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Field Comparison of Korean Diffusive Sampler and
Charcoal Tube Methods for Determination of Organic Vapors

Sook Ja Cho - Nam Won Paik

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

Korean diffusive sampler (KDS) and charcoal tube (CT) were used for sampling n-hexane, trichloroe-
thylene and toluene in air KDS was made by Department of Environmental Health, SNU-SPH in 1995.

Surveys were conducted at ten industrial plants with organic solvents. The relationship between two
sampling methods was examined by linear regression unalysis, and concentrations by two sampling methods
were compared using paired t-test.

The results are as follows:

I. The geometric means by CT and KDS methods were 3.26ppm and 3.32ppm for n-hexane, 5.07ppm and
6.34ppm for toluene, and 7.18ppm and 7.90ppm for toluene, respectively. There was no significant
difference between results by CT and KDS method in three organic vapors (p>0.05). When linear
regression analysis was performed, two sampling methods were highly related ; correlation coefficients
were 0.98, 0,90 and 0.96 for n-hexane, toluene and trichloroethylene, respectively.

2. Airborne concentrations of n-hexane (n=21) were below 0.5 TLV level. The GM by two methods were
almost same (3.09 ppm). And there was no significant difference between results by two methods
(p>0.05).

3. Since toluene and trichloroethylene concentrations showed several levels, appropriate sampling rates
were applied for each level. The GM of toluene concentrations by two methods at 0.5 TLV level were
3.75ppm and 5.48ppm. The KDS method overestimated the toluene concentrations at (0.5 TLV level
(p<0.05). The GM values of toluene concentrations at 1 TLV level were 31.80ppm and 25.38ppm and
at 2 TLV level were 64.13 ppm and 51.37 ppm. The KDS method underestimated concentration at both
level (p<0.05). For trichloroethylene, the GM at 0.5 TLV level were4.97 ppm and 7.11ppm. The KDS
method overestimated the concentration of trichloroethylene (p<0.03).
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In conclusion, concentrations of three organic vapors measured by CT and KDS were not significantly
different and results by two methods were highly related. But at contain concenrations, the levels by method
were significantly different. Therefore, it is suggested that sampling rate of KDS should be studied

simultaneously using CT method for organic vapors.

Key words : Korean diffusive sampler, charcoal tube, field comparison, organic vapors, concentration level
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Table 1. Sampling Rate of Korean Diffusive Samplers by Material and Concentration

C . Amount Measured Concentration Calculated SR’
trat t
Material oncentration by Sampler  Measured by NIOSH Method oo

Level (ml/min)

mg(Q) mg/m'(C) ppm

05 TLV 0.2226 84.52 24.0 21.95
n-Hexane 1 TLV 0.5603 168.09 477 27.78

2 TLV 1.0192 320.03 90.8 26.54

05 TLV 0.2201 84.84 22.5 21.62
Toluene 1 TLV 0.5705 167.60 44.5 28.37

2 TLV 1.0347 315.53 83.7 27.33

0.5 TLV 0.2927 107.51 20.0 22.69
Trichloro-

I TLV 0.7420 215.58 40.1 28.68
ethylene

2 TLV 1.3489 411.02 76.5 27.35

* SR = Sampling Rate

Q.
(C)(py * 100, 000

where sampling time t = 120 minutes
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Table 2. Number of Plants and Process in Sampling

- Process No. of

Printing Coating Cleaning Painting Bonding Samples
A 10 - - - - 10
B 8 - - 8
C 1 5 - - 14
D 6 2 2 - - 10
E 10 - - - 10
F - - 12 12
G - - 3 - 3
H - - 10 - 10
1 - - - 11 i
J - 10 - 10
Total 42 3 7 34 12 o8

* A, B, E : Plants for printing
C, D : Plants manufacturing electronic accessories
F : Plant manufacturing speakers
G : Plant manufacturing industrial system
H, L, J . Automobile service centers

Cumulative Probability, pym

e

ol 6 Chareoal Tube
®  Passive Samgpler

Concenlrations, ppm

T
10

Fig.1 Cumulathe Distribution of Toluene Concentrations

by Sampling Methed.
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Table 3. Concentrations of Organic Vapors by Two Sampling Methods (GM, Range : ppim)

c d Type of Sampl No. of GM GSD R Paired
n ampler ange .
ompou ype © P Samples ! g t-test
CT 1326 2.77 0.88-22.95
n-Hexane 11 -0.899
KDS 332 2.72 1.24-23.83
CT 5.07 3.90 0.35-54.57
Toluene 88 -1472
KDS 6.34 375 0.18-44.65
Trichloro- CT 718 3.08 0.80-31.85
21 0.615
ethylene KDS 7.90 2.44 1.57-21.45
CT : Charcoal tube
KDS : Korean diffusive sampler
* . Not significant at 5 % level
40 U
E
a
2 35
£
°
T - ;
T
S 10 - .
c
o
Q
0 -
CT KOS CT KOS CT KbDS
n-Hexane Tolushe TCE

Compounds

Fig. 2 Concentrations of Three Organic Vapors by Sampling Method.
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hexane®l -$71% F2e vissd Jdga. #o5
F 5%N4 B i (paired t-test)E #S o F &
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Toluene(n=88)2 1709 Absd-E& Allstn 97}
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Trichloroethylene(n=21) F& H4H&3)E
At 34 1704 PCR7IHE sk 1704
A EHAEgoe FAduHCTH) I Hibzays)
(KDS#)el| 2% trichloroethylene®] ¥71% F%
9] 7]&=s o]l 22t 7 18ppm. 7.90ppmoE KDS
wol k7t Egtot o =0.05914 BuRE S o
T ZAu el freldt ajolz) gt

Table 4. Number of samples by concentration level

b. Ml 71X] sEsFoM £

ol R 4= 4 712 {71 8AE FAHMEEA7)
®) EA4EZ(sampling rate) & Hsked 71Fo2
A-g 0.5 TLV, 1 TLV, 2 TLV & ippe] As
£ Az},

Aase 239 252 77 oy V
AR 1R 6ATE AlE EAHT Sl
= Akt

FEAARL R 1M AAE 2HERE 7] E0
ZIErl Skl o F71F F2b 0.5 TLV
o]3lel 7%l 0.5 TLV 52 g4z ar|e] 27
x5 "HLsi9n, 0.5 TLV~1 TLVY 7S
TLV 459 $4hgitzalr]e] 24458 1 TLV~
2TLV 54l 79+ 2 TLV 89 £3 458
£ate] AbxAv1e] AgFEd ek

olel X 5, 6, 73 2% 3, 4. 5 + 4 7HA #7)
4AlE T EA 7)) 244 % (sampling rate)
& Hah=d 7)o@ 44E 05 TLV. 1 TLV, 2
TLVE vire] Aa@ Ao}

zh 42 v n-hexane? 7% FZ 0.5
TLV elstel| 4] 2% %3] 0.0 %}*“E}‘&(CT“‘ 3} &At
EA7VKDSH) A oj3t 7]sts o] 2F 3.09 ppm
o2 gGgo] FUsilor, FoFFE 5%0M Byl
A& o= F Sz FAH R Fo7 Ao
7F atdet.

Toluene® Z-$¢le 0.5 TLV o3ty %
WHlel 2§t )3ty do] ¥ADFe] 3.75ppm. ¥4t
ZA17b 5.48ppmog CTHRcl KDSHe] ¥4
H7rEglen. 05~1TLV $Zdxe BAezo)

axwzle] 558D

sl
&t

i;g

Level < 05 TLV 05 ~ 1 TLV 1~ 2 TLV Total
n-Hexane 21 - - 21
Toluene 139 21 5 165

Trichloroethylene 35 3 1 39

Tortal 195 24 6 225

* 1 TLV : 50 ppm (ACGIH TLV-TWA)
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Table 5. Comparison of Two Sampling Methods for n-Hexane by Concentration Level (GM, Range : ppm)

Paired
Concentration Type of Sampler GM Range rtest No. of Samples
CT 3.09 0.83-23.48
< 05 TLV -0.605 21
KDS 3.09 0.91-26.15
CcT
05 ~ 1 TLV
KDS
CT
1 ~ 2 TLV
KDS
CT : Charcoal tube KDS : Korean diffusive sampler

-* : No observation data

Table 6. Comparison of Two Sampling Methods for Toluene by Concentration Level (GM, Range : ppm)

Paired

Concentration Type of Sampler GM Range No. of Samples
t-test
‘ cT 3.75 0.13-24.97 e
= 05 TLV -10.30 139
KDS 5.48 0.11-29.98
CT 31.80 25.45-48.37 .
05 ~ 1 TLV 7.059 21
KDS 25.38 19.31-33.12
CT 64.13 53.77-72.35 o
-1 ~ 2TLV 5.191 5
KDS 51.37 45.83-56.13
CT : Charcoal tube KDS : Korean diffusive sampler

** - Statistically significant at p<0.05

Table 7. Comparison of Two Sampling Methods for Trichloroethylene by Concentration Level (GM, Range : ppm)

' . Paired No. of
Concentration  Type of Sampler GM Range
t-test Samples
v CT 4.97 0.45-24.20 -
< 05 TLV ) -2.431 35
KDS 7.11 1.54-20.62
CT 34.29 27.31-41.72
05 ~ 1 TLV 0.549 3
KDS 3223 22.69-45.05
cT 56.28 ]
1 ~- 2TLV 1
KDS 30.03
CT : Charcoal wbe KDS : Korean diffusive sampier

** . Sttistically significamt at p<0.05
* : No statistical analysis data
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31.80ppm, #FAtEA7I7} 25.38ppm, 1-2 TLV

oAy HAwsto] 64.13ppm. HALEA|7L
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TLVE 71322 3371l TASE(SR=21.62
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KDSHol &4 B7l=sivh =t ddedate] 371%
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9] £A&E(SR= 28.37Tml/min)& HE¥HOZ
A A7|7b a7 et

_a_.
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el o Fxrt AR 4.9Tppm, HALE
A71€ 7.1lppm22 KDSHel 4 #7i=glen,

FAMLEE 5 S el T Aolrt AN
H(pC0.05). 0.5~1 TLV FEedMe gAdedol

34.29ppm. #4FEA]717} 32 23ppm & trichlo-
roethylene® 371% FX7l 4% o8 =4
grislglovt = EAubyziel FAHCR fo¥t
ato] 7t $igdch Trichloroethylened 7A$el® &
Aetztel o3k F715 F57} 20-25ppm Alelel #
ol sl 05TLV S5 sdsle IF4E
(SR=22.69 ml/min)< H-&go2 KDSHe] ¥
A b=l 25-35ppm Alele] FHEe] die)
28.68 ml/min ¢ sampling rate® HE4FozH
KDSel @A #H7b= et

Trichloroethylenes 0.5 TLV °lgldld F &
20 —peenem e s e e )
E T
-9 T :
[-% | {
'. 10—~ ! i
2 ; l
x +
® i 1
I’ i |
1~ [ 1 J_
- T T xes -
0.5 TLV
YLV

Fig. 3 Comparison of Two Results Obtained by CT and KDS Sampling
Methods for n-Hexane at 0.5 TLV.



70 T
a0 * i
£ - i
a ACGIH TLV-TWA + :
B 50 e e e e L@ i
& a0~ !
@
32 ao % -
o
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0 - L 4
f;T KOS - CT KDS cT KDS-A
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Fig. 4 Comparison of Two Results Obtained by CT and KDS

ACGIH TLV-TWA

TCE, ppm

€T kps €T KOS €T kDS
0.5 TLV 1.0 TLV 2.0 TLV
TLV

Fig. 5 Comparison of Two Results Obtained by CT and KDS Sampling
Methods for Trichloroethylene by Concentration Level.
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F7NF w7184 FRE Ykl 7 &
(CTH. KDS%)ell it 31 AA] 2 AdAs-E £ 8
3 1% 6, 7, 82 vehlidich 3HA L EEUAE
obg3iAl7)7] flel SRR FARMIEAR &
e FlF FEE 2o d@ g 3 Hskd
(Brown . 1984).

n-Hexane®| 3% A R(n=11)%F 874 4187}
5ppm ¢lslelld A= 370 A&t 5-2hppm
Alelel] BE3}T gled 0.5 TLV ol4ke] &A= =] ¢
2 welelde AYAE B+ Ak 245 e
(0.5 TLV olghellA Atsindd 34l 84
BEHOTR) 3 SARMEEA 7 (KDSH) ol &gt 37]
F 52 F W7l dAEE vehle 7871 13
yAH 0ol el 4% 7)27] 0973 yHH 0.05
E AL e =0.05°14 t-test®E ¥& =, 7|87
o t BARE -0.622 7187 13 #7187
0.97 Atelole EAIH 22 {23 A7} glgich =%k
yAa#e] 0.7142 F4%1 yEH (.05 0 4}
ooz EAlHLE

71 0
b

i R

fel@ iz}

alod L] g .

Akl
B A ARy,

A7 0.992 F 33ubizledl F& ARdAE
viehfiglc}

Toluenedl 7% FAHH 7]&7]= 0.87, yEHe]
0.43°l19em 7]-&71s} yAH(1, 0)oll HE t-test
A3 ¢ grel 27 -2.6, 4.3 FAAE {97
Zol7t Qlslom T FAubyzbel Ax Tl doie)
a8y AR (e 090082 2 ARaAS
viehglch.

Trichloroethylene®] 7l 4 718717t
0.76. yAHe] 05628 7]&7]et yHH(1, 0)d
& t-test 3} t kel A -4.8, 46672
toluene® shA712 2 5 AU 7hel] §-018 3o
7F e 7 STt AAEs) okl 2
i} AR (r)E 09622 F SAupdze] 22

AEE e

Table 8. Summary of Statistical Analysis Comparing Charcoal Tube vs. Korean Diffusive Sampler”

intercept slope No. of
: T
intercept(@) S. E ¥ t° slope(b) S. E. " Samples
n-Hexane 0.05 007 0714 0.97 0.05 -0.6 0.99 11
Toluene 0.43 0.10 43 0.87 0.05 2.6 0.90 88
Trichloroethylene 0.56 0.12 4667 0.76 0.05 -4.8 0.96 21

A : Data were analyzed using the model In y=b In x + a

b—0
B LTSk
_ a—1
C:ti=3Ep
D : SE = Standard error

»*

: Statistically significant at p<0.05
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Passive Sampler, ppm

Passive Sangler, ppm

Charcoal Tube, ppm
r=099

N=11

Fig.6 Relationship between CT and KDS Method
Sawpling Resulis : n-Hexane.

Charceal Tube, ppm
r=090

N=88

Fig.7 Relationship hetween CT and KDS Method Sampling
Results : Teluene.

- 44_



Passive Sampler, ppm

.2 1 L 1 ) I 1

-2 -1 ] 1 2 2 4

Charcoal Tube, ppm
r=096

N=21

Fig.8 Relationship between CT and KDS Method Sampling

Results : Trichlorvethylene.
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4% (sampling rate)7} 24% yr £ E bR
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a EE 5 S(sampling rate)

AR E AL 71l ¥4)4 % (sampling  rate)+:
test chamberyl®] F=& YA £Fo3 FA%
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A1 EEAJEAEE (overall sampling
rate) & A4 ubd e} A E A3 A)7EL 120822 1
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A A7F AR ARkl sl . 1996). &
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=574 0.5 TLV o]8tal A $ollv= 0.5 TLV F564]
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