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Abstract: To establishment of PT Program for Indoor air quality field that manufacture of confidential
development PTMs (proficiency testing materials) and examined of proficiency testing evaluation included
sampling process whether or not that is valid. Confirmation of homogeneity and stability of PTMs prepared.
PTMs were confirmed to be homogeneous enough to be used as proficiency testing materials since within-
bottle homogeneities of the RMs were lower than 0.3 times of targeted standard deviation of proficiency testing.
The result of this study showed that the Robust RSD of proficiency testing for VOCs (volatile organic
compounds) appeared 23~43% in concentration of 50~320 pg/m* for Method A(Distribution by adsorption in
Tenax-tube of VOCs), but less 13~42% in concentration of 200~1200 pg/m?, 16~31% in concentration of
100~450 pg/m> for Method B (distribution by VOCs of gas phase in 10L Tedalr bag), C (directly sampling
of cylinder with high pressure) respectively. The result of this study showed that method C with sampling is
most adequate to the proficiency testing for VOCs in indoor air.
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JAPANAZHIS ARE-3IGITE BE Alge AWE71d
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Table 1. Operating conditions for thermal desorption and
GC/FID analysis

Instrument Instrument model and conditions

Tube desorption temp 250 °C
Tube hold time :10 min
Cold trap temp low : -10 °C
Cold trap temp high : 300 °C
Column flow : 1 mL/min
Purge time : 3 min

GC Column : VB-1 (60 m x 0.25 mm x 1 pm)
Oven temp : 60 °C (2 min) — 10 °C/
min — 220 °C (2 min)

Carrier flow : 30 mL/min

Detector temp : 250 °C

Air : H, : 400 : 40 mL/min

Preconcentrator

GC/FID
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Table 2. The result of calibration for sampling pump

Sampling flow (mL/min)

Pump  Flow range
Pre-calibration Post-calibration

number (mL/min)
(error%) (error%)
Vi 50~500 109.5(9.5) 100.1(0.1)
V2 50~500 102(2.0) 100.2(0.2)
V3 50~500 99.5(0.5) 100.2(0.2)
V4 50~500 174.5(74.5) 100.2(0.2)
Average 121.4(21.4) 100.2(0.2)

Table 3. Range of preparation concentration for VOCs (pg/
m?)

Method Benzene Toluene Ethyl-benzene p-Xylene

A 50~150  50~150 70~170 150~320
B 200~350 200~400  300~500  900~1200
C 100~350 200~450  150~450  200~450
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0
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Table 4. Summary of homogeneity test results for PTMs of method C

Mass fraction (ug/m®)

Benzene Toluene Ethyl-benzene p-Xylene

Mean 170.79 187.39 211.90 202.01

SD? 4.32 4.88 6.50 6.73

Sw? 5.57 6.02 6.56 6.52

ISO/IEC 13528 Sb? 1.78 2.38 4.55 4.90
¥ 25.62 28.11 31.78 30.30

0.3c 7.69 8.43 9.54 9.09

Result pass pass pass pass

. FH] 1.52 1.52 0.81 0.57

IS0 Guide 35 F 71744 441 441 441 441

a) SD : Standard deviation, b) Sw : Within-bottle homogeneity, ¢) Sb : Between-bottle homogeneity, d) o : Targeted relative standard devi-

ation for proficiency testing (= Mean x 0.15)

Table 5. The result of rate of concentration change for VOCs PTMs by method C

Benzene Toluene Ethyl-benzene p-Xylene
Passage
of days A B A B A B A B
(ng/m’) (%) (ng/m) (%) (ng/m’) (%) (ng/m’) (%)
0 day 170.6 0 189.6 0 218.7 0 206.9 0
10 day 169.6 0.53 188.1 0.78 215.2 1.57 203.9 1.47
25 day 169.6 0.57 190.7 0.59 221.6 1.36 197.0 4.79
*A : Concentration, B : Rate of concentration change
= GG, #8493 ol BANE B8R F  ssich /1008 gAY BE AL AFe)
A z2EF mEs Zlo] Aol Fad4E #% fste] Hate HEd B7HE A% s Wt o
LA A B7VE 913 =] Ha zpole] Adizke] 030
W A9 BE Al2E PTMs®| M8 S 44717 Hoh 25 Aol 2 717k kAol A -3 Ao
ol A theel v WEE Frlsen 1 4% AR FAe HARAS 59 34 S AAs
0 ACl mE PTMsE 609 Bkl PHEIE BAA |byf<tssan SOl B Fate] 01714 by
0.4~1.7%= L}E‘mﬁ W Bell whel Al2" PTMs A2 2] 71871, tyosmots Student-t factor, S(b)E 71&

o gRY 7 A EE 0.7~-2.0%C AT FH Ce &

Hx Alg A3 2 PTMsell tigh 5414 A4S &
H3al7] 98t PTMse] A4S F2 =9 2ol IS0/
IEC 13528 44 B2} ISO Guide 359 wha} zHzt &

719} #E® B30t} Student-t factore} 2] A1¢] 7]
2719 B3 (S(by))e] #ol 5% o oA bR
o A o Bl 5% 9] FEelA PRkel 0.05
Hoh & Afoll= Pl A7 glvkar ek

Table 6. Summary of stability test results for VOCs PTMs by ISO/IEC 13528

Benzene Toluene Ethyl-benzene p-Xylene
Mean of homogeneity 170.79 187.39 211.90 202.01
Mean of stability 169.93 189.46 218.51 206.02
Target SD(s) 25.62 28.11 31.78 30.30
0.30 7.69 8.43 9.54 9.09
Difference” 0.86 2.06 6.62 4.01
Difference < 0.3s 0.86<7.69 2.06<8.43 6.62<9.54 4.01<9.09

“Mean of homogeneity-Mean of stability
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WY CollMe s Alde] PTMs Al 209 ol M]3 7] ST
A]?%El“i Az VOCse] PTMsell tj &t 25719 = A Aol H7P1ER0 Zscores WA
AL Atk e, AdA R 25U7 sEHMstE Z = XiXs)oolA T8, Xie SHE Ad7He]
oF 1%e1om, 7 Aih= thaat 2ek(Table 5). SR, Xs= A, ov FRIETARIT IS0/
ek ZA T2 EF [SO/AEC 13528 Wl whl ¢F  IEC 170439 w2 W AAZre mjA g Ao &
e AT A 224 FAHe] = Ael7t ? %

0.86~6.62 pg/m’2 03cRET B2 ghe 7= He
2 YUEI(Table 6), ISO Guide 3591 AAIE Wl
w2 P A H7t A= Student-t factore} ZAle] 7]
=719 B=(S)9 Fol WAl 0.11, =F<1 1.02, ol

gulAll 267, p-ALA 1788 71%7] Zbyol Bl =
7] wjiel P Agel =AI7F glrka AaE 4 AT

(Table 7).

34. T A3 Znl Ty}
Ezm 3 e84 AEE AR VOCs PTMsE 6071
AP A7 v

¢

A & I8 PIMs AlZXFE, AP EFEH
(Certified reference materials)?] &%, S HE Al g
s AlF7BANA AES TEE F

A Al

Table 7. Statistical results of short term stability study for VOCs PTMs by ISO Guide35

Analysis of data Parameter Benzene Toluene Ethyl-benzene p-Xylene
Intercept, by 170.35 188.81 216.85 205.64
. . Slope, b, -0.03 0.05 0.14 0.03
Linear Regression s(by) 0.02 0.08 021 0.14
t0.95.02%8(b1) 0.11 1.02 2.67 1.78
ANOVA regression p-value 0.23 0.38 0.37 0.45
Table 8. Comparison of reference value and robust means for method respectively
Method A Method B Method C
Materials P A D RSD P ) A D RSD P A D RSD

(ug/m’) (%) (ng/m’) (%) (ng/m’) (%)

60.5 79 -31 30 234.6 259 -10 17 171 184 -8 16

Benzene 90.7 96 -5 28 268.4 290 -8 24 347 356 -2 26

120.9 133 -10 38 314.6 307 2 21 - - - -

69.1 110 -59 42 277.2 312 -13 13 220 237 -8 20

Toluene 103.7 121 -17 23 317.2 384 221 34 447 468 -5 23

138.3 157 -13 26 371.8 370 0 23 - - - -

78.2 91 -16 35 3315 281 15 14 192 206 -7 16

Ethyl-benzene 117.3 106 9 27 3793 339 11 42 392 407 -4 31

156.4 145 7 29 444.6 357 20 17 - - - -

156.2 192 -23 42 962.6 842 12 17 223 201 10 47

p-Xylene 2342 206 12 25 1091.8 962 12 38 423 401 5 38

3123 298 5 43 12852 1024 20 27 - - - -

*P : preparation concentration (g/m’), A : assigned value = robust average concentration of PT (ug/m’), D : difference = (P-A)*100/P
(%), RSD : relative standard deviation = relative robust standard deviation
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PT Z2335 sy flsto] Al7pA] o= PT
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7t EH 9 PTe ohE wido|u 5ol sk
PTMs7} 219t 7k22dol7] wjie] H+ 2 w2
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VOCsol| tigt PTE EF< 3} p-Atd e tiste] Als
A T3 A ANBAHES AT 27 WP
o2 2987 o, 5~50 pg/m’e FE oA
A E A RSD7} 2H2F 20~24%, 18~20%= $-2]¢]
SHE Al 37t 7%49} AR A7} Vel
VOCs 32 = wlAlo] t3r <dx A8 g71450
9 2‘?]5:513” E—J robust z-score 5= Z}7Z} Fig 1~3

o Mz

Alzgha 2HAE Faghe] 2po] Bl AP A7 A9 of AAEAT ISOE = Al F2uE 9
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Fig. 1. Histogram of proficiency testing results of benzene by method A, B, C.
Method A Method B
12 3
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: N il |
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i Sl e
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g 3 Ill_ll I e dd 33 1% 47 19 31 38 2% 27 39 31 A%

Fig. 2. Comparison of proficiency testing results of benzene by method A, B, C : z-score.
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Method A Method B
s | S I Mesnezo o
%j:g'—'—'—'—'—-—-—-—-—-—Me-i:j'o_ %3:: rerneeeegearrarme e _f__'__:_...
% B N E wofoee” ._‘: ______________
ol o — = | | e
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0 e m e
E 50 e e an AR
B i it o e e et
=T 5 = = , 2 o=
Fig. 3. Comparison of proficiency testing results of benzene by method A, B, C : mean.
Table 9. Comparison of the laboratories categorized by z-score in the PT participants for method
Benzene Toluene
Method Method A Method B Method C Method A Method B Method C
c 1 2 3 1 2 3 1 2 1 2 3 1 2 3 1 2
R 17 19 21 23 22 21 35 32 17 18 21 23 23 21 35 32
121 >2 3 5 1 1 3 2 6 3 1 4 4 2 3 1 7 0
% 176 263 48 43 136 95 171 94 59 222 190 87 13.0 48 200 0.0
Ethyl-benzene p-Xylene
Method Method A Method B Method C Method A Method B Method C
c 1 2 3 1 2 3 1 2 3 1 2 3 1 2
R 17 18 21 23 23 21 35 32 17 18 21 23 22 21 35 32
121 >2 3 3 4 2 2 1 6 4 1 4 2 5 3 1 1 2
% 176 167 190 87 87 48 171 125 59 222 95 217 136 48 29 62
*a) : Categories of concentration, b) : Number of PT participants.
sfo] theFe AL AY - FESAYOU PR Hok  (Table 9)
o SEE Aol Hote] BE ARE ®Wekelrle
#29] A%t Thomson 53] 3 Eop7 X 3HE] 4. 4 E
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