L)

Check for
updates

Journal of Korean Society for Atmospheric Environment = M
Vol. 34, No. 1, February 2018, pp. 120-143

https://doi.org/10.5572/KOSAE.2018.34.1.120

p-ISSN 1598-7132, e-ISSN 2383-5346

ol R712LselE22 EMUYH A S

Review on the Analytical Methods and Ambient Concentrations
of Organic Nitrogenous Compounds in the Atmosphere

F Ltey-2d go*
ojgtofxiesta Fabej st 274 F Sk, Vol st AT shal Tkl e} shehal A 5 stk
(20179 11€¥€ 8¢ H<4=,20179 12€ 15¢€ 47,2018 1€ 94 A €)

Na Rae Choi and Yong Pyo Kim"*
Department of Environmental Science & Engineering, Ewha Womans University
YDepartment of Chemical Engineering & Materials Science, Ewha Womans University

(Received 8 November 2017, revised 15 December 2017, accepted 9 January 2018)

Abstract

The analytical methods and their ambient levels of organic nitrogenous compounds such as nitrosamines,
nitramines (nitroamines), imines, amides and nitro-polycyclic aromatic hydrocarbons (nitro-PAHs) in the
atmosphere are summarized and discussed. Sampling for the analysis of organic nitrogenous compounds was
mostly conducted using high volume air sampler. The direct liquid extraction (DLE) using sonification and the
pressurized liquid extraction (PLE) using the accelerated solvent extraction (ASE) have been frequently employed
for the extraction of organic nitrogenous compounds in the atmospheric samples. After extraction, clean-up via
filtration and the solid phase extraction (SPE) and concentrations using nitrogen and rotary evaporator have been
generally conducted but in some studies the clean-up and concentration steps have been omitted to prevent the loss
of analyte and improve the recovery rate of the analytical procedure. Instrumental analysis was mainly carried out
using gas chromatography (GC) or the high performance liquid chromatography (HPLC) coupled with the single
quadrupole mass spectrometer or tandem mass spectrometer in the electron ionization (EI), positive chemical
ionization (PCI) and negative chemical ionization (NCI) mode and analysis sensitivity of nitrosamines and
nitramines were higher in NCI mode. Desirable sampling and analysis methods for analyzing particulate organic

nitrogenous compounds are suggested.

Key words : Organic nitrogenous compounds in the atmosphere, Analytical methods, Nitrosamines, Nitramines
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6718 4 3FHz (organic nitrogenous compound)©]
g A2NE 23T 71422 E YEZAN (nitro-
samine), Y E 214 (nitramine; U E 206}4 (nitroamine)),
o|%l (imine), oFI}o] = (amide) 123 YEZ thgrs
ElS}= 4 (nitro-PAHs) S0] oo] &3tk (Ge et al.,
2011a). AL A+4 JARC, International Agency of
Research on Cancer)= L]Eilx}‘:ﬂ ofufo] =, oju] 9
UER casussad Sk AUad $713
A3MEE-S TARC carcinogenic group 2A (probably
carcinogenic to humans)®} 2B (possibly carcinogenic
to humans)2 273} tHIARC, 2008). YEETI 9] v
A (carcinogenicity) YEZAMIE T 2ty oy

A SIA, FEAY AT 1 QA0 BIE b
Qlth(Scherf et al., 1989; Pliss et al., 1982).
7] F f71dasRkEe A4 Sl

ol 7] Foll EATH UEEAS WigA] wiE
Tho AFER H77h A, BebaY W B Azt g
Azl o tf7] o= AFH o2 wjESEH (NTP,
2016), ojulo| B AZFE vjETIA, AHEA) vl 7| 7kA
o gEjeds] So sl 7] Fo2 MEHCHGe ef
al., 2011a; Simoneit et al., 2002). = UEZ ThaF=E
BERaE AFA WA, B D g dr 2R
i 2 Elth(Albinet ef al., 2007).

718432 77184 (NO,, NHy) 2| 33t
v B AR da B S s RE viEd
o] th7|vhg-S T AAH7I= Ak A& &
oftlz} OH 2tt|Zo] whgste] AF4HE R,-N2& NO,
NO, 2] HO,%e| W3S Baf Ztzt YEzabl,
UEZY 181 o]ylo] MAEHTH(Nielsen et al.,
2011). o917} OH 29 & o & 4= R-
NH-R%} 0, 723 NOSke] d4uh8-g %3 ofulol
=7} A=tk (Nielsen ef al., 2011). YE ZthHFEEL
seae 07 & hEEFEEE49t OH,NO; % O,
oF B2 AtgtAoe] 7t BE B9t W 59

XA =t} (Albinet et al., 2007).

olgfgt §71HARES tf7] FollAl Bl = o]
AAE 7= sh=t, ol wtet Zt2te] f7]dasRhE
=9 W71 F AFAIEE Aolsith. A F S0l YER
ARR1O] A 7] FollA uie- wEA FEf el A

SATO] 1A o2 dj$ BS | W, UE
olufo] =9} UEZ thilgpEEsliesl o] Eof EH
7] o AFste] th7] Foll #2 522 EAT 7t
o] Qlth(Nielsen et al., 2012; Grosjean, 1991).
W1 & 1AL EE GGk Acka @

A A3 7] Fo= AHuEH 7| = SRR i 7Rt
o2 Tl B - AAEE EAol ol ol B ¢

T vAIEA Y el SHE otz t7] F 771
HA23RHEo &Y 9, 7N EAT AA Y o]
T SA4F oldfiste Holk 7o Aoz ZdiEnh
o|& 9], Akyiiz and Ata (2013)= & 13Z£9 HE=Z
ALY tf7] F s=E Husigen, YEZA
FEG 7ot A @ BEHEATL 22§
ARANE E8 t7] F UEEAY 79 FH3
v} Q. Pitts ef al. (1975)2 AHAFS F3| ofvle
2RE YERANW], YEY 9 ojuto]| =7} A E =
WSO g (yield) S AXtste] f7]d233E9 o
7|HFEA L o35l A}t 314t T Lafontaine ef al.
(2015)2 YE=Z tjaegFEErstA (1,8-dinitropyrene)
£ NEEHE HAste drjedEd9 FAolE

S0l et AE A v Qi
AR E FAsHs 2FEkEo] digt sy A= 5
2 f7|EtAARof| =235} (Choi et al., 2016a), 7]
Aa3gEo digt olsle 253 A4 olth(Hong et
al., 2017, Park et al., 2010; Yu et al., 2006; Kim et al.,
2001). 7] = odlo] thgt &4 (Lee and Wexler,
2013; Ge et al., 2011a, b)oJ A= o}l 7] = Hk-$
g2 - sk 54 0 40 dha) IS A

S A A §71AasEel Ry 9 o)
F FEREo] B3l AN UA gk

£ AvelAs AR9lel 21 Y& o]
F QWSS B AP SEE EHT Ao= 3
ZEE yE2AE 3 ER chEusiead &
e stk & 2 JEe AAgsigel 3w,
UEA 7] F WEHS oldlste o Fad
e A2 IS Y=et, old o ofsfol

2 EAZAE £
=) 17| 3 sk
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2.1 LIEZAQI

UEZARIE YEZA 27| (N=0)E 7Hl+= &
71 AASHES] dE o2 fiFHo] IARC carcinogen-
ic group 2A°| 4] 2Bef| EgHE o JQTHIARC, 2008) (£
D). UEZARLE QAo et -2 wfZel, ]
T, AE S92 - 1R AlEF Q PEEA O e
7F FAEAY EF sk ol TR F=E A
U, UEZARIS I RE AFo| #7|51=F vl=
2747 (US EPA), m]= A& 9ok (US FDA), Al A &
A7)1F(WHO) I - A3 ¢1¥38) (EC) 5ol dx

Table 1. Chemical structure and toxicity of nitrosamines.

3} ITH(WHO, 2008; EC, 1993; US FDA, 1984; US
EPA, 1980, 1976a, b, 1972). g0 & 2]& o ok&et
Aol EetaE - AR AP Y AEA] AFolA 9
UEZARIS AREE FfAISEL QIAITHMFDS, 2013),
7] F UEZAY E9 7 A sof B AF
= mEe Aotk & 1o 2Fet JyE of7] F U
EZAM FrRIo i3 AFolA 2 hFELR
e e selrz 3 S48 Felehe
o},

YEZANWIE Zekig - 179 ¢4 (NTP, 2016),
A5} vl 717k (Ge et al., 2011a), P A &7t
(Fischer et al., 1999), @l 7] (Aragén et al., 2013) H

TARC

. . . CAS Molecular ~ Molecular weight . . Chemical
Nitrosamine Abbreviation carcinogenic
number formula (g/mol) group! structure
NH Ny
Nitroso-diethylamine NDEA 55185 CH,N,0 102.14 2A A
Hye”
0.
Nitroso-morpholine NMOR 59-89-2 C,HN,O 116.12 2B [Nj
B
o#
R
Nitroso-dimethylamine NDMA 62-75-9 C,H,N,O 74.08 2A >N—N\\
R [e]
o L0
Nitroso-diphenylamine NDPhA 86-30-6 C,H,(N,O 198.22 3 N
Nitroso-piperidine NPIP 100-75-4 CH,,\N,O 114.15 2B Q
05'\“
T
Nitroso-dibutylamine NDBA 924-16-3  CyH,(N,O 158.24 2B e /E
o
v
Nitroso-pyrrolidine NPYR 930-55-2 C,H;N,O 100.12 2B 4
NN N
Nitroso-dipropylamine NDPA 621-64-7 CH ,N,O 130.19 - A
oF
AN
Nitroso-methylethylamine ~ NMEA 10595-95-6  C;H,N,0 88.11 2B He NS0
CHy

'IARC Carcinogenic group 1: Carcinogenic to humans; 2A: Probably carcinogenic to humans; 2B: Possibly carcinogenic to humans; 3: Not classifiable
as to its carcinogenicity to humans; 4: Probably not carcinogenic to humans (http://monographs.iarc frt/ENG/Classification/)
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Z 234 (Nerin et al., 2016; Sen et al., 1976)o| A A H
7] Fo WEETH E oyl g o] 8% Ah F Ha
3Z %] (post-combustion CO, capture (PCC)) 34 A], of
9] AshkgE F3 UERANI] wjE 57| gt
(Lindahl et al., 2014).

UEAe chilel 7] 3 Asikg o A4
71%= she, el o3 FEsE] 7] FolA AA
S| Sh), UERANY o] 3 ARALE 54
7k o]y & wj #riw a3 A Qth(Nielsen et al.,
2011; Grosjean, 1991; Pitts et al., 1978). 3}X| Tt Niel-
sen ef al.(2012)9] AW AF Ant|AL 7] Z oful
I A2ARSHE O] W3S B8l YA YEZAMIO] A
AEH, AYE dAHE 1R RsREY] A4S Y
e W3, Y7 5 AFAREE 7RI 2
3t ok

1970 @t oll= AFAAId ] FAZE 2| FoflA 7] F
UEZAMI O] w7l HI¥M3] BIE oL}, 1990 o
HUEZAMIS t7|AFEA ] #E dFE &3l 7]
Z yszaue Bussel T4 U] 3 UEzAu
9] FE7F W& Aolga FE5HSG] izl et
HEZARIY tf7] F F=of it dF= IR
A3ttt 20109 EolA= HEZAMY &7 B
AFe w2 EAgT= AM ] skl UEZAL
W) £4 7] % 5 8 7ol el die A7k
APEHAG. d7] A& F UEZAIS 245 9%
712 A, F29, =280, A, 55, 7171&
A 24 2 A=dE 234 (I, YHEAESTA
(MDL), &34 (LOD)E & 20| sttt

19709 T9] g7] 3 UERAFY BAL A457
E 3 (Fine et al., 1976)1} Z& 2 JAA (Fajen et al.,
19795 AH&3E AFE F3l 2229 HQL(DCM)
818 Agetol APAAREY o2 2EeAc
(Fajen et al., 1979; Fine et al., 1976). T d|Y 4] (Dan-
ish) 52718 AMgelo] 2 the Tha-ola) Az}
B399 (GLC), 7}AI2utE T8 1] (GC), TS o
AZ=etET 9 (HPLC)9F EolvA|H&7] (TEA),
ARRA M) AEV1E ol YERATE £
3} th(Fajen et al., 1979; Fine et al., 1976).

Z|Zof| £3E YEZA B4 913 g7 A&
Qe duitd oz 17 ofofAl S (Farren et al.,

2015; Akyiiz and Ata, 2013; Aragén et al., 2013;

7] f71da8etE

A

A

= 123

Sid

Hutchings et al., 2010) == Ao]2E 2|3 7] (Hong et
al., 2017)E AH&stth. olwf, A2 F A= A
A o]1A] (Hong et al., 2017; Farren et al., 2015,
Aragoén et al., 2013; Hutchings et al., 2010)E 52 A}
88197, Akyiiz and Ata (2013)= H|ZLE (PTFE) o]}
A8 AHgsto] YEZA 2HL 98 7| AEE A
Heheich. ® A o7 F UERAR BAS 93 o
ANE A A AFALNNE A ARE AHTHY
© o (Ramirez et al., 2012), Nielsen et al.(2011)2] 4
APAALE 7424 JERAF BAS 918 Thermo-
sorb/N 7FE | X&) 212 7EZAE AMLSH = 59
t}(Nielsen et al., 2011).

287 228 o8 AU 234 (Akyiz and
Ata, 2013; Nielsen et al., 2011; Hutchings et al., 2010)
1} 7}&8u) == (accelerated solvent extraction,
ASE)Z o] &3l 71t A== (PLE) (Farren et al.,
2015; Aragén et al., 2013; Ramirez et al., 2012)0] YE
ZAIY & o 22 AMEHIT E 2004 B
o] 7}t NA|FEH (Farren et al., 2015; Aragon et al.,
2013)& AMEEE BAH Y 3lego] APAAFEHS
283t B4 (Hong et al., 2017; Akyiiz and Ata,
2013)9] IpgHT WG], ol UEEAIY 3
igo] mje o T AAFEHE A8 24T
oAl &4do] WAL 7157 (Hong et al., 2017;
Choi et al., 2016b)& A|AFST)

F& S22 £74(Akyiiz and Ata, 2013; Hutch-
ings et al., 2010), o2 o}LA| €| 0] E (Farren et al., 2015;
Aragoén et al., 2013; Ramirez et al., 2012), T E 22|
B¢l (Hong et al., 2017), W2 AZ2eto| =9} gL
B350 (3: 1, v/v) (Nielsen et al., 2011)0] AR&-E]Qic}.
AA Lol = F2 34| (Hong et al., 2017; Akyiiz
and Ata, 2013; Ramirez ef al., 2012)} TAA}FESH
(SPE)o] AAR 2 AREHSIT AA] Sole da
&%7| (Farren et al., 2015; Akyiiz and Ata, 2013;
Nielsen et al., 2011; Hutchings et al., 2010) ¥ 3|4
"= 7] (Aragén ef al., 2013)S AR5t HZAALS
AR stgort, YERAY E& A dE]
A2 (Farren et al., 2015; Aragén et al., 2013;
Nielsen et al., 2011)3} %=3}4 (Hong et al., 2017)
AYeFE 7] = g

YezAbne BHE fsiE haamote g
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Table 2. Analytical methods and measured concentrations of nitrosamines in the airborne samples in the previous studies.

Detection

Sampler Extraction method ~ Clean up and  Separation method Analytical method L. Target .
. . . method o Sampling site Concentration Reference
(filter or absorber) (extraction solvent) concentration (column or solvent) (mode) validation compounds
Philadelphia,
GLC? (Chromosorb, ,l 4 ‘e phia
. \ . . . Wilmington,
Successive DLE Danish Sigma-Aldrich), 5 . o 0.011~0.96 ppb .
k . ) . TEA® Recovery: 80~90% Baltimore, NDMA' R . Fine et al., 1976
cold traps (sonification, DCM?)  evaporator HPLC*(n Bondapak Belle. Waltha (industrial area)
elle, m,
C , Waters
'yano, Waters) Us
GC’, HPLC NMoR®, 027w
Glass impinger DLE Danish o . < . N . ’ (tire and rubber .
. (Lichrosorb Si60, TEA,MS® LOD” 0.5X10pg/m’ Ohio, US NDMA, K . Fajen et al., 1979
(IN KOH) (sonification, DCM) evaporator Si Aldrich) NDPhA!! products industrial
igma-Aldric
& area)
NDMA,
S al NMEA", 0.84~21.14ng/m’
equential
a'rqﬂa ter DLE Filtration; GC (ZB-5MS, MS (EI*) Recovery: 92.4~99.2%;  Zonguldak, NDEA'S, (urban; winter); Akyiiz and Ata,
1T Samy
(PTFE'I; filter) (sonification, DW'¥) N, evaporator ~ Zebron) LOD: 4~22pg/m* Turkey NPYR', 0.20~3.95ng/m’ 2013
NPIP'®, (urban; summer)
NDBA"
High volume SPE* Flagstaff (AZ), 1.13~3.85ng/m’
. ) DLE (coconut GC (DB-1701P, MS (CP) Fresno (CA), NDMA (agricultural and Hutchings et al.,
air sampler
(quart If)ilter) (sonification, DW) charcoal); Agilent) Selingsprove residential area, 2010
VA
q N, evaporator (PA), US fog event)
High volume Rota MS/MS®  Recovery: 49~102% Tarragona NPYR 0~1.80 ng/m’ Aragén et al
otar - ecovery: 49~ ; ona, s ~1. m 6n et al.,
air sampler PLE® (ASE”, EA%) Y GC (ZB-50, Zebron) e o i & €
N evaporator (CI) MDL™: 0.1~2.0ng/m’ Spain NPIP (urban) 2013
(quartz filter) P s P
NDMA,
Hich vol NDEA, 0.04~1.36 ng/m’
igh volume
. g ) PLE (ASE. EA) N . GCxGC¥ (DB-5, NCD® Recovery: 53~104; North NDPA, (urban; winter); F ral 2015
air sampler s evaporator . : . arren et al.,
(quart If)ilt ) 2 EVap BPX50, Agilent) LOD: 2.0~36.1 pg/m* Kensington, UK NPYR, 0.04~2.08 ng/m®
r
quartz fifte NPIP, (urban; summer)

NDBA

YTl

tehte

-

oo

T
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Table 2. Continued.

Detection

Sampler Extraction method  Clean up and  Separation method Analytical method L Target .
. . method L Sampling site Concentration Reference
(filter or absorber) (extraction solvent) concentration (column or solvent) (mode) validation compounds
NDMA,
NMEA,
Filtrati NDEA
((; g . R 92~102 NDpa,  070%104ng/m’
. ecovery: 92~ s .
Cyclone sampler DLE pm X GC (Stabilwax-MS, MS/MS . Y Seoul, South (urban; road side);
(quartz filter) (sonification, DCM) polyvinylidene Restek) @ (injection amount: 20 pg); K NDBA, 0234022 na/m’ Hong et al., 2017
uartz filter sonification, . estel orea 23+0.22ng/m’
d fluoride MDL: 0.03~0.09 pg/m’ NPIP, ne/m
K ) (urban; residential)
syringe filter) NPYR,
NMOR,
NDphA?
NDMA,
NMEA,
- NDEA A1~191
Filtration ’ 0 Ol nele
R Recovery: 56~106% (Indoor (next NDPA, (household; B
Conventional (0.45 um nylon . . i . Ramirez et al.,
PLE (ASE, EA) X GC (ZB-50, Zebron) MS (EI) (injection amount: 1 ug/g); sieved with a NMOR, non-smoking),
vacuum cleaner syringe filter); . 2012
ted LOD: 3.3~15.8ng/g stainless steel NPYR, 025~1.22png/g
evaporate
P sieve)) NPIP, (household; smoking)
NDBA,
NDphA
_ DLE 10~170 ng/m*
(sonification, GC(RTX-1701, MS - (Thermosorb/N), Nielsen et al.,
th sorb/N, N. t R 1 65~93% NDMA
(thermosor MC/methanol 2 CVAPOIAIOT  pestek) (PCLNCI) oo ¢ (chamber study) 740~39400ng/m’ 2011

charcoal catridge) 3:1.v/)

(Charcoal catridges)

'Direct liquid extraction; *Dichloromethane; *Gas-liquid chromatography; *High performance liquid chromatography; “Thermal energy analyzer; *Nitroso-methylamine; ‘Gas chromatography; *Mass spectrometer;
°Limit of detection; '"Nitroso-morpholine; 'Nitrosodiphenylamine; '*Polytetrafluoroethylene; “Distilled water; “Electron ionization; "“Nitroso-methylethylamine; '*Nitroso-diethylamine; '"Nitroso-pyrrolidine;
"Nitroso-piperidine; '*Nitroso-butylamine; **Solid phase extraction; ’Chemical ionization; **Pressurized liquid extraction; >*Accelerated solvent extraction; **Ethlyacetate; *Tandem mass spectrometer; *Method

detection limit; 2-dimensional gas chromatography; *Nitrogen chemiluminescence detector; *Nitrosodiphenylamine
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7} F2 AMEEA (Hong et al., 2017; Farren et al.,
2015; Akyiiz and Ata, 2013; Aragdn et al., 2013;
Ramirez et al., 2012; Nielsen et al., 2011; Hutchings et
al., 2010), Ee|#2 FFAFE ZB-5MS (Akyiiz
and Ata, 2013; Ramirez et al., 2012), Z7+=2A A2l
DB-1701P (Hutchings et al., 2010)2} RTX-1701
(Nielsen et al., 2011) ¥ ZAZA <] Stabilwax HY
(Hong et al.,2017)0] AMEEH e, & AHS AZs
o Q47 Helt 7Hse ol xa ke 2
(GC/GO)E AHEEE AFtollde= ARA A9 S=
4< H+= DB-SMSZH, T4 ZHL2 FUa4
BPX-50Z28& AMEste] B2 JE=E E9ch(Farren
etal.,2015).

UEZA B4L 3t SV 2 2 99 A
=22} AR A 7] (single quadrupole MS)7}F AFE-EH 12
(Hong et al., 2017; Akyiiz and Ata, 2013; Aragén et al.,
2013; Ramirez et al., 2012; Nielsen et al., 2011; Hutch-
ings et al., 2010), AR}o]23}H(ENY (Akyiiz and Ata,
2013; Ramirez et al., 2012)3} 3}sto] 23} (CHH
(Hutchings et al., 2010)0] AF2-E|¢ith. £3], Nielsen et
al.(2011)% ol 3sto] 23HH (PCDI} S0l 3t
ol LB (NCHE 5 ol galeith £4 A7 % o] &
sy BRoA YERAR] AEHAAT, Sol& 5}
slo] 23l o] 747} © E=9kth(Nielsen er al., 2011).
% 5}5t o] 23S B3 0| AFEA7] (tandem MS,
MS/MS) (Hong et al., 2017; Aragén et al., 2013)2}+
Nitrogen Chemiluminescence Detector (NCD) (Farren
etal., 20155 AHE-sto] YERANIS 45H%i T

A7 o YERAR B4 A7 Aol v o

A UEZAY HHE Heiie AFoddAE &
o I{F F7IAHH717E 7P WEskA AREE AL QL
S & 4 ok E Aol A% UEEAIY 24
AeiA= AW GFEHE At FE3h= A
UEZAIO &4 a3t T Zojn, YERA}
9] g2 w07l fd BA % sEHEE A
st= Zo] 28 Aojth. B3 rfAIRHEIE
v o} AFEA7|E AHEst] YERAY A4 9 A
FaAo] 7Hsd Zeog wotEn, B4 =S 9
71 S8l =49 7taaznEady] Ay AR
7] A& Al Fol& 38} o] 23S ARt Aol A
e

e

>

[e]

o

B2 o o d

7SS A 34 A A1 &

UEZAMIE tf7] SollA] ejefgel oJsf uf-5 w=
A AAE =4 d7] Fole UEZANWIY AL &
=2 2 Aoz 77 HZel (Grosjean,
1991; Shapley, 1976), tf7] & YEZA Z4of 3t
AT= S8 FHHA| gt mebA & 204 H
19709Kh 9} H7] F UESAe] B 7t 22
2ol WHE AolMe] Aol Fesiach(Fajen
et al.,1979; Fine et al., 1976).

FZole EAHAHAM Y YEZATY FEe H
W3] RuEy Qe FAolth(Hong et al., 2017,
Aragon et al., 2013; Ramirez et al.,2012). W EH AL
So maw B4 YEaAle) SEE Aukal
Aer), 1 BEL AF7 2o AGEAR AR
7] & s=7F ol B thdaFEesla4: (PAHs)
9] A& t)7] F &% (Choi et al., 2016a)¢} v 4=
Z(0.99+1.06 ng/m*; YF A== (F 13%))0]|qth
(Hong et al., 2017; Farren et al., 2015; Akyiiz and Ata,
2013; Aragén et al., 2013; Hutchings et al., 2010). )=
Fadz d7] FolA AAHEE UEZARIY] grct
Fapshihe i hbeS Fo AdEHE UERAY
o] gAY o E d7] T e T UER
Aol 7] Fol AAHLE AL AAHET B
Q3 hERS B AT ¥ UEzAbee] o]
Fom MBS AYS 25T 4 9t

Hong et al. Q01714 A&lA AHe % 9%52)
YEzAe gy] & 552 Bushn Qi AZA
ool uja) E2HA ] UERARS ST} b &
Skt Ao A9] YEZA S == Hutchings et
al. 2010)0]4 BT vjFe] 5 D AZH ] Y
EZA Q] Fxof v]3)] W¥3kow, Aragon er al.(2013)
3} Farren et al.(2015)0]| 4] B 11§t A<l Tarragona2}
%= North Kensingtoni} Z+-2- = Az o A 2] YER
Aple] HEobe ulsaiolth E E7]9 EAx 9l
Zonguldak®] AL FHshs A& Z2HY YE=R
ARIY) F=o} B=stglon, AF FdeEe A=
AzA o] YEamle] SEo vlssisic).

2.2 L|Ea}gl, ojgl & ofoto|=

471 & U=eh, obutel= 9 ojgle Yezabgl
3} 7 obvle] Fa ofshbe AgEBolt Uset
w3} ofnfel = 27 YE27](NO,9t 2R
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Table 3. Chemical structure and toxicity of nitramines, imines and amides.

Molecular Molecular
Compounds CAS number weight Toxicity Chemical structure
formula
(g/mol)
Nitramine
0.547" H\ 0
Methylnitramine 598-57-2 CH,N,O, 76.06 (TDs, (mg/kg/day) N—N"
on Ra™ AR
H;C
0.174' N—CH,
Dimethylnitramine 4164-28-7 C,H,N,0, 90.08 (TDs, (mg/kg/day)
m O_—N+
on Rat) W\
(e}
(0]
Nitro-morpholine 4164-32-3 C,HN,0O, 132.12 WGK* 3 [Nj
le
o Yo
(0]
rl\jl-v‘-
Diethylnitramine 7119-928  CHN,0,  188.14 - He” N7 o
Hsc)
i
HSC/\/\N/N\O»
Dibutylnitramine 4164-31-2  CH,N,0, 17424 -
HaC
O§N+,O
Ethanolnitramine 74386-82-6 C,H¢N,O, 106.08 - Hl\ll
~"on
H
N
N-nitropiperazine 42499-41-2 C,H,N,0, 131.14 - [Nj
|+
N
o Yo
H
CHj
2-Methyl-2-(nitroamino)-1-propanol  1239666-60-4  C,H,,N,O, 134.13 - 0
HsC NH-N"
o
(C=0)F TP 471A4LFEL Tok, ol IR AW 7] ARAR] 2ol wyHez
RN F7IR) Aole] 0|FATE 2 4718 =3F B9 sty AR JERAEN
483 BoIth(E 3). 4 YEe YERA NG o £2 754l tka ZHh(Lindahl ef al.,
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Table 3. Continued.

Molecular Molecular
Compounds CAS number weight Toxicity Chemical structure
formula
(g/mol)
Amides
H
Diethylformamide 617-84-5 C.H,NO 101.15 GWK 12 o)\m/\m3
CHj
o
8.85 )I\ PO
Diethylacetamide 685-91-6 C.H,;NO 115.17 (TDs, (mg/kg/day) HsC N CH3
on Rat)"
CHj
H
|
Ethylacetamide 625-50-3 C,H,NO 87.12 GWK 3? HSC\H/N\/CHS
o
o
. . ch/\/\N)lwcHa
Dibutylbutanamide 14287-95-7 C,,H,;NO 199.34 -
HyC
Imines
N
Ethylethyleneimine 1072-45-3 C,H,N 71.12 - )
H;C
CHj
Butylbutyleneimine 2549-67-9 C,HoN 71.12 - SW
HON
H

!Carcinogenic Potency Database (http://toxnet.nlm.nih.gov/cpdb/)

*Water hazard classes (WGK) 1: slightly hazardous to water; 2: obviously hazardous to water; 3: highly hazardous to water.

"There is more than one positive experiment in the species, and TD50 values from each positive experiment are used in the
calculation of the reported Harmonic mean of TD50.

“Variation is greater than ten-fold among statistically significant (two-tailed p < 0.1). TD50 values from different positive
experiments.

"No positive results in this species in the CPDB are statistically significant (p <1)

2014). T ofufo] =9} o|dlof| &31= itk §7]2 group 2A%} 2Bof £31e] Qlo] (IARC, 2008), t7] &
ASPEEL T A YHHE AZE v QAT R ofupol=ol o]uIgRo] ANANES 4 A5
9 ofujo| = (IARC carcinogenic group 1: Cyclophos- A 4= Qick dA7HA o7 F YEZH, ojul
phamide; 2A: Dimethylformamide, Dimethylfor- ofulo|=of #et AF=RA F2 AFH HE E
mamide, Acrylamide; 2B: Acetamide, Thioacetamide, Z}al, o|ul 123 olmjo]E CAS WS, BEx}2], Bz}
Hexamethylphosphoramide)?} |1 (IARC carcinogen- 2 3ol 7153 EAAE 181 S LRE | 39
ic group 2B: Propyleneimine)-2 IARC carcinogenic ey it

W o

]
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ofufol == miHA] wijE7A, A &z 2]
ol 7] F2z2 Ay wWEEH(Ge er al., 2011a;
Simoneit er al., 2002). T UEZ}FS thakst AR
Ad Al 23 AL F FAEY 7]E AR Aol 7]
o2 vj&dHdy d8A YA (Lindahl et al.,
2014), YEeIT ofsto]= T3 ogle 7] FO
2 AY WEEs RO WSS o) oy] Fo] 24
3ttt (Lindahl et al., 2014; Maguta, 2014; Nielsen et al.,

53 UEZHS da T ey 7|goA A
= ofFl9] 4EEhE-E F3ll th7] Foll & == Hl
29 702 2390k E oljo|=k A48 ER
HA FA 5715452 (NVOC)oIA Ae) 2 v
& A= 97| W ABKIE (Carter, 1994)0]th. 18]
2 ojgle ojulel Asukg AAElY] wio] o]
% Y, ofutol, ojgle] BxEsk AS B4 of
st B o] Eolx|1 Q&= FAle]th(Lindahl er al.,
2014).

UEz, opatol = gl o]qle YEZA AAgukE
g FollAl ofrle Atsh3-2 Faf AT (R
(~(7)). dIE =°1, HeldorRl ((CH,),NH) 9 4ta}gt
= &9 BAE (CHy),N& t7] 5 NO, NO,, Z1¥
I 0,949 W3- Bl HolgYEZA (FHE-(9)), Hl
ANEYEZR (BHE(10)), HolEo]9l (¥Hg-(11)& A
Attt E dojdotyl e Atshet-g A4dE<l (CH;)
N(H)CH, (8h-&(12))= O, 2|3 NO2e] ¥hg- (W3
(13))2 &3l wotAlEttol = (95 (14)) 5 A7t
(Nielsen et al., 2011). Lindley et al.(1979)o]| A= UE
Zabl, yEa a3 ojule] AJAURS o] AbglA
HES AT} kyk,=(1.48+0.07) X 107, ky/k,o=(3.90 +
028)x 107, k, /k,,=022+0.0622 UEZFTIe] A4
W9l WS EEATE UERART ofnl ARNLS
O] wtg-& - A=H T}t )Tt Tauzen et al. (1984)0| A=
YA UEsne gANSe AgE e
EARES Zatdid], 27 k,=(8.53+1.42)x 1079}

=(3.1820.48) X 107" cm*/molecule - sec (300 K)2.
2 ety Yol MEEE s o Bk

)

ofx

(CH,),N + 0,— CH,=N-CH, + HO, (8)
(CH),N +NO — (CH,),N-NO )
(CH),N +NO,— (CH,),N-NO, (10)

(CH);N + NO,— CH, =N-CH, + HONO (11)
(CH,),NH + OH — (CH,)N(H)CH, (12)
(CHy)N(H)CH, + 0, + NO— (OCH,)-NH-(CH,) (13)
(OCH,)-NH-(CH,)— HO, +H,C(O)NHCH,  (14)

UEZANE 7] 5 wj-¢ wa2A Fasfjecty &
HA S, WEE/‘}‘?_]E] F&Es4-=¢l H,C-N-CH;
+ NO QH WS 3 UESHUS APsta, 0, %
NO,8}2 =3 olul-& AA3sIth. Nielsen et al.
(2011)9] AN E tudolrlo] F-EafshHA
dagy Eginla} wgugtolrl 121 ’\3*94 HE
gy} 2ELH 3=t AdEE AS s
ok olE R7IEARESY W7l F AFAGE 4
o], UERAIRIY AL tf7] FollA v w=A
B = o AFAT O] 1AZE o] 2 wj-¢- B2 H] §E
o, UEZY, ofnfo]=et YER thidEedleas
U T U7l Fol ARt A7) Sl 2 s==
ZA1E 7sAo] ek (Nielsen er al., 2012; Grosjean,
1991).

olg% YET, o|vl il ofmpo|=9f tf7] F
= dig dite F712LREY di7] iS4
< oldfisk= ©l FastA 7T Aor e A
Al H71olA 9] FESA] et A= A MFE
S SIS SR Ol SRS 7] § WsE B
Wl E ANARE o) Shald A7
Qlth(Nielsen et al.,2011; Erupe et al., 2008; Masuda et
al., 2000; Pitts et al., 1978).

A Aol 2nE e, o7l 8 ofufo]=e)
24y 0 488 B AEW AT K 40
A)slct WA Nielsen ef al. (20119 A= 2F9] Y
E g (nitro-methylamine, nitro-dimethylamine)< &
A18}99 3L, Thermosorb/NI} 2} 7IEZ A S2HAE
AHgstel paabel Yeehne AsHc a2
2fo|e} ke EFAG: 1, vE 224U 4
gt} ZAHHH == (DLE)HS AHdl 28 &, 5
7H4 4™l RTX-1701S X8t 7pAIZ0LE 18
uj o} Fol& 3te} o] 23} ol 3}3t o] 23 &
Aesto] AFRA7IE ARt YETS £45)
gt 1 731_,_}. _Q_O]i §]—5]— 0]‘9_§}-|§1:']~9_ ZHEHF]' /évultg-
Hol A o] B4 =7t B #3422 2218kt (Nielsen
et al., 2011). Nielsen et al. (2011)2] A A= &

-
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Table 4. Analytical methods of nitramines, imines and amides in the chamber studies.

Sampler Extraction method Separation Detection .
. Clean up and . Analytical method
(filter, absorber or Target compounds (extraction . method (column method Concentration o Reference
. concentration validation
equipment) solvent) or solvent) (mode)
— (absorber: . . e <0.15~35.3 ug/m’
Nit DLE' fication, s . . .
thermosorb/N, {samines S (sonification GC*(RTX-1701,  MS*(PCF, (nitro-methlyamine), Nielsen ef al..
. (nitro-methylamine, MC?/methanol N, evaporator o 5 Recovery: 65~93%
charcoal cartridge; nitro-dimethylamine) G:1.viv) Restek) NCI°) <0.02~119.9 ug/m 2011
-di i1, . . .
O, scrubber) Y (nitro-dimethylamine)
— (reaction in
chamber was -
terminated by adding  Nitramine DLE (sonification,  (derivatized . Masuda et al.,
GC (HP-1,Agilent) TEA® - -
1/10 volume of 20%  (nitro-morpholine) DCM’) using ( gilent) 2000
ammonium sulfamate diazormethane)
in 3.6N H,SO,)
177~780 pg/m* (diethylnitramine,
Nitramine maximum concentration);
iethylni i 29~1 * (diehtylf i
High and low volume (dleF ylnitramine), ‘ ' o 9 ' 78 pug/m’ (diel t}f ‘ormamide, ‘
air sampler Amides DLE (sonification, Filtration and GC (HP, Ucon) MS (EF) maximum concentration); _ Pitts et al.,
P . (diethylformamide, DCM) evaporated ’ 3.6~15 pg/m’ (diehtylacetamide, 1978
(glass fiber filter) . . i i
diethylacetamide, maximum concentration);
ethylacetamide) 42~48 ng/m’ (ethylacetamide,
maximum concentration)
Amides (diethylacetamide,
ethylformamide,
diethylacetamide,
ibutvl .
g:trzzllr)lztsanamlde) ’ PTR-MS", Erupe et al.,
— i — - _ - —
. . . HR-ToF-AMS" 2008
(diethyInitramine,
dibutylnitramine), Imines
(ethylehtyleneimine,
butyleneimine)
Nitramines
. (ethanolnitramine,
Impinger (MQ water, methylnitramine SPE® Recovery: 16~81%
adjusting the pH dimei]h lnitramir;e (charcoal) HPLC" (Atlantis HRMS™ _ (16 pg/L of spike level); Dye et al.,
of 6~6.5 by adding N n‘troy' erazine ’ N. eva ore;tor dC,4, T3, Waters) LOD": 1 pg/L; MDL'®: 2011
-1 1 1 Vi
2M HCl) PP ’ 26vap 03~40 pg/L

2-methyl-2-(nitroamino)-
1-propanol)

0¢l

tehte

-

oo

'

irect liquid extraction; *Methylchloride; *Gas chromatography; ‘Mass spectrometer; *Positive chemical ionization; *Negative chemical ionization; 'Dichloromethane; ermal energy analyzer; Electron
'Direct liquid extract Methylchloride; *Gas ch tography; ‘M pect ter; *Posit h 1 tion; ‘Negat h 1 tion; "Dichl th 5Thy 1 gy analyzer; “Elect
ionization; ""Proton Transfer Reaction - Mass Spectrometry; ''high-resolution time-of-flight aerosol mass spectrometer; “Soli ase extraction; “High performance liquid chromatography; "“High resolution mass

tion; '’Proton Transfer Reaction - Mass Spect try; ""high lution t f-flight 1 pects ter; “Solid ph: traction; "High perfi liquid ch tography; “High resolut
spectrometer; “Limit of detection; "“Method detection limit



23RS ARRE A5 S DA A ARERE E4 2
o} AHSTHA e B Axe ANSHEET, A=
A7 AN 2o 2228 Agoins w4 2
To] & F3FS u| x| R] A9tk (Nielsen et al., 2011).

UEZHo] £43}= nitro-morpholined £43%t
Masuda et al. (2000)2] ¥H27|AS A E TE22H
BE 282 & ARFEHE AHgstEen, #
479 HP-129& HX3 7taa2nte ey
o oUAHE71E B4717]1=2 HHsttt. old, 7]
7184 A dofxuge AMESt] UENS 734
ot A=EASES A 24 =5 =9 &
=AEE F8 FEA%tE YEHNS 549 7k
AzvtEIHy A4 (HP-1)& F3 245U
(Masuda et al., 2000).

Pitts et al. (1978)9| A= 1£2] YEZH (diehtylnit-
ramine)¥} 359] ojujo] = (diehtylformide, diehtylace-
taide, ethlyacetamide)E £43}41t}. Pitts et al. (1978)
o WHATNNE THFAF7I7E a4 D AR

AR AAZ 9 AgEgon dFRedHL A
$% AYFEW| 2EUOR AGHUG. 25T A
2 ol (filration g Aol FAHAT, I
B Ucon HPEHS AH§3 7h42obe 1o o}
AFEA7) (A o] 28 mE)F skl 245
itk

Erupe et al. (2008)o] A= SRR o] AZFEAH
(Proton Transfer Reaction - Mass Spectrometry, PTR-
MS)Th HEas B[R ofo2E AR (HR-
ToF-AMS)E ARgste] 259 YEZ, 459 ofnto]
E 223 259 0|l AAZeR A Dye
et al.201)9A= F 459 YEHUS 2A8A=
g, WA VRS ARGkl di7] A=RE AFHEHA
A% FI=ANE 48T T4REYSL NS IA
Sem, A2 B2718 BRI} B2 AR 14
SO RS 1okl (HPLC)S s A
(HRMS)E AH-3to] BA519t

YA Y Eetalt ofuto| S o) 4] BAL 93t A
EAFHYHEL Pitts er al. (1978)0|4 E1H EAHo|
LI wekA YR et ofstol= 248
AL 14T BNAHIE AT T ) AR
AAE B 2252 B AYIYFEYL A

g3t ol 5 T AAY BHE AAE= A

7] 714 asetEo 24

A

= 131

Sid

E 7taa2urE S u) ek HA} o] 231

& AT BPLANNE A485H] LS ofto]
E% 24 4 Qe Ao waEt. oy 349 7}
sagnteady) 29e A8ST AFEA B

EE S0l 318} o] 23 & AjElste] YEeITL of
o]Eo] BY AT E £Y 4 IS Ao Uk
Masuda et al. (2000)9]| A= YEIS S=H438}
of FFA3t g o A9 7tAa2utE e A
HJL &3] 24519} 3FARE Nielsen er al. (2011)3}
Pitts et al. (1978)°] A= UEZWS S=A 5814 ¢
I 7z ST 49 staaRntE g HY
< 5o B4l v Stk o] & AFE A E . &
TAS RS AAA g YEHTIS EAT 5= 9l
& Ao dgddd
7] 5 olvle] &4
1 YA A FPA o] AFEA 7|9 LE
T HIBATE A RE AFEA7|E ARST BAR o
frdsteh. ek YAE olvle] BAL EAz7
H|2gh ofupo| =] EAHMS mEt Aled = S A
o2 g

H2 Erupe et al.(2008)0)| 4] B

-

2.3 L|IER Ctd ?J-’—'.‘- fi}
U E 2 chaEea
ool UE 27| (NOYE E4IsHe 71 AT E
2, 7129 JEZHFEESIeALE JARC carci-
nogenic groupo|A] F2 2A9} 2B¢]| 431ItH(IARC,
2008) (£ 5). & 59 YEZ thHFEESIe4 2] CAS
T, A, B, 54 a9 SR E
btk UERchgstaieas ke g
9 2 MRS Bl B HYgEEes
W 0,9} 2 sl Fhaak EE B
S 56}] A =l =1 (Albinet et al., 2007), Y
setsleat o] 3 ARAZ] 2ol o
StarTh FAWolY (2 x10°H) T} ek
(108ho] ¢ =tk A ok (Lewtas et al., 1990).
olAY 7] F YERFEESEL] 71 AFA
7 ugd, YERhER et 47205
A FEZZ AR5 7] = tt}(Lafontaine et al., 2015).
UERogEEsesd By 2 488
A o] A=y 235 & 60 A sttt 7]
UERThFEealeas] 24 A= A7HA
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Table 5. Chemical structure and toxicity of nitro-polycyclic aromatic hydrocarbons (nitro-PAHSs).

. CAS Molecular Molecular I,ARC . .
Nitro-PAHs . carcinogenic Chemical structure
number formula weight \
group
1-Nitronaphthalene 86-57-7 C,,H,NO, 173.17 3
o”Ngo
o Osy®
2-Methyl-1-nitroanthraquinone 129-15-7 C,;H,NO, 267.24 2B O‘O o
o
Oy 4.0
SN
9-Nitroanthracene 602-60-8 C,H,NO, 223.23 3
5-Nitroacenaphthene 602-87-9 C,,H,NO, 199.21 2B OO
™o
o]
. /4
2-Nitrofluorene 607-57-8 C,;H,NO, 21122 2B Q.O N
.
(N
_N
"1
1-Nitropyrene 5522-43-0 C,cH,NO, 247.25 2A
3-Nitrofluoranthene 892-21-7 C,H,NO, 247.25 3 O‘O
N
o
6-Nitrochrysene 7496-02-8 C,H, NO, 273.29 2A “
o’\N+
Il
) ‘
0
Il
N -
o
3-Nitrobenzanthrone 17117-34-9 C,;H,NO; 275.26 2B ‘

~ )
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Table 5. Continued.

. CAS Molecular Molecular IARC . .
Nitro-PAHs R carcinogenic Chemical structure
number formula weight \
group
7-Nitrobenz-anthracene 20268-51-3 C;sH,;,NO, 273.29 3
3-Nitroperylene 20589-63-3 C,H, NO, 29731 3
.
o=N’
3 9-Dinitrofluoranthene 22506-53-2 C,HN,O, 292.25 2B I
LN
o~ o
[e]
Il
N
-
1 6-Dinitropyrene 42397-64-8 C,HN,0, 29225 2B “
o« S
N
Il
o
-
o"l‘+
4-Nitropyrene 57835-92-4 C,H,NO, 24725 2B “
o
Il
N
6-Nitrobenzo-pyrene 63041-90-7 C,0H,;,NO, 297.31 3

[}

'IARC Carcinogenic group 1: Carcinogenic to humans; 2A: Probably carcinogenic to humans; 2B: Possibly carcinogenic to humans; 3: Not classifiable
as to its carcinogenicity to humans; 4: Probably not carcinogenic to humans (http://monographs..iarc.fr/ENG/Classification/)

WA E ol 7] Wi, Bl AL =EES

&3 AT

FRET e

2o AtolM YEZTR

A

M

< 93 di7] AR AFHe F2 I15F oS
(Alam et al., 2015; Lafontaine et al., 2015; Chuesaard
et al., 2014; Barrado et al., 2013; Hernandez et al.,
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Table 6. Analytical methods and measured concentration of nitro-polycyclic aromatic hydrocarbons (nitro-PAHSs) in the airborne samples in the previous studies.

Extraction . . .
Sampler method Clean-up and Separation Detection method Analytical Sampling Concentrations of
(filter or . . method method . Target nitro-PAHs individual nitro-PAHs Reference
(extraction concentration (mode) o site .
absorber) (column) validation (sum of total nitro-PAHSs)
solvent)
High DLE' SPE’ (clean GC*(HP-5MS, MS/MS® (EI°) Precision: Birmingham,  1-Nitronaphthalene, 0.2364~2.2242 ng/m’ Alam et al.,
volume air  (sonification, Pasteur pipette  Agilent) 0.3~9.7% UK 2-nitronaphthalene, 2015
sampler DCM?) chromatography Accuracy: 1.5-dinitronaphthalene,
(quartz column); —6~25% 2-nitrofluorene, 9-nitroanthracene
microfiber N, concentrator (SRM 1649b7)
filters)
High PLE’(ASE", N, concentrator GC (DB-5MS, MS" (NCI'?) Repeatability Marseilles, 1-Nitronaphthalene, 1.4~208.4 pg/m’ (urban), Albinet et al.,
volume air  DCM) Agilent) (standard France 2-nitronaphthalene, 2-nitrofluorene, ~ 7~176 pg/m’ (sub-urban) 2007
sampler deviation/ 9-nitroanthracene,
(quartz filter mean): 0.2 9-nitrophenanthrene,
(aerosol), (SRM 1649a"%), 3-nitrophenanthrene,
PUF* (gas)) LOD'™: 2+ 3-nitrofluoranthene,
0.01~0.07 pg/ 4-nitropyrene, 1-nitropyrene,
m’ 2-nitropyrene, 7-nitrobenz[a]

anthracene, 6-nitrochrysene,

1,3-dinitropyrene, 1,6-dinitropyrene,

1 ,8-dinitropyrene, 6-nitrobenzo[a]

pyrene
Low PLE(ASE, SPE (silica gel ~ GC(DB-5MS, MS (NCI) Analytical Oporto, 1-Nitronaphthalene, 2-nitrobiphenyl, 0.018~13.6ng/m*(winter),  Alves et al.,
volume Acetone/ column,8mL  Agilent) method Portugal; 5-nitroacenaphthene, 2-nitrofluorene,  0.012~8.18 ng/m’ (summer) 2017
sequential  DCM dichloromethane validation was  Florence, Italy; 9-nitroanthracene,
sampler (2:1,v/v)) followed by 5 carried out Athens, Greece 9-nitrophenanthrene,
(quartz mL acetone); using PACs"” 3-nitrofluoranthene, 1-nitropyrene,
microfiber Turbo Vapll (internal 2,7-dinitrofluorene, 6-nitrochrysene
filters) concentrator standards).
Cyclone air  PLE (Soxhlet, SPE (Sep-Pak GC MS (NCI) Analytical ‘Washington, 2-Nitrofluorene, 9-nitroanthracene, 1.7~282ng/g Bamford et al.,
sampler DCM) column) with (DB-17MS, procedure was  DC, US 9-nitrophenanthrene, 2003
(Teflon DCM and DB-5MS, followed SRM 2-nitrofluoranthene,
membrane hexane (20:80, Agilent) 1650a'%) 3-nitrofluoranthene, 1-nitropyrene,
filter) v/v) 2-nitropyrene, 7-nitrobenz[a]

anthracene, 6-nitrochrysene,
1,3-dinitropyrene, 1,6-dinitropyrene,
1 8-dinitropyrene, 6-nitrobenzo|a]
pyrene

Pel
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Table 6. Continued.

Extraction . . .
Sampler Separation . Analytical . Concentrations of
(filter or methold Clean-up a?nd method Detection method method Sam'plmg Target nitro-PAHs individual nitro-PAHs Reference
(extraction concentration (mode) L site .
absorber) (column) validation (sum of total nitro-PAHs)
solvent)
High PLE (Soxhlet, Rotary HPLC"” Fluorescence Analytical Madrid, Spain  Nitronaftalene, 3-nitrophenantrene, ~ 8~48 pg/m’ Barrado et al.,
volume air  DCM) evaporator (C18 column, procedure was 9-nitrophenantrene, 1-nitropyrene, 2013
sampler Thermo) validated using 3-nitrofluorantene
(PUF SRM 29758,
cartridge) 1649a, 1975"
(n=35,
RSD* <4%)
High DLE(DCM) Filtration using HPLC Chemiluminescence — Chiang Mai, 2-Nitrofluorene, 9-nitroanthracene, 0.008~249 pg/m* Chuesaard et al.,
volume air membrane filter (NPpak-RS, Thailand 2-nitroanthracene, 1-nitropyrene, 2014
sampler (HLC-DISK 3 JASCO) 2-nitropyrene, 4-nitropyrene,
(quartz with pore size of (reduction 2-nitrotriphenylene,
filters) 0.45um, Kanto  column 2-nitrofluoranthene,
Chemical Co.,  reducing to 3-nitrofluoranthene, 3-nitroperylene,
Inc., Tokyo, their amino 1,3-dinitropyrene, 1,6-dinitropyrene
Japan); derivatives),
centrifugal Cosmosil
evaporator 5C,-MS-II,
Cosmosil
5C,¢-AR-II,
Nacalai
Tesque)
High DLE(MC?)  Filtration using GC MS (NCI) Linear Mexico City,  9-Nitroanthracene, 1.8~487.8 pg/m’ (cold-dry Hernandez et al.,
volume air syringe filter; (HP50+MS, regression Mexico 9-nitrophenanthrene, season), 2010
sampler rotary Agilent) coefficients: 3-nitrophenanthrene, 1.9~183.5 pg/m’ (rainy
(filters) evaporator 0.984~0.998 2-nitrofluoranthene, season),
(»p<0.01) 3-nitrofluoranthene, 1-nitropyrene, 1.8~243 4 pg/m’ (warm-dry

7-nitrobenzo|alanthracene,
6-nitrochrysene

season)
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Table 6. Continued.

Extraction . . .
Sampler Separation . Analytical . Concentrations of
(filter or methold Clean-up gnd method Detection method method Sam.phng Target nitro-PAHs individual nitro-PAHs Reference
(extraction —concentration (mode) oy site .
absorber) (column) validation (sum of total nitro-PAHSs)
solvent)
High PLE(ASE)  SPE(20gsilica GC(DB-5MS, MS (EI) EDLs™ were Oregon, US 1-Nitronaphthalene, 0.008~0.18 pg/m’ Lafontaine ez al.,
volume gel column); Agilent) calculated from 2-nitronaphthalene, 2-nitrobiphenyl, 2015
cascade Turbo VaplI EPA-method 3-nitrobiphenyl, 4-nitrobiphenyl,
impactor concentrator 8280A (signal to 3-nitrodibenzofuran,
(quartz fiber noise of 3: 1 in S-nitroacenaphthene, 2-nitrofluorene,
filter) the sample 9-nitroanthracene,
matrix) 9-nitrophenanthrene,
2-nitrodibenzothiophene,
3-nitrophenanthrene,
2-nitroanthracene,
(2+3)-nitrofluoranthene,
I-nitropyrene, 2-nitropyrene,
2 8-Dinitrodibenzothiophene,
7-nitrobenz[a]anthracene,
I-nitrotriphenylene, 6-nitrochrysene,
3-nitrobenzanthrone,
2-nitrotriphenylene,
1,3-dinitropyrene, 1,6-dinitropyrene,
1,8-dinitropyrene, 6-nitrobenzo[a]
pyrene
Median DLE SPE (using a GC (HP-5MS, MS(NCI) Recovery Wuwei, 1-nitro-naphthalene, 3.6~930 pg/m’ Lietal. 2016
volume air column filled Agilent) (spiked Yinchuan, 2-nitronaphthalene, 5-nitro-
sampler with silica gel surrogates Taiyuan, acenaphthene, 2-nitrofluorene,
PUF and a and alumina) randomly): Beijing, 9-nitro-anthracene, 9-nitro-
GFF* - 87 +24% Dexhou, phenanthrene, 3-nitro-phenanthrene, 2
(PUFs), Dalian, Yantai, + 3-nitro-fluoranthene, 1-nitro-
91£30% China pyrene, 7-nitro-benzo[aJanthracene,
(GFFs) 6-nitro-chrysene, 6-nitro-benzo[a]
pyrene
Absorber  LLE*(1:10, Rotary GC ECD*,MS RSD: <8%; - — (24 nitro-PAHs were identified) 0~5 pg/m’ Park et al., 2010
(glass fiber) sample: evaporator, (DB-17MS, (EL, NCI) MDL:
hexane), N, evaporator  Agilent) 3.99~31.69pg
Soxhlet(1:1,
DCM:

hexane)
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Table 6. Continued.

Extraction . . .
Sampler Separation . Analytical . Concentrations of
(filter or methqd Clean-up a}nd method Detection method method Sam‘plmg Target nitro-PAHs individual nitro-PAHs Reference
(extraction concentration (mode) L site .
absorber) (column) validation (sum of total nitro-PAHs)
solvent)
High PLE (ASE) SPE (alumina GC (DB-5MS, MS (NCI) Recovery: Palaiseau, 1-Nitronaphthalene, 0.0~80.3(175.4) pg/m’ Ringuet et al.,
volume air and silica); Agilent) 5~84%, France 2-nitronaphthalene, 2-nitrofluorene, (traffic site, day), 0.2~66.0 2012
sampler N, evaporator Repeatability: 9-nitroanthracene, (165.8) pg/m’ (traffic site,
(quartz fiber 15% on average 9-nitrophenanthrene, night), 0.0~16.8(25.4) pg/m’
filter) (SRM 1649a) 3-nitrophenanthrene, (suburban site, day),
2+3-nitrofluoranthene, 1-nitropyrene, 0.0~15.9(35.3) pg/m’
2-nitropyrene, 4-nitropyrene, (suburban, night)
7-nitrobenz[a]anthracene,
6-nitrochrysene, 1,3-dinitropyrene,
1,6-dinitropyrene, 1.8-dinitropyrene,
1-nitrobenzo[a]pyrene,
3-nitrobenzo[a]pyrene,
6-nitrobenzo[a]pyrene
High and DLE Filtration HPLC chemiluminescence — Shenyang, 1,3-Dinitropyrenes, 0.9~2.2 fmol/m’ (summer; Tang et al., 2005
low volume (Cosmosil China; 1,6-dinitropyrenes, Shenyang, China), 3.2~738
air sampler 5C18-MS, Vladivostok,  1.8-dinitropyrenes, 1-nitropyrene fmol/m’ (winter; Shenyang,
(quartz fiber Nacalai Russia; Seoul, China), 0.8~70 fmolm®
filter) Tesque) South Korea; (summer; Vladivostok,

Kanazawa,
Japan;
Sapporo,
Japan; Tokyo,
Japan;
Kitakyushu,
Japan

Russia), 1.8~394 fmol/m’
(winter; Vladivostok, Russia),
0.7~105 fmol/m’ (summer;
Kanazawa, Japan), 1.3~234
fmol/m?® (winter, Kanazawa,
Japan), 0.8~ 183 fmol/m’
(summer; Tokyo, Japan),
2.2~690 fmol/m’ (winter;
Tokyo, Japan), 3.6~716
fmol/m?®, 0.5~25 fmol/m?
(summer; Kitakyushu,
Japan), 0.3~58 fmol/m’
(winter; Kitakyushu, Japan),
3.6~716 fmol/m* (winter;
Seoul, South Korea)

'Direct liquid extraction; ’Dichloromethane; *Solid phase extraction; ‘Gas chromatography; “Tandem mass spectrometer; °electron ionization; "Standard reference material (Urban dust); 8Polyuretharle form;

“Pressurized liquid extraction; '"Accerelated solvent extraction; "Mass spectrometer; '*Negative chemical ionization; *Standard reference material (Urban dust); “Limit of detection; “Polyaromatic compounds;
"*Standard reference material (Diesel particulate matter); '"High performance liquid chromatography; '*Standard reference material (Diesel particulate matter, industrial forklift); "Standard reference material
(Diesel particulate extract); Relative standard deviation; >'Methylchloride; *Estimated detection limit; *Glass microfiber filter; **Liquid-liquid extraction; *Electron capture detector

LET
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2010; Albinet et al., 2007)7} AFREEQAL, E Ao|ZE
ofo} &2 (Bamford et al., 2003), A-§=F ofojlE 2
(Alves et al., 2017) @ Z8F o|oJAMEH (Li et al.,
2016)7} AMEE 71 &= st 2 22T EHE
AFESE A-EEH (L et al., 2016; Alam et al., 2015;
Chuesaard et al., 2014; Hernandez et al., 2010; Tang et
al., 2005), 758 F S-S AR 7HGAAI S
(Alves et al., 2017; Lafontaine et al., 2015; Ringuet et
al., 2012; Albinet et al., 2007) 18] 11 &A1 (Soxhlet)
2 AFESE A== (Barrado et al., 2013; Bamford er
al., 2003)0] AMEEL, &8z HEZ=MH
21 (Alam et al., 2015; Lafontaine et al., 2015; Chuesaa-
rd et al., 2014; Barrado et al., 2013; Ringuet et al.,
2012; Albinet et al., 2007; Bamford et al., 2003), HE
#=ZZa}o| = (Hernandez et al., 2010), OLA1E/TIEZ
Zog|el &3 (2: 1, v/v)(Alves et al.,2017), hexane/
acetone (Li et al., 2016) I HA/ogr-2 &N (ben-
zene/ethanol) (3: 1, v/v) (Tang et al., 2005)0] ARE-E
t}.
AT = BA AEE 0] 83 AFFEH (Alves
et al., 2017; Li et al., 2016; Alam et al., 2015; Lafon-
taine et al., 2015; Ringuet et al., 2012; Bamford et al.,
2003), WEH 2l o1}xE o]&3%t o3} (Chuesaard et
al., 2014, Hernandez et al., 2010; Tang et al., 2005)7}
AHEE T sE5T A= AasE7] (Alam et al.,
2015; Ringuet et al., 2012; Albinet et al., 2007), Turbo
Vap Il 5=7] (Alves et al., 2017; Lafontaine et al.,
2015), 3| A Z9=27] (Barrado et al., 2013; Hernan-
dez et al.,2010) 18]2 YAl =Z7](Chuesaard et al.,
2014)7F AMgElen, 2 AFoAe E5HEE
AJeFsl7| = SFATH(Li et al., 2016; Tang et al., 2005;
Bamford et al., 2003).

7] F YERZHIFEHIead BAS 93 7
A71712= 7tA~a2utE a3 3] (Alves et al., 2017; Li
et al., 2016; Alam et al., 2015; Lafontaine et al., 2015;
Ringuet et al., 2012; Hernandez et al., 2010; Albinet et
al., 2007; Bamford et al., 2003)2} A SHA| T 20L&
Z18 1] (Chuesaard et al., 2014; Barrado et al., 2013)7}
F2 AMEEHAT tAaEnEdd Y 2YoRs
HP-5MS (Li et al., 2016; Alam et al., 2015), DB-5MS
(Alves et al., 2017; Ringuet et al., 2012; Albinet et al.,

7SS A 34 A A1 &

2007; Bamford et al., 2003), DB-17MS (Bamford et al.,
2003)2} HP50 + MS (Hernandez et al., 2010)7} AF&-X]
AL, 15 A a=utEaH o Ad2 Cl18
(Chuesaard et al., 2014; Barrado et al., 2013)T} NPpak
RS A3 (Chuesaard et al., 2014)0] AR}t HE7]
2L g A=At AR A7 (Alves et al., 2017; Li
et al., 2016; Lafontaine ef al., 2015; Ringuet et al.,
2012; Hernandez et al., 2010; Albinet et al., 2007;
Bamford et al., 2003)7} 2 AFRE o, 1 Hhof
o]% R Ay], |7 Z7) (Barrado ef al., 2013), 7L
231 3} 337 £ 7] (Chuesaard et al., 2014; Tang et
al..2005)7} AL E7|E ek WA o) 23t
L ARlo] &3} B (Alam et al., 2015; Lafontaine et
al.,2015) 9@ go|2 3lslo] 23} T (Alves et al.,
2017; Li et al., 2016; Ringuet et al., 2012; Hernandez
et al., 2010; Albinet et al., 2007; Bamford et al., 2003)
g olgalsict.

64 BE 7] F A B 7tAY UER
thgEeslead] =22 9 38 79 493
v} = (primary reaction) = 0|24 (secondary
reaction), A 2] o]Fol o3t F9)S % AF= ©
o] XPe u} A, A& 9 YEZTHYFETI}
T2 FE W 2 7)o 78S AT A= A
35 v} Qi (Park er al., 2010; Tang ef al., 2005).
Park et al. (2010)2] AFoA = &R LZHAA
2 WA Ao YERchigEReleas A2iste]
Bshgl, FALHA OIS FEE o 0~2pg
m, SN A AN FEE 0~5 pgim’ 5
0|3t} & Tang et al.(2005)9) A= FoFAlof 2] 9 <]
UE Rt Bad BAYS 2P
A3l ==t (Shenyang), 2 A]o}(Vladivostok), g+
(Seoul), ¥ (Kanazawa, Sapporo, Tokyo, Kitakyushu)
o % 77} BACIMY YERThgEEses S
£ RIS, 489 YERETEEae)
€ JHF 5L 36~716fmol/m’o]goH, o= 1

SR RIS Qo AL YRRyl
T Z3F(Shenyang)T} UE (Sapporo)Eth 2eEA|
, B A]o}(Vladivostok)Q} &9 37| T A (Kanaza-
wa, Tokyo, Kitakyushu) 2 th= =t}

Choi et al.(2016a)0]) T2 H&olA chiaaeis)
20] TRl 002~2748 ng/m’E, o= E 69 g

)

i

[ ooff



AA 7] F YEROFEEIT2 59 H
St =X FGAU (Alves et al., 2017), Thh Fe =r
X E HYth(Alam et al., 2015; Chuesaard et al.,
2014; Ringuet et al., 2012; Hernandez et al., 2010;
Albinet et al., 2007; Barrado et al., 2003). Wa}A AL
oMY ERTHYFEEI P SRR hFEH
shn0) w0l AL T BE AoR 25H
o} E 2R o] melAeurt thgEeiae)
%7} =9k (Albinet ef al., 2007), ALo| o2 Hc}
=2 =r BixZo|E HYth(Alves et al., 2017; Her-
nandez et al., 2010). E EZFHo|AL Yo whETh
UEZTHEgESRI a9 7571 8 3oy, 29
A oA ol WHEY YERTHFEEstea)
27 Y 22 EAL EAtH(Ringuet et al., 2012).

S )

3. 2% U H

7] F olo=2EE AAste a2 2nAW
A Y 9 gletrdwste)] Sa% AL gt kA
9 2590 oo 29 th7|vhgof w3t ATt
F7Igay frl4ra/d il =3etE o], 2ulAq™
T2 719¥E FAFLE Eske Hl Algto]
o doj2F9] frdLIRMES U7 F TE7
I3 Fa/g0l tiet AE7E WA oo}, dF EF
(PANSs, peroxyacyl nitrates) &Joll= A7} FE3]
PSR i

F71223 2 t7] o9 wggof 2o
T Qlof, ti7] & f71EasREe diet A+
7] dolz2Z9] 8 7]9dE FA A2z oFst
o 24 7198 Ao wddEth 53] UEEAI,
2yl oputol =, ofvl W YE2rhgrEeslea
22 f71d2RES dFE JAEEE Ae
I dHA ol H7] F fUIALIREY FEE
13 FeAdo] Slrh £ A= W7l 5 f71443%
=9 =8 Rista fr1d23EY d7|1AE
3
kil

o T X0 XN N
I fo A0 32 lo fu

o <o
[m

& olgshe H 7| Rolv, FIFH o Z7|
AAe] FEARAS SYotE B glo] B3y 2
Ag AN © 7168 Ao wkdt

A} YEEA I, UEghl, ojafol= 8w YE
2 ohgEesead AL o ARRFHE 72

7] f71da8etE

A

A

= 139

Sid

3 71 F71E AH8ste] AU E AR
Aol EAAY &S FHadsta 34
= Eo17] fJsf AN FFEHol F=2 e EH UL
7] (Syringe) AR S AHGEE P AATE S
o, Aot 5 A= skt A
e A ANEe FE 7taaznEa 0o 2
FEA7IE AHESte] EAEH A=, old YEZAI
T YEHTS F49| taaznEad e Ayt A
FEA7]9 ol WS AHEIHHE Al v w2 E4
FEE BAEST B UEZAN], YEI, ofuto]
T 333 YEROFEESsL0] B AR
A719] o] &3t HEL AR, ol W Fol 33} o]
23 RE BRoA 7Hsstgth. SRR YE = AR I}
UEZHTE Fo|2 35} o] 23 oA £4] =7}
A BA =i
AT UEZAM, YE, oputo]=, o]7l T2
I UEZ thgEastead SARNS fEAe
WA 157 F7IAF7E 28 ARAF7E A
olof gttt MEH Al 2& A3FH AR w2
4 279 Zol= (U7 wZoll (Nielsen er al.,
2011), &Y Al £& 23FHE AT Jae ¢l

MO > oo X K

i)

o AEY 8 7] ARE 7l AASEYRche A
BN 2EUL BN A5RE £Y 9L 7
3

#24

o wHHt 1 Fo AU4 2HE B 0T

AABAE AH A2 55718 Aol FAE 7]

ARE SEUT AR SR GRS a2
7

oo

o
>~
f
uk
it
lo
Hr
1
oy
H—]
il
Sh
o~

A},

971 F QA fA19ATRR) B d7E O%
ok $7lRasEEd FeEAE S7lol2E AT
2 ystel A f713H0EY W7 F S= dold
2 FAHOR 755 © /19T Rolch. £4E §
NALAFRY FEE 4719LHTB SEO} G
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A gt FAEA 2 &Y Fof 28501, ti7]
% f711012 9 7o dE Bt FAH SR o]sfst
£ HE 719 Ao g dddt & ff7] F NO,:NO
H, 71324 (FHSE, 25 5), A (i.e. OH, NO,)
9] x| wet AdEHE W7 F UEZARL YEH
91, ofaol= gl ofdly} Zhe {7 ALBRHEC] 4ol
3}7] W&o (Nielsen et al., 2011), 7] & §7|& 43}
o) ARY, W FERE o U =47 v)
BRG] F=E S5t A di7loA f71d43
el A - AAEE H7] SAS F9T 5+ U
Aoz 7|t o] B8 W7l § Ar1EastE
24 A7t d7l F ol A f7] ollol2E (sec-
ondary organic aerosols, SOAs)0| AA == 7] E4
& gska, B ot 97] 3 nlAEa Beuere
° 7lojet Aoz weHc So) == o
o e r1AANREE A7) % A
A ol ti7] T F712asRtE
A dAqs AAY ol wE nAHA 9 g7
A H= Hlol= 7199& A o]t} (Lafon-

odt
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@,i e
>
[

o o of fa o
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N
o
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ine et al., 2015).

dAel 2

B AT BRATATY A9 wop 2H 57
A 722 YA (NRF-2017R 1A2B4006760)T} 201738¢
W= olsfoithsti Thatel A8k 29 (NR. Choi)
< o} A g5,
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