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<E 1> 484 F4%F SAE dA FAZ

Benzene Toluene Xylene
Y F
mg mg mg
Level 1 0.014 0.283 0.566
Level 2 0.022 0.425 0.848
Level 3 0.029 0.567 1.131
Level 4 0.058 1.133 2.262
<E 2> FYF GAME 3Lk 9619 TUIFAAY FsE (9 ppm)
TUF 7% Benzene Toluene Xylene
Level 1 1.5 25 43
Level 2 2.3 38 65
3L
Level 3 3.0 50 87
Level 4 6.0 100 174
Level 1 0.05 0.78 1.36
Level 2 0.07 1.17 2.03
96L
Level 3 0.09 1.57 2.71
Level 4 0.19 3.13 5.43
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73| A7k 9] AR S g A FAA SR Afolrt e Ao RE UEETT
Tt 33| AHRY 73| A FA A A 63 &S Al 9]kl FAREA S §F A3 p
grol 0.058 T IR EAF O fo|7t g AoE Hl)
<E 3> FUF FF 194N Az 74 A5 FF=E 4545
A 2
N
1 2 3 4 5 6 7
1 0.222 0.281 0.241 0.251 0.224 0.203 0.251
2 0.245 0.274 0.258 0.230 0.247 0.196 0.236
3 0.249 0.249 0.222 0.249 0.227 0.219 0.232
4 0.312 0.298 0.216 0.234 0.236 0.220 0.247
5 0.283 0.279 0.226 0.231 0.253 0.221 0.214
AM 0.262 0.276 0.233 0.239 0.238 0.212 0.236
SD 0.0352 0.0175 0.0172 0.0103 0.0127 0.0114 0.0144
RSD(%) 13.4 6.4 7.4 4.3 5.3 5.4 6.1
0.35
0.30 -
_—g 0.25 | M
£ 1 s
BT B o
.;E 0.20
H
=
015
0.10
0,05 -
0.00 -+
13 23] 33 43 53] 53] 7EH
(2™ 1] F4F 5 1340 A AZF EFA A5 A8 A5A.
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5 ZE 2ol 7F A YERRTE <3 4>0A B uke} o] ZF 3o A
HAb= 5.8%, 8.7%, 8.8%, 13.8%, 8.4%, 6.2% 2.9%= YUERIT) 4
s)alal Hapt AADFE AnAzl 0 A7 EQom, BA
&, AmAEAA BAsE oAE +20 olUd Aoz FAHL,

2945 7RAAAY AgN AER LA FEFE 22 0.366
mg, 0.367 mg, 0.396 mg, 0.352 mg, 0.403 mg, 0.375 mg &= H|uF
QA hehsith, A9 uksol o g Hargre] Apol7h A obry]
Al 23|12 732 AA o] BAHEAS g A} p gho] 0.05K T AR® F

= 9
=
>

to ot
i ey

2

1

N
1 2 3 4 5 6 7
1 0.412 0.401 0.346 0.335 0.348 0.416 0.382
2 0.421 0.383 0.416 0.431 0.351 0.370 0.363
3 0.470 0.376 0.372 0.336 0.361 0.405 0.365
4 0.463 0.349 0.373 0.432 0.391 0.388 0.387
5 0.432 0.320 0.331 0.443 0.308 0.435 0.379
AM 0.440 0.366 0.367 0.396 0.352 0.403 0.375
SD 0.0257 0.0319 0.0325 0.0547 0.0297 0.0251 0.0107
RSD(%) 5.8 8.7 8.8 13.8 8.4 6.2 2.9
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Z9loH, THAE A @ w, ABAzdM TS A= £2%
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0.494 mg, 0.545 mg, 0.543 mg &= H|a% A UelEt) o5 H+
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<¥ 5> Y% +F 3PN AZY B2 A8 A

AR 2

N

1 2 3 4 5 6 7
1 0.563 0.565 0.462 0.568 0.494 0.532 0.578
2 0.599 0.499 0.466 0.522 0.521 0.575 0.544
3 0.656 0.527 0.531 0.529 0.512 0.548 0.555
4 0.596 0.541 0.546 0.543 0.475 0.540 0.510
5 0.587 0.564 0.456 0.537 0.467 0.532 0.527
AM 0.600 0.539 0.492 0.540 0.494 0.545 0.543
SD 0.0343 0.0275 0.0429 0.0175 0.0229 0.0178 0.0261
RSD(%) 5.7 5.1 8.7 3.2 4.6 3.3 4.8

0.70

0.60 -

0.50 -

0.40 -+

E5A BAAT (mg/sample

0.30 4

0.20 o

0,10 4

3 2 8 KR 2D % 4 5 1 2 3 4 5 1 2 34 5121 2 3 4 5 1 2 3 4 5 1 2 3 4 5
= — = = = = >
15] 23] 33 43 5% 63 75
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FUF T ADA AN AT ARl A= AT AP A= <F 6>

#4139} 2k (2§ 4104 B vke o] A5 13]13H7H 332744
= 71 3)Ake] 570 A& RF Apol b FRR ol W TR A A
5>l A Hi= npel o] 13], 23], 33] zte] 57 Al 3F A
FxHAE 2442 3.4%, 5.9%, 4.5%Z JERSTE 438319 AYRE = AR

b Akel7F A FolEo] Al I Afol 7t BHAl vrEbith. 43| AFHEH 73] 217}
A1e] Aol Az} 3|2k Alm 3 AEFAAE 3.1%, 4.1%, 2.4%, 2.7%
® vkomia AdASHA vebstth o] A2 A g A 2T} o sal el whet A mA)
Zo A &&= QA7 AA EJer, BAQAE 7S uj, AR A A
At ek £29% ould Aoz FAH

43| E 73 371H) A BolA AER B HEaEe 2H7} 1101 mg,
1.026 mg, 1.107 mg, 1.138 mg &2 H|u 4 dAs}A Vel olE Hat
of zkol7b QA obry] YA 43 2FHE T3 AAA 9 HALEAS 3
Ay, BAAOR Fol7} Q= Ao w HATE 5342 A
& A3}, p gkol 0.058.T A7 vhet BEAH o= Apol7} QE Ho

lo

o
-OL
kI
M
[
M
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o

it
fz
E3%7

N
1 2 3 4 5 6 7
1 1.102 1.242 0.993 1.122 1.058 1.061 1.126
2 1.115 1.076 1.015 1.062 0.994 1.124 1.161
3 1.080 1.118 1.023 1.141 1.049 1.111 1.179
4 1.109 1.140 0.987 1.067 0.969 1.115 1.107
5 1.181 1.214 1.102 1.113 1.059 1.126 1.116
AM 1.117 1.158 1.024 1.101 1.026 1.107 1.138
SD 0.0381 0.0687 0.0462 0.0346 0.0416 0.0269 0.0307
RSD(%) 3.4 5.9 4.5 3.1 4.1 2.4 2.7
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<E 7> 74 MNE Ax9 23 AT @A
E]l"y" =olak ~= =olgk -2 = olgk ~= = olgk -2
NS TUE TT 1 TUY TT 2 TRHE TT TUY TT 4
1 0.244 0.426 0.559 1.130
2 0.232 0.382 0.593 1.121
3 0.236 0.428 0.517 1.120
4 0.239 0.389 0.593 1.162
5 0.259 0.413 0.566 1.102
6 0.232 0.400 0.554 1.076
7 0.247 0.434 0.561 1.132
8 0.272 0.411 0.488 1.092
9 0.243 0.398 0.553 1.119
10 0.272 0.378 0.620 1.096
AM 0.248 0.406 0.560 1.115
SD 0.015 0.020 0.038 0.024
RSD(%) 6.1 4.9 6.8 2.2
1.40
120 F— e
E 1,00 -
&
i}
= 0.80 -
e
=
B

0.60 4

0.40 -
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<¥ 8> FUAF +F 1FAGA A3 32d AN859Y RAEE A=A

5 S o=
A 2

gl

N
1 2 3 4 5 6 7
1 0.441 0.550 0.470 0.491 0.443 0.391 0.484
2 0.492 0.537 0.512 0.449 0.489 0.377 0.452
3 0.494 0.490 0.437 0.490 0.449 0.424 0.445
4 0.622 0.586 0.424 0.458 0.467 0.421 0.474
5 0.562 0.543 0.445 0.455 0.500 0.426 0.410
AM 0.522 0.541 0.457 0.469 0.469 0.408 0.453
SD 0.0704 0.0345 0.0348 0.0205 0.0247 0.0225 0.0287
RSD(%) 13.5 6.4 7.6 4.4 5.3 5.5 6.3
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[28 7] FU4dF FF 1GAdA A3 3244 N8 A= AZA

FUF 77 2dANA AT LA A8 G E HF5T AdE A=
2 [29 8]3 Pk

[729 8]0l A Hiz wpe} o] 48] 2foll A 571 Al& 7t Zpol 7} A YERSE
O <3E 9>°llA Hi= wpe} o] 7} 3[ake] FxEHAR= 6.5%, 9.0%,
8.5%, 13.4%, 8.5%, 6.3% 2.9%= et} 435 Al 9)stal 3217} 113
D52 A gAZdAN 05 97t 2 on, A0S et & uj, A8
Zoll A WA= SAbE £2% oY Ao FFHTH

23 AH-H 73 AR O] Al mell A HEE BT @S 47 0.706
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<E 9> FYF £F 204NN A= 24 A=) JFE AFA%

pud

AW A5

N
1 2 3 4 5 6 7
1 0.815 0.773 0.682 0.665 0.689 0.801 0.736
2 0.838 0.748 0.819 0.840 0.697 0.709 0.698
3 0.942 0.723 0.738 0.661 0.715 0.779 0.704
4 0.928 0.674 0.744 0.851 0.778 0.748 0.747
5 0.848 0.613 0.661 0.866 0.612 0.838 0.730
AM 0.874 0.706 0.729 0.777 0.698 0.775 0.723
SD 0.0569 0.0636 0.0616 0.1041 0.0594 0.0491 0.0213
RSD(%) 6.5 9.0 8.5 13.4 8.5 6.3 2.9
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10> 2 [2% 9] 2ot [1¥ 3]olA H= viel o] A

<3 o 13 2H-H
33 AAA = 2t F]Ake] 57 AlE ZF xpol 7k HlalA A YERRTE <3 5>
A B mpel o] 13], 23], 33]xFe] 5] AR P AdEEdAAe 47
5.9%, 5.1%, 9.8% % WEbgth 4321e] AAREHE A8 7 o7t HH =
of5o] vl dA e s Btk 432 E 73] 27A o] AP A 7} 3
2] A2 7 A EFEARE 3.0%, 4.8%, 3.1%, 4.4%% Wl 0LF GO WA
AA A YERTE o] A& A=A Tt osa e et Al A Fol A 2=
A7y AA %910111, WA QRS Ao & ), AlE Az A A Sk 23k
= 2% olHY Ao FAHHA

23] AHE T3 AEA] Algel M HEE FAA B 2H2 1.093 mg,
0.977 mg, 1.060 mg, 0.978 mg, 1.050 mg, 1.055 mg &= A% A3}
A YERtT ol Hatoll zkol7b A=A Gobr7] s 233k 73] A}
7}A] e 1—*&5‘—*4% s At p ko] 0.05KTF AEE BAZHoR o]} ¢l
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<E 10> FYZF T 3GAdA Axd IHAA A5 Y= AFEAH

AARHE A
N

1 2 3 4 5 6 7
1 1.120 1.087 0.913 1.108 0.985 1.028 1.110
2 1.186 0.964 0.922 1.022 1.033 1.103 1.047
3 1.311 1.015 1.065 1.046 1.011 1.055 1.071
4 1.181 1.039 1.095 1.072 0.942 1.038 0.984
5 1.176 1.088 0.889 1.052 0.920 1.025 1.065
AM 1.195 1.039 0.977 1.060 0.978 1.050 1.055
SD 0.0702 0.0525 0.0956 0.0322 0.0470 0.0321 0.0463

RSD(%) 5.9 5.1 9.8 3.0 4.8 3.1 4.4
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2} AlExﬂZoﬂ A 2= et AA Een, FALAE A # U, AR
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43| 2 5E] 732 AlB A HER W] H S 717} 2.140 mg,
2.026 mg, 2.133 mg, 2.193 mg & H|w % AASA Jell. o)y Hit
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<¥ 11> FUF FF 4dA A A2 324 A2 AIx A=AH

pud

AW A

N
1 2 3 4 5 6 7
1 2.140 2.464 1.965 2.155 2.094 2.034 2.179
2 2.209 2.106 2.025 2.047 1.967 2.165 2.235
3 2.104 2.195 2.014 2.197 2.059 2.144 2.274
4 2.189 2.243 1.923 2.048 1.914 2.148 2.130
5 2.339 2.406 2.173 2.140 2.097 2.177 2.147
AM 2.196 2.283 2.020 2.117 2.026 2.133 2.193
SD 0.0897 0.1490 0.0947 0.0669 0.0817 0.0574 0.0604
RSD(%) 4.1 6.5 4.7 3.2 4.0 2.7 2.8
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2.187
2.164
2.171
2.248
2.131
2.083
2.190
2.118
2.172
2.133
2.159
0.0460

1.079
1.150
1.015
1.148
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<¥E 15> FYF FF sDANAY W4 A8 ZG% 2527

N
1 2 3 4 5 6 7
1 ND ND ND ND 0.040 0.028 0.030
2 ND ND ND ND ND 0.030 0.028
3 ND ND ND ND ND 0.029 0.029
4 ND ND ND ND ND 0.028 0.027
5 ND ND ND ND ND 0.028 0.026
AM - - - - 0.040 0.029 0.028
SD - - - - - 0.0009 0.0016
RSD(%) - - - - - 3.3 5.5
0.05
0.04 | .
= 0.04 -
=
:E;P 0,03 |
=
=
= 0.03 |
=
=
0.02 -
TLTD
0.01 -
0.01 -
0.00
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<% 16> FUF T 4DdAA Y A4 ANE HASE AFETH
AEukE 2}
N
1 2 3 4 5 6 7
1 0.066 0.072 0.057 0.058 0.061 0.056 0.058
2 0.065 0.064 0.058 0.054 0.058 0.059 0.059
3 0.065 0.066 0.060 0.058 0.062 0.058 0.061
4 0.065 0.067 0.059 0.055 0.057 0.058 0.057
5 0.069 0.071 0.065 0.058 0.062 0.059 0.058
AM 0.066 0.068 0.060 0.057 0.060 0.058 0.059
SD 0.0016 0.0034 0.0030 0.0018 0.0025 0.0012 0.0014
RSD(%) 2.4 5.0 5.0 3.2 4.2 2.1 2.5
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;é; 006 -
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0.350£0.0132 0.475+0.0307 1.029£0.0280

0.207%£0.0206

0.394£0.0781 0.502£0.0442 1.039£0.1413

0.198+0.0162

0.314£0.0184 0.445+0.0278 1.042£0.0910

0.165+0.0223

0.301£0.0129 0.415+0.0160 0.938+0.0301

0.178+0.0131

0.313%£0.0110 0.424£0.0169 0.926+0.0248

0.178+0.0123

0.576%0.1121 0.782£0.0965 1.513%0.0655

0.310£0.0276
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<% 20> 7 HA FAZF £ 71BE EF< N8 2HEH

N ARd 1 AP 2 A¥gd 3 A¥gd 4 AL 5 AP 6
0.364 0.341 0.326 0.296 0.301 0.679
0.361 0.507 0.289 0.299 0.301 0.527
5 0.353 0.445 0.317 0.296 0.321 0.507
0.336 0.332 0.304 0.290 0.315 0.455
0.337 0.347 0.335 0.323 0.325 0.710
AM 0.350 0.394 0.314 0.301 0.313 0.576
SD 0.0132 0.0781 0.0184 0.0129 0.0110 0.1121
RSD(%) 3.8 19.8 5.8 4.3 3.5 19.5
0.80
0.70
:E:- 0.60
2
= 0.50
E
2
= 0.40

0,30

0.20

0.10

0.00
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Ao ek BAMEA Al oMol nlRviA R AE
= 1o 4] 245k Avte] F

AA kol Ao} mht
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8 e Ao Ve, thE Agae

>
-

N d9d 1 ddd 2 ddd 3 ddd 4 Hddd 5 Hdd 6
0.486 0.525 0.423 0.440 0.429 0.671
0.514 0.523 0.437 0.408 0.411 0.817
5 0.446 0.512 0.437 0.422 0.411 0.692
0.442 0.525 0.435 0.399 0.451 0.896
0.489 0.423 0.494 0.408 0.417 0.834
AM 0.475 0.502 0.445 0.415 0.424 0.782
SD 0.0307 0.0442 0.0278 0.0160 0.0169 0.0965
RSD(%) 6.5 8.8 6.2 3.9 4.0 12.3




B2 BAA (mgfsample

% 4 2
A

E 2 & a4 5 F 3 S 3 2 ¥ as oAl 2.3 A& 5 23 #F K 3 4 5
24841 2842 4843 agda 2845 4846
[23 19] Al AA FUAZF FEAAY 71#E EFA A s 2423
M ES FYR FEL 1 mg AR BRA ARE V|Ew 2N G
T <F 22> % [29 20]9% EH
o] &4 iete] A AAR A A9 1, 2, 3 39 &

A HE ke o] A 291 32 JhEH AN AR
S

& o] uEhte 5 oA} whgstan



N APA 1 H¥d 2 A¥A 3 A¥R 4 BPP 5 4P 6
1.063 1.131 0.881 0.947 0.931 1.526
1.026 0.790 1.077 0.935 0.890 1.475
5 1.010 1.118 1.094 0.928 0.956 1.489
0.994 1.091 1.092 0.899 0.915 1.455
1.049 1.064 1.067 0.982 0.937 1.621
AM 1.029 1.039 1.042 0.938 0.926 1.513
SD 0.0280 0.1413 0.0910 0.0301 0.0248 0.0655
RSD(%) 2.7 13.6 8.7 3.2 2.7 4.3

B2 HAAY (mg/sampled

1.40
1.20
1.00 NN § -
0.80 A 7 ..... . . -
0.60 SR e e JO (T
0.40
0.20 S | R - ]
0.00
2 5 4 5 5 2 5 5 2
A N
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ABSTRACT

A Study on the Accuracy of Routine Analysis of Organic
Solvents in Several Industrial Hygiene Laboratories

Lee, Yeon—Sub

Major in Industrial Hygiene Engineering
Dept. of Mechanical Systems Engineering
The Graduate School

Hansung University

This study was conducted to evaluate accuracy of routine analysis
of organic solvents in the workplace measurement laboratories. Benzene,
toluene and xylene were selected for the test. Known spiked charcoal
samples were prepared at 4 levels of injected amount considering the
workplace airborne concentrations. Samples were sent to 6 laboratories.

The results of the study were as follows.

Toluene analysis results among laboratories were statistically different
for all 4 concentration levels. Five laboratories showed the analysis results
with £10% but one laboratorys’ result showed 1.9 times higher than the
average of analysis results of the rest laboratories. It was highly suspected
that the error was due to the wrong standard curve, Since the
significantly high values of relative standard variation of analysis of
repeated samples with the laboratory were found in two laboratories, it

was found that there are high possibility to have random errors as well



as systematic errors during routine sample analysis. Analysis results of
xylene showed very similar patterns with those of toluene.

Except for one laboratory, all five laboratories reported the benzene
amount with £15% at the 0.01 mg that is known as a half of the limit
of quantification in the normal industrial hygiene laboratory. One
laboratory reported as non detected (ND). Thus, it is believed due to the
low gas chromatography detection sensitivity rather than the personal
skill. At the 0.04 mg level, this laboratory reported the benzene analysis
result with £15%. Therefore it is believed that all laboratories have
generally good analytical performance.

In summary, work environment measurement laboratories have generally
good capability for sample analysis. It might be due to the legal quality
control program. However, there are high possibilities to have both
random and systematic errors during routine sample analysis procedure.
Thus, it was found that it is necessary to introduce an internal quality
control program or an institutional way to provide reference samples or
standard sample solutions to the laboratories for cross—checking their

accuracy during routine sample analysis.

[Keywords] workplace monitoring quality control, work environment

measurement, organic sample analysis accuracy, Internal quality control.
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