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Abstract

In this article, we reviewed the monitoring status of hazardous VOC in ambinet air in Korea and some developed
countries such as USA, Japan, and UK. In many countries, two types of VOC monitoring stations are being operated,
i.e.,, for hazardous VOC and photochemical VOC. Each country has different target VOC but all includes benzene.
Korea, Japan, and UK have a national ambient air quality standard for benzene, but no national standard has been
established in the USA. For sampling of the hazardous VOC, the adsorbent method is adopted in Korea and UK,
while the canister method is used in the USA. Both of adsorbent and canister methods are used in Japan. USA and
UK have only non-automatic method to measure the hazardous VOC, and the individual samples are being sent to
their national laboratories for integrated analysis. On the other hand, Korea and Japan have automatic and non-
automatic methods to measure the hazardous VOC. Local governments or regional environmental agenciesin Korea
and Japan have the authorization for the sampling and analysis of VOC. According to afield study to evaluate the
performance of automatic VOC monitoring system, controlling the moisture in the air sample was identified as the
most important problem. However, careful attention must be given to using a moisture removing device such as
Nafyon dryer, because of unexpected artifacts formation. In order to have reliable data, it is highly recommended
not only to use internal standards, but to use appropriate hydrophobic adsorbents as a cold trap in any automatic
on-line VOC monitoring system.
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Table 1. Carcinogenicity and unit risk of selected hazar-

dous VOC.
Carcinogenicity
Compounds
IRIS IARC

1,3-Butadiene B2 1
Methylene chloride B2 2B
Chloroform B2 2B
1,2-Dichloroethane B2 2B
Benzene A 1
Carbon tetrachloride B2 2B
Bromodichloromethane B2 2B
Trichloroethylene - 2A
1,2-Dibromoethane — 2A
Tetrachloroethylene - 2A
Ethylbenzene D 2B
Bromoform B2 3
Styrene - 2B
Benzyl chloride B2

*Unit risk is quantitative estimate of carcinogenic risk from inhalation
exposure.
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Table 2. Target compounds in hazardous air pollutants monitoring stations in Korea.
Sampling
Group Target compounds - -
Time Period
benzene, toluene, ethylbenzene, o-xylene, 24 hrs(manual) once/month
. m,p-xylenes, styrene, chloroform, methylchloroform,
VOC (13 species) )
trichloroethylene, tetrachloroethylene, 2 hrs(auto) continuous
Common 1,1-dichloroethane, carbontetrachloride, 1,3-butadiene
benzo[a]anthracene, chrysene, benzo[b]fluoranthene,
PAHS(7 species) benzo[k]fluoranthene, dibenzo[a,h]anthracene, 24 hrs(manual) once/month

Benzo[a]pyrene, Indeno[1,2,3-cd] pyrene
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Table 3. Monitoring methods of HAPs in USA (USEPA, 2006).

Group Method Analysis Sampling Preprocessing
vVOC TO-15 GCIMS Canister Thermal desorption
Carbonyl TO-11 HPLC DNPH cartridge Organic solvent extraction
PAHs TO-13A GC/MS Hi-vol sampler Organic solvent extraction
Heavy metal 10-3.5 ICPIAES Hi-vol sampler Acid extraction

Table 4. Target compounds of UATS.

Required (6) Core(17) Maximum (33)

Benzene, Benzene, 1,3-butadiene, Acrylonitrile, benzene, 1,3-butadiene, chloroform,
acrolein, carbon tetrachloride, chloroform, carbon tetrachloride, 1,2-dibromomethane,

hexavaent, 1,2-dichloropropane, quinoline, 1,3-dichloropropene, 1,2-dichloropropane,
chromium, dichloromethane, ethylene dichloride, ethylene oxide, dichloromethane,
1,3-butadiene, tetrachloroethylene, tetrachloroethane, tetrachloroethylene, trichloroethylene,
arsenic, trichloroethylene, vinyl chloride, vinyl chloride, arsenic, beryllium, cadmium,
formaldehyde arsenic, beryllium, cadmium, hexavalent chromium, lead, mercury, manganese,

hexavalent chromium,
lead, manganese,
formaldehyde, acrolein

nickel, acetaldehyde, formaldehyde, acrolein,
2,2,7,8-tetrachl orobenzo-p-dioxin, coke oven emissions,
hexachlorobenzene, hydrazine, polycyclic organic matter,
polychloronated biphenyls
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Table 5. Target compounds of HAPs and monitoring site in Japan (Japan MOE, 1997).

Number of Number of
Item L Item o .
monitoring site monitoring site

Benzene 492 1,3-Butadiene 446
Trichloroethylene 439 Benzo(a)pyrene 363
Tetrachloroethylene 440 Formaldehyde 396
Dichloromethane 442 Mercury and compounds 356
Acrylonitrile 417 Nickel and compounds 369
Acetaldehyde 396 Arsenic and compounds 343
Vinyl chloride monomer 415 Beryllium and compounds 329
Chloroform 402 Manganese and compounds 349
Ethylene oxide 307 Chromium and compounds 337
1,2-Dichloroethane 403
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Table 6. Target compounds and site number of on-line monitoring in UK.

Parameters measured Monitoring sites and data
1,2,3-trimethylbenzene ethane n-butane Current sites: 4
1,2,4-trimethylbenzene ethene n-heptane Total sites: 17
1,3,5-trimethylbenzene ethylbenzene n-hexane Data availability:
1,3-butadiene ethyne n-octane 01/01/1993 to 07/07/2011
1-butene iso-butane n-pentane
1-pentene iso-octane o-xylene
2-methylpentane iso-pentane propane
3-methylpentane isoprene propene
benzene m--p-xylene trans-2-butene
cis-2-butene methylpentane trans-2-pentene
cis-2-pentene toluene
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Table 7. Compariosn of monitoring methods of hazardous VOC in Korea, USA, UK, and Japan.

Item Korea USA Japan UK
13VOCincluding 60VOCincluding Carbonyl 15 7VOC including
Target benzene, 13BTD Benzene components Benzene Formaldehyde Benzene
Benzene criteria 5ug/m® - 3ug/m?® - 3.25~16.25ug/m*
Canister
. adsorb tube of ’ DNPH ! DNPH
Sampling on-line Canister Cartridge adsorb_tube, Cartridge adsorb tube
On-line
. GC/IMS HPLC GC/IMS,
Analysis GC/MS (TO-15) (TO-11A) GO/EID HPLC GC/FID
HVOC : : . .
monitoring sites 31 sites 46 sites About 400 sites 38 sites
. 1 day per month Continuos until
Period or continuous Every 6 days for 24 hours 1 day per month for 24 hours 14 days for year
¢f. Ozone . 24 sites 13 sites Unknown 4 sites
precursors sites

Table 8. Continuous monitoring method of VOC from
Yamamoto et al. (1998).

Table 9. Continuous monitoring method of VOC from
Badol et al. (2004).

Target VOC VOC including BTEX in ambient air

Target VOC VVOC ozone precursors in ambient air

Sampling volume 1L (50mL/min x 20 min)

Sampling temp. at ambient temperature

Desorption temp.  280°C, 8 min

Sampling media  Adsorbent tube (stainless steel) filled with
Carbotrap B 112 mg/Carboxen 1000 83 mg/
Carboxen 1001 17mg

Analysisdevice  GC/PID/ELCD, detectors are installed
in series

Column DB-624 (75m x 0.53mm x 3um,
J&W Scientific)

Detection limit IDL: 0.6~5.7 ppt

Sekom 2087 = 1L9 A== AFHsedh o] &
2]+ 6-port valves} MFC (mass folw controller)7} 9]
o] A|7tel| Wt AAEoz Az F e} JdebHe 43
e AR ook AlgAlH e A2olA sEeH A
# 5 A8 GC(HP5890, USA)Z o] &3le] 2A3)
Aok AlEE A4 73] (DB-624, 75mx 0.53mm x
3um, J&W Scientific)ol| A HeE]=e] 2"z 4%
s}o]-2-3}73 % 7| (photoionization detector, ©]3} PID)
9} A A =7%7) (electrolytic conductivity detector,
°]&} ELCD)ellA f-314 VOCE &3+t A&7
A N71AEA 2 -6 we} zlol& 9o} 06
~5.7ppt =F0=2 FHrlE T o] upge] EAL A
2AAE ApAe) A3 FAAZ HEe) $3A7
A= glo] Aol 27 Za)gde old) o9k 7+

0

Sampling volume 600 mL (20 mL/min x 30 min)
Sampling temp. —30°C by aPeltier cooling system
Moisture removal device Using a Nafion dryer (MD-125-48-S)
Desorption temp. 300°C

Sampling media Cold trap (quartz) filled with
Carbopack B 20mg/

Carbosieve Sl11 108 mg
GC/FID/FID

First: CP sil 5CB (50m x 0.25mm x
1um) for the Cg~Cqy

Second: Plot Al,O4/Na,SO,(50m x
0.32mmx 5um) for the C,~Cs

11 minutes

0.05ppb

Analysisdevice
Column

Column switching time
Detection limit

£ 7% ASEst B dolr Sdtel o3 1A
o) 237l BT > e Aoz PR,

Badol etal. (2004) #47) F oE2ATFEA 5
2 Agdgoz A5 Wl Yl

& 2 9o eisiet Al

Uy!

£ A }‘3&“4- e 9 "é%’—‘} el %7%‘% A
$3=23} (Carbopack B/Carbosieve SIII-& 23)& A}
23}9j o 20mL/ming §3Fo = 3087 & 600mL
o) Nzg ARk A=A A Lz 5 30°C
FABkd o, Al S 3 dte] AwEd A
o Nafion dryerg F¥AAZAZ A8kt Al
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5O B F i A Fodol] B 232
(flame ionization detector, ©]3} FID)7} Z+zt 14 =
oJolx 22k Fx2] GC AAE o] 83te] ¥A314
ok = e 2 AT Asoz AFhe] H
o] C,~Cs9] #¥x} VOCE Plot o2, Co~Cyo)
B2 VOCE CPsil 5CB 3 o2 RHeaj= o] 7k 7+
He) e AAT FDZ gste] Azoheage
FAE "t o3 > ARAbet At £4
<+ aHH oz FEEHAE I3t YA A4
< UAF 4 clem, A& SHA = f2ls
=Ro] AT e o5 &3 = 0.05ppb o3}
2 ek @4 feuete] F3ste g STt
M F he] ZHE Agste] Agske WS A
gl slo] 235l 9} (Korea MOE, 2010h).
Suetal.(2008)L 7] ¥ VOCE AEZH oz
24F o WREFEAE A AT e &
oFsted & 10 bl deh Al 2 FE $18le] ain-
less stedl 2§ A o] &= (10cmx 3mm |.D)el] Carbo-
trapz} Carboxen 10034 2cm® Z#sle] AFFA|2

Table 10. Continuous monitoring method of VOC from Su
et al. (2008).

Target VOC VOC in ambient air

Sampling volume 150 mL (10 mL/min x 15 min)
Sampling temp. 30°C

Desorption temp. 300°C

Sampling media Adsorbent tube (stainless stedl) filled with
Carbotrap 2 cm/Carboxen 1003 2cm
GCIMS

1,4-Difluorobenzene;
Chloropentafluorobenzene;
1-Bromo,4-fluorobenzene
DB-1(60mx 0.32mm x 1.0pm,
J&W Scientific, USA)

Analysis device
Internal standard

Column

AF AR AAE} T VOCE AF st Az
exE 30°CE fAstgon Wme) $AARA
= ARESHR] okt A8 20mL/mine] ffo =

15¢7F % 150mLE AF skt Alw2] 42 GC/
M S (mass spectrometry) S o]-8-3] TIC (total ion chro-
matography) £} SIM (selective ion monitoring) R =%
Wegstel AwFsidet AlgAF F A A DAl
1,4-Difluorobenzene; Chloropentafluorobenzene; 1-
Bromo, 4-fluorobenzene2] A 71x] A& WiuE
B2 ARgste] BAA A BT & e 2T
= BAsl] F9ot 22 DB-1(J&W Scientific,
USA)E: A183lch
Son et al. (2009)2 on-line GCE ©] &3} %&HH
VOC?] A&zl s Hrlels d78
sl ® 110 97452 2ok 9
7] % 434 VOC 12%& Aoz AAsie.
NEANE ALEFDE Pz TasdeH 2
7o) FAztws} A4 5 Teisted ArAH A
222 AAsET A8 50mL/ming] fFo = 60
¥7h % 3L2 A3tk AH 9 Al=x GCel PID
9} AAE Si; 357] (electron capture detector, ECD)7}
k A2EE olgstel HAssieh PIDE
e 712 Bx3= VOCe) Wk
Fom) ECD: Y44 3h3
B2 z3rele= =2 A3} VOCH| 3t 247 =7} &
oyttt &A1 ATN 37kA] TR A=AHE
A5 F A7) F aEEA 2 SANEEE 2
3] 71 Aso] 8 71 Tenax TA¢} Carbo-
pack X& F4A3 #%=Fo|git) 32 on-line GC
o) AlzAF Al A Aoz we] AHE-E = Nafion
dryerel| A} WAl artifact7} =& EAS 23

u

Table 11. Continuous monitoring method of VOC from Son et al. (2008).

Target VOC

VOC in ambient air

Sampling volume

Sampling temp.

Moisture removal device
Desorption temp.

Sampling media(low temp.)

3L (50mL/min x 60 min)

Different on each adsorbents composition
Nafion dryer (optional)

300°C

Cold trap (quartz) filled with

1) Tenax-TA 2.5cm/Carbopack-B 2.5¢cm (4°C)
2) Tenax-TA 1.0 cm/Carbopack-X 1.0 cm/Carboxen-1000 3.0cm (25°C)
3) Tenax-TA 1.5cm/Carbopack-X 4.0cm (10°C)

Analysisdevice
Column
Detection limit

GC/PID/ECD, detectors are installed in parallel
CP-Sil 5CB (60m x 0.32mm x 5um, Varian INC, USA)
MDL 0.01~0.09ppb
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