07~0.15, =F JxETHRE TGt ol HHxMW Tt
Nit 0.06~0.2622 YePdt) S Hrishke 3=z 29 34 EFAxRES B Metal-Io] Z2$ Cd
¢l student-t factor®} ZA¢] 718719 E&%[S(b1)]2) 0.05 mg/kg, Cu 137 mg/kg, Pb 230 mgkg, Zn
Fo| 65 3 B 5% 2] $FolA |bl|Eck =3, 251 mgkg, As 1.39 mgkg ¥ Ni 143 mgkgol3l
p-valueZt 00520t 2 o2 Yepsdth ujebA eld7 3, Metal-19] 4% Cd 0.07 mgkg, Cu 1.50 mg/kg,
T PTMse] S¥AAS 93718k A3} 7t 882 w5 AJ7bo]  Pb 4.46 mgkg, Zn 3.63 mgkg As 041 mgkg 2
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Table 5. Short term stability of metals in soil PTMs of Metal-I by different storage conditions

Analysis of data

Elaspsed time Factors cd o 5 7 A N
Rr 1.009 1.006 1.008 1.010 0.996 1.006
0.25 month Ur 0.010 0.008 0.013 0.013 0.018 0.016
Rp+Uyp) 1.018 1.014 1.020 1.023 1.014 1.022
Rt-Up) 0.999 0.997 0.995 0.997 0.977 0.989
Ry 0.999 1.002 1.009 0.998 1.009 0.991
0.5 month Ur 0.011 0.016 0.023 0.010 0.036 0.020
Rr+Up) 1.010 1.018 1.032 1.008 1.044 1.011
Rt-Up) 0.988 0.985 0.986 0.987 0.973 0.972
Ry Ratio of average concentration by temperature, Up: Uncertainty by temperature
Table 6. Short term stability of metals in soil PTMs of Metal-II by different storage conditions
] Analysis of data
Elaspsed time Factors cd Ca b 7 As N
RT 1.007 1.000 1.008 1.009 1.009 0.995
095 month uT 0.010 0.004 0.009 0.013 0.012 0.014
Rp+Up) 1.017 1.004 1.017 1.022 1.021 1.010
Rt-Up) 0.997 0.997 0.999 0.995 0.997 0.981
RT 1.003 1.005 1.003 1.005 1.005 1.002
0.5 month UT 0.010 0.015 0.010 0.009 0.025 0.041
Rp+Up) 1.013 1.020 1.014 1.014 1.030 1.044
(Rt-Up) 0.992 0.990 0.993 0.995 0.980 0.961
Table 7. Long term stability for PTMs of Metal-I
Analysis of data
Cd Cu Pb Zn As Ni
Intercept, b0 2.82 24.26 104.81 134.28 32.29 42.74
Linear Slope, bl 0.02 -0.18 0.82 0.44 0.15 0.26
Regression s(bl) 0.01 0.10 0.63 40 0.15 0.35
t-factor (t0.95,n-2)*s(b1) 0.03 0.27 1.75 1.12 0.42 0.98
ANOVA p-value 0.23 0.14 0.26 0.33 0.38 0.51
Regression
Table 8. Long term stability for PTMs of Metal-II
Analysis of data
Cd Cu Pb Zn As Ni
Intercept, b0 4.63 55.00 283.98 154.40 14.21 9.35
Linear Slope, bl 0.04 -0.08 2.30 0,24 -0.07 0.06
Regression s(bl) 0.02 0.14 1.26 0.43 0.04 0.03
t-factor (t0.95,n-2)*s(b1) 0.05 0.38 3.50 1.19 0.11 0.10
ANOVA p-value 0.09 0.60 0.14 0.61 0.13 0.14
Regression

kel ZERIAHK)E H3l 5% AlFFolr e
=(expanded uncertainty)s +stod, B2 712 1
B3% A= A9E Table 99 1001 YERISITH B2
APESEE B Cde 3.20~3.86%, Cu 5.30~9.85%,
Pb 3.08~4.54%, Zn 3.59~4.75%, As 5.78~824% =

Ni 6.40~7.29%°] <+

Szow Ueha. Heid, 7 22

o] 71%7+e Metalle] 7% Cd 2.61+0.10 mgkg, Cu
27.88+2.75 mg/kg, Pb 101.49+4.61 mgkg, Zn 14015
+503 mg/kg, As 33.73+2.78 mghkg, Ni 44.72+2.86

mg/kgo|R3L, Metal-I1e] 73-%-, Cd 4.3440.14 mg/kg,
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Cu 5650+3.0 mgkg, Pb 290.04+893 mgke, Zn
152.35+7.25 mgkg, As 14.27+0.83 mgkg, Ni 9.38

+0.68 mg/kg= A4 =Tt

34. SEAEAAD |He SHE AE 2MZ7n Ho

=% PIMsE o] &3 A g 7 10e] 494
71E%) Mg etk SEE A19e Metal1o] 7
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£ o]gslo] Hrpe = QUhI6 B Ao 43
|3l F7FeE SN @A 1 Ho] AlEe w443
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I EWAE g, JETHAE Table 99F 10
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of JeRHSICE PTMs®] 713kt AAP o] AEst 4k
o] 2HAE HaghS vt A3 Metal-I3+ Metal-1I
o 71EHS AAIHe] BAAALS] EHAE B3
2t 15~20%% A-83 Hapkol X3=E= o= et
Yot Cd, Cu, Pb, Zn, As, Ni 6& 3= o3t <&
= Al A3E BAAAR EHAE zscore2 22t
Fig. 1 “eplict.

6% =9 3t robust z-score H7} A Cdel 7
9 BAF 7]#o] Metal-IolA 18.7%, Metal-TIol| 4]
29%= JEREe™ Cuét Pb, Ni¢] 7% Metal-1& 7}
Zt 6.5%, 6.5%, 2.9%= JERSEIL Metal-ll= =5 %
oz yeptth Zne Metal-I3t Metal-llolX 9.7%,
2.9%% e AsS 5.7%, 79%%= Z¥zb Uebdth.
o] PTMs?] A|lZxskol 23k Jgko =z dctsn F
Hix] & Fw7F U AlxE PTMse] oA 525
71e] Blgo] EA YER 7HY $=7t W2 Metal-
o] Cd a5 AJollA] FA37 713 vlge] 7P A v
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SHE ZJol7F AlF A JETE mRl o= Holm
2 PTMs®] Az 5% A9l gk 7wk Aol 58
g Zloz dcher),

EE Bk I2EF(PTMs)e] Az dee 9
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Arol o w Hr1E sl Al2E PTMsS o83}

Table 9. Comparison of reference values and robust means of soil PTMs of Metal-I

Analysis of data

Cd Cu Pb Zn As Ni

Reference Value (mg/kg) 2.61 27.88 101.49 140.15 33.73 NP)
b U (mg/kg) 0.10 2.75 461 5.03 2.78 2.86
Rel. U(%) 3.86 9.85 454 3.59 8.24 6.40
Participants | ROPUSt mean (mgkg) 3.08 24.73 79.80 130.33 29.20 39.48
Robust SD (mg/kg) 0.46 3.71 11.97 19.55 5.84 7.90

U: Expanded uncertainty, Rel. U: Relative uncertainty

Table 10. Comparison of reference values and robust means of soil PTMs of Metal-II

Analysis of data

Cd Cu Pb Zn As Ni

Reference Value (mg/kg) 434 56.50 290.04 152.35 14.27 9.38
b U (mgkg) 0.14 3.00 8.93 7.25 0.83 0.68
Rel. U(%) 3.20 5.30 3.08 4.76 5.78 7.29

Participants Robust mean (mg/kg) 4.54 53.99 266.96 149.21 13.39 8.34
Robust SD (mg/kg) 0.68 8.10 40.04 22.38 2.68 1.67
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Fig. 1. Histogram, analytical results and Z values of participants of proficiency testing results for Ni of Metal-I (left) and

Metal-II (right).
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