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A Study on Organic Solvent Measurement Using Diffusive Sampler
Mi Jin Park, Chung Sik Yoon, Nam Won Paik

Division of Industrsal Health, School of Public Health, Seoul National University,
Seoul, Korea

The purpose of this study was to evaluate the efficiency of diffusive(or passive) sampler in
measuring airbone organic solvents. Diffusive samplers are generally simple in construction and
do not require power for operation. The efficiency of the diffusive samplers has not sufficiently
been investigated in Korea. Three types of samplers were studied in this study. The sampling
and analytical results by passive samplers were compared with results by charcoal tube method
recommended by NIOSH(National Institute for Occupational Safty and Health).

The following characteristics are identified and studied as critical to the performance passive
monitors; recovery, reverse diffusion, storage stability, accuracy and precision, face velocity and
humidity. n-Hexane, TCE(trichloroethylene) and toluene were used as test vapors. A dynamic
vapor exposure system consisting of organic vapor generator and sampling chamber for evaluat-
ing diffusive samplers are made.

The results of the study are summarized as follows,

1. NIOSH recommands that the overall accuracy of a sampling method in the range of 0.5 to
2.0 times the occupational health standard should be £25 percent for 95 percent confidence
level. Among three types of diffusive samplers, sampler A has permeation membrane and sam-
plers B and C have diffusive areas, samplers A and B met the criterion that overall accuracy for
95% confidence level of the samplers were within 25 percent of the reference value. Sampler
C had overall accuracy 3:9.6% and 4 11.8% in hexane and TCE, respectively. The concentra-
tion of toluene was overestimated in sampler C with overall accuracy of =+ 43.9%.

2. The desorption efficiencies of diffusive samplers were 96-107%.

3. There was no significant sampe ioss during four weeks of storage both with and without
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refrigeration.

4. There was no significant reverse diffusion, when the samplers were exposure to clean air
for 2 hours after sampling for 2 hours at the level of 2 TLV.,

5. In case of 8 hours sampling, relative differences(RD) of concentrations between charcoal
tube method and diffusive method were 15-39%. 13-46%, and 4-35% for sampler A, B and C,
respectively. The performance was poor in 8 hours sampling for multiple substance monitors.

6. At high velocity(100 cm/sec), samplers B and C overestimated the concentrations of organ-
ic vapors, and sampler A with permeation membrance gave better results.

7. At 80% relative humidity, samplers showed no siginificant effect. Low humidity also did

not affect the diffusive samplers.
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Table 1. Characteristics of Passive Samplers by
Manufacturer

Typeof Amountof No. of

Manufacturer Mechanism Sorbent Sorbent(mg) Layer

A permeation  wafer 350 single

B diffusion granular 170 single
340 double

C diffusion strip 300 single
600 double

2 Z d¥zdeitt 30 AHEET A w3 W
L AYA] vtk Ao B & st AR #
7189k & n-Hexane(HPLC grade, ALDRICH,
USA), TCE(A.C.S grade, TEDIA Co, USA)
9} Toluene(HPLC grade, Fisher Scientific,
USA) oI},

28 H

1) SXUHo| 2fft 4 S5 F|= (dynamic sysem)

¢ 3le TEE Y= WEe FE WY (stat-
ic system) & A WY F/RRIZ BFE 4+ Utk
AL dAFe] U kB R9E g e
£719] Wol dHFFEE v wos FHEFN
gt 5719] &4o] dold = Un EFES Ry}
A Holglokes @3] itk AL skay 2
7] B 38 AsHos 3EH & F Je e
HEE o]F Aol ol 23 &4 2AIE 4 9l
ot FAE7| =S F71EAE YA X
7] A8 BH WYU-E o188 YdPBxe A
(system) & THETE WA EAVE Yo TYYE $
& Chamber& AM#stzm dH¥xel §7)847
Eole #7188 Az s H(NIOSH, 1979;
Levine & 1986; ACGIH, 1989).
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28t} (Yaost Krueger, 1993). Chambere] A
M Bk Fig. 13} v}
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Fig. 1. A Drawing of the Controlled Atmosphere
Exposure Chamber.
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Permeater (PD-1B, 7}=4], Japan)$% &4 &
Bel n-Hexane, TCES Toluene® Hol ¥
Txe 3718 HAAHT )AL UFH 2EdA
S sl BARE B3 e fU1EAFEV S Y
7ba(Nz B 457D E £33 g3k 558
BHEo] FE Aotk o7 e F)9]
TET B4 fFEHO)S Faexe] fA &%
Hl#stn M7t whe g}, s &
= 50°CE fAsgden &3 Side wAs
q FEE 233

K- Dr-1¢°
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C : 5719l ¥ = (ppm)
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-
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Rotametelr ,_Ij

&4
al

F : 847 28 (ml/min)
K : 7t2Z33g gxo g Ay 948 Al

B AgdMe 9o FHe g el AuAdD
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HH A E o] 83t A8E BEDL Chamber®
F718A FA7 Alolell Sl ERAA A 7FA
B9 & RUHAPCR A FES] RAARE
AFsAh APFR & Fig. 29 2rh

#7168 E& EYAF1= Permeater$ Chamber
Atelo] EF AXE Fol HEoR Fxrt TYEA
EHHEE 8o 7 7T Alole 8471 Fa3bE
A Y= HEE FHE 94Z%3 HEE Holxz
AR w2t dASA FAHeXE B 5ty
EFZANA 7t AFA (gas tight syringe
81530, Hamilton Co, USA)E 7|4 & Bol 7}~
Azt Fdsle dBFEE fASHER
& ZYEHSN 5 dAol 2o HAVAE
A F71E 43l o)L A A% 2
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Fig. 2. The Schematic of the Chamber as used in a Test Environment.
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2) NE B Yy

n)F ZPARPARAATH (National Institute
for Occupational Safty and Health, NIOSH)®|
FAAEHY ot TCE(Method No.1022), n-
Hexane® Toluene(Method No. 1500)¢1 i8] &
Aerdt 9 A, B, Col X2 471848 23
2 BNy f71848 223477 A8 gdad
WMo Ae pAee] TS Sml fejHel] Hot
o] &aletA (CS: HPLC grade, Sigma-Aldrich,
USA) 2mig ¥ 3083 E8 FHA 93319
t} A 27719 o)gsid4: 1.5ml, B 37l ©]
Fatet: 2mlE wa 7HR 2 AYHA E8 7Y
A 1Az g&siact €3 fole 23719 Als
2 3ml feHdd ¥tk C EA7le FEANE 5ml
Fejo] €73 o|%sletd 1 5mlE W& o R
2 JPEA EBo] FREA 1AZE B BFEAc #
Me BNzA(E 2d ¥xg Z2FE 7kx ABvE
21209 (Gas Chromatography, Model HP 58904,
Hewlett PackardAl, USA)el Al89& vl#AL7]
(Microsyringe, ITD Corporation) & °]8-8kd F¢
3131 peakd WAL F& F, BEY Fd A
AH 7} @3t %—E% HEEch w2 AR
1070 24z F5YE e BME & AP
& T3l AR ’ﬁr&@g% 7 #ract.

Fqlol 23 e HAHE7] Y3t WAS
B % 2B (Internal Standard) 24 A48t}
AYdA 1§ SRELEE FEE EH AL

Table 2. Gas Chromatography Condition

3. &

1) HEzel HUT

Hexane, TCE, Toluene? L& 371x &
(Threshold Limit Values(eldl TLV)2el 0.5u4),
o) R 26)) 2.2 ol & FEeitt gAY
A, B, C9 #iAxxriAg 348-E FAld Y
A3t

2) 24 858

A ¥F7e A7 98 E2EHE AAT ¥
AR E & g FYE B A T=H5E
(TLVE 0.54, TLVS 19, TLVe] 24 (13} 0.5
TLV, 1 TLV, 2 TLV))9e E#&3d (Hexane,
TCE, Toluene) & 1A17F Bt X3% F& F3
At 83 FFHEE 18A WAA o
CS:2 &3 #435ith. B E7|e A vEF
(0.5 TLV, 1 TLV, 2 TLV}2] 143t sigsie
% (Spiked sample) & &3 Ao FUstn CH2 &
Aot F BAgen 28 2] ARE &4 CSo
ol uhE EFEAE A BN g 7
st C E2371E 2749 wpolgte] CS:9k 37HA]
FTFE0.5 TLV, 1 TLV, 2 TLV) 1213kl 8%
e ABE FUT £ st vleldde C 27
9] g4 o (Charcoal Pad)& 43 th& dlue
WA AR $43d 5 gg v, H5EE
Tstsict.

3) MEQ| ehEy

#718A7F F2HE Al8e Rt BEby
e A AFE) A YL s 7 Y

Variance Condition

Packed, 183cm 10% OV-101 Whp
Column on 100/120 mesh

Hewlett Packard, U.S.A.
Detector FID(flame ionization detector)

Nitrogen carrier gas flow rate
Hydrogen gas flow rate

Air flow rate

Injector temperature
Detector temperature

Oven temperature program

Injection amount

30 ml/min

30 ml/min

500 ml/min

200°C

220°C

50° C for 3 min

then 10° C/min to 80° C,
3 min final hold

4 4
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Atel AEE 9B v=o FEAAM 4AY EHT
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Table 3. Storage Method and Temperature

Method Temperature, ° C
Room temperature 272 £ 0.6
Refrigeration 3.8+ 0.7

4) «4&A(Reverse Diffusion)

FAZHIE o] BE F18A XHPE Hild
ogk Zojmg 4% F=rt TRE F oA 718
A7t TEEA e F7ll F HAYE W EIV]
x] 9]Rze] Bato] dolueXE Foliy: B9
gasith 2 TLV F&cA 2417t 22 8 31& u}
B2agk g 2 TLV 304 241 &2 9 v}
oA 7be R 87} EolslAl e Frd £=2

Ag vl BT

it do iy

) 8AIZH =H

gazgzie] Hd FIALEE
xR ¥stzel 3R 28 FHstzm Uth
Cassinelli$e] 4@ Hd +3 T2
8A7HS ZEm itk B AfdMe 4 AeE
9 W% 20cm/sec oS WM F= 0.5
TLV #&¢ 3718 §4w#% A, BE C ¥
A7 E o] g3t 8A7F £ EAEACE

od BAY 2%

6) 71§52 dg
W 58 A 718§ 10cm/se0) T 2 71H (100em/
sec) B Ure] Areolr 9 g X3 BAEh

7) dtigEe| &0t

o] AR eEolA g (80%)F AE(10%)
Z o] §718A8 2 B4 AT 1add
AME AEHF7NY Fxo FERAFAE tsiq
2ES fASHETE Agel 2Fde AEN)E ©]

£33t
4, Xze| #An sy

371 BE FFoA AExet FExe] 42
2 ZFPARIABAA TN AAF whge
T289] FY%(Overall Accuracy)E 3k

95% AZTFAA £25% oWl =eskE A
st (Brown ¥, 1984). 2 o]#j2] d¥el A3
& gAY 33U 2ole B HEEH Hol
AFe FEFBEAE F3UTh

. dgds 3 o8

1. OIEH ¥

BAEY 70 g #7184 X3 Fickd] &4 4
Hof| wet olBojAT. A HFFsle P F
NeA ot 09 Ve FARE uig o4
B F718A BEAllY] X uiel ejgir
F71 877 FARE oj2d XS ¥ Tl
£ A% #A"9 XTHE F70] "ol WA A
29t} (Palmes 5, 1984; Feigley® Lee, 1986).
PAEHI = ZHNE A FoM 9] Fatol} g
4 o] E2ld B ot dFEER 7]
9] 7tay F718 TG,

Fatxzz) el 71 EdeE o P

Fick’s Law :

D
J = f(CO" Ce)

DA
Q= T(C(rCa) X ¢

J = diffusive flux(g/cm®*/sec)
D = coefficient of diffusion (cm’/sec)
A = cross - sectional area of diffusion
path (cm’)

L = length of diffusion path(cm)

Co = external concentration being sam-
pled (g/cm’)

Ce = concentration at the interface of the
sorbent

Q = mass uptake(g)

t = sampling time(sec)

o] AolA DA/LE 237 ZAMZE Yele X
Fgolth EXYEL EH7IS A A (IHE
A, AR ol Fd s AAEHE o=
A4 ot whal ¥4 (semi empirical) £ 483
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o2 3349 & Utk 44 EH) FE Cex
oltt. zt A} A Evih EAEE TPLo] U9 A
o282 FAATL t N7l TAE F QE 99
T2 Co¥ 78 & Uk

2 d#dn

) H3zel Mazo| AN

e der 2 e VIFELR S g
EF72 23T g THAA FBEE 7Y
Z2HQ FE=& Y T4 Lautenbergerso]
AHE-3E 218 o] g8sith (Lautenberger %, 1980:
Brown &, 1984).

¥2H AYE(%) = +[| b | + 2 CV]x100

b | : B biase] X

I(Ni -1 (CV)?
(N - 1)

-
Si

CVi + BN AT CV; =

1

S : TEojMe EEHs

EZH FEEE 7F A, Hexaned AS
A, B2 C FAZW} +13.48%, +24.42% 2
+43.67% ©19en TCE= A, B @ C ZH7)00A]
+9.06%, £16.26% 2 +9.56% °|At}. Toluene
< A, B 3 C X7 TZHQ HEgxr}
+8.59%, +19.71% % +11.80% o)t

B dolAsE B €I o] 0.01 - 0.03,
C 237171 0.03 - 0.04, A E371& 0.02 - 0.04,
B EZ7& 0.06 - 0.07°|0ck. A HF biase
A 23717} 0.04 - 0.06, B £H7]& 0.06 - 0.07
oldct Al B biase A E717F0.04 - 0.06,

— [ N (X-X)/X] ]
Ib| = SN B X371 0.03 - 0.12, C EH7]+ 0.06 - 0.36
o]ttt bias¥ Hexaned| s A ¥3&7)7}
3 : 29o] ox=
N EEelA 82 24 TYsle] As toluenedl| tial, B 3?3717} &2 248 JYER
- = PR om 2dele ol LAE UerhT,
X B ZIP7e0AM A SaEe] B B
Xi: gAEdyd 98 338 5 2) EMexg
L EASEL Bgdwel 99-100%%1d HH)
CV : ®olAl$o] B A ZI7& 98-101%, B EAH7e 97-100%, C
Table 4. Results of Sampling and Analysis for Hexane by Method (ni=3)
Charcoal Tube Result by Method
(Reference
Value) Sampler A Sampler B Sampler C
Measurement
Mean(ppm) 38+0.5 37+25 41+0.7 48+23
CVi 0.01 0.07 0.02 0.05
bi -0.01 0.11 0.32
Mean(ppm) 42+0.5 44+1.1 50+2.0 61+2.2
CVi 0.01 (L02 0.04 0.04
bi 0.04 0.18 0.43
Mean(ppm) 92+23 102+29 100+9.7 122+40
CVi 0.02 (.03 0.10 0.03
bi 0.1 0.08 0.33
Calculations
cv 0.04 0.06 0.04
Ibl 0.05 0.12 0.36
Overall Accuracy(%) +13.48 +24.42 +43.67
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Table 5. Results of Sampling and Analysis for TCE by Method (ni=3)
Charcoal Tube Result by Method
(Reference
Value) Sampler A Sampler B Sampler C
Measurement
Mean(ppm) 27404 27--09 27106 27107
CvVi 0.02 0.02 0.02 0.03
bi < 0.01 0.01 0.01
Mean(ppm) 47+0.4 48--1.3 51+17 51+1.8
CVi < 0.01 0.03 0.03 0.03
bi 0.02 0.10 0.10
Mean(ppm) 91+23 95 --2.1 90410 91427
CV. 0.03 0.2 0.11 0.03
bi 0.08 0.08 0.01
Calculations
cv 0.03 0.07 0.03
Ibi 0.04 0.03 0.06
Overall Accuracy(%) +9.06 +16.26 +9.56
Table 6. Results of Sampling and Analysis for Toluene by Method (ni=3)
Charcoal Tube Result by Method
(Reference —
Value) Sampler A Sampler B Sampler C
Measurement
Mean(ppm) 29+05 31+04 31+0.7 31+0.7
CV, 0.02 0.01 0.02 0.02
b 0.03 0.06 0.05
Mean(ppm) 33403 34409 37+1.1 37+13
Ccv, 0.01 0.03 0.03 0.04
bi 0.03 0.11 0.12
Mean(ppm) 81+2.0 90z 1.7 81+9.7 82+24
CV: 0.02 0.2 0.12 0.03
b. 0.11 -0.002 < 0.01
Calculations
cv 0.02 0.07 0.03
bl 0.06 0.06 0.06
Overall Accuracy(%) +9.59 +19.71 +11.80

FA7 e 96-107%°1%Uch #ix 7|9 HEge
FA5Rol olg3lgiv] vF EAse] FE LY
v olgstgtdel KANMIL Zolx @IAHFo|
100%€ 92 = JTHEKC). Pl= FPgierd
BAA7Y (NIOSH) oA AlAI& 0.5 TLVSE o1 o]

}{Cassinelli &, 1987).

o) BESFAN CaE T5% o) el AFE Aol
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Fig. 3. Overall Accuracy of Results by Passive Sampler
and Type of Material.
3 My

A, B 2 C SUIEY7E ol&st] AT A&
g 4227.221.60% ¥FL=(3.8+0.7C)
2%, 3% 4 475 BUSHHEA BAY Ade B
8, 9, 107 Zoh, TIF Fde] EXAE 7IEe=
23, 35 R 4F BAX 9 FHEEE FEIh

AT A T3 e ALt AM 23
G B sl 87-104%& B Fu 3tk E
3k 71700} o] wep & Yol #EY F il

B X7l B@exs 7|3t #ARle] A7t
100::5%% BAFAr

C ZF7le B¥2=7t 7| BAe] 88-
108%9) #& BoiFn AU 45 4% F %4
o] A% 78%9 W& ;& RAFAN o] gtew
479 AgAel FZ3) oMt ook & F&
sict.

Table 7. Desorption Efficiency(%) by Method

ANz E W A, BE C &Y 2379 45
T A2 AL HEolM B AR Mg &
Aol7h QT & 4F7Ale A2AME AR ¢
8ol &€ ¢ & AU

4) &M (Reverse Diffusion)

o e DEANE F18AV B TS UE F
Fol B2 FARQA A8 3 w2 f71
A 22 d I AP B oS- W o) B
2He A4S IR71EA E2o1F oML A3E of
8% BA=E 54 5 U} (Cassinelli 5, 1987).

2A1ZF B 2 TLV FEd E2 A7) £ 24|17
9 28HA @2 Frld EAHLEW 24T F
gt 2 TLV Fxovt F2ZAI71n ui2 4% gl
N 2ol A% B X7IdAE 10027%2
o7} gt

a8y C E37)ME 84-88% 8 vehyoen o
t 29HAl @& F7]d E2d uf A#to] Yol
BE AeE FRA

5) 8AlZH ZEle| Zut

Hd 23 7 A 9 B F3AFol Y
37 23} F3Fe] 389 29 d3te Aoz

deix Ed Cassinellis2 Hdl TPAIZTCE 8
A ZHe M8l 9o} (Cassinelli 5, 1987).

¥ 4894+ Hexane, TCE ¥ Toluene &%
B3o] Zzt 289 1 TV #5202 E4% o &
Aedsl A, B € C ZUEIVE o] 831 gAT
B¢ 2D, A TV @R HoR XY
Axele] #folrt 15-39%, B EA7€ 13-46% 2
C EZ71+= 4-35% At ‘

(n=3)
Charcoal Tube Result by Method
(Reference
Value) Sampler A Sampler B Sampler C

Mean=+ SD cv Mean+SD Ccv Mean+SD CV Mean+SD CV

Hexane 10004 <001 101+2.1 0.02 100+24  0.02 96+34  0.04
TCE 10005 <001 99+2.2 0.02 97+13 0.01 103+24  0.02
Toluene 99+0.3 < 0.01 102+24 .02 97+0.8 <001 107+34 0.03
Pooled CV < 0.01 .02 0.02 0.03
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Table 8. Storage Stability of Passive Sampler A by Temperature

Room Temperature Refrigeration
Date of Analysis 27.2°0) (3.8°C)
Hexane TCE Toluene Hexane TCE  Toluene
Day | Mean(ppm) 49.11 54.17 40.70
STD .13 1.67 1.30
v 0.02 0.03 0.03
Pooled CV 0.02
Week 2 Mean(ppm) 51.53 50.65 35.60 5151 50.45 35.70
STD 0.52 0.28 0.02 0.76 0.61 0.37
Cv 0.01 <0.01 <0.01 0.01 0.01 0.0t
Recovery 104.96 93.51 87.49 104.90 93.13 87.72
Pooled CV <0.01 0.01
Week 3 Mean(ppm) 49.42 5315 40.88 49.16 52.94 40.64
STD 0.75 1.00 0.88 0.85 0.35 0.22
cv 0.02 0.02 0.02 0.02 <0.01 <0.01
Recovery(%) 100.66 98 12 100.45 100.13 97.74 99 .85
Pooled CV 0.02 <0.01
Week 4 Mean(ppm) 50.68 49.25 35.07 55.00 52.86 37.38
STD 0.25 0.30 0.11 2.61 3.11 2.46
v <0.01 <0.01 <0.01 0.05 0.06 0.07
Recovery(%) 103.23 90.91 86.19 112.03 97.58 91.85
Pooled CV <0.01 0.06
Note : Recovery was calculated as the relative percent of Day 1 result.
Table 9. Storage Stability of Passive Sampler B by Temperature
Room Temperature Refrigeration
Date of Analysis (27.2°C) (3.8°C)
Hexane TCE Toluene Hexane TCE Toluene
Day 1 Mean(ppm) 54.49 59.00 41.68
STD 1.38 180 1.52
v 0.02 0.03 0.04
Pooled CV 0.03
Week 2 Mean(ppm) 57.80 5754 35.40 542 J0.15 3441
’ STD 0.72 048 0.73 ek ok i
Cv 0.01 <0.0] 0.02
Recovery 106.06 97 53 100.00 99.59 95.18 97.21
Pooled CV 0.01 #k
Week 3 Mean(ppm) 52.35 5691 36.97 53.94 58.85 40.72
STD 0.41 038 1.7 345 322 2.79
(Y <0.01 <001 0.05 0.07 0.06 0.07
Recovery(%) 96.06 96 .45 104.43 98.99 99.74 115.03
Pooled CV 0.03 0.07
Week 4 Mean{ppm) 58.12 58 40 35.22 55.41 55.16 34.04
STD o HE ** 2.86 2.56 1.75
Ccv o ik *x 0.05 0.05 0.05
Recovery(%) 106.65 98 98 99.50 101.69 93.51 96.17
Pooled CV ** 0.05

Note : Recovery was calculated as the relative percent of Day 1 result.

** : Sampler Loss
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Table 10. Storage Stability of Passive Sampler C by Temperature

Room Temperature Refrigeration
Date of Analysis 27.2°C) 3.8°0)
Hexane TCE Toluene Hexane TCE Toluene
Day 1 Mean(ppm) 57.06 61.84 54.33
STD 1.20 1.54 1.38
CV 0.02 0.03 0.03
Pooled CV 0.02
Week 2 Mean(ppm}) 61.85 62.05 47.92 61.08 63.98 46.23
STD 0.42 0.06 0.15 2.89 6.37 0.19
(8\" <0.01 <0.06 <0.01 0.05 0.10 <0.01
Recovery 108.39 100.3 88.21 107.04 103.47 85.10
Pooled CV <0.01 0.06
Week 3 Mean(ppm) 56.14 60.18 52.79 54.45 58.93 53.06
STD 0.31 0.32 1.29 3.34 2.91 3.38
Ccv <0.01 <0.01 0.02 0.06 0.05 0.06
Recovery(%) 98.38 97.31 97.17 95.42 95.29 97.66
Pooled CV 0.0l 0.06
Week 4 Mean(ppm) 60.63 59.83 48.09 56.26 58.76 42.47
STD 0.76 0.69 0.36 4.41 6.08 0.10
cy 0.01 0.1 <0.01 0.08 0.10 <0.01
Recovery(%) 106.25 96.75 88.51 98.60 95.02 78.12
Pooled CV 0.01 0.07

Note : Recovery was calculated as the relative percent of Day 1 result.

Table 11. Comparison of Reverse Diffusion Effect by Passive Sampler

Type of Passive Sampler
A B C

Mean+SD Cv Mean=+SD CVv Mean+SD Ccv
Hexane a* 65+0.5 0.01 57+0.3 <0.01 T7+£58 0.08
b*# 67 56+1.9 0.03 64+1.38 0.03

b/A(%) 102.5 974 84.1
TCE a 56+0.9 0.02 54+0.4 0.0t 58+4.6 0.08
b 58 53+03 0.01 51£27 0.05

b/a(%) 104 97.5 86.9
Toluene a 46+0.2 <0.0t 5040.4 0.01 56+5.0 0.09
B 52 49+0.7 0.01 50x2.7 0.05

b/a(%) 107 98.3 88.4

* a: Only exposure to 2 TLV for 2 hours
** b : Sampling for 2 hours(2 TLV) and exposure to clean air for 2 hours
6) 7I1Roll off JE 719t 2ol 71/7t AL Ate i AR ezt
479 37 Sxe ATV ALY  FRln 3 7R A A AR Hort ®
FFE € F Utk AA AR E TV BE oRle ARE AT 5 Utk
I FHAIT FHole IV H B & Y i 717100 cm/sec) Tl B C EH7E
ol g WA ERo 9¥E T 5 Uk AT  HERUN Ao)7l 43-98%E A E AP}
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& deA f718Ae FHHE =g F it
Rz A¥dME 80% =AM 1A EH
AR ol TP A golMdA A
&9 A%} T8 FFL BolA] ¥t

A 71BolAlel A¥e 7+ A7) E2MetE IR o] deliA &atxZve e G dE 4E
2 328l 10 em/sece 2 Tt o] ZddMEe o ZHE P Btk olejdx SAEI7|d
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@kl C 24719 Hexaned ¥xvt Adz Y& 42 2 WiEe Ad}se] UcH(Bartley, 1987;
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Table 12. Concentration Measured for 8 Hours by Sampling Method (unit; ppm)
Charcoal Result by Method
(reference
Value) Sampler A Sampler B Sampler C
Mean+SD CV Meanz+SD CvV Mean+SD CV Mean+SD CV
Hexane 23+0.8 0.03 29+25 0.08 2609 0.03 Ji+14 0.04
Difference(%)* 26 13 35
TCE 27+1.1 0.04 3l+1S 0.05 3542.0 0.06 28+1.4 0.05
Difference(%)* 15 30 4
Toluene 28+1.2 0.04 37411 0.03 41£35 0.08 32+1.1 0.03
Difference(%)* 39 46 14
Pooled CV 0.04 0.04 0.06 0.04
Table 13. Comparison of Concentration Measured at High Velocity by Method. (unit; ppm)
Charcoal Result by Method
(reference
Value) Sampler A Sampler B Sampler C
Mean=SD CV Mean+SD Ccv Mean+SD CV Mean+SD CV

Hexane 56107 0.01 64+2.7 0.04 110£30 0.28 112+43  0.04
Difference(%)* i4 96 100
TCE 55+04 0.0t 55+24 0.04 87126 0.30 75+3.3 0.32
Difference(%)* 0 58 36
Toluene 46+0.5 0.01 49+0.5 0.01 75+24 0.32 70+3.2 0.03
Difference(%)* 7 63 52
Pooled CV 0.01 0.03 0.30 0.04

* . Relative difference of concentration between charcoal tube-method and diffusive method.
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Table 14. Comparison of Concentrations Measured at Low Velocity by Method (unit; ppm)
Charcoal Result by Method
(reference
Value) Sampler A Sampler B Sampler C
Mean+SD CV Mean+SD (AY Mean+SD CV Mean+SD CV

Hexane 5440.5 0.01 57+5.9 0.10 70+4.3 0.06 78 2.6 0.03
Difference(%)* 6 30 44
TCE 5t£04  0.01 55+24 0.04 56+2.1 0.04 56 £2.0 0.04
Difference(%)* 8 10 10
Toluene 46 +0.5 0.01 51+1.7 0.03 52+1.7 0.03 53x1.7 0.03
Difference(%)* 11 13 15
Pooled CV 0.0] 0.07 0.05 0.03

* : Relative difference of concentration between charcoal tube-method and diffusive method.

“DItfersnca ()

HEXTGETOL  HEX TCETOL  HEX TGE TOL
A B C
Sampler

Fig. 4. Percentage of Relative Difference at High
Velocity by Sampler.
(* : Relative difference of concentration between
charcoal tube method and diffusive method)

TS AEE E2, M e F2 Y
2R3} 4% RelMe] THF #F ATE Hu
21t (Rovert, 1991; Hori®% Tanaka, 1993).

22377 AEE F nFedM e AdHAAE
7te] oW E wige g go| AMEHm itk ey
o}zl A FE-GAFT v ds] Po}
EA)A] gL FEo] EAFct o HREHY S
7 LHvEelE ol Aol FFHA AT &
Al ZH(STEL:Short-Term Exposure Limits) 3t
Z228 £ F Uk $#42HVY Ate TSR
7} MEE o] &7 Hhel ulg) vl @] el 15
Bhe) & AIMEES AR ¥ 4 e Fo] 2 A
A7te] EA Y 5% HIE ALLE wole B8 8
AEAZIY AL THE] KR e 30%

100

- Diffarance (%)

HEX T!TOL
A B C
Sampler
Fig. 5. Percentage of Relative Difference at Low
Velocity by Sampler.
*: Relative difference of concentration between
charcoal tube method and diffusive method)

HEX TCETOL HEX TCETOL
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EAE W At doid £ Qlth By o)ajd of
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A8l v= AR RAA (Occupational Safty and
Health Administration, OSHA)™} vl= Akgiehd
BHA79 (National Institute for Occupational
Safty and Health, NIOSH)2 @A 39 A+

— 220 —



Table 15. Concentration Measured at High Humidity by Sampling Method

(unit; ppm)

Charcoal Result by Method
(reference
Value) Sampler A Sampler B Sampler C
Mean+SD CV Mean+SD Y Mean+SD Cv Mean+SD CV

Hexane 37+05 0.01 41+48 .12 40+28 0.07 4612.7 0.06
Difference(%)* 1l 8 24
TCE 41+0.5 0.01 40+4.8 12 40428 0.07 42422 0.05
Difference(%)* 2 2 2
Toluene 41+0.5 0.01 42+4.5 0.11 40+3.3 0.08 46+2.1 0.05
Difference(%)* 2 2 12
Pooled CV 0.01 (1.02 0.02 0.03

# » Relative difference of concentration between charcoal tube-method and diffusive method.

Table 16. Concentration Measured at Low Humidity by Sampling Method

(unit; ppm)

Charcoal Result by Method
(reference
Value) Sampler A Sampler B Sampler C
Mean+SD CV Mean+SD CV Mean+SD cv Mean+SD CV

Hexane 37+0.5 0.01 37+2.5 .07 41+0.7 0.02 48+2.3 0.05
Difference(%)* 0 i1 30
TCE 28+0.4 0.02 28+0.9 (103 28+0.6 0.02 28+0.7 0.03
Difference(%)* 0 0 0
Toluene 30+0.5 0.02 3+0.4 (.01 31+0.7 0.02 31+0.7 0.02
Difference(%)* 3 3 3
Pooled CV 0.01 (.02 0.02 0.03

* « Relative difference of concentration between charcoal tube-method and diffusive method.
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Fig. 6. Percentage of Relative Difference at High Fig. 7. Percentage of Relative Difference at Low
Humidity by Sampler. Humidity by Sampler.
{*: Relative difference of concentration between (* : Relative difference of concentration between

charcoal tube method and diffusive method)

— 221 —

charcoal tube method and diffusive method)



=EAE Bk A Guild, 1991).

2 d¥dMe FAEXY77 /7184 272
BEEvtl A 718 ded Wkt ol& w
Boz 3o @ AR B2 e FAR E20 @9
Aok AR 204 whE ¥V Y, 37
gl &2 B3, EWEY J¥F Bt Be A
% Holof & Aotk = BAHA FHE e
& o SAEY7] AAE el AdEHE R

2 & 2F3Hd Heldd,

V. 2 % &

B dFM e #3379 g HrkE] 9
3t ¥EA FEE, H4E, AFAH, 8 A =
FE& Asn &AxYrie] Ao g% ¢S
H7] 93t HEgate] {7, 71F9 %0 2% 9
Fg A7

1. 37k X371 & o] 83l 371x] Aol thsly
FEAQ HEE=E T A7 A9 B TH7E 3}
A B2 BEF uF AR RAA T AA)g
95% AlB]72tell +25% 4ol =& AL o4 4 2
At C EH7I+ TCES TolueneolA 9,56%<}
11.8%2 45d FAA(E 29y HexanedX&
43.7%2 A3 AHE7HE e

Hexaneo] Id#E7l 8 AL 4 84 &
Hexane©] F71ste] 33 BAge] A7) w9l A
o2 ¥olr)

2. FAEH7IY EMIHSFEL 96-107%E $E
sttt

3. A AYAM 23, 3F 2 4F B¢ A&
AL F/EAHA QGokn 4T A oMY zlolx
ErPei=3

4, 2 TLV¥XZolA Hexane, TCE ¥ Toluene
E 2417 B¢ EAZ X 247 B f1847 ®
T2 @2 F7l0] BALENIE ERAAE W o
e dojur] gstr

5. BEEAE TLV At $50M 8AF X-E
A7 A EF0e BAE®Y Aol7t 15-39%, B
EA7E 13-30 B 46%, C X7+ 4-35%8
Bt meb BEREdE 289 1 TV % o
gell A 8AITE o]} EFshedle EAVE 1SS ¢
T At

6. 717 % 3

3 71§ (100cm/sec) oA B} C £H71& g4
T Aol po)7l 36-100%2 VAR FHo Hr)
€ YEiith A Ve dAFos R
S8 93 AAFEE 0-14%2 S5 ARE B
Aot 3 71FelMe FEerg ol gskA] e T
7€ AHE F S ¢ F U 2d=E 3
Z1FeA BAEYVZ AIRE AHNY W 2 71§}
BA 71F(AE B AEVNEY 3% 2R8L AA
3 ®HHAY Fge] gle AL ol gsfor &
Aolot, X H7= HAge 71857 9o 2o
2 93A ded A 7172 10 cm/secs] Z7elA]
© HaB7 JerdA] gksiot,

7. £ 2 93

FE 80%9A4 C A7 3% Hexane (84
B3e] zpo] 24%)-& MYstne AL lo|s}
2-12%°1Uvh. & 4% 2ddMe FE71 -9
FEE VXA GRses & F glon ngFodA
AAL g Aol dsid e o dFHojok &
Aolch, A& FAEYrle 2P HoE fge
FA| ket

(S -]

2773 G B, A} 1991, 283-284

American Conference of Governmental Industrial
Hygienists(ACGIH) : Air Sampling Instruments for
evaluation of atmospheric contaminants, 7th ed.,
Cincinnati Ohio, ACGIH, 1989, 157-162

Bartley DL : Diffusive Samplers Using Longitidinal
Sorbent Strips. Am Ind Hyg Assoc J 1987 ; 48(3) :
214-218

Brown RH, Harvey RP, Purnell CJ, Saunders KJ : A
Diffusive Sampler Evaluation Protocol. Am Ind
Hyg Assoc J 1984 ; 45(2) : 67-75

Cassinelli ME, Hull DR, Crable JV and Teass AW :
An Alternative Approach to Workplace Air
Monitoring, Cincinnati Ohio, National Institute for
Occupational Safty and Health(NIOSH), 1987,
190-202

Feigley CE, Lee BM : Determination of Sampling
Rates of Passive Samplers for Organic Vapors
Based on Estimated Diffusion Coefficients. Am Ind

— 222 —



Hvg Assoc J 1987 ; 48(10) : 873-876

Guild LV, Dietrich DF and Moore DF : Assessment of
the Reliability of Backup Systems in Diffusive
Sorbent Samplers. Am Ind Hyg Assoc J 1991 ;
52(5) : 198-202

Gonzalez 1, Levine SP : The Development and
Evaluation of a Thermally-Desprbable Miniature
Passive Dosimeter for the Monitoring of Organic
Vapors. Am Ind Hvg Assoc J 1986 ; 47(6) : 339-
346

Guild LV, Myrmel KH, Myers G, Dietrich DF : Bi-
Level Passive Monitor Validation - A Reliable Way
of Assuring Sampling Accuracy for a Larger
Number Of Related Hazards. Appl Occup Environ
Hvg 1992 ; 7(5) : 310-317

Hori H, Tanaka 1 : Response Characteristics of the
Diffusive Sampler at Fluctuating Vapor
Concentrations. Am Ind Hyg Assoc J 1993 ; 54(3)
S 95-101

Lautenberger WJ, Kring EV, Morello JA : A new per-
sonal badge monitor for organic vapors. Am Ind
Hyg Assoc J 1980 ; 41(10) : 737-747

Levine SP, Gonzalez JA. Kring EV : A Dynamic
Vapor Exposure System for Evaluating Passive
Dosimeters. AM Ind Hyg Assoc J 1986 ; 47(6) :
347-353

Martin H, Colin IP : Diffusive Sampling - A Reivew.
Am Ind Hyg Assoc J 1987 ; 48(3) : 214-218

McKEE ES, McCONNAUGHEY PW : Laboratory
Validation of a Passive Length-of-Stain Dosimeter
for Hydrogen Sulfide. Am Ind Hyg Assoc J 1986 ;
41(10) : 475-481

National Institute for Occupational Safty and
Health(NIOSH) : NIOSH Manual of Analytical
Methods, 3rd ed., 1984, 29-35

National Institute for Occupational Safty and
Health(NIOSH) : The Industrial Environment-its
Evaluation & Control, Cincinnati Ohio, NIOSH,
1979, 123-138

Palmes ED, Burton RM JR. Ravishankar K, Solomon
1) . A Simpler Mathematical Model for Diffusional
Sampler Operation. Am Ind Hyg Assoc J 1986 :
47(7): 418-420

Robert Pristas :
Monitors versus Charcoal Tubes. Am Ind Hyg
Assoc J 1991 ; 52(7) : 297-304

SKC : Research Report Validation of SKC Passive
Monitors Series 575-001 Using NIOSH Protocol.

Yao C, Krueger DC : A Multipurpose Industrial
Hygiene Conirolled Atmosphere Testing Chamber.
Am Ind Hvg Assoc J 1993 ; 54(6) : 313-319

Benzene In Air - Organic Vapor

- 223 —





