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Abstract

This study was conducted to suggest improvement methods for indoor air quality of swimming pool. Volatile organic
compounds(VOCs) were analyzed by GC-MS scan mode and thermal desorber(TD) using a triple-bed adsorbent tube.

As the results of this study, the concentrations of major VOCs showed 148.44 + 153.34 (g/m’ of Toluene and 84.89 +
69.87 wg/m® of Xylene in indoor air of swimming pool. In THMs analysis, the concentrations of Dibromochloromethane,
Bromodichloromethane, Chlororoform and Bromoform appeared 44.07 + 25.22 wg/m’, 38.98 + 30.08 ug/m’, 28.64 +27.34
vg/m’ and 38.98 + 30.08 wg/m’, respectively. Also, TCE and PCE were detedcted 7.07 + 23.56 wg/m’ and 4.96 + 12.06 wg/m’

in indoor air of swimming pool, respectively.

The indoor air quality of swimming pool is quite different with that of office or household having toxic halogen-VOCs. In
order to improve air quality of swimming pool, ventilation is necessary periodically to reduce toxic VOCs and the dosage of

chlorine and ozone for disinfection is needed to abate THMs.
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Fig. 1. Adsorbents in this study. dde &, ddEEEYE FU3o] FE5= 50~100
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TN ESYR E3to] ofo] vt AR 2wt & o4C YA HY Ca= (As—A) +Q ———————————————— @
sfal 7Y o A Sl th Ca: concentration of VOC indoor air (ug/m’)
As: mass of VOC in sample (ug)
GC-MS 2t TDS At mass of VOC in blank (ug)
Al® A3 3 S22 Thermal Desorption System(TDS) Q : Volume (m)
o] R2E GC-MSE AHE3t] scan modeolA EA4E& 3%
o Total lon Chromatogram(TIC)2] Ao A Wiley S|t 2 271 EM
library 5% % similaritygle] 60 o4& HEd B4= <l AW g e &7 ol e 3719 EA4E oty ¢
Table 1. Analytical conditions of TDS with GC-MS
TDS*
CIS temp. 70
260 (10 min)

Desorb temp. and time

GC (Agilent HP—6890)

Column

Split ratio
Injector temp.
Owven temp.

HP—-1 (60 mX 320 gm X 1.8 xm)
10:1

270

0 (3 mint =15 /min — 130

10 /min — 230 (3 min)

MS (Agilent 5973N)

Manifold temp.

Scan time
Filament/Multiflier delay
EM volts

Mass range

170

0.6 sec/scan
1 min

1735

35 — 300 m/7

*TDS : Thermal Desorption System
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Table 2. Identified VOCs in indoor air of swimming pools by GC-MS
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(Trihalomethnes)?l Chloroform, Bromodichlorm
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AN T

ethane, Dibromochloromethane, Bromoformo] AW <=
4% F71oA A& Hder, Bromoform2 A2k 3qE-2

molecular molecular
substances structure weight CASno. Human Toxicity
. carcinogen with several
Bromodichloromethane CHEBrCl 164 75-927—14 trihalomethan es
A  Acid o 0 " 9 Corrosion,vomiting, hematem esis,
cetic Aci C2Hz04 bt 64-19-7 diarrhea,uremia,death
dizziness, fatigue, and headache.
Chloroform CHCls 119 67— 66— Chronic chloroform exposure
may cause liver and
Isovaleraldehyde CsHioO 86 590—-86-3 -
Toluene C7Hs 99 108—-88—-3 Mild macrocytic anemia
carcinogen with several
Dibromochloromethane CHCIBr 208 124-48-1 ) o
trihalomethanes
Narcotic,defatting action can
Tetrachloroethylene C2Cla 166 127-18-4 lead to dermatitis
Ethylbenzene CsHio 106 100-41-4 Irritating, narcotic
- o o narcotic, chronic toxicity
Xylene CeHio 106 106-42=3 (less than benzene)
111849 Ataxia, Conwvulsions, Co gh,
Nonane CoHzo 128 e Unconsciousness
Decane CroHez 142 124—-18— Dry skin, Redness
Benzaldehyude C7HeQ 106 100-52—-7 narcotic, deamatitis
1,2,3—trimethyl —benzene CoHuz 120 526-73-8 Confusion, Co gh, Dizziness,
1.2.4—trimethyl —benzene CoHiz 120 95-63—-6 Drowsiness, Headache, Sore
1,35 —trimethyl =benzene CsHiz 120 108—67—8 throat, Vomiting
Trichloroethylene CoHCls 131 70— 01=6 inebriation, narcotic, induce
hepatocellular carcinomas
Styrene CsHs 104 100—-42-5 irritating to eye, narcotic
1,3—dichlorobenzene CeHi20 147 541 -73-1 irritating to skin, throat, eyes
3—chlorostyrene CsH-Cl 139 2039 -85 2 Ventilation, local exhaust, or
breathing protection
headache, nausea,
Methylisobuthylketone CeHi120 100 108—-10—-1 lightheadedness, vomiting,
dizziness
buse may lead to habituation or
B 1 CHRBrs 3 _os_ a
remotorm 253 75-25-2 addiction
Trichloroacetonitrile C2CHsN 144 545 —-06—2 strong irritation to eye, skin
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Fig. 2. TIC of VOCs in indoor air of swimming pools by GC-
MS scan mode.
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Table 3. MDL value and % RSD of substances
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Fig. 3. TIC of standards by GC-MS scan mode.
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MDL value (ug) RSD (%)
Chloroform > 0.0009 2.45
Trichloroethylene > 0.0017 3.2h
Bromodichloromethane > 0.0031 1.24
Toluene > 0.0015 351
Dibromochloromethane > 0.0017 0.98
Tetrachloroethylene > 0.0005 1.35
Ethylbenzene > 0.0044 257
Kylene > 0.0039 3.42
Bromoform > 0.0022 2.05
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chloromethane 44.07 = 25.22 ug/m’, Bromodichloro
methane 38.98 £ 30.08 ug/m*, Chlororoform-2 28.64 *
27.34 yg /m*, Bromoform 0.56 £ 1.38 ug/m’ <=2 2 e
o} Agazzotti 5(1995)2] dito] gt Al =FH 37 5

9] chloroform §XE+= 16 ~ 853 ug/m'efl WHEFPo 7
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o 2 ATOIA R oloh fAbSkA L ofzt v ATE de 4
sith AT o] 520009 Aol AstH PhaEg

Table 4. Concentrations of VOCs by calibration expression.
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TCE®} PCEE =97 &7 oA 242 7.07 £ 23.56 ug/m?,
4.96 = 12.06 ug/m’ 02 UEIYEY) A& 8lxE 4 53 0
ez Ao TCE: HI 78.51 ug/n*, PCEE
123.67 ug/m*2] =2 FRI %It o= TCE, PCE 9] 3%
FAhAEHAEZE dBfA A GXITt ti7] e of w2 g
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Calibration expression (R’)

Chloroform y = 240603x + 771268 10.9891)
Trichloroethylene y = 392657x + 2E+06 (0.9901)
Bromodichloromethane y = 161875x + 1E+ 06 (0.9866)
Toluene y = 499436x + S5E+ 06 (0.9886)
Dibromochloromethane y = 174030x + 1E+06 (0.9828
Tetrachloroethylene y = 422042x + 4FE+06 (0.9897)
Ethylbenzene y = 396750x + 6E+06 (0.9911)
Xylene v =1E+06x + 2E+07 (0,9837)
Bromoform y = 178051x + 2E+06 (0.9848)

Table 5. Concentrations of VOCs in indoor air of swimming pools

concentration ( pg/m°)

Mean =S D* Range**
Chloroform 2864 £27.34 857 - 49 .85
Trichloroethylene 7.07 £23.56 ND *** -~ 7851
Bromodichloromethane 38.98 +£30.08 10.89 ~ 84.90
Toluene 148.44 +153.34 8.65 ~ 567.62
Dibromochloromethane 44,07 £25.22 15.15 ~ 14292
Tetrachloroethylene 496 £12.06 ND ~ 123.67
Ethylbenzene 12.37 £14,71 2.85 ~ 6792
Xylene 84.89 £69.87 513 -196.85
Bromoform 056 £1.38 ND - 4.36

*S -D: Standard Deviation
** Min ~ Max
*** ND : Not Detected
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Table 6. Concentrations of VOCs at above and below the ground in indoor swimming pools

concenfration (gg/m?)

Above (duct+window)* Below (duct)*
Chloroform 857 ~39.35 23.54 ~ 49.85
Trichloroethylene ND ~ 47.22 ND ~ 7851
bromodichloromethane 10.89. ~ 39.25 15.06 ~ 84.90
toluene 8.65 ~ 115,64 65.49 ~ 567.62
dibromochloromethane 15,15 ~ 48.25 16.38. ~ 142,95
Tetrachloroethylene ND - 39.29 ND - 123.67
etyhybenzene 285~ 18.14 2736792
p—xylene 513~ 12791 25.19 ~ 196.85
Bromoform ND ~1.92 ND ~ 4.36
* Min ~ Max
600 _ @ chloroform 200F @ chlorcfam
B Trichlorcethylene & Trichlcroethylene
O bremodichlcronethane Obrarrodichlaraethane
500" Otduene Otduene
| dibrorrochlcromethane #dbramochlarcrethane |oo.....
s @ Tetrachlaroethylene —_ @ Tetrachlaroethylene
£ 400F mebhybenzene UE) B ebyhybenzene
§’ Oxlene > Oxlene
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S 300¢ s
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= =
= 3
O =4
o 8

duct

duct+window

duct duct-+window

Fig. 4. Comparision of MAX&AVG concentrations located on below and above on the ground in indoor air of swimming pools.
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