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Abstract

Hazardous air pollutants (HAPs) have high toxicity and bioaccumulation potentials into human body even in
small amount (levels of ng/m®). As the levels of HAPs might be controversial, it has been become essential to
establish the analysis method for correct results. In this study, various analysis methods of VOCs and Aldehydes
were compared in order to select the proper methods in our condition. Sampling and analysis method of VOCs
were followed to EPA TO-14a and TO-17. VOCs were collected in absorption tube and separated by thermal
desorption unit then analyzed by GC/MSD. Aldehydes were sampled in DNPH-cartridge and extracted into
solution then analyzed by HPLC as the same condition of EPA TO-13a.

This study also shows the results of QA/QC system of selected methods. Some experiments could be improving
the data assurance blank test, calibration check, repetition precision check, the determination of detection limit and
reproducibility of the retention time. Precisions of VOCs and aldehydes were ranged in 2~9% and | ~4% RSD,
respectively. Recovery rate of VOCs showed variable ranges from 60 to 133.5%. MDL of VOCs and aldehydes
were 0.044~0.284 ppb and 0.14 ~ 1.02 ng, respectively.
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Table 1. List of VOCs and Aldehydes measured in this study.

VOCs Aldehydes
No. Compounds No. Compounds No. Compounds
1 Freon-12 23 Cis-1, 3-Dichloropropene 1 Formaldehyde
2 Chloromethane 24 Trans-1, 3-Dichloropropene 2 Acetaldehyde
3 Freon-114 25 1, 1, 2-Trichloroethane 3 Acrolein
4 Vinyl Chloride 26 Toluene 4 Acetone
5 1, 3-Butadiene 27 1, 2-Dibromoethane ) Propionaldehyde
6 Bromomethane 28 Tetrachloroethylene 6 Crotonaldehyde
7 Chloroethane 29 Chlorobenzene 7 Methacrolein
8 Freon-11 30 Ethylbenzene 8 2-Butanone
9 Acrylonitrile 31 m-Xylene 9 Butylaldehyde
10 1, 1-Dichloroethene 32 p-xylene 10 Benzaldehyde
11 Dichloromethane 33 Styrene 11 Yaleraldehyde
12 3-Chloropropene 34 o-Xylene 12 p-Tolualdehyde
13 Freon-113 35 1, 1, 2, 2-Tetrachloroethane 13 Hexaldehyde
14 1, [-Dichloroethane 36 4-Ethyltoluene
15 Cis-1, 2-Dichloroethylene 37 1, 3, 5-Trimethylbenzene
16 Chloroform 38 1, 2, 4-Trimethylbenzene
17 1, 2-Dichloroethane 39 1, 3-Dichlorobenzene
18 1, 1, I-Trichloroethane 40 1, 4-Dichlorobenzene
19 Benzene 41 1, 2-Dichlorobenzene
20 Carbon Tetrachloride 42 1, 2, 4-Trichlorobenzene
21 1, 2-Dichloropropane 43 Hexachloro-1, 3-Butadiene
22 Trichloroethylene
Table 2. Summary of Aldehydes sampling methods.
Method List TO-11A NIOSH 2539 NIOSH 2016 NIOSH 3500
Solid sorbent tube Cartridge Filter+Impinger (1 um
) . (10% 2-(hydroxymethyl) (silica gel coating PTFE membrane and
Sampler 2,4-DNPH cartridge piperidine on XAD-2, cartridge coated with 2 impinger each with
120 mg/60 mg) 2, 4-dinitrophenylhydrazine) 20mL 1% sodium bisulfite)
Flow rate 0.1~2L/min 0.01~0.05 L/min 0.1~ 1.5L/min 0.2~ 1 L/min
Sampled air volume 60~ 1,440L 5L I~15L i~1060L

capped tubes are

transfer samples to

Shipment placed in a 25°C or lower Place caps on cartridge, low-density polyethylene
polypropylene shipping Ship cold bottles bofore shinpin
container at 4°C pping
Sample stability 14 days at 4°C at least 1 week at 25°C 14 days at 4°C 30 days at 25°C
Analysis HPLC, UV Detection  GC/FID & GC/MS HPLC, UV Detection Visible absorption
spectrometry
Analyte aldehyde compound, aldehyde compound formaldehyde formaldehyde

specially formaldehyde

Detection range - -

0.31 ~38 ug/sample

2~40ug/sample

Detection limit 0.5 ppb

2 ug Aldehydes/sample 0.09 ug/sample

0.5 ug/sample

azgole Aeslel BAste Pus Q92RO ARE ARs fdAD F 2w
(Thermal Desorption Unit)& o¢]-4-3}= uhog US EPA TO-17 8138 EW2 AA)slgdr) o) vt

£ 2

ot 2 d7elMe wAEFAAr 328 A% 2 dREe] VOCsHFA ] rhsst A" Alad
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A17) (GC/MSD, Varian Saturn 2000)2. FAFl A]

SRR FHE VOt LLAPAAN S5
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Sampling

Extraction
l Air

l ACN
ﬂ Ozone scrubber :ﬁ]
lﬂ DNPH cartridge
Exhaust
v

Table 3. Summary of instrumental and analytical con-
ditions of VOCs.

Conditions

Markes, UltrA TD Auto Sampler

Tube : Carbotrap 300

Tube desorb temp : 300°C

Tube desorb time : 10 min
Preconcentrator Flow rate : 50 mL/min

Split : 5 mL/min

Trap low temp : —10°C,

Trap high temp : 300°C,

Purge time : 3 min

Instrument

Varian, Saturn 2000
Column : Rxt-1 capillary column
(60m X 0.32mm X 3 jtm)
Column temp : 40°C (10 min) — 200°C (7 min)
Ramp rate : 7°C/min to 200°C
Column flow : | mL/min
Mass scan range : 30 ~400 amu

GC/MSD

Table 4. Analytical conditions of aldehydes.

Variables Conditions
Instrument HPLC (HP1100)
Detector UV 360 nm
Column ZOBAX 4.5x250mm, 5 um, C4,-ODS

stepl. 60% ACN/ 40% Water (0~ 10 min)
step2. 100% ACN/ 0% Water (10 ~20 min)

step3. 60% ACN/ 40% Water (20 ~22 min,
post time 3 min)

1.0 mL/min
20uL
22 min

Mibile condition
(Run time)

Flow rate
[njection volume
Retention time

Analysis

l Eluent

[ Pump ’.

'

Auto sampler

l -
Column } -

!

UV detector

Computer

l Waste

Fig. 1. Schematic diagram of sampling and extraction of aldehydes.
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¥ BAAYxE dB EAE (Styrene, Toluene,
Ethylbenzene, o-Xylene)o| A& 5%Z A}3lst gle
o, i BE] BAE 5%2 AER 4% A 4
sz vepge £471719 A343E Hks] st
 100ppb EEEFELE FA 747 10,20, 50
mL2 FFsted ¥MET F 2 AFAE s
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#E ngr} A dr VOCs EAE (Styrene, 1,
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°
%

Table 5. Summary of repeatition precision of GC/MSD for

VOCs.
2 ppb (n=4) 4 ppb (n=7)

Compounds

Mean RSD(%) Mean RSD(%)

1, 1-Dichloroethane 6656.3 4.8 132432 44
Chloroform 79440 24 15544.9 5.8
1,1, 1-Trichloroethane 11315.0 4.0 22945.1 4.2
Benzene 14185.3 6.5 25764.1 5.1
Carbon Tetrachloride 77543 2.6 16232.9 4.1
Toluene 20928.0 8.9 34642.2 3.7
Tetrachloroethylene 52203 2.6 12007.6 4.5
Ethylbenzene 19359.7 6.6 35066.1 8.2
m, p-Xylene 19318.7 32 52458.0 6.7
Styrene 7681.0 8.9 12572.9 7.1
o-Xylene 103060 7.2 27051.0 4.3

J. KOSAE Vol. 22, No. 4(2006)
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(Carbotrap 300, Perkin Elmer)& <g=3 & (Tube
Conditioning System: ATC 1200, ACEN) VOCs &
270 2ppbe FSske] 78 B BT e
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F9] VOCs BAo] 80~110%9) &~ H4ee
e et ¥4 2384 (MDL): 99%2) A8 =&
7 BAUAEA S #HAFE} zero FFH Wl
3] ety BuY 4+ U fEoz g
(USEPA, 1999). 2 Q70N ®ZEFER 2ppb
FEE Woz T8 HRENE 24T F 7 22
9 2xpEe] A AAEFANE o83l Ans

Table 6. Detection limit and recovery test of GC/MSD for

VOCs.
Recovery test b
Compound (%) S.D.  MDL” (ppb)
1, 1-Dichloroethane 89.6 0.065 0.206
Chloroform 92 0.029 0.091
Methylchloroform 105 0.054 0.170
Benzene 110 0.037 0.116
Carbontetrachloride 100.7 0.014 0.044
Trichloroethylene 96.9 0.090 0.284
Toluene 84 0.026 0.081
Tetrachloroethylene 70.8 0.086 0.272
Ethylbenzene 62.7 0.054 0.169
o-Xylene 1335 0.077 0.242

a), b)-7 replicate analysis.
b) Method detection limit for concentration unit was estimated on the
assumption of 4 L of air sampling, (MDL=8.D X t(n—1, 0.99))

Table 7. Results of blank test (one month later).

4R gestelne) £4 AHE Fgol AY 2F 473

fd

68 AAE Atk XN BAFHF 4Lz 383)
Al ztels, B2d, G2z xee] upiPEEA
0.044, 0.081, 0.091 ppb2. e}t US EPAo]A]
MDL $=&& 0.5ppb o[ |2 FA3I2 gled, &
Ao WHAETAE HREe] VOCs Ealo] 03
ppb o] 2 EPAS] Ao A3t Aoz el

AR FAE Yk FATY AAge= 9l
3 ZzAel] 2= VOCse] EA|dRrt r=8
AR W X5 2T 4 glevg, o5 ks
o F23 HAT 39 2E VOCsE HES) A%
Agelel. FA:e] FAY e 350°ColM 4~5
A ZHE 99.999%9) A A7FAE 80~ 100 mL/min.e.
2 e A4 F 2AS Z3), 98 EeEE A9
33 Ao g e8] AAY A& Fa
& sl 2 AEE 39S 4°C o)A
HY B 3 FEI] AdE gaslgd 719
AHE& GCMSDR ¥4 3819 e o) & 73 o] 4
2 z2ueh WA, B4 59 B¢Eo] Yehts A
o S ek web AR ARE) dd FEw
AT sl AR AR AR d=hEt
e Aol desiah FAY H7F Ao}, oA 33t
S d€F T B5gol g e 3 F A8
F7}F o] FoiAof & Floz i)

o o - S :

]

g

o e

ol

3.2 ddlslo|leF
Aol =5 EAMPEe) HubHel A5E ke
7] $1sked B4 A4 (repeatability)h A4 (line-

No.
Compounds Avg.
1 2 4 5 6 7

Freon-12 - - 0.956 0.438 0.205 - - 0.228
Dichloromethane 1.951 2.769 1.149 1.623 - - - 1.070
Chloroform - - - - ~ 0.515 0.074
Benzene 7.437 5.617 4.378 3.841 10.607 1.698 0.883 4923
Toluene 0.780 1.130 8.028 11.020 6.687 0.900 3.381 4.561
Ethylbenzene - - 2.448 1.597 1.331 0.468 1.407 1.036
m, p-Xylene - - 9.089 3.169 - - - 1.751
Styrene - - 1.721 - 2.466 - - 0.598
o-Xylene,

I, f/, 2, 2-Tetrachloroethane - - 2593 - - - - 0.370
4-Ethyltoluene - - 0.341 - - - 0.049
1, 3, 5-Trimethylbenzene - - 3.641 - - - 0.520
1,2, 4-Trimethylbenzene - - 0.117 0.329 1.833 - - 0.326

Total 10.168 9.516 30.479 25.999 23.129 3.066 6.186 15.506

F=d7) B3R A 22 A4z
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arity), 21&3H4 (MDL) 2 FA1§ (blank) H 718 AL
shic. wAupEe) Ay 2 mEEAe PFE
A7} (retention time)¥} I A ] SHo|lA EAF
7o) Al & A} (Relative standard deviation, ¢] 8}

Conc. (ug/mL) Conc. (ug/mL) Conc. (ug/mL)

Conc. {(ug/mL)

Formaldehyde
35
3.0+ y=0.012x—-0.0027
25 R’=1
2.0
1.5
1.0
0.5
0.0
0 100 200 300
Acetone
35
30 y=0.0272x-0.0114
: [ R?=0.9999
25
2.0
1.5
1.0
0.5
0.0 —1
0 50 100 150
Methacrolein
3.5
3.0 y=0.0268x—0.0063
[ R?=0.9997
2.5
20
1.5
1.0
0.5
0.0 L
0 50 100 150
Valeraldheyde
y=0.0305x—0.0054
0 50 100 150
Area

Fig. 2. Calibration curves for aldehydes.

oJUE - oS - YBA - AodH - AAS - FAF

0 50

7.0

FAH - A5

AP &

Acetaldehyde

F y=0.0158x—0.0016
L R?=1

1 L L

100 150

200

Propionaldehyde

y=0.0222x —0.0092
R?=1

100 150

2Butanoe+Butyrladehyde

1.0
00 Il . 1
0 50 100 150 200
m-Tolualdehyde
35
30 y—'2—0.0385x—0.0024
| R2=1
25¢F
2.0L
L5t
1.0}
0.5
0.0 ——
0 50 100
Area

RSD)2 =751} (& 8).

2 947 HE HPLCE ol 43 Iste|=Fe)
A71aksdeh P EE AR A 9 AW
Ao ez AYEERA 03% oz veht

Acrolein

| y=0.0201x+0.0031
R?=0.9999

L o L

50 100 150 200
Crotonaldehyde
| y=0.0247x—-0.0094
R*=1
50 100 150
Benzaldheyde
L y=0.0342x-0.0027
| R*=1
50 100
Hexaldeyde
| y=0.035x—0.0059
R’=1
50 100

Area
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Table 8. Precision and linearity of HPLC analysis for tar-

AGEA P Aesholse ¥A AR el B 2T 475

Table 9. Summary of blank test for aldehydes.

get Aldehydes. (ug/cartridge)
Mean Precision (%) Compounds Blankl  Blank2  Blank3  Average
Compounds ~ Retention Reten- Linearity MDL”  Eoraldehyde 0040 0040 0025  0.035
(‘r‘n“i‘:) ton Area (M (8 Aceraidehyde 037 0645 0525 0513
time Acrolein N.D N.D N.D N.D
Formaldehyde 5.58 025 202 09999 0.14 Acetone 0.265 0.310 0.330 0.302
Acetaldehyde 678 025 149 09999  0.14 Propionaldehyde 0075 0115 0080 0090
Acrolein 798 026 149 09999  0.72 Crotonaldehyde N.D N.D N.D N.D
Acetone 824 026 373 09999 093 Methacrolein N.D N.D N.D N.D
Propionaldehyde 857 025 135 09999  0.64 2&‘:;2?({‘;; “ 0065 0085 0065 0072
Crotonaldehyde ~ 9.67 034 140 09999  0.38 Benzaldehyde ND ND ND ND
Methacrolein 10.3 0.29 1.01 0.9997 0.98 Valeraldehyde N.D N.D N.D N.D
2Butanone+ o0 555 581 09999 1.02 m-Tolualdehyde 0100  0.170  0.120  0.130
Butyraldehyde Hexaldehyde ND 0075 0090 00825
Benzaldehyde 1101 026 132 09999 02
Valeraldehyde ~ 12.14 023 241 09999 0.3
m-Tolualdehyde 12.83 026 225 09999  0.18 i
Hexaldehyde 1404 023 178 09999 024 O/ BAZ AEHA okt £ 47 238 54,

a) Precision was expressed as a relative standard deciation of 7 repli-
cate analyses.
b) MDL=S.D xt(n—1,0.99)

ATRALA A AYE A 35 slon
VSIS, G, 312 WAl e AR Py
gelatol =i Fhol 5% o519 ABGE e
2=t USEPA TO-11 (US EPA, 1997a)o| A= A] Roj]
9g 9% AUEE 10% oMz FHIT At =
T B A9 Wl 2RETENE op
=l 2R (ACN)IZ 794 SAsle B4 - A)e
dovd, ot APAe] ARASE 0999 olae] <
4% A3 depideh (29 2. A%E 429
=9 AFHe AF) g & 2AUER 3
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