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ABSTRACT

In this study, two kinds of soil-based proficiency testing materials (PTMs), NICE-012L and NICE-012R were prepared
and certified for Benzen, Toluene, Etylbenzene and Xylene with evaluation of uncertainties. In order to analyse BTEX
(Benzen Toluene Etylbenzene Xylene) for the candidate materials, GC/MS was used after pretreatment according to
methods of soil analysis by Ministry of Environment. For the homogeneity test among bottles in terms of candidate
materials, ISO 13528 and IUPAC Protocol were used and according to the result, both candidate materials showed
sufficient homogeneity. Also, the stability test over the candidate materials was accessed according to the ISO Guide 35 by
classifying short-term and long-term stability and the result showed that both candidate materials showed decent stability.
The reference values of the two candidate materials depending on BTEX components were derived from the average of
the 11 samples that were used for verification of the samples’ homogeneity. Uncertainty of measurement was combined by
U.ne that was caused by a characteristic value, u,, that was caused by between-bottle homogeneity, and u,, that was
caused by stability, and then combined uncertainty (upr),) was multiplied to the coverage factor (k) derived from the
effective degree of freedom from each factor that leads to expanded uncertainty (U) in about 95% of confidence level. The
proficiency testing materials developed through this study were supplied to National Institute of Environmental Research
(NIER) and utilized as an external proficiency testing materials for evaluating analysis capacity of soil agencies with
specialty in terms of soil analysis approved by Minister of Environment.
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Table 1. Chemical properties of soil PTM candidate materials
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pH (1:5)
Active acidity Potential acidity

TOC" (%)

LOIP (%) Water content (%)

6.75 6.08

1.51

6.68 2.33

D: Organic matter, ?: Loss on ignition

(%)

Particle size(um)

Fig. 1. Particle size distribution of soil PTM candidate material.
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Table 2. BTEX concentration added to the soil by different

treatments (unit : mg/kg)
Analyte Treatment-1 Treatment-I1
Benzen 4.0 7.0
Toluene 20 35
Etylbenzen 30 50
Xylene 20 40
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Table 3. Comparision of average concentration of BTEX in soil by different partical sizes of soil using paired-test

Benzen Toluene Etylbenzen Xylene
T1" 2" T1 T2 T-1 T2 T-1 T2
n 8 8 8 8 8 8 8 8
Statistic 1.9 2 1.7 1 2.8 1.2 1.9 2.0
Reject value 2.3 2.3 23 2.3 23 2.3 2.3 2.3
T-1": Treatment-I, T-2"": Treatment-II
110 4
105 -
TR U BRI — ... | B............... -
2
] 015.7 pm
£ o5 ™ 105 pm
g
&
90 -
85 T T T
Treat.- | |Treat.- |l | Treat.- I |Treat.- Il | Treat.- | | Treat.-Il |Treat.- | |Treat.- Il
Benzene Tloulene Etylbenzene Xylene
Analyte

Fig 2. Recovery test of BTEX added to soil by different particle sizes of soil.
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Table 4. Homogeneity test of Benzene in soil PTMs (NICE-012 L)

Result (mg/kg)

Sample number

Test portion 1 Test portion 2

BTL-01 427 437
BTL-10 432 431
BTL-20 428 428
BTL-30 430 425
BTL-60 432 428
BTL-70 428 435
BTL-80 433 435
BTL-100 423 435
BTL-110 432 435
BTL-120 428 436
BTL-130 4.26 428
Average 4.31

Target RSD % 15%
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Table 5. Homogeneity testing results for soil BTEX PTMs (NICE-012 L)

=2 o1t

Mass fraction (mg/kg)

Benzene Toluene Eth.bezene Xylene
Average 431 19.86 28.75 18.94
Sy 0.02 0.19 0.39 0.26
Sy 0.04 0.25 0.42 0.24
KS A ISO 13528 Sp N 0.07 0.26 0.10
030 0.19 0.89 1.29 0.85
55<030 Accept Accept Accept Accept
5,2 0.002 0.06 0.18 0.06
S 0 0.001 0.07 0.04
IUPAC proocol 0.30) 0.04 0.80 1.67 0.73
Fi (0300 + Fas,” 0.07 1.52 3.22 1.39
52 <F(0.30)+ Fs,2 Accept Accept Accept Accept
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Table 6. Homogeneity testing results for soil BTEX PTMs (NICE-012 R)

Mass fraction (mg/kg)

Benzene Toluene Eth.bezene Xyl.ene
Average 7.81 36.62 49.90 44.64
Se 0.06 0.48 0.51 0.47
Sy 0.06 0.46 1.11 0.54
KS A ISO 13528 Sp 0.04 0.36 N 027
030 0.35 1.65 225 2.01
55<030 Accept Accept Accept Accept
857 0.004 0.21 1.24 0.29
55 0.002 0.13 0 0.07
IUPAC proocol 030 0.012 2.72 5.04 2.01
F\(0.30) + Fs,’ 0.23 5.16 10.38 7.66
52 <F(0.30)+ Fss, Accept Accept Accept Accept

Table 7. Statistical results of long term stability study for soil BTEX PTMs, NICE-012 L

Analysis of Data Parameter Benzen Toluene Etylbenzen Xylene
Intercept, by 431 19.85 29.33 19.05

L R . Slope, b, -0.03 -0.003 -0.23 0.03
fnear Regression s (b)) 0.02 0.11 021 0.1
t-factor (t0.95, n—2) * s(b)) 0.07 0.30 0.58 0.31

ANOVA Regresson p-value 0.35 0.98 0.34 0.81

Table 8. Statistical results of long term stability study for soil BTEX PTMs, NICE-012 R

Analysis of Data Parameter Benzen Toluene Etylbenzen Xylene

Intercept, by 7.87 36.42 49.46 44.47

Linear Reorecs Slope, b, 0.06 ~0.14 ~0.02 0.1

fneat Reglession s (b)) 0.05 0.17 025 0.09

t-factor (t0.95, n—2) * s(b;) 0.13 0.48 0.71 0.25

ANOVA Regresson p-value 0.27 0.46 0.93 0.30
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Table 9. Results of short term stability of BTEX contituients in soil PTMs (NICE-012 L) by different storage condition

15 day 30 day
Analyte
-20°C 4°C -20°C 4°C
Benzene Averg.conc. (mg/kg) 4.40 432 4.254 4.295
SD (mg/kg) 0.078 0.064 0.040 0.084
CV (%) 1.8 1.5 0.9 1.9
Rt 1.017 0.990
uRt 0.023 0.022
(Rt + uRt) 1.041 1.012
(Rt — uRt) 0.994 0.969
Toluene Averg.conc. (mg/kg) 20.49 20.04 19.75 19.78
SD (mg/kg) 0.566 0.259 0.201 0.145
CV (%) 2.8 1.3 1.0 0.7
Rt 1.022 0.999
uRt 0.031 0.013
(Rt + uRt) 1.053 1.011
(Rt - uRt) 0.991 0.986
Etyl.benzen Averg.conc. (mg/kg) 30.57 29.80 28.43 28.07
SD (mg/kg) 0.987 0.617 0.259 0.339
CV (%) 3.2 2.1 0.9 1.2
Rt 1.026 1.013
uRt 0.039 0.015
(Rt + uRt) 1.065 1.028
(Rt—uRt) 0.987 0.998
Xylene Averg.conc. (mg/kg) 19.14 18.68 18.49 18.26
SD (mg/kg) 0.556 0.361 0.156 0.256
CV (%) 29 1.9 0.8 1.4
Rt 1.025 0.980
uRt 0.035 0.031
(Rt + uRt) 1.060 1.011
(Rt—uRt) 0.989 0.949
3lct. ¢h, ol sREgEFEE tigh B8] 4 Aol tigk B4k, ne AT WEESE, vy, 2 BN
within
< 7IER 7113 B (uaar)), BT TRl 710 izl gk AHrS, 22l we W BEES SRtk
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Table 10. Results of short term stability of BTEX contituients in soil PTMs (NICE-012R) by different storage condition

15 day 30 day
Analyte
-20°C 4°C -20°C 4°C
Benzene Averg.conc. (mg/kg) 7.75 7.66 7.84 7.95
SD (mg/kg) 0.094 0.05 0.014 0.161
CV (%) 1.2 0.7 0.2 2.0
Rt 1.012 0.987
uRt 0.014 0.020
(Rt + uRt) 1.026 1.007
(Rt — uRt) 0.998 0.967
Toluene Averg.conc. (mg/kg) 36.15 35.96 36.22 35.96
SD 0.212 0.493 0.336 0.250
CV (%) 0.6 1.4 0.9 0.7
Rt 1.005 1.007
uRt 0.015 0.012
(Rt + uRt) 1.020 1.019
(Rt —uRt) 0.990 0.996
Etyl.benzen. Averg.conc. (mg/kg) 50.782 50.733 49.171 49.678
SD 0.272 1.077 1.065 0.250
CV (%) 0.5 2.1 22 0.5
Rt 1.001 0.990
uRt 0.022 0.022
(Rt +uRy) 1.023 1.012
(Rt —uRt) 0.979 0.968
Xylene Averg.conc. (mg/kg) 44.25 44.15 44.898 45.82
SD 0.067 0.659 1.332 0.504
CV (%) 0.2 1.5 3.0 1.1
Rt 1.002 0.980
uRt 0.015 0.031
(Rt + uRt) 1.017 1.011
(Rt — uRt) 0.987 0.949
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Table 11. Certified values and uncertainties of soil BTEX PTMs, NICE-012 L

Benzen Toluene Etylbenzen Xylene
Uehar (ME/kE) 0.06 0.38 0.82 0.58
up, (mg/kg) 0.05 0.10 0.21 0.13
Ugay (Mg/kg) 0.03 0.11 0.21 0.08
ucpy (mg/kg) 0.06 0.40 0.91 0.60
Vogr 8 12 14 11
k (coverage factor) 2.31 2 2 2
U (mg/kg) 0.15 0.80 1.81 1.20
Relative U (%) 3.5 4.0 6.3 6.4
Reference value (mg/kg) 431 19.86 28.75 18.70
Table 12. Certified values and uncertainties of soil BTEX PTMs, NICE-012 R
Benzen Toluene Etylbenzen Xylene
Uehar (M/kg) 0.16 1.19 1.74 1.26
upy (mg/kg) 0.04 0.29 0.45 0.36
Uy (Mg/kg) 0.05 0.17 0.25 0.14
ucpy (mg/kg) 0.16 1.30 2.0 1.41
Vor 1 14 17 16
k (coverage factor) 2 2 2 2
U (mg/kg) 0.33 2.60 4 2.82
Relative U (%) 42 7.1 8.0 7.0
Reference value (mg/kg) 7.81 36.62 49.90 40.06
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