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Mini Sampler

Fig. 1. Porapak Q and Empore Disk mini sampler
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ARV A1 mLENZ 7. Empore DiskiZ DWW T, DiskdH
RAFITIT100 ppmDIR A IR UERIR20 uL A BNT%, AL,
DiskZ#HBREICH LT o i/l A05mLE iz iz, KR
BREITI0MBE ML, 1,23-N) ey axvrg
0.1ppm& 725 K 522 TR L%, 100 Lz A — b
Yo TT =L T L. RIZ, A— T T—nN
AT ICHBRRRL L7207 V' A Z U ERHR20 pLA N Z 4R &
I %, =B TIERFE L, GOMSIZX Y o#r L7z,

F72, BINROM EEK 5702, FEH OB 7E
R L. RARNCHERZE T oLl L, Zunm
AV, 50 ppm TFA/Z @ 7s)b A, 500 ppm TFA/Z @ 1
TV B EFNTHS L, R L, o iR,
Porapak QIC DWW TCIE, H T AN 28 L T5mL
DOREE R LTk, BRI AZL VL=, Empore
DiskiZ DWW TIREAR2 emlZF T Bk W 72 Disk & PRk IZi= L
Tetk, AR L7

(2) HMEIR - BEEER (30 LER)

500 ppm TFA/Z & & R /V A CPei§#%, JA#z L 72Empore
Disk (HE#2cm) #HAWVT, FMEIERER & Ok RS %
1To7=. ki, Empore DiskiZ 10 ppmD iR AAEHEAHL 10
pLERIL CZnERIB S L, %EICH 9~ DDiska
BERTT 4 VE—FRLVE =2y L, EHFERETHE]
L/min T304 @& L7 (485%& : 30L). &Diskl%, 5llx
27 mad/ A0S mLCHEERMIL, 7Y 2 X% RIK
THGHRZICGOMSHHT L, HIEXNSRE DRI %
Kz, F£72, 500 ppm TFA/Z & v )L A CHES L7
Empore DiskiZDWC, NalffgEoO7 77 2Rk, 7
T DHLIWEICONWTIL, TTUIEDMELY, 7
T OBmMANEIIONTIE, suv T AKY, VT
Faxt ) A XES5 (SIN=5) & LT, ZEXEIEIZ30 LA
FAWTER FMEZ R 7.

6. BN —IZBIT % EERE
1) FAEOHE



Ho

20094E12H ~20114E2 7 (2T C, BN » FrD BN —
NTHREEIT> 7. 22K OEIUTIE, Empore Disk4a & v
h U7/ 7T — % v, = A ROKRDH1m
DESICY 7T —%FE LT, il L/imin T304 M2

RERR LIz, 22XER&E, Y77 =27 v IfHE T

ATERBICHLIRY, BHE THRRELZ. B,
Empore Diski%, il % ER2 cmD R FTHHIE X,
500 ppm TFA/Z & @ 7RV A CUEREH, BELL7-H 0% Hn
7o ZEKEREL & RIRFIZ 7 — LK 2 B L7z

2) STtk

22 [ ER % D Empore Diskl IR E I L, 0.5mLO 7
maRLAEMZ, 100FBEEmE L. 20, 50
ppm 1,23-F U 7 mua a1 ulz Mz ToliZA L,
100 uL& A — Mo 7T — A TOUCEE L%, MR
LIz T Y AX IR0 uLE MA TR E H Lz, =IETI
REfET R L7212, GC/MSIZ LV E &/ L7z,

T IKIZONWTIE,  EARRBRFIENCHE - TOMT &AT

7.

R
1. ZER A~ v BEEREERIE

f/# Z o ' F R, 62,2011

221

1) FESREOmF

(1) TMS-P7 Y A Z N2 X k8K

F7p B YRPE TR LU 722 ppm D B A EEHEAIRIC DN T
TMS-U7 Y A Z L ZHNT A F AR A e LR %
Fig. 212777, JEXROME D A F VAL T3
DL, AFUERBELEDSTZOIX, A¥/—): 701
mARLL=11 (752%) T, MOBEIZRT D A F R
TEAIEIE0.7%~69.9% T > 72, %< OIRPEC I 5 fE
RLLT, WERNRWEOGTRBREL LDIION, F
72, D TNORFENEMT D20 T, A FALRIME
TTAMHEANPE LN, AT IUULROKRLEMN-ToA K
—)b o aaRA=L1EICHITF T, BEEFOHER
GG DA F VAR E R D L, MBA96.5%, DBA71.1%,
TBA28.8%%, RFEEDBENMIEE D A FIULROE T HEH
EThol-. LENR-T, IMS-DT7 YV AZ T, 9D
HESBHED 5B, +5572 A F UL ARRIRDIT—E D
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Fig. 2. Methylation Rate of Haloacetic Acids in Various Solvents with TMS-Diazomehtane
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Fig. 3. Methylation Rate of Haloacetic Acids in Various Solvents with Diazomehtane

MCA: Chloroacetic Acid, MBA: Bromoacetic Acid, DCA: Dichloroacetic Acid, TCA: Trichloroacetic Acid, BCA:
Bromochloroacetic Acid, DBA: Dibromoacetic Acid, BDCA: Bromodichloroacetic Acid, DBCA: Dibromochloroacetic Acid,

TBA: Tribromoacetic A cid
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WCUF LT & 2 A, AU IIPorapak Q2351.3%~90.3%,
Empore Disk7317.8%~56.5% &, BT Om LRSI,
WKIZ500 ppm TFA/Z & o AR )V AR TR L2 & 25, 2
FEDHHEA & b ITHE G E DRSS T S 1,
Porapak Q7%374.5%~92.7%, Empore Disk7384.1%~90.9% T
Ho7c (Table 1). LALEDRERLY, HfEAIOATLE L L
T, 500 ppm TFA/Z B a0 k)L AN CUEEITH Z & & LT

%72, Porapak Q& Empore DiskiZ-2\ T, #{EM: K OVl
AL L TOMEREL % &, Empore DisklL 7 1 /L ¥
—ThH D7, M OEEIZPorapak QD L H 12 H T A E %
U)o BN, BENMIETH S Z &, Empore Disk®
FRHHIZ W 23 D72 &, F 72 Empore Disk
TIETBAD [N EE)390.9% & 5 <, Porapak QD 74.5%IZ L
NTRETHL Z b, 25T~ v BFEREEHE H Ot
A& LT, Empore Diskx H\ 5 Z & & L7

(2) WRINENR - Rk

Empore Disk% F N 72 BB ER 0O 7 5 K OVE & TR
fii % Table 217”3 W NOWE S, 8% ORINERIT
83%LL EE BT Ch o7, £, %B:DEmpore Disk/»H
I, AIE S EIIRE S 9, 30 LIEXUT K D80T R
bIRoTe. TI70 7 2R LIZE 25, 7 a uFHR)
bfpickiianiz. 22T, Zuafigiconay, 7
Z U 7EDELY, MOBEIZOWTIEZr~ ST A
DS/N=5L 0 EE FIREARDTZ& 25, FHEEWE
DOEETIREIZ0.1 ug/m*~0.4 pg/m* T - 7=.

2. BRT—IZBIT 5 ERATRR

FRND RN 7 — V8 7 BN 33T % 4% B % Table 312K
I PEEAT BN — NV OENIL, TFHERN32°C,
SEERBENR60% L, mIRZBORE Th-o72. ZEXRHFH DN

Table 1. Effects of Trifluoroacetic Acid (TFA) on Recovery of Haloacetic Acids in Indoor Air

Compounds Porapak Q (n=3) Empore Disk (n=3)

Non-treat TFA-treat” Non-treat TFA-treat
MCA 87.9 £4.5" 83.1+ 3.4 26.1+1.8 84.9+6.0
MBA 86.9+6.3 84.2+£10.0 182+3.7 87.0+£4.1
DCA 81.8+3.2 90.6+ 9.3 83+1.7 88.1+6.5
TCA 52.0+4.38 82.8+ 4.0 80+1.4 84.1+6.5
BCA 79.0+4.5 922+ 8.1 88+1.8 89.3+6.9
DBA 83.8+1.7 927+ 6.3 9.1£0.6 84.5+7.5
BDCA 472+£59 846+ 9.0 47+0.5 89.7+4.2
DBCA 459+ 1.1 81.4+10.7 29+0.2 89.8 £4.9
TBA 41.7+£8.2 74.5+10.1 5.5£3.5 90.0 £9.7
a) Samplers were Washed with 500 ppm TFA/ Chloroform Solution and Dried before Use

b) Recovery (%) = S.D. with No-air Passed Through

MCA: Chloroacetic Acid, MBA: Bromoacetic Acid, DCA: Dichloroacetic Acid, TCA: Trichloroacetic Acid, BCA:
Bromochloroacetic Acid, DBA: Dibromoacetic Acid, BDCA: Bromodichloroacetic Acid, DBCA: Dibromochloroacetic Acid,

TBA: Tribromoacetic Acid
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INETOWETIE, EXP e FEONEEE LT,
HEANCIEA A R BBE 2 VD HERH VY, 2ekER
e D7 4 )V Z —3oK Thiltit:, KEMTBETHEAIH L T
IHTEATO>TND. Lo, AFERICBO TR LZNE
ETIE, KENEST, 70V E— 2R CHEEMET S 2
ED, fiicB T A e AR, EBRBELHEETH
D.

TMS-T7 V' A B N K DFFERIT, B TEKDOST
NORZBE NN HICONT, AFIWAERPMET L=
EIZDNTIE, TMSER A F LD & 725 TWVWDH Z
EPHEREINT. FOMEE LTL, I EWOTMSHER
SARBEE LY, BRFEEL O FRBREICB VL TT
O-A FIUEBHEITLIZSWZ &, HBHWIE, RHEHKLOM
T &0~ B OBRKPEDRE U, BRAKPEOTMSE &
DRISIENE Z 72012, B ET B X F AL OAE
METT B ENEZLNT.

TV AL ERIROFER T, FAKEBRAFETHESN
TWDB YT Y AR U AASEBOZEH Lo o, AHFSE
DOFETE, RBEEO FREICKERET N U AEK, HE
IZMTBE# 1, ZDRZIZEINT HN-A F/L-N-= K T -N-
=Ryl T =V rOlmKRIE, ZEOREICEESTYT
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AR T AERET D, LB ->T, BELETAEET
RCMTBEBZi@iRT 5720, VTV AX U EHRELK
WL BWE DY T Y A Z RENEDND.

£ % 500 ppm TFA/ 7 1 0 7R L AERHE TR 5 2 &
WZED, Ne R OEBMEER M L - ERIZ WX
Porapak Q& % \ M dEmpore DiskiZ, /v FERRSE & SUGT 5
WBEPFET 2 Z BRI SN, TFATRHFIC XY, 21
bEHLMNUODTFAL KIS SH, RIEMH L THLZ&T
FUEOM ENRK S LB X T,

IRAEYERIR 2 N, TET2E 5% 30 Ll L TR
%R B FEBRIE, Porapak QIZ DWW T HRBRIVIZIT - 7.
IRATWRR AR OV 7 A0 — ) WIRIL C@R L, %
D%, BREOAZZHIH L2856 OEINEIL, MCA, DCA
TI0%LL ETH -7y, ZDMOE IOV TIE5%~

Table 2. Recovery and Quantification Limit of Indoor Air
Haloacetic Acids with TFA-treated Empore Disk

Compounds Recovery ¥ (%) Quantification Limit
(n=3) (ng/m’)
MCA 91.8+6.2 0.20
MBA 88.8+2.0 0.20
DCA 95.0+4.9 0.20
TCA 832+74 0.10
BCA 96.2+£2.7 0.10
DBA 97.0+4.0 0.20
BDCA 942+3.9 0.20
DBCA 92.6+4.9 0.30
TBA 948 +2.9 0.40
a) Recoveries from Spiked Empore Disk after Air (30 L)
was Passed Through

Haloacetic Acids Concentration in Air and Water in Indoor Swimming Pool (n=8)

Compounds Indoor Pool Air (pg/m?) Indoor Pool Water (mg/L)

Min. Max. Med. Min. Max. Med.
Temperature (°C) 26.3 359 32.0
Relative humidity (%) 46 76 60
Carbon dioxide (ppm) 352 884 611
MCA <0.20 0.39 <0.20 <0.005 0.021 <0.005
MBA <0.20 <0.20 <0.20 <0.005 <0.005 <0.005
DCA <0.20 <0.20 <0.20 <0.005 0.152 0.019
TCA <0.10 <0.10 <0.10 0.032 0.264 0.095
BCA <0.10 <0.10 <0.10 <0.005 0.006 <0.005
DBA <0.20 <0.20 <0.20 <0.005 <0.005 <0.005
BDCA <0.20 <0.20 <0.20 <0.005 <0.005 <0.005
DBCA <0.30 <0.30 <0.30 <0.005 <0.005 <0.005
TBA <0.40 <0.40 <0.40 <0.005 <0.005 <0.005

MCA: Chloroacetic Acid, MBA: Bromoacetic Acid, DCA: Dichloroacetic Acid, TCA: Trichloroacetic Acid, BCA:
Bromochloroacetic Acid, DBA: Dibromoacetic Acid, BDCA: Bromodichloroacetic Acid, DBCA: Dibromochloroacetic

Acid, TBA: Tribromoacetic Acid
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MCAZS 1 % T DA TR S22 L1220 THE, MCAIZ
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Exz o, ER3MEOWREK OEKIEIC DN T,
SIGMA-ALDRICH#tO#LE 7 1 736/ L D, MCA :
189°C, 0.75 mmHg (20°C), DCA : 194°C, 0.19 mmHg
(20°0), FEBREADOT—H L VTCA : 196°C, 0.06
mmHg (25°C) ? TH Y, S FNOEFBHEN 28z 52
LT, ARRERIB~VATEAT 5. Lied>T, KR
1L, TCA>DCA>MCATH DD, 38 O CIIsiss it
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Measurement of Haloacetic Acids in Indoor Swimming Pools
Ikue SAITO? Aya ONUKI?, Satoko FUJIE?, Hiroyuki KONISHI?, Tsuyoshi IGARASHI?, Mitsugu HOSAKA® and Akio OGATA®?

Haloacetic acids (HAAs) are disinfection byproducts formed by chlorination of water containing natural organic matter. Three HAAs,
chloroacetic acid, dichloroacetic acid, and trichloroacetic acid, may increase the risk of liver cancer as a result of long-term
consumption, and are regulated by water quality standard values in drinking water in Japan. In this study, the measurement method of 9
HAAs in indoor air was developed and the 8 indoor swimming pools in Tokyo were investigated. An air sampling device was equipped
with 20-mm Empore Disk, stamped out from a 47-mm diameter commercial product. When the Empore Disk was washed with 500
ppm trifluoro acetic acid/chloroform solution and dried before use, recovery of 9 HAAs from spiked filter were improved by more than
83% after 30 L air was passed through. A comparison between 2 kinds of derivatizing agents—diazomethane and TMS-diazomethane—
diazomethane showed a higher methylation ratio than TMS-diazomethane for HAAs. After indoor air sampling, the HAAs in the disks
were extracted with 0.5 mL chloroform by ultrasonication, methylated with diazomethane, and analyzed by gas chromatography/mass
spectrometry (GC/MS). The survey of 8 indoor swimming pool air samples revealed that chloroacetic acid (concentration, 0.39 pg/m®)
was detected in the air of 1 pool. No other compounds were detected. In the analyses of indoor swimming pool water, which was
sampled at the same time as the air, chloroacetic acid, dichloroacetic acid, and trichloroacetic acid were detected. The ranges of detected
concentrations were <0.005 mg/L—0.021 mg/L for chloroacetic acid, <0.005 mg/L—0.152 mg/L for dichloroacetic acid, and 0.032
mg/L—0.264 mg/L for trichloroacetic acid. Because of the low vapor pressure and high solubility of HAAs in water, it was thought that

HAAs were more likely to be detected in water than in air.

Keywords: haloacetic acids, air analysis, indoor swimming pool, chloroacetic acid, dichloroaceitc acid, trichloroacetic acid,

disinfection by-products
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