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The monitoring and analysis methods of volatile organic compounds in the ambient air
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Abstract: Background, aim, scope Volatile organic compounds (VOCs) are a series of important
pollutants which have strong impacts to environment and human health. They are the direct precursors
of surface ozone and secondary organic aerosol from photochemical and atmospheric reactions.
There is thus an urgent need for accurate and precise measurement of VOCs. This paper reviews and
compares those updated VOCs monitoring technologies. Proper parameters and conditions for sample
collections and analytical methods for the widely-used off-line and on-line measurements have
been discussed and proposed. Materials and methods In this study, we reviewed the achievement
on VOCs sampling and analysis based on researches published in the recent decades. Results Off-
line monitoring requires collection of airs into a container (e.g., canister) or onto sampling matrix
(i.e., absorbent), which could be divided into non-selective and selective collection. For the non-
selective air sampling, stainless steel canister and polymer bags (e.g., Tedlar or Teflon) are widely
used. Selective air collection allows the target compounds to be enriched onto the absorbent by either
active sampling or passive diffusion. Absorbent tube is typical media which is more convenient to be
carried and offers a lower cost than the canister or sampling bag methods. In addition, the tubes can
be reused at least 100 times before the absorbent to be replaced. Instrumental analysis is an important

sector in the VOCs measurement. Laboratory-based capillary gas chromatography (GC) coupled with
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a mass spectrometry detector (MSD), flame ionization detector (FID), electron capture detector (ECD),
or photoionization detector (PID) is a typical instrument to analyze either canister/sampling bag or
absorbent tube loaded samples. MSD is able to detect and identify a wide range of VOCs. ECD is
more sensitive on detection of halogen and nitro-compounds, while FID is suitable to measure high
carbon-fraction compounds such as alkanes and alkenes. PID offers high sensitivity and fast response
in characterizations of aromatic compounds (e.g., benzene). Discussion Such entire air collection
has advantages on reconstructing the whole air compositions in real environment and needless of
complicated operation techniques. However, few drawbacks include that the containers are too
bulky to be transported and active compounds are easily lost from the inner wall. Compared with the
active methods, passive air sampling methods do not require multiple equipments and units (e.g., no
electricity supply is needed) and results in a low operation cost. However, the measurement can be
highly interfered by external factors such as air velocity. Compare with the off-line monitoring, on-
line methods avoid complicated post-sampling procedures. However, current on-line monitoring limit
on detection of single or multiple compounds with high abundances only. In addition, the instruments
are often costly. Conclusions Both off-line and on-line VOCs monitoring technologies have their own
advantages and short-comings. Selection of a proper or combination monitoring methods is critical
to achieve the goals of researches and sampling campaigns. Recommendations and perspectives
Cost and operation techniques are considerations as well. All operators and technicians must be
well-trained and all of the QA/QC procedures should be followed. In addition, further works on
method development and advancements is necessary to obtain a more accurate, precise and sensitive
measurement on VOCs.
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TR RIS i A R TR, (BAIZ L&
FRE A B il o
1 BZ%XS VOCs &l Fix
1.1 BE&AENERRERZ

KA VOCs HA WAL, B A mFe s,
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AR R, P8 VOCs RETTERT, TLiE
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L EERNZE (Menezes et al, 2013) o BATHIES
LR Ty 1 F2 B N A i AR AR VR R B R =
LERFEEM R (Rasetal, 2009 ) .
L1l SESIRREL

AR RIS HEERE—E K
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(A W e B LR T . A RRRAER R WL R

FEAIRA . BMARMAE IR, REWE
(RBMI (Tedlar) | RIUF LN (Teflon) |
%} % EE (Nalofan ) ) ( Cariou and Guillot,
2006; Ras et al, 2009; Krol etal, 2010) , H
N ) 2 A AR N B IR R S W14 .
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SR AR T, T FH 2 K o s ) 10—20 4 R U
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T o451 2 38 A 52 ( Guo et al, 2007; Kumar
and Viden, 2007 ) . i URAEIE AT 3k G R AE A T
HSEIE o R AT XE A R (B SR SR AR A AR
R ) , Ah 2B EsOEIRE R
IERSEI o BEAh, FESCRFEBRAE DRI Sl A S8
FFHBEAT ZR IS (R 1) o SR
FEVE Z 38 T AR G R A, B AN
TEEE A,

1 BEREES RIS RAEAY L3S ( Woolfenden, 1997; Rasetal, 2009 )
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methods attempted solvent extraction or

organics compounds
=G
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occur

thermal desorption
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AL RELEM AT B AL AL B, DL/ 25 4%
T R BTG R, (ZEPT IR, 2012) , AT/ A
an e 550, HECRAERER BT 2k F2A
B, —Fh 2k Summa $fifk, BIZEAS S AXHE Y 2 4
RG5O TEAN
SANREFR IR E— 2 S ALA L (Fused-silica-lined,
FSL) fi# ( Wang and Austin, 2006a) , Batterman et
al (1998) 5T T HECRAESR T 7 FIEERAL G
4 MG YR REVE, PRI, 18X
HEACRFEACR B B2, TEIREE R T 53% 1)
FAFT, 28 KI5 PR RAERE A FE i (0] A 44 ey
T 80%. JAE I Y1 5 /K & ] U4 S Summa i
HRE SR IR E M, (HJE, KO0 JE SRR S A BT
PR, AR TR, TR
BRFFF) L ARG IRV B 45 B 2 A i TP K 2830 ( Wang and
Austin, 2006b) . Ochiai et al (2002 ) Z&85% T8
JEE FIEE 45 7K X VOCs {iff 2R A RIS R A Pk iy
5o, BF9E W] FSL @ L Summa G BA
AR ERAE LT DL Rl )R 8 2R rag A, (]
PO T8, (R et A DU B RS
B WERTE VR ORI 2R 7 BEAE SRAE I [A] B
1, WEP RS SR 2 A R 22 AR, SRR
W25l 280N HeAh,  ph T i Jo A5 N A BE AL
YERT, e sl HArfb &9 i 2k ( Batterman
etal, 1998; Kumar and Viden, 2007; Krol et al,
2010) .

REWAERIE ., REVRFE SRS WS
B, SRAET]RRBUEE AT 0.5—100 L, £ &4l
R olizs R, TERMI A R HHEZS
fEnEE M. B2, REWIEREES 235
PeWBE s, R S TS YR R . SR
WM (Tedlar) L2 RAFFEMIT, LA WRITERE
PR 25, —MEFTTE 48 h SE AR M. LAk, B
PO R Y 2 BN 5, AT E 4%
TY B A . S TIHER R B A R
S, F SR BT S — B ] S A T 0] A 3L
JZ Tedlar 4&5-2% 5 il K 28 X FE 75 54 ( Cariou
and Guillot, 2006) . Kim et al (2012 ) 2 ! JH &
FE4HH (PEA) 4940 Tedlar 4819 RAE 746, 1
e IR E WA TE Yeln @, 5Tk, VOCs 7&
PEA [V7E Tedlar 43 iR g, KL, J5Zefffse vl
LG HIT VOCs R H IR G Y4, W PEA
R .

1.1.2 0 W RRR) e AR A

W o 751) B SRATE T A i P [T 4R R B 350 X6 K<
VOCs JEATI e, J2— Mol k4 SR (£
58 JIRFEFTC D) 1R ) WG BTE— 1Y T
i (Krol etal, 2010) . WRFMAERHE AT SFAGSUATS
L) ) sf TR] AT 49 B, 308 5 WA R 591 8 i
M, RAEE PRI AR AT N T 1 go RN
wERMNERANKIR, 2 TiamAgsE, a7
FREMAH (Z/D0 100 %K) 554005, ok
R RAEEE LS YRR 2, SRR K
U R (FEILER 1), (HiiE S AR
PR EN &Y (n C, 4828 ) ( Woolfenden,
1997; Watson etal, 2012) ,

W2 B 791 e B SRS 15 T ) R AT 7] — Je A i e
7. Tenax TA, XAD-2, Carbotrap, Carbopack,
CarbosieveSIII F1 Carboxen 569 %%, W Fff 57 W% Bt
PERE. REi/KPE. MR B S idE e HRARE T
B 5 B 5 2 2 R W O 5] o) 5 7% i ) R
( Woolfenden, 2010b) , Tenax TA J& T-Z2 LG WL
REW, HARREER . BKMES . PrE o
SEE AL, (HILMERE A5, ANl T4 A A
LG, B THEEMRENEY . Alfeeli et
al (2010) #f5¢ % B, Tenax TA ¥ Pikc. ¥ e,
Fhe. e, ki T2k B, ZBE.
M NBEEA R WIS, H¥mE T 99.5%, 1E
R R WA IR, RIS,
HCE PR PRI T TS R WA (Woolfenden,
2010a) o TR RhR B 506 AS [F) 28 Y 1 VOCs 16
PEMEATR, PR AR S B AR i 4% v (O
HRZRIRIE) |, B MR 4 G 7 — 0
ZF VOCs (Ras et al, 2009; Kroélet al, 2010 ) .
e FH 114 % B 59 SR 5 VOCs B9 J7 W AR 8 55 4R 7
Ko R E DR S RAEPIAIE L,

FEREE, TR RAE A 2 AN IBUE
23S, TR SRR R T, R
WIRFEE ], BAEESCES, ZRUERIIS.
T IRAF I 3 R B FE 10—1000 mL'min ', R
FEARFIFE L 0.1 — 150 Lo A T 89 mm,
A 6 mm 1 bR oW RS, AR R B R
10 —200 mL'min ', 7E Uk X i) 2R £ R0OR 55 5
( Woolfenden, 1997; Kumar and Viden, 2007;
Ras et al, 2009 ) . AN[RIRAFETT 1575 BEE A [FRAE
Ui B SR AR, Hirh )y NIOSH 1500 76 R 4R
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AE P38 PR FfF 4 v ( Kumar and Viden, 2007
Rasetal, 2009; Kroletal, 2010) . HEIEZEREM
ia A v MECRE AR AR 2 50a =7, HAg
W PR SIS AR ( Watson etal, 2012)

BB RAE . W BN R A S 8 A S B A 35 o o
RZ B FRAERT, i BArfb &% Bt A
W BRI %A 72 ( Ana and Soledad, 2011) . #%
HIRFERATT L, AT R E, hAFRE
BefEH HA MR W ERE R RS, o AT S ip il 7 i
i A A S AR R i, R HGE T ez
DX % V5 Yy R RUBE %5 8] 43 A O BIF 5T ( Zabiegata et
al, 2010) . FIRESIRIERY N HAZBR T4 B 11 3R
AT A0 T RN Y S 1 4R, T SBAE K R R
(18438 i) SR e R o) SR 21 7 R T ISR A 2R 11
B, SR T IZ I, A AR i SRR S Ak
AT DA 3 5 I 700 A U A0 B 3 TR SO i, T
R A AL B L RE A FHEUBEFT: ( Woolfenden,
2010a) . Bruno etal (2005 ) i@t SC5 s My 5%
FFH—Z 5525, iz 1] Radiello (4210 B SR kE
@) W BTEX (4, HZR, &%, ZHR) , #f
FEEE RS BTEX srMra HA RAF A 56 . Mare
et al (2014 ) RHIHE S RAEF AN FEY) I X AL 15
BTEX 78N B2 S A T 17 Wi, eI sh Rk
AT LS FH i e X
1.2 HEESE

B it AR 3 R R A SRR IR A BIE
2 V2 BIF IR B A E ARfL S PR R A, Rk
TIN5 A MR S TR 3SR T T A 2%
PEAT AT R FE AR V4 A 1T 3 S 8 A8 i i
%L PRI R AR T

RN RO F Y KT LY S B PUB L S S PN =|
SRE RS, BEJR AL 904 B s 2 G b ATk

4i, AR 100 mL AURE SRS LT, TR
ek T 447 B AR G TEAIR P IR B ( <—150°C) &
AT, BHZEKSWTHI, HTER T ImA
BRoKADBR . Gl 2 PR e B, 708 H iRk
G — R B R 22 T — W% B Ik 22 1 Tl
— R BFLABHIE K ZE SR . HFTH UL 29
R BFE R B =R BF (2205, 2015)
L1V R B R, e A ¥ 71
B ARIREEREIA R —30°C, REH AR s AR DL K
R, ARG R 100°C s, e T vk IE n)
M EE, ERRTRCRTT T, S ERCR LS
1.3 BZKXS VOCs Wil 5%
1.3.1 SHEiEE (GC)

SO R ITEE T B2 e —
Fi, EEA@AAGE. mEEN. mARE. o
EEPRAN VG ) AR LR, JC R e iR A £
HoREYRENE ., & o E LA wE
H5A MO T VOCs 20 Bk 28 46 . &
KGR RS (FID ) | BFHigRI & (ECD ) |
FTiEmgs (MS) FOEE Fekilgs (PID) (Ras
et al, 2009; Menezes et al, 2013 ) . ECD. FID
F1 PID #BJ@ T HAT — B e AR D 2%, [R5
KEFEAL A& YA N, 1 MSD S i AL il
ARG A, R GYRe s 1k, eI
Vo FID X 48208 HoA ¢ 0 kI 2 #5088, ECD il
T B A N ot SE S 12 R 9 A ( Colman et al,
2001) , PID N8 ZYp AR SR, JFH
23 SR AT R A M T s B R T
AT ZE U e 4, ORI T =P RERY
e AR LB, (152 KPR 2 Y 0y L P
D7E A AT RE (XIEE RFIREESC, 1997)

GC-MSD., H Holmes and Morrell (1957) &
UL A S 5 BB LR, BB AR
HEE583 . GC-MSD f il 43Hr 7 ik 456 1 <A
T VR SR A W W 2 RO 2 RE 0 RN BT v X 2k
YIRS e R T, PRILRE T AR s Bk &
NS B BN, X ERZHRA
YA R PR 7735 107" g ( Lamas et al, 2010;
JAZELIAE, 2010) o ARG - BURERTELEY)
PR B 1 By At LA TR, X 25 - 24 7 AG I F: 3R A5
AL A B3 (5], et 1 SO i 1 1 R R o
FiE Al R FH 2 Fh a4 O SO BT ot BoR, kR
o s 220 H AR B G P RRIE S (40 SIM A5
X)), BHAEL -0k, ANCEEHERR I 5 2%
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R, AR = TR R U . Liu et
al (2005) H GC-MS 4r#r T b 5T 2002 —2003 4
KAH 108 F VOCs, A5 T i g, T
H AR LA W AR AR 22 3 7E 1.1% —25%, Jrik
KB (MDL) f5F 0.1 ngm >, &AM HTHILE 5
FIFRIS U B 2 0] ) w22 /T 30%., Ras et al (2009 )
I FH A B TR TRE SR AR, Z S 2Bl (TD )
REEALFEALH] GC-MS g T 3 g XA Tl
X[ 66 it VOCs, iz kbR L R 4F Y
FSEME, MIEZRELA>99.9%, REEAFIN 1200 mL
i, MDL JE[Ih 0.01 —1.4 ngm™, AHXHRERZE
{HTE 0.1%—4.0% (n=3) . MAb, MGG FR
TG DU A B EL A B i R AU, BRI E AT
35081 (Soledad and Dolores, 2009 ) .

GC-FID, A K HaETIerlgs (FID ) J&—Fhil
FHRRINES , RS s e s AR IR = —,
HLA v R A e SRS B R . {H FID b,
FIRRME, e N AE S G A R A R )
PR R, YA EA TR, FID {55
R, FID XSRS, Hman 550l
Fb, KHmBRATk 107 gs™. HAET, GC-FID ZH T4
WA T C,-NMHCs 243 ( Wang et al, 2010), Liu et
al (2008 ) Z%J AR RS VOCs IIFRE T
J7: TO-14A F11 TO-15, RAITHAA -5 AR gk
FH, LA FID KR o347 Co—C, Bk, st
$, iR ] 30 mx0.32 mmx3.0 um ALO; PLOT
HETFo WFRRES IR 2k R US| HERE R,
HEEMELF, & AT AR A C,—C, NMHCs 44
A3 W AT

GC-ECD, HFHiR#s (ECD ) J&Hc
B AR 2% i — R R A TR 2R R
p- RiF i A, MBS 5IER TR (5
W), RSO A TR PRI T R 2k
EHA R TN E T (5T o &Y.
A Y. KRS TP AE A, AMAf
HLPEICER, i, ECD %X sed) i BA sk ek
Fls SR, RVl 2 SO B AR Y G R T A
A R E FID &5 2—3 ANcE 2%, BRTRife%
FGESEABIRER (A I 32 Bk P ASAH (3% - FR Tk
(GC-ECD) 7%, Cloman et al (2001 ) @~ 7 —%&
SEREI i ke . M. BRI R e SR R £
SIFTRE R, SRS ERES 2R (4
& ECD. FID #1 MSD) BXHM T R 48, %07k
KGR > 95%, 28 %R >90% . Zhang et al ( 2014 )

o Bh ik s #r 24, FIF GC-ECD 40 #r T BRI =
M (PRD) KRG &EFSE (CFCs) AR
g (HCFCs) TEAN[R Rk B2 4k, TESE T 3%
S I REN (ORI T 8

GC-PID, JtEF itz (PID) if HT<AHH
EIERELSL I, B SR Al RBUE AL,
Xt AL A 0 W AT A 107 9251 10° 2%,
ALE N, 858 He 1E48/<, PID X AR W i 3R 43
EARE R, BT, BFRZUC08 PID ZR R YW
FER RIS . Liuetal (2013 ) FJJf] GC-PID & T
JEE a3 S BTEX (75, IR, 2 HIZK),
T AT R MR 22 <5%, AHEREIITE 0.995
PL b, Bl 24 H BRik 0.66—6.49 ng'm ', Liaud
etal (2014) B9 & Y BTEX & 75 pg 20,
GC-PID [, GC-FID HI GC-MS HL 5 & (1% 72 03 FI
(AR HH B o

A TS TE S AT 1 R T 1 Ak i ) A
STES, RERTEA S EE, ok f I vk
(GCxGC ) B A R —4E GC 7 B 52 2 i
A I F S A, 2SR SRR — IR 5k
PEERE, BA PR mREUE . S ESI
# (Mondello et al, 2008) . Hfi, KEZHWRHE
#B3E Fl GCxGC-qMS (4= " HES A3 - PUZAT i
Wk ) A1 GCxGC-TOF-MS ( 4 45 A - &
ATEF RS ) 4387 R G2k 53 #1 VOCs ( Tranchida
etal, 2010; Manzano et al, 2012) . [E RNP¥4
FG ORNEN T RIE LAY (VOCs) i
FEOTEANINAE A . FBEEE (2012) 4 GCxGC 5
KRB AN FID B, & TREEE
FHF KA VOCs 3 At FABERT - 4 Z 4 < AH ta 3 -
KIGEFAR RS (TD-GCxGC-FID ) , I3 i
XA TERE RGBS T A AT 2 AU AL
HESL TR C—Cos AHWIIIRIE 30 5k
132 @0 gk (HPLC)

EACRA S (HPLC) 2 ik — A~ s
o3, VIRIR R shtl, RHEERRERS,
B AR PR ) B — 5 70 SN [R] L9 AR TR i 5]
G WP S T S AR I AT [ e AR A, AERE
ST I, HEAR IR AT A, AT S
PR AR 19 20 5 SR o =0 SO A € 1 o3 B i R
B HAs bk, 2o PSS Y
MBI T o SRFERT, DIURTR 2.4- Al 3EZE
(DNPH ) P e W B SR AR KA b RS AL
Y, (EEAL S 2.4- iS58 N BN
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FiEW), FEH CIEIATURN, 205 P DERE L O
VIR RN ZHEAE R sh A, A8 PR Y e 45 1k
XHEE . ERSEALTG R AT ST AE . Norgaard
etal (2014) Rf 2,4-DNPH WRAE, HPLC-UV
TR C—C, IERZRAE &1, P2 2R .

FEFTINE RO B N, AR BAT AR G i ek i

#£2 KX VOCs 3 AT

Tab.2 Comparison of common analytical methods for VOCs measurement

N, AR R>0.99, REERFN 60 L AF, H
FEFNZ RS R AT 353 1 pg'm ™, Yao etal (2015)
R 2,4-DNPH i S ISR - w35 RO AH €5
i (HPLC) 40 Tdbat e 4= B 13 Fhs
FR2ib &9, 259 BRI 2Rk &9 o5 D3k i 4
VA RS HE S VOCs 1 42.7%—69.2%.,

Tk J 3 (W= B A Sy IR Y| 275 3R
Method Principle Advantages Disadvantages Target analytes Reference
FHRE R AR PR
FAFIEEARE IR AL o oe o . wH A AR
S g FORAE. REEFEVE. WA T REME L
e R, GHREEK e, MR, f R BRI e
R mpmsre e PRI RREEE Pl Atvoo
I=N2N . ~ =) N ‘J A\ o
Gas Volatile to semi-volatile " g;/. LX. . - Volatile, good ther- and
chromatography . o Offers high separation Not suitable to ana- ’
organics are gasified . . . mal stable, low Goodacrea,
(GC) . efficiency, peak capacity, lyze non-volatile and .
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spectrometry
(PTR-MS)

Organic molecules (M)
are ionized to form M’
through proton-transfer
reaction by a discharge ion
source (H;O' ions) in a
drift-tube reactor, which is
detected by a quadrupole
mass spectrometer

is required; allows the
analysis of polar organic
such as oxygenated VOCs;
offers high-sensitivity
and fast-response online
measurement

complicate mass
spectra resulted
from the formation
of cluster ions and
fragmentation of
product ions

non-isomer trace
gas

Misztal et al,
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