IR AY A AT ALE
Korean Ind. Hyg. Assoc. J.
Vol. 7, No. I, May, 1997

Bkl 239 SA F vISA #7184 BAA)
e S5l e SREE v

FFFATA A27)ed 72 - 7HEU AR AR g

AF-dH S

04

— Abstract —

A comparison of desorption efficiency by types of solvent for polar and
non-polar organic compounds collected on activated charcoal tube

Yonjoo Son - Hyunwook Kim’

Outside Plant Technologv Laboratory, Korea Telecom
‘Graduate School of Occupation Health, Catholic University, Seoul, Korea

This study was conducted to evaluate desorption efficiencies by types of desorption solvent for polar and
non-polar organic compounds collected on activated charcoal tubes.

Analytes tested were toluene, m-xylene, isobutyl alcohol, n-butyl alcohol, cellosolve acetate, and butyl
cellosolve. Three different concentration levels of spiked sample were made.

Types of cosolvent mixed with the main solvent, CS, were methanol, pentanol, and dimethylformamide
(DMF) and the cosolvent for methylenechloride was methanol. The amounts of cosolvent added to the main
solvent were I, 5, and 10% by volume (v/v%), respectively.

The results were as follows:

. For all mixed solvems except 1% methanol and 1% pentanol with CS:, desorption efficiency

significantly increased, comparedwith that of CS. alone.

2. Desorption efficiency increased by increasing analyte loading on charcoal tube regardiess of mixed
solvents used and the material polarity.

3. For all cosolvents mixed with CS; by 1% and 5% volume, desorption efficiency for non-polar
compound was significantly higher than that of polar compound. For the 10% mixed solvents and the
methylenechloride mixed with methanol, the results were opposite.

4. The lowest mean percent bias of 4.79% was obtained from the 5% DMF-CS: mixed solvent, followed
by 4.82% from the 10% DMF-CS; solvent while the highest bias of 23.26% was from the solvent of
CS alone.

Based on the results of this study, in order to increase desorption efficiency, it is recommended to add

such cosolvents as methanol, pentanol, and DMF to CS,, preferably 5% by volume for analyzing polar

compounds cotlected in charcoal tubes.

Key Words : desorption efficiency, polarity, activated charcoal, cosolvent
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Table 1. Korean permissible exposure limits(KPEL) for flflected solvents and spiked amount of analytes

P]E L . Spiked amount(mg/sample)
Type Solvenls =ssesssmmmEt e o S5
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BC 23 120 0917 0.734 0.167 2934
Hydrocarbon Tol 100 375 0.881 1.762 3524 7.048
m-Xyl 100 435 0.885 2.655 5.310 10.620
“IBOH : Isbutylalcohol  Butyl cellosolve
n-BtOH : n-Butylalcohol Tw! Toluene
CA : Cellosolve acetate m- Xyl © m-Xylene
**S.G. : Specific gravity (2 257)
Table 2. Volume of each solvent added to make stock solutions{unit:m¢)
Stock [I Stock MM
BC Toal  Tol m-Xyl Total
— - a e :
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Charcoal tube No Stock | Stock TI Stock Il Stock IV
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4 2 10 16
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Table 4. Gas chromatograph conditions for analyzing
extracted solvents

Variables conditions
Detector FID
Injection volume 1 pé(split ratio 86:1)
Column HP20M

(50m < 0.2mm > 0.2¢m)
Carrier gas N
Gas flow rate
Air 340 ({¢/min
H; 35 (¢/min
N 33 (¢/min
Split vent 76.5 d¢fmin
Column head 0.9 d¢/min
Temperature
Injector 200°C
Detctor 250°T
Oven temp. programing
Ist Temp. 50°C
Time 5 min
Rate | 20°C /min
2nd Temp. 70T
Time 1 min
Rate [ 30°C/min
3rd Temp. 130T
Time 1.5 min
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Table 5. Desorption efficiency by loading on charcoal and type of solvents(continued)

Desorption Efficiency (Mean£SD, %)

Solvent Analytes
05 PEL (n=3) 1.0 PEL (n=3) 2.0 PEL (n=3)
1% DMF in CS:
IBOH 83.80:+0.86 85.354 1.07 87.45+2.96
n-BtOH 79.8510.60 84.14:1.3.12 89.14£1.04
CA 88.86:£5.77 95767291 95.73+1.70
BC 66.39 £0.56 72314285 78.09+2.03
Tol 9579 t1.04 99.181049 99.2910.66
m-Xyl 97.86 +1.13 98.67+0.41 98.01£0.26
5% DMF in CS;
IBOH 97.33 £0.68 100.75 +0.79 10034+1.22
n-BtOH 92.51 £0.27 97.161 020 97.60%0.85
CA 98.62+0.42 .16+ 2.11 99.79+0.72
BC 84281076 87.811:0.31 90.89+1.02
Tol 91.50:£0.18 9525+ 1.22 95441155
m-Xyl 94,88 £0.35 98211044 97371026
10% DMF in CS;
IBOH 10904 11,38 109.32 .0.78 110.59+0.64
n-BtOH 103.29+1.64 107.16:+0.98 108.44+0.52
CA 102775+3.70 104.24 t4.12 10598+2.74
BC 90.15:+1.85 94.47 +0.65 97.84+1.00
Tol 95.80+3.78 97.5210.54 98.33+2.32
m-Xyl 99.50:+1.05 08.824:2.20 101.67%0.61
only MC
IBOH 102.4511.26 109.46 11,58 115.29+1.46
n-BtOH 95.80+0.81 103.01 +1.13 108.76+1.26
CA 106.45:+3.55 112.95:+3.70 113.08+2.28
BC 69.55::2.03 84274322 93.02+4.10
Tol 9.11:+046 93.021.0.28 97.18%1.30
m-Xyl 83.18::2.23 88.1110.17 9214037
1% MeOH in MC
IBOH 107.69+3.43 110.07 1 3.64 119.70x1.61
n-BtOH 101.11+3.07 108.60 + 1.09 112.34+2.04
CA 85.91:+2.78 10062+ 5.81 109.68£2.61
BC 65.01::2.99 82.92+3.78 92.541+1.36
Tol 89.91:£2.21 92.90 (.80 96.38+2.58
m-Xyl 83.24:+0.28 88.8310.47 91.6611.23
5% MeOH in MC
IBOH 117.51 £0.65 121,684 1.22 125.68+3.4]
n-BtOH 112.19+0.75 116.78 +3.35 121.27£4.01
CA 10234 £0.62 104.87 +4.81 114.34+1.83
BC 98.53+3.61 100.93+2.82 104.61£15.13
Tol 91234051 93.48 10105 98.02:+0.73
m-Xyl 84.07+0.56 89.60%0.13 93.23+0.67
10% MeOH in MC
IBOH 125.83+1.88 130.72+0.60 136.191+3.84
n-BtOH 120.65+1.89 125.90:3.24 134.184+0.23
CA 110.60+3.07 115.34:£2.56 116.92+2.45
BC 108.2312.22 113.03:12.80 119.36+0.98
Tol 92.13+1.69 96.07+0.35 10048 +0.84
m-Xyl 85.94:0.08 92271038 95.61+0.37
* P<0.001



Table 5. Desorption efficiency by loading on charcoal and type of solvents

Desorption Efficiency (Mean+SD, %)’

Solvent Analytes
05 PEL (n=3) 10 PEL (n=3) 20 PEL (n=3)
only CS;
IBOH 63951391 76.95+1.16 83.87+3.86
n-BtOH 56.96 +.3.68 73.52+1.30 84011355
CA 67.84 +8.51 90.52 494 101.75£0.66
BC 0.94+394 3240325 54.52+1.49
Tol 99.701.0.53 100,701 0.41 10227+1.14
m-Xyl 96.34 +0.34 97.13£0.26 96.34 +0.55
1% MeOH in CS;
IBOH 74581 1.19 76.80:£5.87 87.64+251
n-BiOH 66.9611.44 71.12+5.49 81.74+£1.36
CA 76.191+1.85 82.30x2.76 91.09+0.28
BC 36.03+2.88 47411011 69.4211.50
Tol 9492 +1.20 96.101.10 98.15+1.29
m-Xyl 95,52 1+2.95 98.211+4.80 94.84+0.94
5% MeOH in CS:
IBOH 101.73+1.09 101.901:2.85 112.99+0.66
n-BtOH 9498 +0.81 97.79+2.81 107.51£3.23
CA 84.851+1.25 89.96+4.30 96.071+2.58
BC 76.12+2.53 82.6216.80 91.6911.68
Tol 99.40+0.66 99.04 +2.06 101.60£1.63
m-Xyl 99491215 98.88+0).31 98.20+1.23
10% MeOH in CS;
IBOH 98.84 +5.84 110.83+5.32 124.78 +3.89
n-BtOH 93,35+5.49 105.88 +:6.95 117.15£3.09
CA 89.6812.82 94.15+522 100.36+0.68
BC 91.34+4.81 91.48+4.19 98.78+3.33
Tol 104.31:£0.59 104.68+.0.65 103.93+3.70
m-Xyl 103.95 +1.57 103.44 1 0.09 102.87%1.67
1% PeOH in CS;
IBOH 81.4111.09 8438+ 1.05 88.79+1.72
n-BtOH 74.3611.26 78.734+0.63 85.35+1.02
CA 80541277 81.03+0.74 89.03+0,73
BC 36.52 +6.00 47.90+3.39 64.8811.39
Tol 97591092 97.30:+0.56 96.38 +2.56
m-Xyl 95.9210.38 97.36:1:0.25 95.94+1.31
5% PeOH in CS,
IBOH 99.84 1326 101.84 2,77 101.94+1.57
n-BtOH 94.0711.64 97221148 99.46+1.73
CA 84931245 93541 1.72 96.54 10.26
BC 59.3643.13 69.87£2.96 78.7310.25
Tol 9588 10.89 96.3011.53 96.051+2.44
m-Xyl 94801022 94.601:1.24 93.96+027
10% PeOH in CS;
IBOH 107.901+1.95 112611209 12.64+1.2
n-BtOH 104.15+1.65 109.771:1.34 109.66£0.72
CA 92641336 98.67 +0.80 101.54+0.17
BC 78.01 14.37 87.72t3.61 96.26+0.40
Tol 56.8010.74 96.92+0.25 96.03+0.97
m-Xyl 96,22 +0.18 95.92:+1.72 95.72+0.75
* P<0.001
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Table 6. Results of ANOVA on desorption efficiency by loading on charcoal and by polarity

Desorption Efficiency (Mean£SD, %)’

Polarity
05 PEL 1.0 PEL 2.0 PEL
Polar 87.57+ "1 6] 93.98:t 18.84 10048+ 16.24
Non-Polar 94.46 +:5.58 96.38 =-3.88 9740 t3.12
* P<0.001 o
Table 7. Desorption efficiency by polarity and by type of solvents
“Desorption Effciency (Mean*SD, %)
Solvent
Polar Non-Polar
only CS, 66.391:25.61 98.751+2.50
1% MeOH in CS, 7177 1592 96.291 1.53
1 5% MeOH in CS, 94.85:10.58 99.441+1.16
1 10% MeOH in CS; 10139 =11.17 103.86:£0.64
1% PeOH in CS; 7441 16.56 96.75+0.76
15% PeOH in CS; 80.78 2:13.78 95271094
110% PeOH in CS; 100.96 = 10.80 96.271+049
1% DMF in CS; 8391 =873 98.131+1.29
5% DMF in CS; 95.10 +5.26 95441234
110% DMF in CS; 103.6]1 £6.4] 98.61+197
Tonly MC 101.17 = 13.55 90.46+4.79
1 1% MeOH in MC 99.68 +15.4 90.49+4.79
+5% MeOH in MC 11173 £9.18 91.61:+4.65
1 10% MeOH in MC 121.41 +9.20 93.75+490
* P<0.001
TP <0.001



Table 8. Accuracy and desorption efficiency by type of solvents

Desorption Efficiency Group™ Mean™
Solvent Analyte (Mean *: SD) %Bias % Bias(%) %Bias(%)
only CS;
IBOH 74.92+10.11 -25.89 27.195 23.26
n-BtOH 71.50+13.64 -28.50
CA 86.851£17.32 -13.15 40.430
BC 32.29+£22.29 -67.71
Tol 100.89+ 1.30 0.89 2.145
m-Xyl 96.60+ 0.46 - 3.40
1% MeOH in CS:
IBOH 79.67* 6.99 -20.33 23.530 20.26
n-BtOH 7327+ 7.62 -26.73
CA 83.19= 7.49 -16.81 32.930
BC 50.95-16.98 -49.05
Tol 96.39 1.63 - 3.61 3.710
m-Xyl 96.19= 1,78 - 3.81
5% MeOH :in CS;
1IBOH 10554t 6.45 5.54 2.815 5.50
n-BiOH 100.09 £ 6.58 0.09
CA 90.29:+ 5.62 -9.71 13.115
BC 8348+ 7.82 -16.52
Tol 100.01:+ 1.39 0.01 0.575
m-Xyl 98.86 = 0.65 - 1.14
10% MeOH in CS;
IBOH 111.18212.98 11.18 8.320 5.96
n-BtOH 10546 11,91 5.46
CA 94.73 & 5.36 - 527 5.700
BC 9387 426 - 6.13
Tol 104.31 = 0.38 4.31 3.865
m-Xyl 103.42 = 0.54 342
1% PeOH in CS;
IBOH 84.86 = 3.71 -15.14 17.830 18.14
n-BtOH 79.48 = 5.53 -20.52
CA 83.53= 4.77 -16.47 33.350
BC 49.77 £ 14.27 -50.23
Tol 97.09:= 0.63 - 291 3.250
m-Xyl 96.41 & 0.83 - 3.59
5% PeOH .in CS:
IBOH 101.21:5 1.19 1.21 2.145 8.80
n-BiOH 9692+ 2.71 - 3.08
CA 91.67t 6.03 - 8.33 19.505
BC 69.32: 970 -30.68
Tol 96.08+ 0.21 - 392 4.735
m-Xyl 94.45+ 0.44 - 555
10% PeOH in CS:
IBOH 111.05 £ 2.73 11.05 9.455 6.89
n-BtOH 107.86 + 3.21 7.86
CA 97.62 1+ 4.54 - 238 7.490
BC 87.33.4 9,13 -12.6
Tol 96.58: 0.49 - 342 3.735
m-Xyl 9595+ 025 - 4.05
* %Bias : DE%-100% ** Group %Bias : Mean of | %Bias | in same group

*** Mean %Bias : Mean of Group %Bias



Table 8. Accuracy and desorption efficiency by type of solvents(continued)

Desorption Efficiency Group ™~ Mean'
Solvent Analyte (Mean : SD) %Bias’ %Bias(%) %Bias(%)
1% DMF in CS;
IBOH 85.53: 1.83 -14.47 15.045 11.35
n-BtOH 8438+ 4.65 -15.62
CA 9345+ 3.98 - 6.55 17.145
BC 7226+ 5.85 -27.74
Tol 98.09x 1.9 - 1.91 1.865
m-Xyl 98.18 = 043 - 1.82
5% DMF in CS;
IBOH 9947+ 1.87 - 053 2.385 4.79
n-BtOH 95.76 = 2.82 - 4.24
CA 97.52+ 2.97 - 248 7.410
BC 87.66t 3.31 -12.34
Tol 94.06 = 222 - 594 4.560
m-Xyl 96.82:= 1.73 - 318
10% DMF in CS;
IBOH 109.65 = 0.83 9.65 1.975 482
n-BtOH 106.30:+ 2.68 6.30
CA 10432 1.62 4.32 5.085
BC 94.15:+ 3.86 - 5.85
Tol 9722+ 1.29 - 278 1.390
m-Xyl 100.00 = 1.49 0.00
only MC
IBOH 109.07 = 6.43 9.07 5.795 9.87
n-BtOH 102.52+ 6.49 2:52
CA 110.83:= 3.79 10.83 14.275
BC 82.28-11.86 -17.72
Tol 93.10% 4.04 - 6.90 9.545
m-Xyl 87.81:% 4.49 -12.19
1% MeOH in MC
IBOH 112492 6.36 12.49 9.920 10.00
n-BtOH 107.35:= 5.72 7.35
CA 98.74:-12.00 - 1.26 10.550
BC 80.16:13.97 -19.84
Tol 93.06.= 3.24 - 6.94 9515
m-Xyl 87.91:- 4.29 -12.09
5% MeOH in MC
IBOH 121.62:= 4.09 21.62 19.185 10.62
n-BtOH 116.75:= 4.54 16.75
CA 107.18:% 6.33 7.18 4.270
BC 101.36:% 3.06 1.36
Tol 94.24:= 3.46 - 5.76 8.395
m-Xyl 88.97: 4.61 -11.03
10% MeOH in MC
IBOH 130.91:: 5.18 3091 28910 16.36
n-BtOH 126910 6.82 26.91
CA 11429 3.29 14.29 13.915
BC 113.54 = 5.58 13.54
Tol 96.23:= 4.18 - 377 6.250
m-Xyl 91.27:- 491 - 873
* %Bias : DE%-100% ** Group %Bias : Mean of | %Bias | in same group

*** Mean %Bias : Mean of Group %Bias
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Fig 5. Accuracy according io %Bias by type of solvents
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