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ABSTRACT

Volatile organic compounds (VOCs) are an important public health issue in Korea and many important
questions remain to be addressed with respect to assessing exposure to these compounds. Because they are
ubiquitous and highly volatile, special techniques must be applied in their analytic determination.

Valid personal exposure assessment methods are needed to evaluate exposure frequency, duration and
intensity, as well as their relationship to personal exposure characteristics. Biological monitoring is also
important since it may contribute significantly in risk assessment by allowing the estimation of effective
absorbed doses.

This study was onducted to establish the environmental measurement, personal dosimetry and biological
monitoring methods for VOCs. These methods are needed to compare blood, urinary and exhalation breath
VOC levels and to provide tools for risk assessment of VOC exposure.

Passive monitors (badge type) and a active samplers (trap) for the VOCs collection were used for air
sampling. Methods development included determining the minimum detectable amounts of VOCs in each
media, as well as evaluating collection methods and developing analytical procedures. Method reliability was
assessed by determining breakthrough volumes and comparing results between laboratories and with other
methods.

A total capacity of trap used in this study was 60 /. Although variable by compound, the average
breakthrough was 20%. Also, there was no loss of compounds in trap even if keep for 45 day in —70°C. The
recovery of active and passive methods was 69% ~ 126% and method detection limit was 0.24 pg/trap and 0.07
pg/badge. There was no statistical difference (P> 0.05) between active and passive methods.

Key words : Volatile Organic Compounds (VOCs), Exposure Assessment, Risk Assessment, Environmental
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28y, 44 W HA 52 4749 AN
o 2324 AY 5& 3ASA o} (Patrick,
1994). Z=A o 2 3| A 7} (risk assessment)7}
o] Foix]7] YA AHF - AAHA BAl, 71E
Al A 123 o = xF Ht Fol
AAHR oz o] Fo|H e} st

& HGrle ARSHE dWbHQ =T (tools)E
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ing) 5] AME-E™, T uloA o] BE Zlo] B
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) gohpmAl g,

7k, o] o] A} -‘Jr"éé 56]'“1 "'H/‘H] 22 ¥
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o}.

7 27 WA 39 VOCse) xaE A
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1. A= x4

o} A 8E heparin A 2]% vacutainer (Becton
& Dickson, USA)E ¢]&-3}led 4~5miE A3 s}y
o} (Ashley, 1992). AHED X2 FH7] Aol
heparin®} 7z Ao|x% EEo] F F dgo] A

Zl ice boxoll ol AlFAE AT —-4°CollA] o

Tedlar Bag

Mouth

Buffer bottle

Air Trap

3 F -20°Cel| 12417} »A@Astz oA 2A A7)
A —70°C2) deep freezerel] B33}

x AgE A =8 B A F AN
50ml vialel 7|27} A7)A] gxF AAHA
7). o]u vial ] XEol] head space’} A7]A|
A= 3t d&o] AAA ice boxoll el A
AR 713, 24 A7A 4°Col Basiao

37] A8E 419 tedlar bag (Supelco Co., USA,
HEZ )] & 371 A F ol FY3HA 3
i ®7]%8 Tenax/Carbosieve S-III trape] 29k}
(Fig. 1). Trap& TakmarA}e] Y%7 x7” stainless
steel 2§ 2] Tenax/Carbosieve S-1I1o] ZA1¥ 7
& AHgsT AR 229 wapd FEE
Swagelok end cap 2.2 91, ¥ ¥4 plastic drumel|
deo] 29| ice boxel] Fol APA = H3lor, ¥
H AR 70°CE) 2AE PETS] 2 Ak

AAXEE OVM 3520 badge (3M Co., USA)E
7Nele] &2 (breath zone)ol] 28l 247F o]
A A F LAY £HEAI} W ZE AR
& & A3 FA TFHe ReA BHo
=2 #4314 slede. VOCs diffusion monitori=
716 &3 Fatg 2 F5E9) Aok ASA
B2 QARSI A o] FAAIA 78 €717}
47 badgeo] = A& e,

A Az AFHE ¥ol 15em, F

l

15cm 18]

Check valve
T-union

Flow meter

Fig. 1. Exhalation sampling unit.
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1:Fan
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Fig. 2. Typical sampling system configurations for indoor.
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Fig. 3. Typical sampling system configurations for outdoor.

3 Aol 25cme] ¥ "ol €3 e °}i =

£ 9% W Axg g A
ZFE2o] 24 1m X-TEJ]- H=
& et dig 2.

A9l A8} # = passive monitor®} active sam-
plerg FAlo) AF2-3l¢3dt). Passive monitor (OVM
3520, 3M Co, USAYE YA 12cm, ¥°] 10cm2)
$ ¥R 153 2Fe= A2 rain cap (Fig. 3)
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Flow

1; Trap

2; Flow Meter

3; Fitting with Teflon Ferrule
4; Needie Valve

5; Pressre gauge

Fig. 4. Typical sampling system configurations.

Hell Axgte] v == f7lel A 24 ode
Arg AAste] ARIFAT 24417 o)A} A
T A3 A% F = (DOA-P104-AA, GAST
Co., US.A)ol particle 2 AFZ}A 7149 &&24&
kA 87| ¢]&l silane ] el%l glass wools trap2]
J7ol Ao Y& rapE WAL A8E AMFs}H
oo} (Fig. 4). TrapS TakmarAle] }”x7” stain-
less steel 2} A 2] Tenax/Carbosieve S-IITo] ZX1¥
A& Ahgstdoh AFH 7 S=F trap] SFES
Swagelok end cap 2.2 %37, ¥ 5 & plastic drumol]
ol #22] ice boxel Hol A2 S3lom, £
A R7AR) 7078 A& WETe) RS

2. Alg Mx{|

Deep freezero] E# o] gldd ol Az 9} 4°C
o RIAslAY = A|EE Loz THENUH o
A3}l whole blood 3 ml, He 2.2 purge A|7] o]
<4 2 ml, internal standard (Fluorobenzene, 80 ng,
Supelco co. USA) 12|32, AE ¥}A| A (antifoaming
agent, antifoam B, SIGMA, USA)Z 3§} tight syr-
ingeE o]4-3}e] A|=}Hgl dynamic head space 3|
(Fig. Syl F43ledot. = A2 94| internal stand-
ard®} antifoaming agent®} 37 5 mlE dynamic
head space #X)o] F<¢)3lgdv}. Carrier gas (He,
99.9999%)% 200 mYmine.2 f 303 purge A7)
W A] Tenax/Carbosieve S-III trapell =3} c}
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f‘sampling system configurations
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Fig. 5. Dynamic headspace configurations.

°] traps thermal desorption autosampler (Tekmar
6016, Tekmar Co., USA)el] #H&3}te] 2A3)5c).
e, A 2 A9l AlzE A3} 3) passive moni-
tor (OVM 3520)Z Deep freezero| A 7AW, Ao
Al e} 7Rl A] badge-g 7] ®1=] wind screen

4 A A3 backup section3} front sectiong ]
gt & teflone] FEJE needle nose tweezer® A}-4-
3tel vie] wimbE® wel 250°C o]AtolA 3417}
32} bake 3 ¥ 2ml amber glass vialol] z+z}-¢]
+% pad& 7. Vial o} CSy/acetone (1/2, v/v) 1
mlE 7 ]- 3tod b " B&} 31 (Pellizzari, 1994) 408

T 239 239 229 & F 329

90ule} W £F EA (fluorobenzene, 10 ppm) 10
uwE #Asle insert7b EoldlE vialdl &71x
cappingdte] GC/MSE £481%ic}.

3. 24 diy

gh, =, 37] 9 A9 Alg AFH P A"AAe e
Al & VOCs &3 wap2] £A4-& $38] Gas Chro-
matography/Mass Selective Detector (6890 series,
Hewlett Packard, USA)o] TekmarAl2] AeroTrap

VOCse 9184 H7hs AT =284 w97 151

6016 auto sampler, Tekmar AeroTrap 6000 desober
8} Tekmar Cryofocusing Module-& o} AM£-3143
=3

Autodesorber, concentrator ¥ cryo focusing mod-
ule?] Z+E valves} Alg Ad ggle =% 200°C
2 1A, 320°CAlM 1087 4 g3slgd o
™, —160°C glass bead trapel] 3319}, 240°Cq|
A 437 A 2= A)A —150°CY) cryo focuser
2 B column Y7ol d&F® VOCsE FHF
S&3oe 225°C2 etd ez =% €9 GC
columno. 2 F9)3}9 ). Desorber?] carrier 7FA 2
 99.9999%¢] Heg 40 ml/minez EF8F¢o
o, GCMSZF 0.1 m/mine 2 o]FAL EaF
Aot

Cryo-focusing module®} automatic liquid samp-
ler2 RE] F9% VOCs2] £7]S 93] GC (6890
series GC/MS, Hewlett Packard, USA)2] oven 7]
L= 35°ColX 582 HEES ¥ F 5°C/mine
2 100°C7R] £LA]7] & 9A] 15°C/mine &2
210°C7HA] 5221 280°C7HA] &2 387t
E7A stA clean-updtgdwt. A A run times-
30.45 mino] gl o}

Column®] 374} (stationary phase)-2 5% pheny-
Imethylsiloxano] 0.33 um coating¥ ®¥]FA FTo
2 Aol 0.32mm, Zelx 60me]glet. o] FA
(mobile phase)-2 99.9999%2] He-g A}-&-3}gid}.

MSD+= 27~300 amu®] o)A total ionS
scanning®}ed 112 fragment pattern?} 5 £ 2
fragment pattern 1.2] 32 data base (willey library)£]
fragment patterng- ®¥]w3led VOCse] 7+ EAES
gelgk 4 g}t =3} threshold= 15002 39
1, sampling 3]4== 23]2 3}

2

1. Trape] VOCs &xt 22 (capacity)

Trap9] retention volume} break through® 1.7)
#AsiA 2719 trap (Tenax/Carbosieve S-TII, 1 g/1 g)
< AEE2 dAsA o]E gyt W7 SN

500 mV/mino 2 7A|7H(420%) 59t A 22 AH s}
o % 18019 3718 ZAsich a2lx 34 A

7h%] Swagelok end cape. 2 oo} —75°Ce] &AL
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=71 (Forma Scientific, Model 8517, USA)e)| =
A3 o

Table 1. The concentration of front and rear trap for break

through test (unit : pLg/m3
Front Rear Break
Target compound trap(n=15)  trap(n=15)  through
Mean+SD Mean+SD (%)
1,1, 1-Trichloroethane ~ 2.44+0.720 0.53+0532  21.7
1,1,2-Trichloroethane ~ 2.11£1.510 0.78+0.598  37.0
1,2-Dichloroethane 11.06+£10.075 0.44+2.957 4.0
Benzene 10.54+5.579  0.00+0.293 0
Bromobenzene 142.81+17.307 12.22+7.420 8.6
Bromoform 68248048 273+1.654 400
Butylbenzene 19.11£2275  2.80+2800 147
Chlorobenzene 125.78+£9.197  3.3610.000 2.7
Cumene 6.40+1.649 073+£0237 114
Dibromochloromethane ~ 5.67+2.924  0.00£0.000 0
Ethylbenzene 13.61+18.724 9.54+10.200 70.1
Isocumene 29742940 0.0010.165 0
m, p-Xylene 1585+£10.742 14.69+4.153 927
o-Xylene 13.89+1.597 159+2.294 115
Styrene 99.98+37.134 12.86+12.274 129
Tetrachloroethylene 50540000 0.00+0.267 0
Toluene 15.62+2.778  6.19+£5581 396
Trichloroethylene 12.04£10.108 2.12+1.014 176

Packing material ; Tenax/Carbosieve S-III (1 g/1 g)
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Table 12 AH=2 AZE trapo2RE F7)|&
F34 TYD & 77 $AY Sxo|ch Benzene,
dibromochloromethane, isocumene 3 tetrachloro-
ethylene-> 722 W break through7} *#A]3}
] ke Aoz ehgon, 71A; break through7}
wad HA EAe m, p-Xylene o2 92.7%9]
break through7} A stgdc}. sl djRrye] &
Aol A FZFol| AX8 trape] YFoll X3 trap
ofl Bl3te] FAF 20% A =2 break through”} A7
o} o] & B3led o] AT A4H trap HA} E
Aol we} zolz} Aok, ek 14019] 2 &
Fol AL Aoz d&F 4 s A, A
A oA ARE-F wl= EPA method (William, 1990)
o AAH AUe A} FZo] HA £ (1801)9
17391 601& A3 A ol A
Jae FA gomA HAFH & 27w P
As7] Yeiirgden, 23 2% 100 m/mins
2 ZFo 4o o3 FrlHez 7= break
through® 3} 315

2. Trape] B2 7|2Ztof] u}E VOCs ZALE

Z4(99.9999%)=. A YA 21 tedlar bag (Supe-
Ico, USA)o] 500 ng®] fluorobenzene (Internal sta-

Table 2. The recovery of storage duration for trap (unit : %)
Target compound Immediacy After 10 days After 20 days After 30 days  After 45 days
1,1, 1-Trichloroethane 101 89 96 87 94
1, 1, 2-Trichloroethane 96 69 97 96 95
1,2-Dichloroethane 91 91 120 75 91
Benzene 98 88 98 96 87
Bromobenzene 88 88 97 929 88
Bromoform 69 77 89 95 99
Butylbenzene 75 101 75 80 75
Chlorobenzene 75 86 94 75 75
Cumene 98 98 79 96 98
Dibromochloromethane 95 88 98 130 95
Ethylbenzene 77 77 89 80 75
Isocumene 77 94 96 75 98
m, p—Xylene 87 69 97 85 90
o-Xylene 98 96 98 98 80
Styrene 99 120 94 99 76
Tetrachloroethylene 73 98 85 73 80
Toluene 89 91 75 89 85
Trichloroethylene 96 88 97 89 96

Spike Vol.; 2 pl/trap (Tenax/Carbosieve S-III), Storage Temp.; —75°C
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ndard, Supelco, USA, 2,000 ng/ml)s} EPA 524.2
VOCs mixture (Supelco, USA, 2,000 pg/ml)E =+
B4 7 1ul(Zzhe] VOC 2ug)e spikedt ¥ bag
Well VOCs mixture7} £3} S =S A4 3~4
Az WhREk e 242 trapel] 50 ml/min -3
oz FAAZS. F2% trapE Swagelok end cap
oz "ol —70°C2e] Z=*|-2 Y37 (Forma Scient-
ific, Model 8517, USA)ell ¥4 A7tA] B33sleiet.

Spike trapg 9HEo] 0%, 104, 204, 304, 45
2ol @79 Als u@ g} $UT 2o
B3 & BXM3lgic} (Table 2). Spike trap-& THE
E ZA] BEMF AloAE 69% (bromoform)~ 101
% (1, 1, 1-trichloroethane) W12} 348& B4
o} =3t spike F 10 99 (vFAY Bd g4
154 272 #AM38 vapollA 69% (109 7 ¥
1, 1, 2-trichloroethane)~130% (304 A3} & di-
bromochloromethane)®] #H$|¢l 3$&& WA
Al7ko] AFstAAM AA dAd B 359
a}o]7t HolZeh B A|zhke] X|o]d] @ 34
&2 W3l spike A9 FF Xpo|A} 22 ¥
A exjets Agke] FHAHL o] A2 ] el
MeE g 4 e

3. Trap 2| method detection limit

A qAa 35 9 AHZE A (MDL, Method
Detection Limit)¥ Table 33} 7o}

A& g4 9] A4 Federal Register (EPA, 1984)
o] u}gl HA = 2ugirapE AA3 T 103 &
Qoo EZRAE AR ol9] 99% AHZR
(confidence)?]l 2.821-& -F3dled AAsIg). o=
2% o 3-84] (S/N ratio)2] 2.5 ol a5t

Benzene, bromobenzene ¥ ethylbenzeneo] trap
2 031pgs) A2 WAE 2o, 7P @ A
Z 348 29 A EA-2 wrichloroethylene (0.24
wg/trap) ¢] v} Dibromochloromethane®x 0.93
pgfrape 2 7H wsia A A 18%9 A&
Al W9l 0.24~0.93 pgftrap=  0.545 pg/trap
o HE A& TAE 24

4. Passive monitor B2l method detection
limit

Passive monitor®] MDL &A1& $}2] spike A|&

Table 3. The Method Detection Limit of a Trap
(unit : pg/trap)

Target compound Mean SD MDL*
1,1, 1 -Trichloroethane 1.87 0.112 0.32
1,1, 2-Trichloroethane 1.81 0.242 0.68
1, 2-Dichloroethane 1.87 0.326 0.92
Benzene 1.87 0.109 0.31
Bromobenzene 1.84 0.110 0.31
Bromoform 1.72 0.251 0.71
Butylbenzene 1.62 0.226 0.64
Chlorobenzene 1.62 0.174 0.49
Cumene 1.88 0.166 0.47
Dibromochloromethane  2.02 0.330 0.93
Ethylbenzene 1.59 0.111 0.31
Isocumene 1.76 0.221 0.62
m,p-Xylene 1.71 0.207 0.58
o-Xylene 1.88 0.157 0.44
Styrene 1.95 0314 0.89
Tetrachloroethylene 1.64 0.208 0.59
Toluene 1.72 0.128 0.36
Trichloroethylene 1.86 0.086 0.24

*; MDL = 2.821 x Standard Deviation (EPA, 1984)
The MDL was calculated with 10 replicates of a 2 pg/trap standard

Z 959t} OVM 3520 (3 M Co., USA) monitor A
29 WX cap? monitor Alolell glass filterE
I cape® WRI T F EAL badged 0.5
pgo] == spike A1Z o} (3M, 1991).

OVM 3520 =tdAel A 82zt A 408 7))
HEglo o8 B4 &40 AL 99
A o B2 AHE 2E2A]H VOCsE A3 3o
of gt} vkl A Fx FFAM 2427 el A
T2A7He A FH A Ao Morandi et al., 1996;
Stock er al., 1996; Yanagisawa and Hirano, 1996).

Table 4= £4 HA 85 2 ZHZ& 34 (MDL,
Method Detection Limit)S A|AFE Zolc}. A& &
Al AALE w39 Federal Register (EPA, 1984)
o wet 32 F=(Q2ugbadge)d AT F 103
25l 22U AT 0|9 99% A1k
(confidence)ql 2.821& F3}e AALSIGE. o=
Az o FH&¥] (S/N ratio)®] 2.59] o) & g&het

Ethylbenzene} styrene©] badge™d 0.01 pgo =
7P 3 ZHE B4 2 AAkE 99 Trichloroethy-
lene2- 0.23 pg/badge= 7} E9koew, 4 0.07
ug/badge®] 7% sHAE B}
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Table 4. The method detection limit of passive monitor

(unit : pg/badge)

Compound Mean S.D. MDL*
1, 1, 1 =Trichloroethane 0.41 0.041 0.11
1, 1, 2-Trichloroethane 0.41 0.025 0.07
1, 2-Dichloroethane 0.4 0.014 0.04
Benzene 0.39 0.017 0.05
Bromobenzene 0.36 0.02 0.06
Bromoform 0.37 0.011 0.03
Butylbenzene 0.31 0.016 0.05
Chlorobenzene 0.38 0.008 0.02
Cumene 0.4 0.018 0.05
Dibromochloromethane 0.29 0.032 0.09
Ethylbenzene 0.39 0.003 0.01
Isocumene 0.39 0.021 0.06
m,p-Xylene 0.38 0.019 0.05
o-Xylene 0.44 0.008 0.02
Styrene 0.45 0.004 0.01
Tetrachloroethylene 04 0.052 0.15
Toluene 0.41 0.064 0.18
Trichloroethylene 0.39 0.083 0.23

*; MDL =2.821 x Standard Deviation (EPA, 1984)

The MDL was calculated with 10 replicates of a 0.5 pg/badge

Vol. 17, No. 2

5. Passive monitore] A2 & F B3 gl
o|zo WE 3T

Aee A3, o), n 9 Y A9 I4ee
AEs7) 3k A O0.5pg), £ 20ug R 3(100
ug) 52 ®F E3-& passive monitorel] spiked}t
9t} (Table 5, 6, 7).

A A, ol FAl, BFAL] 3pE3tells of7h
ApolE Ryovt, BE A EANA HF 70%
olde £ 35S B Spike A|BREF TE
HE EME AgroupelMe A, F 2 1= 74
Zrol| A 100%<) AT 35EE Hol: EAle]
Aot Y] group (B, C, D)Mo Htt
3]pgo] Fol 100% ]3] 34gs Mol &
Aol w4 AR 53] %X (0.5 ugbadge) A
group (spike A|2E ¥E & wlz BAH)L 50~
85%2] 3]4£E& B¢t} NA (not analysed) 2. A
8 e G AL s o) 7
g9 ge 2R5ol
AgrOUp o] ©}& groupell H]3le] 34go] i

sandard oA ol f= 2F BAL spike 3 F sp
Table 5. The recovery of 0.5 ug/badge spike samples (unit : %)
A(n=3) B(n=3) C(n=3) D(n=3)
Compound _— [ S
Mean=+S.D. Mean=+S.D. Mean£S.D. Mean+S.D.

1, 1, 1-Trichloroethane 55+10.2 89+14.4 127+6.8 79+16.2
1,1,2-Trichloroethane NA NA 80116.6 NA
1,2-Dichloroethane 6316.2 10025 117418.6 96+14.8
Benzene 82+30.2 991+10.2 764+18.5 95+6.4
Bromobenzene 85+14.3 94+17.5 71x+16.2 101£13.2
Bromoform 55+124 84156 71£16.8 81x+8.6
Butylbenzene NA NA 73457 NA
Chlorobenzene NA NA 60+12.3 NA
Cumene NA NA 924122 NA
Dibromochloromethane 56+15.0 81+5.0 101£20.0 77x8.6
Ethylbenzene 73174 105+8.2 77134 100+4.2
Isocumene NA NA 101£12.5 NA
m,p-Xylene 67+14.6 971156 91+13.3 96+17.5
o-Xylene 67+18.7 90+8.8 90+£10.2 87+11.4
Styrene 51+£15.2 65+59 533169 61+104
Tetrachloroethene 59+14.4 81+7.7 109+11.0 83+6.8
Toluene 73+£13.6 103+£12.2 80+ 13.6 106+2.9
Trichloroethylene NA NA 85+5.6 NA

A : Direct recovery, B : Storage recovery, C : Short~term transportation recovery,
D : Long~-term transportation recovery, NA : not analysed
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Table 6. The recovery of 2 pg/badge spike samples (unit : %)
A(m=3) B(n=3) C(n=3) D(n=3)
Compound _ -
Mean£S.D. Mean=+S.D. Mean#£S.D. Mean+S.D.
1,1, 1 -Trichloroethane 92+11.0 10474 101£8.6 102+3.6
1,1, 2-Trichloroethane NA NA 89+11.6 NA
1, 2-Dichloroethane 85+8.6 1224+10.2 81+13.8 111£34
Benzene 93+16.4 111+125 71492 105+3.2
Bromobenzene 75+6.4 102+10.7 76+7.1 96+5.3
Bromoform 88+14.2 115+£9.5 83+16.6 105+4.8
Butylbenzene NA NA 78+1.5 NA
Chlorobenzene NA NA 106+11.2 NA
Cumene NA NA 90+9.2 NA
Dibromochloromethane 98+12.5 123+125 106+11.2 114+1.6
Ethylbenzene 90£10.7 117+6.8 98+6.3 108+1.4
Isocumene NA NA 88+19.2 NA
m, p~Xylene 84+11.4 109+12.5 89+6.3 100+2.7
o-Xylene 76178 100+6.8 70+12.2 94+2.1
Styrene 60+7.5 7655 100+ 19.6 69+3.0
Tetrachloroethene 91+74 1134£7.7 104+12.2 102+3.6
Toluene 94+10.3 117+£9.2 99+10.6 110+2.2
Trichloroethylene NA NA 111122 NA

A: Direct recovery, B: Storage recovery, C: Short—term transportation recovery, D: Long —term transportation recovery, NA: not analysed

Table 7. The recovery of 10 pg/badge spike samples (unit : %)
A(=3) B(n=3) Cn=3) D(n=3)
Compound _ _ _— _
Mean+S.D. Mean=+S.D. Mean+S.D. Mean+S.D.
1, 1, 1 -Trichloroethane 86+7.1 108+1.7 106+8.8 99+1.3
1,1, 2-Trichloroethane 88+6.8 126+1.0 97+5.3 113+£1.3
1, 2-Dichloroethane NA NA 890+79 NA
Benzene NA NA 75+5.6 NA
Bromobenzene 87+8.6 115+1.2 88+14.9 105+13
Bromoform 66+13.6 110£2.0 70+13.7 9435
Butylbenzene NA NA 83+14.1 NA
Chlorobenzene NA NA 86+3.6 NA
Cumene NA NA 98+5.9 NA
Dibromochloromethane 43+2.4 79+1.5 NA 52422
Ethylbenzene 944122 127+12.5 110+ 14.1 116+2.1
Isocumene 91+11.1 121+9.1 NA 88+3.2
m,p-Xylene 781+14.1 125432 81+7.6 109+1.2
o-Xylene 65+14.7 105+6.8 80+5.2 94+1.2
Styrene 48+13.7 75+1.5 91+7.9 66+3.3
Tetrachloroethene 85+12.7 117+3.7 94492 103+2.3
Toluene 89+ 14.0 128+1.9 82+13.0 113+2.2
Trichloroethylene NA NA 98+1.1 NA

A: Direct recovery, B: Storage recovery, C: Short—term transportation recovery, D: Long-term transportation recovery, NA: not analysed

(overnight) A =& Ap-2o] HF|A|A capeoz s
9 badge W39 7] 23 FHA Aold] Fx

Ho] o|Fx = HlEo]o}
ug/badge)S 3o oj==

3l=d), ¢] group (0.5
Azko] vha B3
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Table 8- o] GFol|A] ALL-3F trap ¥} (active)
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I AGA] o] dFeA] AFE-3F passive monitor (pas-
sive)2k FAloll EAste] £MF AFo]t}. Passive
monitor 48417+ xE2A|A A|R2E AFHFow,
active A2 Tenax/Carbosieve (1 g/1 g)7} Z2d
W%"x7772712) stainless steel traps} A F PEE
o] &3t AlmE AFH3HA. S0mUmin®] F-Fo
2 12424 33F 2L FadN agseded,
24 F AN BAAA Sl B wE 3EE
passive monitor®] ¥=¢} v|wslgc}l. 25 1570
9 ABE A H7]1F VOCsE 230

Benzened] 79 157] Ajl&e] o] passive
monitor (11.8 pg/m?)ol A} active sample (9.0 pg/m3)
B} Eskonl, toluene?] 7J-$-ofj= active sample
(12.4 pg/m?) o} passive monitor (9.1 ug/m¥) R} =
ek}, 1, 2-Dichloroethane} 1, 1, 1-trichloroethane
%= passive monitor®} active sampledi| A Z+z} 0.7
pug/m?, 2.5 ug/m’e 2L sx2 JEHo dA3
= A%e 9g

T Az AFH gl dA-EA 3 benzene,
bromodichloromethane chlorobenzene, chloroform,

Table 8. A comparison of passive and active samplers of VOCs exposure by field samples

Compound Passive (n=15) Active (n=15)
(ug/m?) Mean+S8.D. Range Mean+S.D. Range

Benzene** 11.8+12.15 ND~33.8 9.0+10.50 ND ~28.0
Bromobenzene ND - ND -

Bromodichloromethane** 24+1.99 0.5~7.1 5.0+3.31 1.1~15.9
Bromoform ND - ND -

Carbon tetrachloride 1.6+1.03 0.8~39 1.7+0.85 0.6~5.1
Chlorobenzene* 1.8+045 1.2~2.6 0.8+0.50 ND~1.6
Chloroform* 234212 ND~5.1 14+1.37 ND~3.8
Dibromochloromethane ND - ND -

1,2-Dichlorobenzene 0.0+£0.07 ND~0.2 0.1+£0.13 ND~0.4
1, 4-Dichlorobenzene 1.2+0.79 ND~2.6 0.8+0.78 ND~2.0
1, 2-Dichloroethane 0.7+£0.69 ND~1.9 0.7+£0.59 ND~14
1, 2-Dichloroethene* 1.2+3.23 ND~15.7 2.6+6.11 0.1~25.2
Dichloromethane** 1.0+1.90 ND~4.9 4.7+7.00 ND~11.5
Ethylbenzene** 1.0+£1.08 ND~3.1 2.9+2.86 ND~8.5
Ethylene dibromide ND - ND -

Styrene 1.9+1.38 0.7~4.8 1.5+2.04 ND~6.2
Tetrachloroethene 2.1+0.81 1.1~35 2.3+2.84 ND~8.3
Toluene 9.1+7.62 ND~22.1 12.4+10.18 ND~30.3
1,1, 1 ~Trichloroethane 2.5+1.33 1.0~6.0 25+1.49 0.5~5.1
Trichloroethene** 4.7+0.85 42~72 1.9+1.88 ND~5.3
0-Xylene** 0.2+0.15 ND~0.5 1.3+145 0.2~3.5
m,p-Xylene 26+1.16 1.4~4.5 2.0%1.98 ND~5.5

ND: not detected, NA: not analysed, ** : p<0.01, * : p<0.05

Method for active monitor; Trap method (Tenax/Carbosieve S-III 1 g/1 g), Method for passive monitor; Badge type (OVM 3520, 3M Co.)
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1, 2—dichloroethene, dichloromethane, ethylbenzene
trichloroethene @ o0-Xylene-2 EA3}2 ¢l 2}o] &
Bolo) e AaoA FAldl A3 actives}
passive monitor®] A A F o|E& A7 7
A AR folF Aolg 2 4 ol

.

n

AA UF A= (population) F2 g AT A
ok (population segment)2 Aoz 3= A
3 7} (risk assessment)oll Al =2+ ¥ 7} (exposure ass-
essment)E AAE wlE FA 7Ps3E WY A
B 4] AlRE whE Al el @R &
7y stedof gt 8}AIRE o] By e] A % (precision)
2} A& (accuracy) 18] 2 HFE-A] (repeatability)
A AT 4 Aofof shod, AR o] 3 1A e}
Gaot Wk o) A7HE, T 99l el x
2o} 227} A A A oW $2E 7}
A2 Ae7HE Hrlsol 3l Fo FAdAM &
w+gh} (Stock et al., 1996).

VOCse] 87 x2 Wrleld Fow Altes
£ A} BT Azl wet 1 qeAol o
237 Bt w52 EPAY| M= 718 canistero]
2A Zo} & & A3 W (Method TO14)
7} packing materiale] A trap& o] &3}
¥ (Method TO 1, 2, 17)& AA8t2 ¢)e}. Trap v}
Mo Abgol Wmd RRsee FAE AAw
glt}. 8}A| 2t packing materialol] whe} & EH9
F3A%3} ofo] wE break throughr} WAt e=s
S A= AR Aol T2T Whe A4
ohowg 5pe gush LxelE g B 9
o dlge] 22l o] WAE wastod B pack-
ing material & A}4-3}= TO17 method7} | ¢F=|¢]
o} (EPA, 1997). 3lA1%, A" 71F 9E2
packing material®] o] 1g 402 F2 Sool
Hop oal AT A= Aol Agska e o]
Lol A= Y%7 %772 stainless steel ol Tenax/
Carbosieve S-TII7} 22t 1 g8 (% 2 g) packing¥
trap2 AF£-3}o] mega sampleS 7}5A 19, =
g 571v g 9w EA 4oz 2
AFE A9 =3 2 7|7 e, R eA

ANag AL F AR A, A AA 2
Ao wRgeE As AH F 4590 A
= ARS £UE gor, 1 o4 AE FFs
selet AEs A SAe AFA w9 st
of uwtel wi-$ Algt W3E Rol7] #E (EPA,
19970 AFApe] 2 Fe)7k 27k VOCs
& 2D wapg 4°C AT nBYE A of
007 wABAH FHAE gl 9T
& 77 Qoitks BaE 9ok (Helmig, 1994)

OVM 35000} 3520 (3M Co. USA)3} 722 pas-
sive dosimeters (monitor)7} 2tgA-E FAlo =g A}
45 o)z e 23 A RE R ojFA o A
28 ol AHese] & olfE g T
Q18] »2&%& B X} active samplingg A =3t
H, &5 FA W] AAHA A R A
=9 ¥5ho] 7Tk ol foll A olc}(NAS, 1991). =
g AR BN x&2Fx =7 271 9
o ol H=xe] 939} A& FA A4 WAVt
AA 2] =& Hyrlel ks wAA ode
9 olf= T (NAS, 1991). AT o]
passive monitorE 2}gdAlel] wldle] AAtjH oz @
Qedel FE yEz PEHE A BY 39
A, A muEH et Al xF &4 &4
7] e @2 A7 ok AA, active
samplersel] v]3le] AtdjH o7 F2 3 AF (colle-
ction rate), B4, th& L GEA L Foo o7 wl
7 %% (background level) 27}, AlA], 8% o|At
32 dFd A=Y Na AFHAZL 193, 2=
9} &% ubg}l A8 ;& I & (sampling efficien-
cies)o] ¢J3F& Wik 7|t} (Cohen er al.,
1990). o|¥ 8 FAd=E B35y we I
(Cohen et al., 1989; Seifert et al., 1989; Ottson,
1992; Fellin and Ottson, 1993; Ottson et al., 1993)7}
AP T Y AL passive monitor7} 71A| = #H
94 dgoz o

o] Ao A= passive monitore] QA/QC A}85
Fusy) A8 F AYAD ¥4 e ol4a
3c}. Passive monitore] Al4-2 e o} o
7 W 2o wet g AAe AT e
D2, o AFeld 9 Az A3 AT 2A
uhy gy AdbeA dE ASAS viEo =z
74 =2 H7HAW, A 2 Q] =2 £2
=72 A" 4 9ls el
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213 2% g7}A)| passive monitorg Al4-3Ho
2R B3 =& Yl 9 A xF FUE B4
of W <k AEE vad A M & 4 9l
o 22z JFAGHANA S VOCs? & ¥
I 5 To3to, el HIkE AAE 4§ dlen
2 71F AAolv e A @ AN Ao =
ol Hejzt A7 w3 o8 k23 <A
2B ¥ (internal dose &) X3l A=z AT
< Fofgtozn By Agsn A 24
ueto g sedd £ glch

=3t o] dFoA trap ¥HI passive monitor
e A A F e Ayl dXF
< & 4 Ul Adeldt F ubye @47} Z2k
o A0 7 QAQO)E F W F
Aol gt whg M43l d& AAE ng @
= UdE AL 2n 3uz, FAl B2 AEE
273 A HErA] 3 x=EF M=
passive monitor®] Apfo] uv]& oA AP
Ao qlth Bejzle,

AA BUEHA] g g x F VOCse] £7
& $3A F= static head space B 7} dynamic
head space W} & Al43lth Aex xZ A
$2)%F uhy-& dynamic head space®] ¢l purge and
trapping ¥ ojt}. o]= ulx CDCe] Ashley 4t
AF(1992)7) e A Als F VOCs Ao A
4 AHg3l7] AJESIEA Alg2 B A vE Xk

£ EAMA dukst Hellw. A%t purge and
trapping uHe A8 FHFeuh 714 A B
7F 7FET AT 29 WAE §of s
DAL 7HA Qo A EES VOCsE 9
serumel] EAHE Aoz dHA sl (Ashley,
1992), serum, = F A X2 THz EA o]
B84 7)1A9 purgeol] 2|8 dynamic head space
28] o]F =l FAste] AEH]] vl A
4 Qe z 28317] wjFeo]o}. ol purge A
2] o4 % purges} 7‘]-3-/] AA7 F238 2dd
¥ ohdzh 44 ¥4 F 2el€ cleaning A,
oA s o} B HARZEE sl of 3.

of AFollA ARET A= e} AL 29
uk=]8}7] $)8) purging and trapping AX| 7S 2
AA Koz A e tn 7E2E TE
st o4& HAZ WAY 4 AUAs ¥ o,
24ge] Hgloglx cleanings} ZAE £-0] 3}
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e 42 37 =& UM d7] AEe §
Al GCMS #A4¢ & £ vie AHE glo]
A A2 &3 ubygzie] A9 22 o
= A& AL 4 gl

1A 2] VOCsel] dlg}t body burdeng E.7] 93]
713 £4]$ v $7) (exhalation)o] 4] VOCs
2 ¥EF FAs Aolok (Wallace, 1984). o=
oo} w5 7]el o A Bk AFH7) 1,
APz o] WHatred 1 olf7t Stk
19793 A|=}ale] 19850 EulAl uv]Ze] “The
Total Exposure Assessment Methodology (TEAM)
Study”dl A= 7iQle] 7] & VOCsE &A35)7)
AN <F 4519 3715 29kon (Wallace, 1987),
3% ALHQA dF7F Heol 27A 11 W) 5
712% VOCsE FA3dot ¥us 3o (Lind-
strom et al., 1997).

o] AFeME 4~512 F7)|E 2o} VOCsE
2435 419 4 718 A F uo)

Zol| trapg o} 5718 =Boleh =T F3el
buffer bottles Heol 2L ANAN Fo24 trap
9] packing material of] 3t FZ 5L =d 4 3
At

AZFME VOCse}t e vigf g7jeq &
Ao d8] ATEOS (Airborne Toxic Element and
Organic Substance) Z2 A g ¢} 72 Z7]7ke] o
TR AFE 53 3 F v= EEE 49
A F3ll dF AF9 712 A8E RoW gl
], TEAM (Total Exposure Assessment Methodo-
logy)d 5 ¥ THEES (Total Human Environmental
Exposure Study) ¥+ 52 E3)] A =2 mr} 9
A H7he Aoz Frista o (Wallace,
1987; Lioy, 1990).

o 979 BAe B =g BL opi
QA AL w2 sfetsr) 8 QA
9 27 mge9e A8 QA 4A A= (bio-
marker)& o] &-3le] X TH ol A QlA
WA £-3F(internal dose)& H7}gtclE Zlel}. o]
2 S84 2AH BN EAHE o9 47
o] ol 74l 2 (personal exposure)ZtA| S E3
AR A xF WhE & 4 Yok = A
FEZ XEHE 97 37N ggEe A
£ <A QA A& (bio-marker) 23 35.7| (exhalat-
ion), 3= 12|32 FelAM 2GEAY o] o
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AHAE ol g3 A EUEZe] AdHT UH
(Samet and Spengler, 1991; Jongeneelen et al., 1992).
dAz w9 7] F VOCse AL 93¢
5 92 a7t Hel Ao, FHME of
F= Aol glol 8 AA($EY] 7 =
& & 7=, AE?A el w24 9y
= e uhge] AlF3E AbstelA] o] A
Az} R WES A ste e £
PAF VOCs 7% AE AF FAho B3
o FAl, =8 A% A M AAY 24974 A
A Nz TP HAF AV AL 5 3,
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WA gakel AL Wi FE AHE 2 5
gy QA e HUHA B2 AERE A
3 & 4 o

AHNA 37} (risk assessment)7} H7) $isiA 7}
A F28 2424 xE3Y7PL A o] Folo}
89, o] =&yl e W Mo nE ZE
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9] AW £-<9)ek(intakes into the human body)& F
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