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Abstract : This research examined the presence of hazardous materials in chemical workplace field
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using an integrated chemical/biological monitoring. Chemical workplace field air for volatile organic
compounds (VOCs) analysis was collected using a collection tube packed with Tenax TA adsorbent
400 mg. Workplace field air samples were analyzed by gas chromatography/mass spectrometry
(GC/MS). Simultaneously, Tradescantia BNL 4430 clone was exposed in situ to monitor hazardous
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materials in chemical workplace field. GC/MS analysis showed the presence of various VOCs such as

trichloroethylene, toluene, ethylbenzene,

1,2,4-trimethylbenzene. The results showed

(m,p,0)-xylenes,

styrene,  1,3,5-trimethylbenzene, and

in site  monitoring of VOCs with the

Tradescantia-micronucleus (Trad-MCN) assay gave positive results in chemical workplace field and

negative response at outdoor air. In conclusion, inhalation of these field air by workers may affect

chronic damage to their health by inducing micronuclei formation in Tradescantia pollen mother cells.

The combination of chemical/biological monitoring is very effective to evaluate hazardous materials in

workplace field and can be alternatively used for screening hazardous materials.

Key words : VOCs, GC/MS, Tenax TA, workplace, Tradescantia-micronucleus (Trad-MCN)
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Table 1. Lists of target VOCs in this study
No. Compounds Formula CAS No. m.w (g/mol) bp ()
1 Dichlorodifluoromethane CClF, 75-71-8 12091 -29.8
2 Chloromethane CHiCl 74-87-3 50.49 2242
3 1,2-dichloro-1,1,2,2-tetrafluoromethane CICF.CCIF, 76-14-2 170.93 4.1
4 Vinyl chloride H.C=CHCI 75-01-4 62.50 -134
5 Bromomethane CH;Br 74-83-9 94.94 3.6
6 Chloroethane C:H;Cl 75-00-3 64.52 12.3
7 Trichloroflucromethane CCLF 75-69-4 137.38 237
8 1,1-Dichloroethylene H.C=CCl, 75-35-4 96.95 317
9 Methylene chloride CH,Ch 75-09-2 84.94 39.8
10 1,1,2-Trichloro-1,2,2-ttifluoromethane CECICCLF 76-13-1 187.38 47.7
11 1,1-Dichloroethane CICH,CH:Cl 75-34-3 98.96 57-59
12 cis-1,2-Dichloroethylene CICH=CHCI 156-59-2 96.94 60
13 Chloroform CHCl; 67-66-3 119.38 61
14 1,2-Dichloroethane CICHCH:CI 107-06-2 98.96 83
15 1,1,1-Trichloroethane CH;CCl;3 71-55-6 133.41 74-76
16 Benzene CeHs 71-43-2 78.11 80
17 Carbon tetrachloride CCly 56-23-5 153.82 76-77
18 1,2-Dichloropropane CH;CH(CI)CH.CI1 78-87-5 112.99 95-96
19 Trichloroethylene CICH=CCl, 79-01-6 131.39 86.7
20 cis-1,3-Dichloropropene CICHCH=CHCl 10061-01-5 11097 97-112
21 trans-1,3-Dichloropropene CICH-CH=CHCI 10061-02-6 110.97 97-112
22 1.1,2-Trichloroethane CICH,CHCl. 71-55-6 133.41 110-115
23 Toluene C¢HsCH; 108-88-3 92.14 110.6
24 1,2-dibromoethane BrCH.CH,Br 124-48-1 187.88 119-120
25 Tetrachloroethviene ClC=CChL 106-93-4 165.83 131.3
26 Chlorobenzene CeHiCl 108-90-7 112.56 132
27 Ethylbenzene CeHsC-H;s 100-41-4 106.17 136
28 m-Xylene CeHi(CHz)a 108-38-3 106.17 138-139
29 p-Xylene CsHi(CHa) 106-42-3 106.17 138
30 Stvrene CoH;CH=CH- 100-42-5 104.15 143-146
31 1.1,2,2-Tetrachloroethane C1,CHCHCl, 79-34-5 167.85 147
32 0-Xylene CeHy(CH;)2 95-47-6 106.17 143-145
33 1,3,5-Trimethvlbenzene CeH3(CH:)3 108-67-8 120.20 162-164
34 1,2,4-Trimethvlbenzene CeHi(CH:)a 95-63-6 120.20 168
35 Benzyl chloride
36 1,3-Dichlorobenzene CeHiCla 541-73-1 147.00 172-173
37 1,2-Dichlorobenzene CeHyCla 95-50-1 147.00 180
38 1,4-Dichlorobenzene CeHChx 106-46-7 147.00 173
39 1,2,4-Trichlorobenzene CeHiCls 120-82-1 181.45 214
40 Hexachlorobutadiene ClC=CCICCI=CCl, 87-68-3 260.76 210-220
AAgol Ao Fa AL o] &3 ANaAHE FAe A EXAZ AFeE £& E AT C~Cx
Wddedl Hd FaEs 2ol 74 RAARod 89 Agsie B Ul Hold FAsn 2
ZA Aol7k v, F7INEFe R wels F Ay, 2 £ HE /\"*é% 7RI Qo TheF
Ragol gaAEe AT FAAS Heshe ol @ w9 FYEY ARAAN F2 A891 Ye
4 Fosiel, $A4Ho2 Yol ARHT e Tenax  HE AU Yol, B ATAE fi}i%’-’%}—%l o 2
= dsphenyl-p—phenylene oxide (DPPOYE FAHE o= 3} %’Zo ] VOCsE ZHH 8}7] EZrdoll 400 mge] Tenax
£ W24 polymer2 o] Fol7 A 747 LEA 7 79 FAue Agadt 498 4BAE
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Table 2. Operating conditions of ATD 400 thermal
desorber and GC/MS

Thermal desorption system (ATD-400, Perkin Elmer, UK)
Parameter Value

Tube desorption temp. 300 C

Tube desorption time 10 min
Valve temp. 175C
Cold trap temp. -30C

Cold trap desorption temp. 320 C
Cold trap desorption time 3 min

Transfer line temp.

173 C
(from ATD to GC)
ATD Head pressure 11.5 psi
Desorption flow 50 m/min
Inlet split flow Splitless
OQutlet split flow 10 ml/min

Adsorbent (collection tube) Tenax TA 400 mg (60/80 mesh)
Adsorbent (cold trap) Tenax TA

GC/MSD (GCQ GC/MSD, Finnigan, USA)

Column SPB-1 (Supelco, 60 m, 0.32 mm, |
Column flow I mi/min
Initial temp. 40 °C (5 min)
Final temp. 250 °C (2 min)

40 C (Smin), 7 C/min to 180
Ramp rare . - o

C. 10 C/min 10 250 C
Detector MSD (type : ion trap)

Ion source temp. 190 T
Transfer line temp.
(from GC 10 MS)
Mass range

200 C

45 ~ 350 amu

Ionization mode EI (Electron ionization) mode

2.4, Trad-MCN Assay (XI=E71d] DMy

24)

2.4.1 EX1| uiet
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Fig. 1. GC/MS chromatograms; a) EPA TO-14 mixture standard gases, b) detected VOCs from real sample. Peak
numbers correspond to the numbers indicated in Table 1.

Table 3. The detected VOCs from the chemical workplace field based on the GC/MS analysis using collection tube
packed with Tenax TA adsorbent

VOCs concentration (ug/m3) for 2 hour sampling (n=2)

Detected VOCs

Outdoor Site #6 Site #7
Trichloroethylene 19 = 02 42 + 05 21 %= 02
Toluene 340.1 = 256 1368.3 + 995 1946.6 T 146.3
Ethylbenzene 44 = 04 120 = 05 121 + 04
m,p-Xylene 54 = 05 102 £ 02 135 £ 02
Styrene 16 — 02 1.8 + 02 1.8 + 02
o-Xylene 38 = 04 73 = 07 01 + 02
1,3,5-Trimethylbenzene 1.3 + 0.1 1.7 + 0.1 1.7 + 0.1
1,2,4-Trimethylbenzene 1.5 * 01 39 £ 0.1 33 £ 01
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Fig. 2. Detected amounts of VOCs for 2 hour collection period in chemical
workplace field and outdoor.
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Fig. 3. Mean values and standard deviations of the
micronuclei obtained in pollen mother cells of
Tradescantia after exposed to different hours
in chemical workplace field.

Table 4. Results of on site monitoring with the Trad-MCN
bioassay in the chemical workplace field air

MCN/100 tetrads (mean =+ s.d) (n=3)

Exposed time (h) of Tradescantia at

Sampling sit
mping st chemical workplace field

2h 6h Sh
Qutdoor T o
. 29 + 04 28 - 03 29 * 05
(Negative control)
Site #6 62 + 05 82 +~ 10 157 * 08
Site #7 54 £ 16 58 - 03 95 + 05
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Fig. 4. Mean values and standard deviations of the
micronuclei obtained in pollen mother cells of
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chemical workplace field.
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