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Abstract : Environmental tobacco smoke (ETS) samples were collected separately in mainstream and side-stream smoke using a
self-designed smoking machine, and a total 40 of PM2.5 was collected with low volume air sampler at indoor environments with
and without ETS in Daejeon, Korea. About 20 trace elements including toxic metals like As, Cr, Mn, Se, V, and Zn were
determined in PM2.5 and ETS samples by instrumental neutron activation analysis (INAA). It is found that the emission factors
of K, Cl, Na, and Al were much higher than those of toxic elements for both mainstream and side-stream smoke. The average
concentration of PM2.5 was enriched by 1.5 times at smoking area (58.7+18.1 pg/m3) than at smoking free area (38.6+£12.7 ug/ms).
The concentration ratio of each element between smoking and smoking free area were ranged from 1.1 to 6.0 except Cu (1.0);
especially, Ce (6.0), La (5.2), K (2.3), and Co (2.0) showed higher ratio, which suggests that the ETS is one of the possible
increasing factors of PM2.5 and elemental concentration at indoor environment.

Key Words : Environmental Tobacco Smoke (ETS), Indoor Air Quality, PM2.5, Trace Elements, Instrumental Neutron Activation
Analysis
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Fig. 1. Sampling equipment for mainstream and side-stream smoke of ETS,
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Table 1. Analytical results of NIST SRM 2783 (air particulate on
filter media) by INAA

Certified value This work

Element (ng/filter) (ng/filter) 2‘:(')?;‘;; T(Z)D
Mean+Unc, (2s)) Mean+SD (1s)

Al 23210+530 221794348 4.4 16
As 118+12 112+0.21 47 19
Ba 335+50 352+14 4 51 41
Co 7712 72+07 -71 92
Cr 135+25 124+12 -79 9.6
Cu 404 +£42 383+32 51 84
Fe 26500+1600 25492+938 -3.8 3.7
K 5280+520 5217+117 -1.2 22
Mg 8620520 9452 +1271 97 134
Mn 32012 342+13.0 70 38
Na 1860+100 1839+347 -1 19
Sb 718+26 73+38 24 52
Sc 354+0.28 3.82+0.31 79 8.1
Ti 1490+240 1401+893 -6.0 6.4
V 485+6.0 493+13 16 27
Zn 1790+130 1921173 7.3 9.0

3 Expanded uncertainty with the coverage factor of two (approximately
95% confidence)
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Table 2. Statistical summary of mainstream and side-stream
smoke emission factor per one cigarette

Mainstream Side-stream Total
Unit Smoke (MS)  Smoke (SS) emission Ratio?
Mean SD Mean SD Mean SD
Al 190 043 222 046 412 082 116
Cl 439 217 176 66 615 1885 040
K ug 836 498 309 138 114 5855 0437
Mg ©d9. 095 090 242 280 337 358 256

Na 269 088 211 070 480 130 0.79

Fe 0.77 025 069 020 146 039 090
As 391 1.09 410 224 801 274 105
Ba 473 241 68.7 39.1 116 535 145
Br 297 170 188 420 485 156 063
Ce 562 417 797 440 186 797 142
Co 112 049 790 982 902 101 704

cr 181 940 280 188 462 174 155
Cu 393 245 208 211 601 268 053
| 2%/_ 216 195 347 244 563 405 161
La 373 246 621 388 994 596 167
Mn 101 297 352 618 452 640 349
sb 352 020 775 061 113 083 220

Se 399 2562 781 535 118 426 196

Ti 201 973 122 920 323 780 061
\ 0.72 044 084 052 156 063 116
Zn 218 635 223 930 440 101 102

4 Concentration ratio of each element between SS and MS (SS/MS)
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Fig. 2. Comparison of indoor PM2 5 concentrations between smoking and smoking free area,
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Table 3. Statistical summary of PM2 5 and the associated ele-
mental concentrations in smoking and smoking free area,
The unit of PM25 is ug/ms, while all the rest are in
ng/m®

Smoking area Smoking free area P
Mean SD Min Max N Mean SD Min Max N value

Al 311 209 14 646 20 275 192 60 595 19 091
As 504 244 158 101 20 401 238 136 107 20 084
Ba 318 464 426 218 20 217 309 424 149 20 078
Br 198 110 78 432 20 170 102 59 416 20 069
Ce 502 314 052 981 20 145 092 026 398 20 0.00
Cl 193 875 951 458 20 145 591 781 292 20 005
Co 038 026 010 123 19 027 017 010 064 12 029
Cr 193 57 121 303 20 160 38 105 254 20 029
Cu 126 103 21 433 20 138 133 22 594 19 029
Fe 406 172 172 864 20 273 157 101 658 20 0.18
| 572 254 243 995 20 588 352 121 130 20 058
K 481 244 155 1006 20 254 151 556 576 17 001
la 297 199 035 715 20 085 048 020 232 20 000
Mg 162 273 573 1284 20 189 246 172 956 20 065
Mn 191 832 851 414 20 176 736 601 327 20 066
Na 380 239 474 887 20 308 237 498 774 20 069
Sb 633 576 072 236 20 449 39 026 133 20 092
Se 361 145 122 765 20 329 166 116 805 20 051
Ti 244 192 140 865 20 181 141 185 6568 19 063
V. 160 085 022 372 20 162 088 014 411 19 029
Zn 932 543 406 261 20 831 479 338 234 20 0.79
PM25 587 181 311 946 20 386 127 203 654 20 000

Cl, Mg, Zn9| %7} =7 Yebgal, 545453 Aso Ak
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