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2+ ¢4 & 3] (American Industrial Hygiene Association, AIHA)ol A]
AAEtn Qe FAAEAYZE O AP EN sHE L
(Industrial Hygiene Proficiency Analytical Testing, [HPAT)7} <
3 24 2242 dA, 2544, O-a4ddeE HFo] gler 4
AHEe] A 9 AE B S5 MR oE oo Y 49 F
T Hee WAEHL S PR g 208 g2 7070
oA 218 BT b4/l 7|Bo B ZFAFe AYES Ho|ln
o Al 71A B T o] 7]#e] oF 90%7F AL UL
H 39 754 ABAHVIE AHESt A - B3 &g
d SN T IR EEE I gE 23S F 19,9414
ol dxH¥H=E+= 2016@% 6,1447, 20179% 6,8627, 20184

6,935l SAZ AFFA M= A2 939, 1,079, 1,086
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2 FEANRAAZNE AT ZH - BH AFE Ud Fs
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%8

NE ALY NBL A3l FEAABAAT S WA, BT,
0-ZAWE wE71F 01, 05, 1, 15M] BE=2 gAate] F
Aot ALQ5C)T% WAGC)] RAFAN AR Az F 17,
2F, 47, 87, 127, 1650ttt ARE R4S =8 vlasy
S ABE 1657 4o 4 =T FUF oin) o 80~113%2)
MelolA g e 1w,

A&FAVNHE PHOE AN SASHIIA APBASH
AegelolA A4ss AU Grubb’ s Test® Eato] 95%
NHFEANA OB AASL, HEFFEE NFORE NNER
of 3o EFUAE TEHAL W WS FAUYE e 1
A3 267142(83.9%) A}, 5714(16.1%)7F F-Agollen 7]&9
FEge] AL o2 e S W Felvt gloky weky,
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TEANEANFH7E o83 {7 EA A FHS T A AAlEtar 9l
© Ax#ge] dE]  Lolrsit w8 E S (American  Industrial

Hygiene Association, AIHA)o| A AAEtaL e FA G Ede| T2 1380 A
A58 3 7HIndustrial Hygiene Proficiency Analytical Testing, IHPAT)
A= 3M, SKC, Assay Technology®] G=s2AIEAF 7]l sl +A5= 3
Ve AAlEta gtk AFHeME A 2-33] o] 2 Ftsial 9low
FoAZdFoA FAE F de= AR v= 2 AFHY o= Atk
o] obA B AN T (Health and Safety Laboratory, HSL)o|l A AlA]
WASP(The Workplace Analysis Scheme for Proficiency) %38 X
M= FEANEAHAY] WA= olibstdiel] diafdwt AAJstal 9l
HSL¥} LGC(Laboratory of the Government Chemist), ¢
DGUV(Deutsche  Gesetzliche Unfallversicherung)®] 1A (Institut  Fur
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[BE 11-1] E2A4917] ¥ EMXAH
T8 17 2 BHEA
Agilent 7890B, USA
Gas Chromatograph Flame Ionization Detector
Column DB-1(30 mx250 umx0.25 um), J&W 122-1032
Oven 40C(0 min) - 8C/min - 100C(0 min)
Column Flow 1 mL/min
Injector Temperature 230C
Injection volume 1 ul
Split Ratio 10:1

Detector Temperature 250C
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|Z2AUAR WA Wel 9 FAA] J1Ae] gokg FAstel 7t
5% Ao FEAt A4YE A FR pblE 9o FAAE Ha g
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o 242 & XFE5E(Sampling Rate
Validation)& &3t ELHEE7F AR ozt weba F41 Al 1 HolHE
glste] AL Al Agtd Fh

2) =2 A=Y Al AR

n|==Ake] 9] 8 F 3] (American Industrial Hygiene Association, AIHA)oI A]
At Sle FARESYZRO AP AR T % 7Hndustrial
Hygiene Proficiency Analytical Testing, [HPAT)2] #4 #H7lst&Ee 4 4
g7t 571 T AW, 7718A, T35 523 7] (Diffusive Sampler) 2 -]
of Atk L F FEHANEAMHVIE o8 F7EA A FES v A
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grvi ol el 9 288 A% AN ARE F 20l 18 AR
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208212 eh-tol Al5e] Fx o= WAl 10~40 mg, =7 945 mg, O-
of| A1

247 1035 mg FFOITh Al Ak ol
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525 mg, &5 15~30 mg, O-Z A%
[BE 1=-1] TAAZFI] IHPAT EIIX}

o
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=
T A
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o M
N R
G
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= o

(N)

Low | High

(N)

62
64
65
60
60
55
53
53
o2
52
52

69
69
70
70
62
62
59
59
55
55
54
54

6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0

2.10
0.91
0.76
1.63
2.28
0.87
0.16
0.06
0.59
1.29
1.42
0.65

12.71
27.13
37.98
14.43
2.61
0.97
9.86
21.52
23.63
10.76

35.01
15.17

1
2
1
2
1
2
2
1
2

. AIHA PAT Programs, http://www.aihapat.org>
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m 74 - 13
[B I1-2] SFTAMAIZAFE] IHPAT &I EFA EM A1
=) 5 A
aec | BE Viﬁi’e Refstd | RSD 7]%7; 7?;; Low | High
- — EH__ - 0 1l 1l
3 (ng) dev.(mg) | (%) (N) (N) (N) (N)
208 1 42.79 2.57 6.0 70 65 4 1
2 9.51 0.57 6.0 70 64 3 3
210 1 39.98 2.40 6.0 70 64 3 3
2 1751 1.05 6.0 70 64 3 3
912 1 31.44 1.89 6.0 62 60 2 0
2 15.09 0.91 6.0 62 59 3 0
214 1 2.13 0.13 6.0 59 52 3 4
2 1.00 0.06 6.0 59 53 3 3
916 1 15.00 0.90 6.0 55 51 3 1
2 28.07 1.68 6.0 55 50 5 0
918 1 33.55 2.01 6.0 54 50 2 2
2 15.85 0.95 6.0 54 51 1 2
<Z* : AIHA PAT Programs, http://www.aihapat.org>
[BE 11-3] STAMAIEEHI| IHPAT EIIXI O-3J&a EAMA Nt
- Ref. =7} A )
AZE Ref.std. | RSD Low | High
ge= | 52 Value 7N#HG | 7B
H 0
Ho (ng) dev.(mg) (%) (N) (N) (N) (N)
208 1 30.52 1.83 6.0 70 62 5 3
2 17.47 1.05 6.0 70 64 2 4
210 1 1754 1.05 6.0 70 65 2 3
2 33.18 1.99 6.0 70 65 3 2
912 1 13.59 0.82 6.0 62 59 2 1
2 20.37 1.22 6.0 62 59 3 0
214 1 0.92 0.06 6.0 59 53 2 4
2 1.39 0.08 6.0 59 54 3 2
916 1 8.89 0.53 6.0 55 50 2 3
2 15.31 0.92 6.0 55 50 3 2
918 1 21.58 1.29 6.0 54 52 2 0
2 12.71 0.76 6.0 54 52 2 0

<& : AIHA PAT Programs, http://www.aihapat.org>
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3% 1ﬂ¥m (1] i
k. s 0~10 » 010
w 10-20 u 10720
« 2030 » 2030
» 3030 n 3030
" 4030 » 40350
n 530~60 n 50~80
s 60~T0 » 60~T0
» 708D u 70~80
n B0~50 = B0~30
3100 u 30100
» 100~200 » 100200
2016 K& 2017 A&

(1]

& 0~10
0 10~20
8 20~30
n 3020
» 40~50
s 50~60
» 60~70
» 7030
s B0~80
» 90~100

5 100~200

me HE

[O8 111-3] HXE {IIRUTE LEJIE UiHl TTFE



NZIIN) 2 2
kfjl;(ﬂg] 2016 2017 2018
3 6,144 6,862 6,935
0 (M%) 1,266(20.61%) | 1,634(23.82%) | 1,717(24.76%)
0 Z7~10 UlTF | 4186(68.13%) | 4,230(68.85%) | 4153(67.59%)
10 o] 44~20 ek | 304(641%) | A45(7.24%) | 592(9.64%)
20 o|4~30 WW | 155(2520) | 274(446%) | 264(430%)
30 ©] 440 %t 77(1.25%) 159(2.59%) | 119(1.94%)
40 ©]73~50 T %k 34(0.55%) 66(1.07%) 57(0.93%)
50 ©] 460 % 70.11%) 15(0.24%) 13(0.21%)
60 ©] 470 %t 11(0.18%) 11(0.18%) 5(0.08%)
70 ©]~80 % 8(0.13%) 13(0.21%) 8(0.13%)
80 ©] 490 %t 5(0.08%) 6(0.10%) 2(0.03%)
90 ©]24~100 V% 1(0.02%) 3(0.05%) 2(0.03%)
100 ©]2~200 o % 0(0%) 5(0.08%) 1(0.02%)
200 ©]/¢~300 v ¥ 0(0%) 00%) 2(0.03%)
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D 12+ B 7}

B GUAE dgom @ 3M 2o WA, EFd, 0-244 4o FE
A0 A el e sk odsh gtk ARE WA, E74, 0-29
al

Hske] A3l

3
Ee TEE

[B 11-12] 1X} EAMsTTFo WA 240
AZ N Ref(ir;ge)n ce AM+SD(ug) (C%V) Range(ug)
A 4 5.46 5.79+0.25 4.37 0.47~6.09
B 4 10.92 10.96+0.25 2.25 10.59~11.10
C 4 21.84 21.54+0.87 4.05 20.36~22.42
D 4 43.67 43.22+2.50 5.79 40.50~46.00

N @ A& 4, Reference : °]& Y=, AM : 2k, SD @ 5802 CV @ oA

[E 1-13] 1k EMSHEEI} B2 =470
PESEN Re(ffgg?ce AM#SD(mg) ) Range(mg)
A 4 0.65 0.64£0.03 4.63 0.62~0.69
B 4 1.30 1.27+0.04 3.10 1.24~1.32
C 4 2.60 2.56+0.10 4.04 2.45~2.65
D 4 5.20 5.22+0.30 5.80 4.89~5.56

=

N : A& &, Reference : ]2 FU= AM : A=+ SD @ ¥5FHA}, CV @ Ho A4



ol Al

Range(mg)
1.38~1.52
2.71~3.10
h.38~6.24

10.97~13.03

Azt CV

CV
(%)
4.13
5.50
6.59
7.29

S SHNERH7]

1.45£0.06
2.91+0.16
5.93£0.39
12.16+0.89

AM=SD(mg)

Reference
(mg)
1.51
3.01
6.02
12.04

[E I1-14] 1X} EM=53TFIL O-T&

4
A& %, Reference :

N :

NAe 10 2

1A
Ho

ol

El

A= 18 =2

T

1l O
AN

&=

7} 5% m]rke]

P
T

= HolA
o]t} AR

B

097, 098, 1.019] B2 %o oA 1Rt Z1 7}

Hoh =4 ysio

0.98, 098, 1.00¢] Hl&= w2 sZolA e 18T 2t 7}

o]t

0.99, 0.99¢] H]
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—
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Dz

A

=0
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gdlo] 729%=
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[E 11-15] AlEY =&y

cvisg  Recovery

SD(ug)

AM(ug)

Reference
(ug)
34.34
51.51
103.01

N

Hjn
X

92.02

0.83
1.86
0.67
1.18

0.26
0.90
0.67
1.77

31.60
48.35

10
10
10
10

Sl

93.87
95.99

97.52

S2

99.42
150.69

S3

154.52

S

ol A

A, CV

|

A& 45, Reference :

N :



CNYUBAZY Hede] ABYS SYUS S ATQ) -SSAAEME7

[BE 111-16] AIRS ZEY ST gy
NE Ref(ir;ge)n “© AM(ug) SD(ug) CV(%) Re((:g/:)ery
Sl 10 852.09 838.49 6.11 0.73 98.40
S2 10 306.75 291.46 5.02 191 95.02
S3 10 613.50 600.47 4.26 0.78 97.86
S4 10 920.26 909.32 9.93 1.11 98.81

: A& 47, Reference : o] F9% AM : A9, SD @ 59}, CV @ HolAlS

[E 1I-17] Mg 2EY8 o-Jaa &z

AE Ref(ir;ge)n ce AM(ug) SD(ug) CV(%) Re((:g/:)ery
S1 10 345.49 810.77 5.95 0.73 95.89
S2 10 507.29 474.76 9.08 191 93.599
S3 10 1014.59 978.66 7.65 0.78 96.32
S4 10 1521.88 1484.17 16.44 1.11 9752

© A& 7, Reference : o]2 9% AM : A3t SD @ A CV @ WHol A4



(2) 71=% 2 A

o
ks
do

AR A

e FHoE sl ANASAT|E 31049 AYgE Aeste] EA A
(Grubb's Test)Z 95% AlZ 4=l A o}l 3 o] o]Xgk(outlier) S A A3t
Ak sz v o] dghe] 14704 Ao =2 o]k 0~27] ATh

OvL«E

AgE M Rdg o w st

e
K
N
N
o
o
b
x

[BE 11-18] SEMSEE AZQ o|¥Et =
Al A& Reference Lower Upper
=3 T (ug) Outlier  Outlier
S1 34.34 31 3 1
w1 S2 51.51 31 3 1
S3 103.01 31 4 0
S4 154.52 31 3 0
S1 852.09 31 3 1
seg S2 306.75 31 3 2
S3 613.50 31 3 2
S4 920.26 31 3 1
S1 845.49 31 2 1
Oz S2 507.29 31 2 1
S3 1014.59 31 1 0
S4 1521.88 31 3 0

N : A& <= Reference : °o]& F



e s o= 2 A3HAE
FoF Zgktt AxTEoE A7) Ho| A A& AFghe] o AS 7 3%HE.
o2& A9 3%= 24t xRS A8
[BE 11-19] 2X} SEM=HTFEI M EMA1
Reference AM SD CV .

A 3 4 S

HE (ug) (ug) (ug) (%) w2l (ug)

S1 31 34.34 37.94 3.64 6.58 44 49~66.35

2 31 51.51 55.42 8.88 8.17 82.09~135.36

S3 31 103.01 108.72 3.34 8.80 27.92~47.96

S4 31 154.52 159.85 16.26 10.17 111.09~208.62
N @ A& &, Reference : °]& FY=, AM : 2=, SD © ¥57H=E CV @ Hol Al

==

[B 111-20] 2X} 2=

Reference

AM

2= N e e @) G ErTle
S1 31 852.09 862.41 1554 495 267.01~360.22
S2 31 306.75 313.62 29.51 475 533.38~710.42
S3 31 613.50 621.90 39.64 4.60 743.50~981.32
S4 31 920.26 918.06 5741 6.25 745.83~1090.29

N : A]& <, Reference : ©]&

EKI

THaL CV  WHol Al



[E 11-21] 2K} EM=5HTFIL O-Jaa EMZ

Mz N Reference =~ AM SD CV
(ug) (ug) (ug) (%) K

S 31 845.49 344.69 2107 0.28 431.38~593.80
S22 31 507.29 512.59 70.50 7.01 793.69~1216.68
S3 3l 101459 100518  40.05 474 724.55~964.82
54 31 1521.88 151963  93.65 6.16 1238.68~1800.58

N : A& 4, Reference : °]& 9= AM : 2kt SD @ ¥5HA CV @ oA

A Ed2 tiEE FA el tirlste] 100% ool S aeR yERstaL
O-aA#e 7M =& F&Q S4 A5olA 9%9 22 a&S Bl HolA
6

58~10.17%, =59 4.60~6.25% O-=ZLA &l 474~7.01% <]



AFho A 7)o AAleta &= Al H 33 (2018 % AgHb7)~
20193 % ARE7]) 7184 A3 A o] AFtolA AT FEAAIRANFH
A EAE vusrgtt. 71 ArdEE 3 3o 107 $5 FEo2 A
Zat 1 T WO R 49 Alzd HEE Fojste] 7| FHEgit) 73
omRE Wwe Avte] WolA%Tt 3% vl B¢ 3% 2Yste] ue] BE
HAAE Abed gt A detAY wA FAHLE A s}

[B 111—-22] £23%] BoI1¥ e SII8MH Bl TAXE
3% m|qk
ZB B g N Reference SD (())V cv
(mg) (mg) (%) e
UER.
ol Ax gy
o1t 27~32  0.36~2.17 0.0183~0.0942 3.08~6.50 0
i 27~32  0.44~2.41 0.0149~0.1027 2.33~4.24 4
) o) ) ) ) ) ) )
o[ olAH|
o) E 27~32 041~2.26 0.4076~2.2698 2.67~4.68 2
Al 39~51 0.01~0.03 0.0005~0.0018 4.61~7.70 0
2018
) =3 39~51 0.17~1.18 0.0085~0.0384 2.92~4.82 1
SR
O-=Z44  39~51 0.20~1.39 0.0115~0.0642 3.31~6.28 0
=5l 49~58 0.52~2.47 0.0220~0.0888 2.83~4.19 1
2019
wEElAl 49-58  0.36~2.47 0.0139~0.0949 2.88~3.89 1
ol
Ea)=
#j;_ﬂiﬂi 49~58 0.16~0.75 0.0073~0.0229 2.87~5.41 3

N =T ¥ AE 4, Reference : o] & F94%, SD : WA}, CV @ Ho|AF
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A - 31 100
. 97l 1 32 g
1271 25 80.6
07K 1 3.2
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s, A, geld. A4BERY Arde A8IE RS 9
@ A7) ~EELUH =, AL AR AT Y AT HIA, 2018

AIHA Proficiency analytical testing programs, American Industrial

Hygiene Association available from https://online.aihapat.org

3M. Technical data bulletin: Organic vapor monitor sampling and
analysis  guide(1028). 3M  Center, Occupational Health and
Environmental Safety Division. St. Paul, MN 55144-1000

SKC. VOC Check 575 series selection guide on-worker ppm level
sampling of organic vapors. SKC Ltd. Available from

https://www.skcltd.com

The Workplace Analysis Scheme for Proficiency, Health and
Safety Laboratory from https://www.hsl.gov.uk/proficiency—testing -

schemes/wasp

Detuche Gesetzliche Unfallversicherung from https://www.dguv.de/

ifa/index.jsp
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(4. 3M Technical Data Bulletin Organic Vapor Monitor Sampling and
Analysis Guide)

Recomm
Sading ended . Calculation Calculation
. . Capacity | Recovery
Coumpound List Fete Sampling . ConstantA Constant B
] . (mg) Coefficient
(oc/rin) Time (mg/m2) (ppm)
(Hrs.)

* | Acetone(c) 40.1 2 7 0.91(i) 24.9 10.50
Acetonitrile(c) 48.2 2 0.5 1.02(e) 20.7 12.36
* | Acrylonitrile(m) 438 8 14 0.99(d) 22.8 10.52
AllylAlcohol 40.4 8 5 0.74(d) 24.8 10.42
AllylChloride 351 8 3 0.86 28.5 9.10
* | n-AmylAcetate 26.0 8 >25 0.98 38.5 7.22
* | n-AmylAlcohol 31.2 24 0.96(d) 321 8.89
s-AmylAlcohol 31.2 >25 0.98(d) 321 8.89
* | Benzene 355 8 22 0.97 28.2 8.82
BenzylChloride 27.2 8 >25 0.89 36.8 7.10
Bromoform 29.3 8 >25 1.02 341 3.30
* | 1-Bromopropane 317 (m) (m) 1.02 315 6.27
* | 1,3-Butadiene(c) 42.8 (m) (m) 0.75(d) 234 10.56
n-ButylAcetate 31.6 8 >25 1.07 316 6.66
* | s-ButylAcetate 28.6 8 >25 0.98 35.0 7.36
t-ButylAcetate 29.4 8 23 0.98 34.0 7.16
ButylAcrylate 27.3 8 >25 1.06 36.6 6.99
* | n-ButylAlcohol 343 8 21 0.95(d) 29.2 9.62
s-ButylAlcohol 34.8 8 19 0.89(d) 28.7 9.48
t-ButylAlcohol 35.2 8 15 0.74 284 9.37
* | ButylCellosolve 28.2 8 >25 0.91(d) 35.5 7.34
* | ButylCellosolveAcetate 24.3 >25 0.90 41.2 6.28
ButylGlycidylEther 27.0 8 25 0.93 37.0 6.96
* | p-tert-Butyltoluene 20.7 8 25 1.07 48.3 7.97
Camphor 214 8 >25 0.92 46.7 7.50
CarbonDisulfide(c) 428 8 2.7 0.76(h) 234 7.50
CarbonTetrabromide 26.6 8 >5 0.99(h) 37.6 277
* | CarbonTetrachloride 30.2 8 >25 0.95 331 5.26
* | Cellosolve 324 8 >25 0.84(d) 30.9 8.37
* | CellosolveAcetate 26.6 8 >25 0.73 37.6 6.96
* | Chlorobenzene 29.3 8 >25 0.96 341 741
* | Chlorobromomethane 344 8 18 0.90 29.1 5.49




Chloroform 335 8 21 0.95 29.9 6.11
Chloroprene 322 311 8.58
o-Chlorostyrene 26.0 8 >25 0.78 38.5 6.78
2-Chloro-1,1,1,2-
tetrafluoroethane 3>8 > 0.87(f) 279 >.00
o-Chlorotoluene 27.3 8 >25 0.92 36.6 7.07
Cumene 24.5 8 >25 1.01 40.8 8.30
Cyclohexane 324 6 13 1.02 30.9 8.97
Cyclohexanol 29.5 8 22 1.02(d) 339 8.27
Cyclohexanone 28.9 8 22 0.85 34.6 8.62
Cyclohexene 32.3 8 21 0.99 31.0 9.21
Cyclopentadiene 39.5 253 9.36
Cyclopentane(c) 36.2 1 5 1.02 27.6 9.63
n-Decane 23.1 >25 1.05 43.3 7.44
DiacetoneAlcohol 28.2 8 >25 0.94(d) 35.5 7.46
o-Dichlorobenzene 27.8 8 >25 0.87 36.0 5.98
p-Dichlorobenzene 27.8 8 >25 0.74 36.0 5.98
1,1-Dichloroethane 33.2 8 13 0.92 30.1 7.44
1,2-Dichloroethylene 35.2 6 10 0.96 284 7.17
DichloroethylEther 26.1 8 >25 0.95 38.3 6.55
1,1-Dichloro-1- 285 351 596
nitroethane
1,1-Dichloro-2,2,2- 309 324 517
trifluoroethane
Dicyclopentadiene 23.6 8 >25 0.96 424 7.84
DiethylKetone 32.7 8 24 0.98 30.6 8.68
DiisobutylKetone 24.6 8 >25 1.03 40.7 6.99
Dimethylacetamide 320 8 >25 0.84(d) 313 8.77
DimethylFormamide 355 8 >25 0.65(d) 28.2 9.42
p-Dioxane 34.5 8 21 0.91 29.0 8.04
DipropyleneGlycol
Mgth}%ther 4 25.3 8 23 0.82 39.5 6.52
DipropyleneGlycol
Mgth}ﬁ/)l}l;'therAc{atate 22.8 0.93 43.9 2.64
DipropylKetone 27.8 8 25 0.66 36.0 7.70
DivinylBenzene 23.3 8 20 047 42.9 8.06
n-Dodecane 21.5 >25 1.09 46.5 6.68
Enflurane 28.3 8 8 0.88 353 4.68
Epichlorohydrin 29.6 8 20 0.85 338 8.93
é‘Ethoxy”O”aﬂuoro 24.1 >25 0.82(k) 415 3.84
utane
EthylAcetate 34.5 6 20 0.99 29.0 8.04
EthylAcrylate 32.2 8 >25 0.93 311 7.58
EthylAlcohol(c) 437 1 3.5 0.98(g) 22.9 12.14
EthylBenzene 27.3 8 24 0.96 36.6 8.44
EthylBromide 36.4 8 6 0.94 27.5 6.18
EthylButylKetone 28.0 8 >25 0.68 35.7 7.65
EthyleneChlorohydrin 33.9 8 11 0.82(d) 29.5 8.96
EthyleneDibromide 29.6 21 0.93 33.8 4.40
EthyleneDichloride 33.2 8 16 0.98 30.1 7.44
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EthylEther(c) 36.8 4 12 0.96 27.2 8.96
EthylFormate 38.8 8 8 0.65 25.8 8.51
Furfural 34.3 8 >25 0.62(d) 29.2 7.42
FurfurylAlcohol 30.6 8 >25 0.71(d) 327 8.14
* | Gasoline 30.5 8 >25 0.94 32.8 7.49
Glycidol 37.1 27.0 8.90
Halothane 30.2 8 10 1.07 331 4.10
* | n-Heptane 28.9 8 >25 1.04 34.6 8.44
Hexachlorobutadiene 229 43.7 4.09
Hexachloro
cyclopentadiene 221 45.2 4.06
Hexachloroethane 26.7 8 25 0.95 37.5 3.87
* | n-Hexane 32.0 8 24 1.07 313 8.87
* | Hexanelsomers 32.0 7 24 1.03 313 8.87
IsoamylAcetate 27.2 8 >25 0.97 36.8 6.90
* | IsoamylAlcohol 323 8 22 0.95(d) 31.0 8.59
* | IsobutylAcetate 31.0 8 25 1.02 32.3 6.79
* | IsobutylAlcohol 35.9 8 19 0.93(d) 27.9 9.19
Isoflurane 28.3 7 0.88 35.3 4.68
IsooctylAlcohol 251 8 23 0.80 39.8 748
IsoparG 24.4 >25 0.98 41.0 7.42
* | Isophorone 217 8 >25 0.75 46.1 8.15
Isopropoxyethanol 29.5 8 23 0.92 339 7.96
IsopropylAcetate 31.7 7 15 0.96 315 7.55
* | IsopropylAlcohol(c) 394 (m) (m) 0.96(g) 254 10.33
IsopropylEther(c) 31.2 8 21 1.03 32.1 7.67
IsopropylGlycidylEther 29.1 8 23 0.97 344 7.23
* | Mesitylene 26.3 8 >25 1.05 38.0 7.73
* | MesitylOxide 31.2 8 >25 0.89 321 7.98
é—Methoxynonaﬂuoro 253 18 0.85(K) 395 387
utane
* | MethylAcetate(c) 37.0 2 3 0.92 27.0 8.92
MethylAcrylate 35.8 8 11 0.87 27.9 7.93
Methylal(c) 37.9 1 10 0.97 26.4 8.48
MethylAmylKetone 279 8 24 0.98 35.8 7.67
MethylBromide(c) 40.9 244 6.30
* | Methylt-ButylEther 30.8 8 17 0.98 325 9.01
* | MethylButylKetone 29.7 8 24 1.00 33.7 8.22
* | MethylCellosolve 36.3 8 >25 0.78(d) 27.5 8.85
» | MethylCellosolve 29.0 8 >25 0.65 345 7.14
* | MethylCyclohexane 28.9 7 20 1.03 34.6 8.62
MethylCyclohexanol 25.3 8 >25 0.83 395 8.46
* | MethyleneChloride(c) 379 (m) (m) 0.87 264 7.60
* | MethylEthylKetone 36.3 8 18 0.91(i) 27.5 9.34
MethylFormate(c) 45.0 1 0.5 0.76(d) 22.2 9.05
5-Methyl-3-heptanone 26.4 8 24 0.83 37.9 7.22
Methyllodide 36.7 27.2 4.69
MethyllsoamylKetone 28.0 8 >25 1.01 35.7 7.65
MethyllsobutylCarbinol 29.2 8 21 0.81 34.2 8.19




MethyllsobutylKetone 30.0 8 >25 0.99 333 8.14
MethyllsopropylKetone 32.8 8 24 0.91 30.5 8.65
MethylMethacrylate 31.8 8 >25 0.98 314 7.68
MethylPropylKetone 33.0 8 24 0.93 30.3 8.60
1-Methyl-2-

pyrrolid)i/none 28.8 0.81(d) 347 8.56
alpha-MethylIStyrene 25.0 8 25 1.02 40.0 8.28
Naphtha 33.2 8 24 0.92 30.1 7.36
Naphthalene 24.6 8 >25 0.42 40.7 7.75
n-Nonane 24.6 8 >25 1.09 40.7 7.75
n-Octane 26.6 8 25 1.05 37.6 8.05
n-Pentane(c) 35.3 3 12 0.98 28.3 9.60
2,4-Pentanedione 31.7 >25 0.81 315 7.70
Perchloroethylene 28.3 8 >25 1.03 353 5.21
PhenylEther 20.3 8 >25 0.90 49.3 7.08
PhenylGlycidylEther 22.2 8 19 0.73 45.0 7.33
n-PropylAcetate 30.1 8 25 1.00 33.2 7.95
n-PropylAlcohol 39.7 6 8 0.85(d) 25.2 10.25
PropyleneDichloride 30.6 8 20 1.02 32.7 7.07
pro Opmye’tﬁy’] f:_ti 1yeell 324 8 >25 0.86(d) 30.9 837
’;’[ﬁ}/j’lyﬁgﬁf’ﬁ‘;’gfe"om 252 >25 101 397 7.34
PropyleneOxide(c) 37.7 8 2 0.97 26.5 11.17
n-PropylNitrate 333 8 25 1.02 30.0 6.99
Resorcinol 25.8 38.8 8.61
StoddardSolvent 24.3 8 21 0.98 41.2 6.99
Styrene 289 8 >25 0.88 34.6 8.12
1,1,1,2-Tetrachloro-2,2-

difluoroethane (c) 27.5 364 4.36
Sz oaadiee iz | a2
L1.2.2 Tetrachloro 284 8 >25 0.92 35.2 513
1,1,1,2-Tetrafluoro

cthane 371 2 0.61(f) 27.0 6.46
Tetrahydrofuran 37.2 8 15 1.01 26.9 9.11
Toluene 314 8 >25 1.00 31.8 8.45
1,1,1-Trichloroethane 30.9 (m) >25 1.00 324 5.93
1,1,2-Trichloroethane 29.7 8 >25 0.95 33.7 6.17
Trichloroethylene 311 8 >25 1.01 322 5.98
1,2,3-Trichloropropane 274 8 >25 0.99 36.5 6.05
L2-Trichloro 12 291 1 11 0.92 344 448
VinylAcetate 35.8 8 9 0.98(i) 27.9 7.93
VinylBromide 37.0 27.0 6.18
VinyIChloride(c) 40.8 24.5 9.59
4-Vinyl-1-cyclohexene 27.9 8 >25 1.01 358 8.10
VinylideneChloride 351 8 4 1.00 28.5 7.19
VinylToluene 25.1 8 >25 0.86 39.8 8.24
Xylene 27.3 8 >25 0.97 36.6 8.44
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(3] VOC chek 575 Level Series Sampling selection of Organic vapors)

Chemical Hazard ° ag:tléng (M}n Max DE%
(ml/min) min) (hrs)
Aceticacid 19.6 99.2
Acetoin(acetylmethylcarbinol) 14.9
Acetonitrile 22.4 103
Acetylmethylcarbinol(acetoin) 14.9
Allylalcohol 18.4 64
Allylchloride 17.8 95.1
n-Amylacetate 11.7 93.5
sec-Amylacetate(2-pentylacetate) 11.8
n-Amylalcohol 139 87.3
t-Amylmethylether(methyltert-amylether) 13.1 30 8 99
Aniline 14.2
Benzene 16 15 8 93.5
Benzotrifluoride(trifluoromethylbenzene; OXSOL20
13.3 15 8 106

00)
Benzylchloride 12.9 98.7
Bromobenzene 13.8
Bromodichloromethane(dichlorobromomethane) 16.1
Bromoethane(ethylbromide) 185
Bromoform 15.2
Bromomethane(methylbromide) 22.1
1-Bromopropane(propylbromide) 144 30 8 100
1,3-Butadiene 19.6
n-Butane 18.1
n-Butanol(n-butylalcohol) 156 94
2-Butanol(sec-butylalcohol) 156 93
2-Butoxyethanol(butyl CELLOSOLVEsolvent) 12 71.2
n-Butylacetate 12.3 15 8 90.4
sec—Butylacetate 12.8 96.2
t-Butylacetate 12.7 9.1
n-Butylalcohol(1-butanol) 155 94
sec-Butylalcohol(2-butanol) 15.6 93
t-Butylethylether(ethyltert-butylether) 13.1 15 8 101
t-Butylmethylether(MTBE) 13.6 85 8 974
p-tert-Butyltoluene 104 15 8 100
Camphor 10.8 94.2
Carbolicacid(phenol) 145
Carbondisulfide 19.54
Carbontetrachloride 14.1 30 8 98.3
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2-CELLOSOLVEacetate(ethoxyethylacetate) 12.1 52.7
1-Chloro—2-methylbenzene(monochlorotoluene;OX
13 15 8 91.8

SOL10)
1-Chloro—4-(trifluoromethyl)benzene(parachlorobe

. . 11.8 15 8 102
nzotrifluoride;OXSOL 100)
Chlorobenzene 14.41 15 8 93.3
Chloroethane(ethylchloride) 20.02
Chloroform 13 60 8 97.3
Chloromethane(methylchloride) 24.6
4-Chlorotoluene 124
Cumene(isopropylbenzene) 12.8 15 8 99.3
Cyclohexane 15.6 15 8 105
Cyclohexanol 135 98
Cyclohexene 15.4 102
Cyclopentane 16.8
p-Cymene(4-isopropyltoluene) 11.3
Decamethylcyclopentasiloxane(D5) 5.66 15 8 99.0
Decamethyltetrasiloxane 7.36
Dibromochloromethane 15.6
1,2-Dibromoethane(ethylenedibromide) 15.3 92.3
1,6-Dibromohexane(hexamethylenedibromide) 10.7
o-Dichlorobenzene(1,2-dichlorobenzene) 12.5 15 8 79.2
m-Dichlorobenzene(1,3-dichlorobenzene) 12.95 91.8
p-Dichlorobenzene(1,4-dichlorobenzene) 12.95 91.1
1,3-Dichlorobenzene(m-dichlorobenzene) 12.95 91.8
1,2-Dichlorobenzene(o-dichlorobenzene) 125 15 3 79.2
1,4-Dichlorobenzene(p-dichlorobenzene) 12.95 91.1
Dichlorobromomethane(bromodichloromethane) 16.1
Dichlorodifluoromethane(Freon12) 18.6
1,1-Dichloroethane 16.85
1,2-Dichloroethane(ethylenedichloride) 14.2 60 8 95.8
1,2-Dichloroethene(1,2-dichloroethylene) 14.8 15 8 97.1
Dichloroethylether 125
1,2-Dichloroethylene 14.8 15 8 97.1
1,2-Dichloroethylene(1,2-dichloroethene) 14.8 15 8 97.1
1,1-Dichloroethylene(vinylidenechloride) 12.3 60 8 95.2
Dichloromethane(>4hrsto8hrs)(methylenechloride) 14.7 240 8 96
Dichloromethane(15minto4hrs)(methylenechloride) 16.0 15 4 96
1,2-Dichloropropane(propylenedichloride) 14.3 15 8 97.7
1,1-Dichloropropene 15.6
1,2-Dichlorotetrafluoroethane(Freon114) 15.3
Dicyclopentadiene 11.8
Diethylether(ethylether) 16.4
Diethylketone(3-pentanone) 14.8 83.9
1,2-Dimethoxyethane(ethyleneglycoldimethylether) 14.7
Dimethoxymethane(methylal) 17.1
Dimethyladipate 10.73
Dimethyldisulfide 15.4
2,5-Dimethylhexane 11.86
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2,2-Dimethylmethane 21.7

Dimethylpentanedioate 10.8

Dimethylsulfide 19

N,N-Dimethylaniline 12

2,2-Dimethylbutane(neohexane) 14.2

trans—1,2-Dimethylcyclohexane 12.4 106.1
2,3-Dimethylpentane 12.8

Diphenyloxide(phenylether) 10.4

Dipropylketone 12.3 85.3
Dodecamethylcyclohexasiloxane 6.75

n-Dodecanol(laurylalcohol) 8.7 107.5
1-Dodecene 9.29

1-Dodecylalcohol(laurylalcohol) 8.7 107.5
Epichlorohydrin 16.4 70.8
2-Ethoxyethanol 144 100.8
2-Ethoxyethylacetate(CELLOSOLVEacetate) 12.1 52.7
Ethrane(enflurane) 13.8

Ethylacetate 13.1 15 92.8
Ethylbenzene 12.9 15 100
Ethylbromide(bromoethane) 185

Ethylbutylketone(3-heptanone) 12.2 87.9
Ethylchloride(chloroethane) 20.2

Ethylcyanide 18.61

Ethylether 16.4

Ethylformate 178

Ethylmethacrylate 13.1 15 84.7
Ethylpropionate 14

Ethyltert-butylether(tert-butylethylether) 13.1 15 101
Ethylenedibromide(1,2-dibromoethane) 15.3 92.3
Ethylenedichloride(1,2-dichloroethane) 14.2 60 95.8
Freon114(1,2-dichlorotetrafluoroethane) 15.3

Freonl2(dichlorodifluoromethane) 18.6

n-Heptane 13.9 15 105
4-Heptanone(dipropylketone) 12.1 85.3
3-Heptanone(ethylbutylketone) 12.2 879
1-Heptene 13.1

Hexachlorobutadiene 10.5

Hexachloroethane 115

Hexadecane 7.7

Hexamethyldisiloxane(L2) 9.98 15 102.9
Hexamethylenedibromide(1,6-dibromohexane) 10.7

n-Hexane 14.3 15 100
2-Hexene 145

Hexylene 14.5

Todomethane(methyliodide) 18.7

Isoamylacetate 11.9 91.9
Isopentane(2-methylbutane) 15.8

Isopropylacetate 14.2 88.5
Isopropylbenzene(cumene) 12.8 15 99.3




Isopropylether 134
Isopropylglycidylether 12.8
4-Isopropyltoluene(p-cymene) 11.3
Laurylalcohol(1-dodecanol) 8.7 1075
Mesityloxide 13.7
Mesitylene(1,3,5-trimethylbenzene) 12.1 93.6
1-Methoxy—2-propanol(propyleneglycolmonometh 147 829
ylether)
1-Methoxy-2-propylacetate(propyleneglycolmono 199 108
methylether acetate) '
2-Methoxyethanol(methylCELLOSOLVE) 16.1 94.7
2-Methylbutane(isopentane) 15.8
MethylCELLOSOLVE(2-methoxyethanol) 16.1 94.7
MethylCELLOSOLVEacetate(ethyleneglycolmono 129 38
methylether acetate) " ’
Methylchloroform(1,1,1-trichloroethane) 14.1 15 99.9
Methylcyclohexane 14.2 15 106
Methylformate 20.58
Methyliodide(iodomethane) 18.7
Methylisothiocyanate 17.36
2-Methylpentane 14.1
Methylpropylketone(2-pentanone) 14.8 68.1
Methylstyrene(vinyltoluene) 12.3
Methylt-butylether(MTBE) 13.6 15 97.4
Methyltert-amylether(tert-amylmethylether) 13.1 30 99
n-Methyl-2-pyrrolidinone 13.97
5-Methyl-3-heptanone 114 875
Methylal(dimethoxymethane) 17.1
1-Methylcyclohexanol 124 15 94.7
Methylcyclopentane 149
Methylenechloride(dichloromethane) 14.7 240 96
Methylenechloride(dichloromethane) 16.0 15 96
3-Methylhexane 12.8
Mineralspirits 10.95
Monochlorotoluene(1-chloro-2-methylbenzene;OX

13.0 15 91.8
SOL10)
Neohexane(2,2-dimethylbutane) 14.2
Nitrobenzene 12.6
Nonane 10.6 15 103
Octadecane 7.1
Octamethylcyclotetrasiloxane(D4) 6.32 15 97.2
Octamethyltrisiloxane 8.6
n-Octane 12.7 15 106
1-Octene 11.99
OXSOL10(monochlorotoluene[1-chloro-2-methylb

13 15 91.8

enzene))
Parachlorobenzotrifluoride(1-chloro—4-[trifluorom

11.8 15 102

ethyl]lbenzene;OXSOL 100)
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Pentadecane 7.93

n-Pentane 14.9 15 8 105.2
3-Pentanone(diethylketone) 14.8 83.9
2-Pentanone(methylpropylketone) 14.8 68.1
1-Pentene 16.3

2-Pentylacetate(sec-amylacetate) 11.8

Perchloroethylene(tetrachloroethylene) 13.1 15 8 100.8
Phenol(carbolicacid) 145

Phenylether(diphenyloxide) 104

Phenylglycidylether 11.6

4-Phenylcyclohexene 11.53

Propane 21.73

n-Propanol(propylalcohol) 17.7 87.3
Propionitrile 18.61

n-Propylacetate 14.1 875
Propylalcohol(n-propanol) 17.7 87.3
Propylbromide(1-bromopropane) 14.3 30 8 100
Propylenedichloride(1,2-dichloropropane) 14.3 15 8 97.7
Propyleneglycolmonomethylether(1-methoxy-2-pr 147 82.0
opanol)

Propyleneglycolmonomethyletheracetate(1-methox 129 108
y—-2-propyl acetate) '

Propyleneoxide 199 98
Pyridine 16.6 62.1
Solventnaphtha(petroleum)lightaromatic 11.61

Stoddardsolvent 10.95

1,1,2,2-Tetrachloroethane 11.8 480 8 64.4%
Tetrachloroethylene(perchloroethylene) 13.1 75 12 100.8
Tetradecane 8.3

1,2,3,4-Tetramethylbenzene 11.1

1,2,3,5-Tetramethylbenzene 10.8

Toluene 14.5 15 8 979
1,1,2-Trichloro-1,2 2-trifluoroethane(Freon113) 14.1

1,2,3-Trichlorobenzene 11.34

1,2,4-Trichlorobenzene 114

1,1,2-Trichloroethane 125 15 3 96.7
1,1,1-Trichloroethane(methylchloroform) 14.1 15 3 99.9
Trichloroethylene 14.9 15 8 102
Trichlorofluoromethane(Freonl1) 16.65

1,2,3-Trichloropropane 11.9 15 8 98.1
Tridecane 9.2

Trifluoromethylbenzene(benzotrifluoride; OXSOL2000) 13.3 15 8 106
1,2,3-Trimethylbenzene 12.0 91.1
1,2,4-Trimethylbenzene 13.05 88.4
1,3,5-Trimethylbenzene(mesitylene) 12.1 93.6
2,2,4-Trimethylpentane 11.89

n-Undecane 9.62

Vinylbromide 19.6

Vinylchloride 214
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Vinyltoluene(methylstyrene) 12.3

n-Vinyl-2-pyrrolidone 139

4-Vinylcyclohexene 124

Vinylidenechloride(1,1-dichloroethene) 12.3 60 8 95.2
m-Xylene 125 15 8 96.6
o—-Xylene 11.9 15 8 91
p—Xylene 12.8 15 3 95.6
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Abstract

Title

A study to introduce an autonomous item for the quality
control program in the industrial hygiene(2) — Passive sampler

Objectives

The purpose of this study 1s to provide an basic material for
introduction of passive sampler as the autonomous item 1in the
quality control program.

Methods

We surveyed cases of another country's quality control
program using passive sampler and domestic work environment
measurement data of the last 3 years. We made 4 levels of
benzene, toluene, o—xylene sample of 2 different samplers and
analyze to check storage stability for 16 weeks at another
temperature. An analysis proficiency test was conducted on the
measurement institutions that applied voluntarily.

Results

Industrial Hygiene Proficiency Analytical Testing(IHPAT), an
international quality control program conducted by the American
Industrial Hygiene Association(AIHA), is the only foreign program
using passive samplers. The number of participation organizations

tends to decrease from 70 to 54 among the 208 and 218 round.
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The analyte does not change with benzene, toluene and o—xylene
but the concentration has changed. Approximately 90% of
participants passed the program. Passive samplers used by work
environment measurement institutions in Korea have been on the
rise ever year with 6,144, 6,862 and 6,935 between 2016 and
2018. For the storage stability test of passive sampler, 3 organic
compounds(benzene, toluene and o-xylene) were injected with
0.1TLV, 0.5TLV, I1TLV and 1.5TLV concentrations. Samples
were kept in cold(5C) and room(25C) temperature for 1, 2, 4,
8, 12 and 16 weeks and analyzed. The analysis value showed
stability in the range of 80-113% compared to the amount of
injection. 83.9% of applied work environment measurement
institutions passed the test by sending passive sampler samples.
The acceptance range was removed by statistical processing in
the same way as the QC program. 3 times of standard deviation
was reduced on the arithmetic mean, if CV value is more than
3%.

Conclusions

Passive samplers for organic compounds were stable enough
and acceptable for QC program. In Korea quality control
program, it 1s necessary to adopt passive sampler as the
autonomous items, and it will improve the reliability of the work

environment monitoring results.

Key Words : Quality control, Autonomous item, Passive

sampler
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