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Abstract: In this study, the wastewater-based reference material (RM) was prepared and certified for 7 trace
metal elements with evaluation of uncertainties. The RM was distributed to 25 laboratories for the interlaboratory
comparison testing. The certified values and expanded uncertainties were derived using ISO guideline 35 and
the standard uncertainties for homogenieties were 0.43~2.67% of certified values. The analytical results from
the interlaboratory comparison testing showed normal distributions and the robust means from the interlaboratory

comparison testing were higher than the certified values of the RM for all analytes.
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Fig. 1. Apparatus of preparation systems for water-based reference materials.
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Table 1. Homogeneity testing results of wastewater reference
materials (chromium)

Cr Result (mg/kg)
Sample No. Test portion 1 Test portion 2
NIER-109 10 0.8678 0.8735
NIER-I109 35 0.8849 0.8877
NIER-I109 60 0.8808 0.8899
NIER-I109 95 0.8814 0.8871
NIER-109 110 0.8886 0.8824
NIER-109 135 0.8919 0.8922
NIER-109 160 0.8993 0.8906
NIER-109 195 0.8942 0.8876
NIER-I09 210 0.8910 0.8809
NIER-I09 235 0.9058 0.8939
Average 0.887624 n 20
Target RSD% 15%
0.3c 0.040
Sx 0.0078
KS A ISO 13528 sy 0.0053

Sb 0.0069

sp < 0.30 Accept

5 1.32E-05

Sp° 4.71E-05

TUPAC protocol (0.30) 0.0016
Fi(0.30) + Fys,? 0.0030
s5P<F1(0.30)* + Fs,> Accept
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Table 2. The property values and standard uncertainties of wastewater reference material using ID-ICP/MS & ICP-OES

Value Standard Relative Coverage Expanded
Element (mg/kg) Uncertainty(u) Uncertainty factor Uncertainty(U) Method
(mg/kg) (%) (9] (mg/kg)
Pb 0.814 0.001 0.14 2.03 0.002
Cd 0.445 0.002 0.43 2.09 0.004
Cr 0.879 0.005 0.52 2.03 0.009 ID-ICP/MS
Cu 0.807 0.004 0.55 2.09 0.009 )
Zn 0.827 0.002 0.24 2.05 0.004
Fe 0.616 0.004 0.68 2.07 0.009
Mn 0.937 0.005 0.58 2.36 0.013 ICP-OES
«10}01 gy oz Q4 E I 9 IDICP/ U=u.xk (10)
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-3 % (Combined standard uncertainty)2} - & AF- 3714, u, : FHAETESE
= (Effective degree of freedom)S AFslR oW, F& C :&33s=
A2 5E E3QI A (Coverage factor)E 313 ut 7 Ak EEEEE
T4 o2 g3E 8% (Expanded uncertainty)E Tha3 vi 7 Ak AH=
71—0] A}%g}oﬂq'lo ~
Bl ee A 220 FTZ=ER EXNzF ul S TZE
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3 = X a = 3| 1=
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A 88 RHEEA AN o= B (T AR 2 2 OF7H] A9 Bk otk Wk At
o] wHE 4 oA FAEE TEHA sn)E (Standard deviation of between-bottle), sy 21 (12)=
Jn 22 o] it FdE, WY E,KStandard deviation of within-bottle),
s, swis T4 (13)22 ZHHET 971 np FEE b
“h ®  omt gl 4%, 24 4 a5k 2o,
7HHE5'. T%%QE% %:—'E ;ﬂﬁ}‘o/] H\;I‘Zl]oﬂ U‘}'Fq' ZF S = Mamong_Mwithin (12)
A 99 2ol FHEFRIE W)E T " ng
2, 2 _
u, =, Jujtu; ) Swb = &/Muithin 13)
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AukA o7 FAL og B3 = #EA
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Z U E A ET YRS o] &3 AR
FE=Zo tig W7k 2 = (Between-bottle homogeneity,
sp) 2 WU o =(Within-bottle homogeneity, swb)g:
Table 390 AABFATE 2+ &) 3 FAA o5
13H7] 8] AR REAREA S 5% Tr«]—r:_roﬂ’ﬂ
Ao, A5 FEANX FFAF Mamone 4°I
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Table 3. Standard uncertainties from homogeneity testing of
wastewater reference material

Swb Sbb ¥y
Analyte
mgkg % mgkg % mgkg %
Pb  0.021 2.66 N.C. N.C. 0.010 1.26
Cd 0.004 091 N.C. N.C. 0.002 043
Cr 0.011 1.19 0.020 2.28 0.005 0.56
Cu 0.011 1.21 0.021 239 0.005 0.57
Zn  0.008 1.00 0.017 199 0.004 047
Mn 0.010 1.08 0.018 197 0.005 0.51
Fe 0.007 0.93 N.C. N.C 0.003 0.44
N.C. = cannot be calculated as MSanone < MSyithin
AZo] FAHE AAZ 71918 BHwst T o]
of shwl, @24, % - 7] 84 B Mady w
ASHA} So] g Th & AFolMe F - T <t
Aol 71908 Bwe] 242 TPANNA RS @
Z‘:._]Eoﬂ 94‘:’1' E’ZF‘%Q—E Upp ‘;’l ?_]%‘ ] 9]‘:’1' E?E‘%Q
5 upes FA HeRTERY] IIFTEYSEE
A EFELY PIEYTE PYRFEY
ol 95% AlEFEolA o] 231 kE F3 Ho R,
B ATNE FgelA k22 AP o, 5
=7 U dux A7E e 2305 A7
3171 ¢1&te] t-3 E(Student's t-distribution)S thAl A}
$ & Atk AFHo= 7} 3B Y@ 3G 2
AL E Tuble 490 A A SFATE.

Azd HezEed *E'ﬂ‘:/‘] A& A EEA

34. SFEEME HTEESH UASH ¥ 48 7hsA S Brtel] flste] A@AT Hudd S
SAEsE ME NS, 2 AFE KS A ISO 7HO= 43-1 (2002) 2
duir o g FFEA AFHe PHAEFESLEA= KS A ISO 7}Fol= 13528 (2007)9l ANAE 44 (16)9]
Table 4. Certified values and expanded uncertainties of wastewater reference material
Average  Std. dev. Uchar Ubb Ucrm Ucrm
Analyte
(mgkg)  (mgkg)  mg/kg (%) mg/kg (%) mg/kg (%) mg/kg
Pb 0.814 0.004 0.001 0.14 0.010 1.20 0.010 1.20 0.020
Cd 0.445 0.008 0.002 0.43 0.002 043 0.003 0.61 0.005
Cr 0.879 0.017 0.005 0.52 0.020 2.28 0.021 2.36 0.041
Cu 0.807 0.020 0.004 0.55 0.021 2.39 0.022 2.69 0.043
Zn 0.827 0.008 0.002 0.24 0.017 1.99 0.017 2.04 0.034
Mn 0.937 0.008 0.011 1.16 0.018 1.97 0.021 2.19 0.038
Fe 0.616 0.018 0.004 0.68 0.017 2.67 0.019 3.08 0.041
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Table 5. Comparisons of robust means and standard deviations using different robust statistics
Robust statics method Pb Cd Cr Cu Zn Mn Fe
Median & IOR Median' 0.648 0.375 0.722 0.705 0.698 0.811 0.613
Normalised IQR 0.073 0.033 0.099 0.059 0.092 0.056 0.074
“Algorism A” Average o 0.664 0.383 0.724 0.699 0.707 0.804 0.609
Standard deviation 0.064 0.039 0.105 0.064 0.112 0.077 0.091
Z %l &3l H7kslad. NIQR)°l 2]3 ZH2E Hg % ZW2E FFHA
7 x-X (16) £ Table 59 V| 3}33 T}
s Table 59149} & 4 Q= u}a} 7101 Agae 2
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&3t Z ollA el Hat Be SRS A2 EES o, o] REE EHXAE Z e BTt
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a3t

FEE Fujol 2ok sel, QX olygel o  wmPel WA FEE 70 3% F FAR}
3 AR Bagkel WES W) S8 BWAE  SURAY 38 W, 2E, SR, 72 4] 3
BAE LRI TRAG Ao AD A 8ol T A2, @AY L 2aE 2

A 3ty 2= Kolmogorov-Smirnov-Lilliefors &

< Fig 2-59] AA Bl o, RE R A H|ZAF

%r—ln:o
) H:l
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13528 2007)°l] AAIH “&da2F A” ¥ FSu
AtstE ARES
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Fig. 2. Interlaboratory testing results of wastewater reference material for lead; histogram, analytical results and Z values of
participants.
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Fig. 4. Interlaboratory testing results of wastewater reference material for cadmium; histogram, analytical results and Z values

of participants.
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Fig. 5. Interlaboratory testing results of wastewater reference material for copper; histogram, analytical results and Z values

of participants.
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