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Evaluation of the Charcoal Tube Sampling Method
for Carbon Disulfide in Air

Na Roo Lee and Nam Won Paik

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

This study was conducted to evaluate the charcoal tube sampling method for carbon

disulfide in the air. Breakthrough was investigated according to flow rate, sampling time

and air volume. Also the storage stability by storage method and time was investigated.

The results are summarized as follows.

1. The samples stored at room temperature (28.27C), refrigerator (3.8C) and freezer

(-156C) were analyzed every week to five weeks. At one week storage at room
temperature, 3.5% of CS, in the front section of the charcoal tube migrated into the
back section and 57.7% at five weeks. The amount of CS; in the back section of the
charcoal increased continuously by storage time. Migration of CS; was slow at re-
frigerator, and stopped occur at freezer. Recovery rate CS, was 52-82% at room
temperature and 92-101% at refrigerator, based on the amount at freezer as a reference
value. Thus loss was observed at room {emperature.

When 648 L of fresh air were passed through tubes with spiked amounts of 0.379
and 0.759mg sample, the amounts of S, in the back section of charcoal were
57-132.4 and 0-92% of the amount in the front section, respectively. Tho total recov-
ery rates of CS, from 0379 and 0.759mg spiked sample were 35.7-101.0% and
91.3-100.1%, respectively. CS, loss was observed in 0.379mg spiked sample, but not
in 0.759mg spiked sample. In the spiked samples, the amount of CS; in the back
section of charcoal was not affected by flow rate when the air volume was controlled.
The amount of CS, in the back section of charcoal increased over sampling time.

And the faster the flow rate, the more the migration amount when the sampling time



was the same.

3. A known concentration, 10 ppm of CS,, was produced in a 200 L Tedlar bag. When
the air volume was 24, 36, 48 L, breakthrough was 5.8, 16.9, 47.4%, respectively. The
sampling flow rate of 0.05, 0.1, 0.2 Lpm did not change the breakthrough rate.
Breakthrough increased over sampling time. And the faster the flow rate, the more the
breakthrough, when the sampling time was the same.

Key Words : Carbon disulfide, Breakthrough

I.M 8

Aol 29 ojFITFAZ AT Yol A}
A FA 2 EHHEA Hole T FFgF
AV HEZHFo] 87U 2E 7 BAA PA
gol29 AA#AF L FH}ALH F=7F ¢
SAY oA g (fAEYe EdER S F
Al Yelhd o] dZAlM el Fe] 10% ol
o] g g BehH7F @ol U ¥ABASA
o] FEx9 ANIxrt AFFo g =To] HAU
ot gty & APYBASHA HUrE s
3715 ol ATE HAHA FHAE dodle
820 #g A77t 2 FH UG

ol&3letiE Fold, EFATA € A
A Az F2 AREH AHAY AdAHAA
g8z s Wol AM-ETHACGIH, 1991).

#oj& FFAAM olFsetird nFrz £
¥ ARES A Y, AdE, 555 A
A AEA AEE derl L, 23 Fxof vt
JHoz ZzHd HAIEAA ASE el
(NIOSH, 1977). ®= AP A/ A&7 3
{American Conference of Governmental Industrial
Hygienists, ACGIH) ¢t $-2lue} =g Foll Az A
AR ¥ ol A¥AA ABES dvdslr] A
8 8AIZE A HEE B F 2 E 10 ppm o B B33
AoH(=FH, 1991). 95 FPAAGAR AT
% (National Institute for Occupational Safety and
Health, NIOSH)l M= A7Z38E do7ign
Z29E /M2 22 Fx 10 ppmol HAASFE
g8t A AIMEHEFEEE 1 ppmoR
Aslxz JYH(ACGIH, 1991).

A e dHAN A g8 EHS T ujdyo

2 BAso 375 ol¥seh FEE 2439
ot a2y 19759 McCammon $°| #4g#o
2 A8E AMFsY rtragviEadny 23
#7271 (Flame Photometric Detector, FPD)
2 EA3le WHE 2ES olF, By
dEAPET Hesn Pelsoes ¥ 9y
o} NIOSH #3A 822 Y= o] #A7x A}
4512 4 (McCammon %, 1975, NIOSH,
1985).

FHEBHE ol83td FVF f718AE &
e o dutyog FAUl He Ae A3y
otk HAAF = K787t B4 ol F2HE |
i WAt F71F FEE F2H7E rteA
o] Ao}, HHAIFE7} Wol v SHANE: &
=9t AF RV oA n dAR 5% AAANE
= We=E vl5 ACGIHAAM Atz o}, 2
Hug dwtxoz {8 FaEged #3
AF=g5o] o] BiE A Saalwaechter 5,
1977).

Zejvh ol stk gatEde]| #E AT
72 McCammon 5 % Peltonen =% 5208 &
Fo &3t McCammon %, 1975, Peltonen,
1989). ol ol sletao] Ease Ao F
2 Hol FFozA duty oz i Me] %
get vetel] BA a1, f7184 A F2 A
fte Nraznteagale BEFo2747
(Flame lonization Detector, FID) ™4 FPD&
AHE-slE olHg WRoeg AZtE.

G E G A B8AHA gAEH dFo] E3s
o} &A7F H1Foz dojvl FFete A
frdol w5 wel §A7F 45 g4en &3
FES AN 2R EIa AF oz Yojvt
A

of tehdth. ole® dndAl FLe

froag o



T dAZM ABAFANZL, %, RIEAE
E, 2%, ¢, ¢ 2 g4€ BE4o] »ay
TH Saalwaechter 5, 1977). ol8& Q& =g
ABARANLT FFE Aojstd sas WA
2, B AFdME F 298 #HNA g9y
B 4%E F= AEE YHP U

AMERT Fo gD 439 FHHAY &
A7 fF52o 7 olEsle: AL AR Fyo
AHEZ ofd ol AN E Wbt AL a3
o dd FAHAA $A47 2aEo] gyuH
AEog o5 W Y FE Ax gAY
o i€ A9 %, BAAY ¢ 25 Fo|u
(Rose %, 1982). €27} 4% adoz 13
He A& ko gl §718A9 Zvge] @
cbA 7] mjFolct, B @ApoME HHAI7tY &
EE 2Y3ld o o)t Y= E dun
ig=

2 =89 BAL nZ myPAyggdnddr
e FHAEY ‘Method No. 1600’ ¢ Edg &
715 olBsteaTE SAYYES ASsd BY
& 23S ggsted Uk gy B dq
Ae 1) A& 28y Azt ©e Algel ¢t
A4 AEE sy, 2) 249 F3E o)y
sl LEHA ¥ FUE E348 o o]%3)
v AEE ZAIYE, 3) AadHA AsaH
AZtEE FFE MEAlA olEd WE AR
2ol & A

O Mg ey

LA B

1) OJ&SIEIA JiX|2HE &2tAIZ! HAMEIE
(Spiked Sample)

g u] gFo TFYAL 3ul¥ FAs
4% olgsga o] FAY AIRE A
Z&Ath. FF:Yd(stock solution) S o] 33}ek
4 Y99 (HPLC grade, ALDRICH, USA)% 5%
A(HPLC grade, FISHER Scientific. USA)S &
gt W&ok, W B3EAL7) (Exmire microsyrin-
ge, ITD Corporation, Japan)& ©183t% 150mg
(¥% 1100mg, ¥ :50mg)9] FAeto] 34

HF##(SKC—226, SKC, USA)dl B3¢ g 7
A FYAG. ANBARF e 1247 »
ot @Agwo] olyges L0 283 F
H=% g

2) O|&sEI: BEZY|

71889 oldaear) 2HE FUlE wE
71 fi8, f71 &A% A9 whgg dosx ¥m
@3y e} F7)1F 9 (Tedlar Sample Bag,
231 series, SKC, USA)E o]&39ich 200 L
& F71FEHYS] fEds ARAE vag @
7|} #&H = (Gilian HFS, USA)E o] &8t 2
W 3718 AL og olggegs gae F98
Ak oW FZIFwU ojFsEs FrE ¢
gt R n PEAY QAR 9
3(ACGIH) 8&%%9 10 ppme] HE2 A8
7€ AzxSAG. NEE ARE T30y
ol A F&3 ato] dojUxsE ALy 124
X g AsE HHEYY.

3) &M

7% olgslekh AgWHA W EAolgtn
¢ FEE A d5td EHABE AR
At AFAE 110CE F29 AEBA
1A1ZE &t AxAD F840E §(Sodium
Sulfate Anhydrous, Shinyo pure chemicals Co,
Japan)& AHEEA=H, ol F 270mg® A ksl
&l ol FH5AB LS Axsgr)

2. 3 uy

1) SYEILY o|gaiet4o| oryy

oldstetivl 3 BV Au9 Aztn
Hago] e A8 e A3 A% dde
olFeEas VIAFE FHAYD A H(Spi-
ked Sample)E ol &3ttt e Hrig
ol FHVALYL Tt 10 ppmel F71FA 10
LE AHAAE o 9@ F35e doz A
At

TN e F 600 MEE 4R, WY 2
YEdo 2z BPsEAM ANRE MEH oA
19, 255, 3%, 45 4 554 He @ 7} B
A N AR st gARde] 433
53¢ 47 FAsd e HEdAaY e #
134 3o}



Table 1. Storage Method and Temperature

Table 2. Operating Condition of Gas Chromatography

Method Temperature (C) Variable Condition
Room temperature 28.24+0.6 Injection volume 4 pl
Refrigeration 3.840.7 Column glass, 2m X6mm OD, 5% OV —
Freezing —15.6+1.1 17
on 80/100 mesh GasChrom Q
Alltech, 6087, USA
2) B7|(Fresh Air) BT TE Of&siEtAel Cartier gas N,
olE Flow rate 20ml/min
5 Injector temperature 150C
LFHA ¥ 371 SAMNE o w4 Detector temp:erature 145TC
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AT B AYLe ojgsiei VIAFE FHA

9 & @A 8 (Spiked Sample)E ol-&3tsich &
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Table 3. Stability by Storate Method and Time

Storage Method/

Amount of CS;(mg)

Period (week) No. of Samples Front Section Back Section Total
(Mean 1 SD) (Mean+SD) (Mean+SD)
Room temperature(28, 2°C )
1 4 0.21810. 028 0.008:+0. 006 0.226+0. 027
2 3 0.20440. 031 0.028+0. 004 0.232+0. 035
3 4 0.1641+0. 015 0.039+0.010 0.203+0.023
4 4 0.12710.016 0.07110. 027 0.1981+0. 042
5 4 0.091+0.010 0.053%0. 017 0.14410.015
Refrigeration(3.8C)
1 4 0. 28840. 027 0. 000£0. 000 0.288+0. 027
2 4 0.29940.017 0.003 0. 005 0. 302+0. 016
3 4 0.22610.012 0. 004 0. 005 0.230+0.013
4 4 0.2331+0.013 0.019%0. 007 0.25210.012
5 4 0.233+0. 49 0.0200. 006 0. 25310, 044
Freezing(—15.6T)
1 4 0.29010. 047 0. 000+0. 000 0.29010. 047
2 4 0.2971+0. 020 0. 000£0. 000 0.297+0. 020
3 4 0.24710. 031 0.0001:0. 000 0. 24740. 031
4 4 0.250+0. 031 0.000£0. 000 0.25040. 031
5 4 0.276+0.019 0.-000 0. 000 0.276+0.019
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Table 4. Migration of Spiked CS; from Front Section to

Back Section of Charcoal Tube by Storage
Method and Time

Ratio of CS; in the Back Section

StoTage to the Front Section® (%)
Peniod - : -
(week) Room Temperature Refrigeration  Freezing
(28.2C) (3.8T) (~15.6TC)
1 .5(4) 0.0(4) 0.0(4)
2 13. 8(3) 0.9(4) 0.0(4)
3 23.7(4) 1.7(4) 0.0(4)
4 55.5(4) 8.1(4) 0.0(4)
5 57.9(4) 8.5(4) 0.0(4)

* Amount of Back Section/Amount of Front SectionX 100
() Number of Samples
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Fig. 1. Migration of Spiked CS; from Front Section to Back Section of Cahrcoal
Tube by Storage Method and Time.
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Table 5. Comparison of CS; Recovery (%) by Storage
Method and Time

Storage Room temperature  Refrigeration  Freezing
Period (28.27C) {3.8C) (—15.6T)
(week)
1 77.7(4) 99.3(4) 100.0(4)
2 78.1(3) 101. 4(4) 100. 0(4)
3 82.5(4) 93.3(4) 100. 0(4)
4 79.1(4) 100. 9(4) 100.0(4)
5 52.2(4) 91.6(4) 100.0(4)

() Number of Samples
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Fig. 2. Comparison of CS; Recovery (%) by Storage Method and Time.
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Table 6. Migration of CS; in 0.379mg Spiked Charcoal Tube with Fresh Air Sampling

Amount of CS; (mg)

Flow Rate Sampling Time No. of
(Lpm) (k) Samples Front Section Back Section Total

{Mean £SD) (Mean+SD) (Mean+SD
0.05 2 3 0. 385:£0. 009 0.01240. 021 0.39710.013
0.05 3 4 0.329+0.016 0.02310.015 0. 3531:0. 008
0.05 4 4 0.245+0. 090 0.124+0.075 0. 36910.036
0.05 8 3 0.118+0.090 0.117£0.011 0.23510.090
0.1 1 4 0.341 0. 042 0.029+0. 043 0. 3691:0.032
0.1 2 3 0. 288+0.030 0.070+0.013 0.3581+0.019
0.1 3 3 0.188::0.052 0.14910. 059 0.338+0.017
0.1 4 3 0.154:£0,058 0.16110. 024 0.315+0.077
0.2 1 4 0.298::0. 109 0.07510,048 0.373+0.061
0.2 2 3 0.154:+0.019 0.145+0.015 0. 298+0.030
0.2 3 3 0.059:£0.031 0.076£0. 039 0.135+0. 043
0.2 4 3 0.080:+0. 032 0.10610. 062 0. 186+0. 093
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Fig. 3. Migration of CS; in 0.379mg Spiked Charcoal Tube by Flow Rate.
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Fig. 4. Migration of CS; in 0.379mg Spiked Charcoal Tube by Sampling Time.
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Table 7. Migration of CS; in 0.379mg Spiked Charcoal Tube by Air Volume (Recovery 100=0, 379mg)

Air Volume No. of Samples Total Amount Amount in Back Recovery Migration™®
L) (mg) Section (mg) (%) (%)
6 7 0. 383 0.020 101.0 5.6
9 3 0.353 0.023 93.0 7.1
12 7 0.367 0.090 96.7 32.4
18 3 0. 338 0. 149 89.1 79.2
24 10 0.283 0.141 74.7 99.5
36 3 0.135 0.076 35.7 128.8
48 3 0.186 0. 106 49.2 132.4
* Amount in Back Section/Amount in Front SectionX 100
Table 8. Migration of CS; in 0.759mg Spiked Charcoal Tube by Air Volume (Recovery 100=0. 759mg)
Air Volume No. of Samples Total Amount Amount in Back Recovery Migration*
L) (mg) Section (mg) (%) (%)
6 4 0. 760 0. 000 100. 2 0.0
9 2 0.693 0. 000 91.3 0.0
12 6 0.738 0.033 97.3 4.8
18 2 0. 784 0.075 103. 4 10.6
24 6 0.758 0.198 99.9 35.4
36 2 0.743 0.258 97.8 52.3
48 2 0.734 0. 338 96.8 85.4
* Amount in Back Section/Amount in Front SectionX 100
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Fig. 5. Migration of CS; in Spiked Charcoal Tubes by Air Volume.
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Fig. 6. Recovery of CS, in Spiked Charcoal Tubes by Air Volume.
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Fig. 7. Breakthrough with Air Volume.
Table 9. Breakthrough with Air Volume
Air Volume (L) No. of Samples Total Amount® (%) (Mean+SD) Breakthrough (%) (Mean +SD)
12 5 105.5% 9.65 0.0+ 0.00
18 3 94.2%+ 0.79 0.7+ 1.12
24 9 93.9%+ 2.46 5.8+ 5.23
36 3 93.9+ 6.30 16.9419. 47
48 3 79.1+14.57 47.4119.39

* Ratio : Amount in sample to the amount in the sample without breakthrough
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