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Comparison between the Charcoal 'hbe Sampling Method and the Difbive Sampler, and 

the Applicabiity of Diffusive Sampler m the Field 
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To Investigate the field applicability of a diffusive sampler 
(3M OVM #3500, passive sampling method) authors conducted 
a simultaneous measurement of personal organic solvents 
exposure in the air of the workplaces by charcoal tube with low 
volume sampler (aclive sampling method) and diffusive 
sampler. 

Samples were collected and analyzed by NIOSH method 
( N M A M ~  h m  w e i g h t  workers in 12 factories who work 
in 6 different processes. Geometric mean (GM) and geometric 
standard deviation (GSD) were used to describe the result. To 
compare the results of the two methods, paired t-test was used. 
According to the manual of the exposure assessment of the 
mixed organic solvents (h4mstry of Labor, Korea), Em was 
calculated. Simple linear regression was used to evaluate the 
relationship between the two methods. 

Results were as follows; 
1. Eight different solvents (ethyl acetate, n-hexane, toluene, 

xylene, acetone, isopropyl alcohol, methyl ethyl ketone (MEK), 
and methyl isobutyl ketone) were detected simultaneously in the 
two methods and the concentrations of the personal exposure 
were lower than 0.5 TLV level. The concentration of the 

charcoal tube method was higher than that of a d ih ive  sampler 
in n-hexane and MEK (~4 .05) .  

2. Em of the charcoal tube method was higher than that of 
diffusive sampler method but not sigmficantly different and was 
lower than the OEL (Occupational Exposure Limit) in all 6 
pIccesses. 

3. There was a significant correlation between the two 
methods in low concentrations of the 8 organic solvents 

(fl.05). 
In conclusion, there was no difference in charcoal tube 

method and W i v e  sampler method in low concentrations of 
some organic solvents, diffusive sampler can be applied to assess 
the personal monitoring in low level exposure. 

Key Words : charcoal tube, diffusive sampler, organic solvents, 
exposure assessment 
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Table 1. Analytical conditions of gas chromatography 

Item Analpcal Condition 

Column 

Detector 
Oven temp. 

Injector temp. 
Detector temp. 
N2 gas flow 
H2 gas flow 
Air flow 
Injection volume 

CP WAX 52CB 
(WCOT fused silica, 0 . 2 5 , ~ ~  30m X 0.32mm) 
FlD(flarne ionization detector) 
35 "C(3min) + 6 "Cmin + 70 "C(1mil) + 15 "Clmil 
+11O0C(lmin) +2O"lmin +14ooc 
200 "C 
220 "C 
30 mQ Imin 
30 me Imin 
300 mQ Imin 
1 d 

Table 2. Number of charcoal tube and diffusive samplers where 
the organic solvents were detected (n=38) 

Solvents Charcoal tube Diffusive sampler 

Nonpolar Ethyl acetate 
n-Hexane 
Toluene 
X y lene 

Polar Acetone 
PA 
MEK 
MIBK 

IPA : lsocropvi a lcd lo l  
MEK : Methvi ethvi ketone 
MIBK : Methd isobuthd ketme 
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Table 3. Geometric mean(GM1 and geometric standard deviation (CSD) of the organic solvents 
concentrations simul taneously measured in charcoal tube and diffusive sampler (u nit : ppm) 

Charcoal tube k 
Solvents N Mean RD 

sampler P* 

GM (GSD) GM (GSD) 

Nonpolar Ethyl acetate 

n-Hexane 

Toluene 

Xy lene 

Acetone 

Polar PA 

MEK 

MlBK 

 aired t-test 
IPA : lu, ~ r w v l  a k o b l  
MEK : Methd e t h l  ketme 
MlBK :Methyl isobuthl ketom 

Cd K~#r#ve- Cdunx,d 

RD (relativedifference) = 
C<+URI>J 

\here, 

Cd~\>rlvr : concentrationof 3M OVM X3500 

Cltunua : corcentmtion of charcoal lube 

Table 4. Exposure assessment of mixed organic solvents in charcoal tube and diffusive sampler 

Process 
Charcoal tube Diffusive sampler 

N Em Em Em Em 
Mean(SD) Mean(SD) Mean(SD) Mean(SD) 

S P ~ Y  3 0.399(0.315) < 1.086(0.008) 0.288(0.271) < 1.1 lO(O.020) 
Prints 10 0.3q0.274) < 1.127(0.027) 0.28q0.204) < 1.12q0.028) 
Bonding 6 0.3 1q0.059) < 1.082(0.018) 0.275(0.095) < 1.088(0.021) 
Paint mixing 8 0.522(0.246) < 1.088(0.014) 0.489(0.243) < 1.089(0.011) 
Solvents mixing 5 0.27q0.155) < 1.11 l(0.005) 0.246(0.112) < 1.113(0.004) 
U.V coating 4 0.594(0.092) < 1.071 (0.004) 0.577(0.112) < 1.070(0.003) 
Total Pmcess 36 O.M(O.229) < l.W(O.027) 0.355(0.212) < 1.102(0.026) 

Em : Exposure modulus 
CL : Threshokl limit vabe of mixed orgmicsolvents (control limit) 
Eni lCL:  Belowthe threshold l in i t  value 
Em)l am' E m ) a  : Excess the t t r e h l d  limit value 
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Table 5. Correlation coefficients and regression equations between the two sarnpl ing methodsA 

Solvents N Intercept Slope R* 

Nonpolar Ethyl acetate 

n-Hexane 

Toluene 

Polar X y lene 

Acetone 

PA 

MEK 

MIBK 

IPA : Isopropyl alcobl 
MEK : MethJ e t h l  ketme 
MIBK : Methyl kob tv l  ketone 
ADataamlvzed u s n ~  t k  model In y = b h x + a 

Gc: d i f fus~e  sampler cuncentration.~: darcual tube concentration) 
* p<O.O5 

4 k 3 7 ) 5 5 3 L  Control limit) Qq -lJ 

33 Zg@%)g qE+aqqqq + 
71$Al+ 97)",F#o] q#gp q9 
%)%3, sq+71 $A14 q g  g7)4 
EB*Q% qqg3!'I#,g =fg q-g 
SgE."?.q ksA]+(Em)S  7%)q 
gkHs 7 % ) ~  h]gqq g393F 
S Tqq k g 7 1 a C L ) S  
T @ q ) .  E % % 3 q  -11s 271% f 
Hi% zf0ll/'1 g g q x 1  g o )  44-41 
hj Alq%)%q. Pmaq q9gx 
"dl Ef Em CL Q*q "?-OF 
(Em<CL) k $ 7 ] 5  u]O,FOg g7)4 
2 3 ,  3AdQgOllAjq Em Q+J q+ 
gU;"d71q Em Em H q  I;f& Z& 
a% LFFFdr;F. 

oF4lZS Rae) 0.71 4) Aj 0.77 01 2 3 ,  

573, 4 1 9 ~ F ~ - l 1 ~ 1 ~ 1 ~ ,  qlgq971l 
E ,  k",Fg.̂-,F& RQo] O.MO1JAj O.% 

61 2q. Fig. 1 P 8 9 q  +71$41 11s 
S qzF dS@g%);Focl qqY4 RQ 
% LFE+LH2 q. 

Iv. il 2 
q+gx;Td71q p A d q g q  

"%I H]$-H47F Z e  9 3 7 )  9 
Oq(N0thstein 5, 2000), xlS;7Fx] q 

A +g4in;~d71q r;Tdagq gs, 
2 ,  71W, 7 4 3 9 3 4 ,  qq+! 5 4 1  
a@ 9 7 7 )  w l P l 4 l ~ j  @JSI2q 
(Werner, 1981; Hear14 Manning, 1985 ; 
347 +, 1995; @+I$ s, 19%; 
ES7)pF 3+!, 1997). OSHA(1990) 
q ~ j 4  %+.;log q + g r 3 7 1 q  

hF-$% 94W 9-7,3WI;F 5 3 
4 7 4 1 h j S  3qi-rQl 325-7) q9 
@ q+gE;"d71q hl-+$$ q#f5)3 

1994). 

9 Ad @gi!) q 9 g  2 ;Td 71 oil 4 

43@ 933) Z& ~71-8-Al k 57 
9, D119 41g AlE, 41g oF41 q1o1 Z, 
33@, o]+=g%],",S, ksFg9 

g oF41E, D119o1&?9AlEq go1 
2 q .  ~llY+!q 39 h ) $ ~ h F g  5 
q 3 7 1  g +7]#AJ] Iq-q-5) 
q % g o ]  4x1 gg 4-+5 +7] g 
6]) +71#A] Adgo] pxJ8)xI 22 
82s W q q ,  A)#@ zj'?tdP q 
A$!+ H]+$ g9 29 g&j 01 71% 

9 32s ggb]] qq g g q x ]  g 
~s 7)%4& 7 j q  3q3 gg-q 
q .  

8 5 4  +71#41 %E% 5$g ,  k 
O,Fg*, D1]901)E!flEo] 0.5 TLV 01 
SF, q19ol&?E!AlE, o l e ~ g 9  
g, 3 2 @ o l  0.1 TLV o]%), q 9 o ) 4 l  
41 0lE oF4lEol 0.05 TLv "18)q 9 
q .  0149 %2*P pqqq 3 
949 q:Fodg4+33]7F lTLY 61%) 

q+ 3% 3qtg q f?-i$Fq% 4q 
o l r ; K k W ,  2003b). 

gAdQgol]Aj $3 @ %SS 71% 

0 1  f H J q 7 , F q  9Eg Htl]z3s - 
q, k9q94 413!41gAlE& + 



I Toluene I Xylene 

a a ' o , " "  
95 1.5 $5 28 25 "" 

Chatcoal tube, iLNi %X),ppm 

I MEK 1 

I 0 . 0 0 5 1 ~ 1 5 2 0 2 5 3 0 3 5 4 . 0 4 5  

Chatcoal tube, (LNi %E ),ppn ) 

Acetone 

Ethyl acetate 
45 I I 

Fig. 1. Relationship between charcoal tube and a diffusive sampler method for organic solvents. 
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