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A Comparative Study on Accuracy of Measurement Methods using
Silica Gel Tube, Passive Sampler and Colorimetric Gas Detector
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E7]%9 1/24%9_ 100 ppm F<EolA] AgriAgHes =

+8.0 ppm, E4HA A2l F7]+= 78.94+10.8 ppm, Z7IAHA|THOZ 64]
7+ B9t 135]o] A4 =A% A= 96.9+10.8 ppmol it k=E7]1F<1 2
ppm FFEAE A HATHL 182.3+56 ppm, A AR F L
188.8+7.1 ppm, 7FAHZA]TE 200 ppmelitt. k&7]F 2819l 400 ppm
S AYFATHL 401.0+£5.3 ppm, A A2 F 7ML 395.6
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HetEe] EEo] G4 T5= Yo AEYH Ao o
7} @At vt QIoH(al8 =55 2016a, 2016b). Atal7h St

QAo gE BES 7lgol= CNC(Computer numerical control, ©]s}
CNC# 3 33e=, A= HEES ARSI H =T es2dT
M, 2016). F &FHlE FUE FES 7Heste CNC 247 =29
AEE7F 4 20,000 rpme EA d=t} o]2gt CNC &4}
2+7](high speed running machine)2} St} o|e} e x4
& o] ARESheE WA (coolant) = FAAIT7E 1 B 1HG 22 Zo] Foh
2tA Eolu diZS AR & St HE $EAdo] Fob ¥HAEL
A3, PZAR=HE CNCE FFo| Fo] WAEE A2 WA[sh7] fof of¢
22 A5t S Eastal tH(Datron Dynamics, Inc, 2010).
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”ﬂLEO —rE]UrE} ﬂ%i%yi— AAA LE7|52 TWA 200 ppm,
STEL 250 ppmeo]|t}, 271 2] 8] (American  Conference of
Government Industrial Hygienists, ACGIH)®] 7]5<l Threshold Limit
Values, TLVset ul= 4FAPHE A (Occupational  Safety and Health
Administration, OSHA)®] HetE 7|&£x TWAE= 200 ppm, STEL 250
ppmo 2 Askil Qloh

Het22 FA0 Az, dFEo] HAME 7HA™ Wood alcoholo|etil: &
gk 2 A, 718171 AgAl R oofy] Mol A AREEAL 9low, ZE
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7] ot ©lo] UTHOSHA, 1990).

Hehe-2 —‘?—X}E]:O] 32.04 g/mol2 2t1 F7|¢fo] o Eo Z == =
dEdolBg, EAT] & F2EA herh wEbd Sy S 4
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3500 59 "iwdol HEg=2 ARgSH o RAES Ed2 FEE] Utk

AT A9 S AmAHTE olgste] 37 T HEE AFHE Al
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ZH3t A7t dtH(Toshio Kawai %, 1990). 12t o8] 71x] Algtdor
et 2o S A g 7= 8-S L% fot.
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Ae7tAE& olget 54 2 42 NIOSH Method #20009] W& 5t
At A 7PATE SKCAF AlZ(Silica gel Tube No. 226-10, SKC 150/75
mg)e|th. NIOSH Method= 100/50 mg §%°] A87HATE 7|&o=
0.02-0.2 L/min®] #%2] ®MHAlA F7|Fue] o= o 5 L2 Astal 3l
o Jeiv 6N7HEQH 2AT A9 Aesiame] ZUEFL 2t 13}
g Zlo] =t wEbAl 150/75 mg &%) A7HAT 24 A% A2
stAx, F71AF K2 0.05 L/minoz WA HAAPct. F7IAHET
(LFS-113 Low flow personal air sampling pump, Gilian)= Al AF
W Sof H[RAE A%FA(Gilian challenger, Gilian)® #%2 HAs}¥ct.
Az 42 A7 4 2 28T F 2 ml Holdd] &
Water(HPLC Grade, Fisher)@t Isopropyl Alcohol(GR Grade, Merck)=
905:5&2 A2 28] 1 ml= 30&7F g3staltt. +42 &&=t A&7

o

7h By siaggoteddng BASHth B4 2748 (E D Zrh



B g4 A=A

A AgAfF72E SKCARY] Hgks A8 A Az2571(VOC
Check 575, SKOE AH&staeh. AlmAF71e] 24 &M= Anasorb 747
o] 31t

AMaAHY 2AYHE SKCAPlM A5t miFd(SKC 575-007 Passive
sampler for Methanol Operation Instructions)oll w2} G=3stdth. Al 22 F]
719] 52 A|(Anasorb747)E 4 ml vHio|do 271 & Carbon disulfide(HPLC
Grade, Sigma Aldrich)®} Dimethylformamide(HPLC Grade, Sigma Aldrich)
£ 50:50 HlE&= 42 2ZEWE 2 mlE o 1587 &26lelth
w42 A=7HAT FAsHA E&olest HE7|17F RAE tAa=ntE T
& o] &5ttt 4 22 (F D gk g AlgAfF 7o FS Al
205 §54E 1.2 ml/mine2, A8 7Aooz JFHAQ S5 50 ml/min®]
Hgto] A ottty webs QFHEE weEe] o] wle At webA
GCE 4T o HE7|= &o7l= vWigs = =871 s GCo Split

om FHa&2 SKColA AlFsh= 98 %5 &3

o (SW)(24.25 % 10%) A1)

(DE)Y(MW)(SR)(MIN)(T,/ T,)"° (P,/ P;)

C = Concentration of chemical (ppm)
SW = Sample weight by analysis (mg)

T, = Sampling site temperature (Kelvin)



T, = 298 K

P; = Sampling site pressure(mm Hg)
P, = 760 mm Hg

DE = Desorption efficiency

MW = Molecular weight of chemical
SR = Sampling rate (ml/min)

MIN = Sampling time (min)

(B 1D Hgs 4= 9 GC &#4x1
Parameter Conditions
Active sampler Passive sampler
GC Agilent 6890
Detector FID(Flame Ionization Detector)
Column DB-WAX((20.0 m x 180 zm x 0.18 xm)
Injector temp. 2007C
Detector temp. 300 C
Injection volume 1ul
Split ratio 150:1 25:1
. Initial temp: 50C
Temp status Initial' t.er'npi 20¢ . hold 2.4mi1, ramp
hold initial temp 5min 15°C /min to 240°C 1 min

3) AATL o 8% 24

AR o]§e 42 7k Abe] WEdF 28 AA(111L, Gasteo)=

1—
318 EANA 22%

AAEZ(GV-100S, Gasteo)ol AZste] 100 mle] F71E 3
ZA5IATh AT S AT 1A A 33] e =45
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ToR ZAT we ATHER oF 12%¥E 0] Holrt gloma, o3 @2}
HAE AHerety ZtadAe] SANE FEe] Aeet sl & #
A& Aol

ok, A7l E AdE ARl 371 F sE7F 24

Aol —04’5“}‘%5 UﬂLa—OJ 5T 40~200 ppm F=ofA]
mebd AdRzor viaga@or AT de ol 21}‘?-?%’4% rdE
(safety margin)2 ZFetsto], 7FAAR| T HAY >

& Zlo=w H,



(E 2) 100 ppm 9] WA AZHE 7tIA2FAH S A3 (ppm)

e bl e SD
(min) 1 2 3 e
0 100 100 100 100 0
30 100 - - 100 0
60 110 110 110 110 0
90 110 - - 110 0
120 90 90 90 90 0
150 110 - - 110 0
180 110 110 110 110 0
210 70 - - 70 0
240 110 110 110 110 0
270 110 - - 110 0
300 120 120 120 120 0
330 100 - - 100 0
360 120 120 120 120 0
AM 104.6 108.6 108.6 104.6
SD 13.3 10.7 10.7 13.3
500
450
400
350
= 300
£ 950
200
= 150
100 ._.—-—'—\/—\/—""\/
50 -
0 ——

0 30 &0 90 120 150 180 210 240 270 300 330 360
%74 A7Hmin)

[ 2] 100 ppm E2] A AZFE 7t2HAH SH 2.



(E 3) 100 ppm oA Ag7tAde} 7IAAATY S Z2 3 ppm)

A 7H ZHA A
N T N X
124 )

133] Wt

3 125
(4271 A=) 104.6

119
AM 122.7 AM 104.6
SD 3.2 SD 13.3
RSD(%) 2.6 RSD(%) 12.7

2) A27HAEY, B4 ARAHE B 7tagx s 7 v

-

b BEsE : )
7t olfolth B AL 647 B ARE Ak B ) 308
ulth AAAARORE ARG WY FESES St

7H 100 ppm o412 vl

MEe 157120 50% < oF 100 ppm o)A AeZbAE, St

1 At
A A=RAF7IH R rafdx e 37k HHer FAlY) §7] T WY

ARG ANl A AT 2ot AR SpAAABOR HAT At
GE 5y @ [3Y 317 2ok 6A7 B9 ZHS SHe B 4N olF o
WSl Qe YA APE AN olEhe St waa dFshl G115



7] ol

372 o R 6AIZE Tt HERES S35 Ay, AertAddosr =4
¢t Avbe 91.8+8.0 ppm, FAHA AlZAF 7|9 BHL 78.9+10.8 ppme] 2
3 TEAARTO 2 6AIZE B 133 AA SATT A= 96.9+10.8 ppm
o] St
(Z 4> 100 ppm FFoA SHHT et SAHZ 3 ppm)

Aelrray RPN E A AR
N =L N =T N =
94.3 90.7
133] Ht
3 82.9 3 69.5
(4270 Al&)  96.9
98.4 76.4
Mean 91.8 Mean 78.9 Mean 96.9
SD 8.0 SD 10.8 SD 10.8
RSD(%) 8.7 RSD (%) 13.7 RSD (%) 13.7




CE 5> 100 ppm F=FoA AZtdE 7tAZA# S84 % (ppm)

ZA X 7F e -

A i 2 3 B 8D
0 100 100 100 100 0
30 100 - - 100 0
60 100 100 100 100 0
90 100 - - 100 0
120 100 100 100 100 0
150 100 - - 100 0
180 100 100 100 100 0
210 100 - - 100 0
240 100 100 100 100 0
270 80 - - 80 0
300 100 100 100 100 0
330 100 - - 100 0
360 80 80 80 80 0

AM 96.9 97.1 97.1 96.9
SD 7.5 7.6 7.6 7.5

500
450 |
400

_ 350 -

5 250

3 200

= 150

100 ——,
50 4
30 60 90 120 150 180 210 240 270 300 330 360
=2 A THmin)
[29 3] 100 ppm F-F9] oA AZHE 7IARAAH 5347



) 200 ppm FFollA 9] HW

HehE E7|591 200 ppm oAl 37F2] WO

= = r
6,3t Ak 542 oAz B v 30&2uiet AR TeR HEE vk

A A
ppme 2 FHZZA17} o

AWM ot onz A

QEsbE AoR HolA 3

FolA F2AE Hosty] 9t Ades HA

2 1o Mo

ox

ol
-1

kl

(e}

us

N

—|—4
)

(E 6) 200 ppm A A2AFHWAE HetE 5= (ppm)

delrraey St AR A7 AR
N =T N T N TE
188.2 192.4
133] ot
3 177.1 3 192.2
(427hA1=)  200.0
181.7 180.0
Mean 182.3 Mean 188.8 Mean 200.0
SD 5.6 SD 7.1 SD 0.0
RSD(%) 3.0 RSD (%) 3.8 RSD(%) 0.0




CE 7> 200 ppm FFollA A Z7tAHZH S Z2 3 (ppm)

=2 AIZE Rl
ot SD
(min) 1 2 3
0 200 200 200 200 0
30 200 - - 200 0
60 200 200 200 200 0
90 200 - - 200 0
120 200 200 200 200 0
150 200 - - 200 0
180 200 200 200 200 0
210 200 - - 200 0
240 200 200 200 200 0
270 200 - - 200 0
300 200 200 200 200 0
330 200 - - 200 0
360 200 200 200 200 0
AM 200.0 200.0 200.0 200.0
SD 0.0 0.0 0.0 0.0
500
450 -
400
_ 350
& 300
L 250
P20 | e—e——————————————————————
= 150
100
50 1
0

0 30 60 90 120 150 180 210 240 270 300 330 360
£ A 7Hmin)

[18 4] 200 ppm +F2] HHA A 7IAGAF SHER.



thH 400 ppm A2l Hlw

Agg A de) BEE Wb w7120 2919 400 ppm $EOR 3
of H HHYOR FAOl YT AFE (E I T ArpABos
o 30gsre WEE SIS ST A 2O 9 19 519t e

Aelpbag oz 243 ATk 401.0%

|
395.6+17.4 ppm, 7tAAX]TE o] &3]

= 3 %7@@ 753'4'% 407.3+21.1 ppm

ol WlgkE 400 ppm oA ZF HPHZE zpol= £7 ppm o|HE @
oA WHolE 1T o AFAor AXe| AGst=dloll= AL Ae|7t gl
Zog Helth

(E 8) 400 ppm oA ABAFHWAE Het2 FE(ppm)

dejstaghy ECIRERED S EEL
N = N =T N =
394.8 410.4
133] ot
3 404.6 3 376.4
427071 8)  407.3
402.5 399.9
Mean 401.0 Mean 395.6 Mean 407.3
SD 5.3 SD 17.4 SD 21.1
RSD (%) 1.3 RSD(%) 4.4 RSD(%) 5.2




(E 9 400 ppm FFolA AE 7TAHAE S ZE 3 ppm)

AN o 3
o I 2 3 Bt oD
0 400 400 400 400 0
30 375 - - 375 0
60 400 400 400 400 0
90 400 - - 400 0
120 400 400 400 400 0
150 400 - - 400 0
180 450 450 450 450 0
210 420 - - 420 0
240 400 400 400 400 0
270 400 - - 400 0
300 450 450 450 450 0
330 400 - - 400 0
360 400 400 400 400 0
AM 407.3 4143 4143 407.3
SD 21.1 24.4 24.4 21.1

450 +
400 4 i i M

wie [ppml

[ ||I|xI I

2 = an a0 = on 10 A AT ATy Ty a2
a0 al 20 120 150 180 210 240 270 300 330 3aC

=7 A)7Hmin)

[719 5] 400 ppm +F2] HHA AHE 7tA2gqA# SHZER.




A 2 A Astane g4 8%
geptavos o] % REe 4% o oAt WS 47 UE
PV Folelol @AM Fol shish Aesbae) mAgHe zstel Uge

o] ¢ oA TR ¢k wtik(breakthrough) &= Aot

7H NIOSH method # 2000

o

NIOSH method #2000 100/50 mge] EF Ag7tAse AHgs 4
Hgh2 200 ppmollA AFHshE B9 HdFS 5 L2 AASHL Utk &
ZF 5 L2 HHITE §FS 0.2 L/mine =2 & A o A2FH A7t
25801, 0.05 L/mine 2 3tA 100&, 0.02 L/mine 2 3}A 250%0|},
oF FE7} o]lE ZAotH AmAHAIS HA Fobd Aol

g 200 ppmellA 5 Lo F71E AFSHH wgE g2 1.31 mge] Hrh
NIOSH method #200004+= 100/50 mge] EF AZ7HATS AMESIE =
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ABSTRACT

A Comparative Study on Accuracy of Measurement Methods
using Silica Gel Tube, Passive Sampler and Colorimetric Gas

Detector Tube for Airborne Methanol

Kwon, Hae—Song

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

Hansung University

This study was conducted to evaluate accuracy and validity for 3
measurement methods for airborne methanol concentration; silica gel
tube, passive sampler and colorimetric gas detector tube.

Known air samples were generated from a dynamic mixing chamber
using a syringe pump and air supply systems. Samples were collected in
the chamber for 6 hours with the standardized silica gel tubes and
passive samplers(VOC Check 575, SKC). Measurements were also made
using gas detector tubes every 30 minutes.

At the concentration level of the 1/2 Occupational Exposure Limit
(OEL), measurements results were shown as 91.8+8.0 ppmf(silica gel
tube), 78.9+10.8 ppm(passive sampler) and 96.9+10.8 ppm(detector
tubes) respectively. At the OEL level, they were 182.3+5.6 ppm(silica gel
tube), 188.8+7.1 ppm(passive sampler), 200 ppm(detector tubes). At the
2 x OEL level, they were 401.0+5.3 ppm(silica gel tube), 395.6+17.4



ppm(passive sampler) and 407.3+21.1 ppm(detector tubes).

Based upon the above experimental results, it was concluded that any
of 3 methods can be applied to estimate airborne methanol
concentrations. It is believed that the colorimetric gas detector tubes can
be used for self-checking airborne methanol concentrations in the field
by both employer and workers because of real time measurement,
convenience and easiness.

Maximum adsorption capacity of commercially available silica gel
tube(No. 226-10, SKC 150/75 mg) was experimentally estimated as 30
ug/mg Silica gel. However, it was estimated 17 ug/mg Silica gel the
adsorption capacity for no—breakthrough to back—section at 200 ppm.
Thus, maximum air volume for sampling without breakthrough was

estimated to 8.4 L for the silica gel tube.

[Keywords] Methanol, Methyl alcohol, Silica gel tube, Passive sampler.

Gas detector tube



	권해송 논문_최종_인쇄본_Ver_04
	개요
	제 1 장  서   론 
	제 1 절 연구의 필요성 

	제 2 장  연 구 방 법 
	제 1 절 시료채취 방법 
	제 2 절 알고 있는 공기시료 제조 
	제 3 절 측정 및 분석 
	1) 측정 시간 
	2) 시료채취 및 분석 
	가) 실리카겔관과 펌프 
	나) 확산식 시료채취기 
	다) 확산식 시료채취기의 농도 계산 

	3) 검지관을 이용한 측정 


	제 3 장  연 구 결 과 
	제 1 절 메탄올 측정법간 비교 
	1) 실리카겔관법과 가스검지관법의 비교 
	2) 실리카겔관법, 확산식 시료채취기법 및 가스검지관법 간 비교 
	가) 100 ppm 수준에서의 비교 
	나) 200 ppm 수준에서의 비교 
	다) 400 ppm 수준에서의 비교 


	제 2 절 실리카겔관의 흡착 용량 
	(내용없음)
	가) NIOSH method # 2000 
	나) 200 ppm 수준에서 상용 실리카겔의 흡착용량 



	제 4 장  결   론 
	 참 고 문 헌 
	 ABSTRACT 



