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5, KREERBERERIZ, NPs DWW O»ZELHERWE L
LCiELTWwaYY. NPsid, BREH R mH 03 f=e 7
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2:1 BrFTULY

KA O NPs DRIUE, ¥V AXNVEEF 2 —TFH0»
THio72. 70y MFEEMMEAZ > 774 — ) F—
N— (R 7oL Y# 3 mL, 5010-60101, ¥ —T )44
I A, W) 12 ) A7V (MTO-Davison silica gel
grade 12, 60/80 mesh, particle size 40 um, Sigma-Aldrich
%, St. Louis, MO) 500 mg Z7E L, kxR ZFL
V7Y bTEELTHEF 2 — T ERER L7z, Ak
Fa—=T%TIVIFAVTEY, TT7RYT (ML6BS, T
7 EHE, KB 2V THE 4.0 L min ' TREZ R
FlL72. RBHiEREIIOVWTIE, ETREEREL VY
#— {PFM710-C6-C-M (10 LM), SMC #, 35l ol
=y uh—IZiskl 7z

NP RO HNEALZ 5 720, TR OB
BT ANY —ICHBRNT 5720 L-aL s vary
FrrIx—""% YUAFLNTEF—THIKEL
7o BF = v Vv —id, I 2FBEHR (VQI10-6G, SMC ),
¥ ==V F (VW3Ql212, SMCH#), VA ¥ ¥ f<—
(H5CX-AD, #*2m 8, 5U#), 12 V&R (JBW-30, TDK
BORR), WRLAWYBRZNEER,»S 2, @HIE2
Wl & IR 7 208 ) B2 247w, 3 HIEEHE LT
Witk EiT-72.

WL FAEHERBED IRk -V F
(GL-SPE, Y=V H A 28 12ky b L 1% KRk
B8 mL W CTHI LAz iBiEiE 15 mL 3 7
Fa— T2, NSRS L, 24 R DA %

4mL ZHVTHEL, Fa— T ALOEZEFMALRT 1 KM
W5~ =R — ) FCREERE, HEaLsyaryFor
TVx =ty bLTHiEETo 7.

Rk ) A5 VHESF 2 — 712 & 5 HNZBFRAIZ
Z, A¥T 7 AN=T 4 V¥ — (QR-100, ¢ 37 mm, T F
NrFy 28 W) ks 7o 15 EREE (2.2
Lmin™") Z#0EL, K74 V¥ —oxMEWISTIC X
LEMESREFT o772 72, WAKORIZ Y5
TETOL A v T—5 v FEHWTITo 72, K&5H NPs O
PR WY K DFRBUT REAR KR Z HIRFHAITSERH AR (9 RERE
T) DRELETITo 7.

NPs OFRWOM, V' VR NO, IZ2WnWTh, ZhEh
Model 49i, 42i (W3 d HARY—F#®, 3H) ZH VT
03 TEDF—5 2 EL.

VUBNSNVEEF - T L BB OO0,
V—=F5 45 (No.2 ik, ADGMBETIER KK o1
mm PUFISH#E L 725 D 500 mg) FEHEAH 7 ANOHfiER,
#i7K= 0.1 M KOH & 20 mL ~OHEE D W -THRNENY
R AT o 72, WIHTIENS 6 M NPs % 100 ng % fififk
7T A ROWIGRISEM L, FRERE 4L min ' THER
L7z L, BRAFT 54 NPs & 00 L CHIGRERZ 1T - 72,

22 A

NPs O 3BRFASE & LT, 2nitrophenol (2-NP), 4-nitro-
phenol (4NP), 2mitro-p-cresol (2NpC), 4-nitro-m-cresol
(4-NmC), 2,6-dinitro-p-cresol (2,6-DNpC), 2,4-dinitro-
phenetole (2,4DNPt), Wi d WEb TEH L)
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Flow diagram of LVPC-HPLC-APCI-MS for the analysis of NPs

P, plunger pumps; AS, auto-sampler; V1 - 3, automated 6 port valves; SV, three-way switching valve; SG,
syringe (1 mL); SL, sample loop; LF, line filter; column A, concentrator column; column B, separation
column; APCI-MS, atmospheric pressure chemical ionization mass spectrometer.

EHVz, KREHEE 1000mg L) 27 = MY
(ACN) HHECTHEL, ZNZHOBRAEER D S5 L T
NP & (FHi% 100 mg L) ACN iz R L. 20
B EAKTHRL THEST0, 0.2, 1, 2, 5, 10ugL™'®
R E R L7z, F72, AFE# L LT Cambridge
Isotope Laboratories (Andover, MA) %5 HEA L 72 4itro-
phenol ring-d4 (4NP RD4) % fJ\>7z. 4-NP RD4 i 1000
mg L' PRAFEZ ACN T2 BERML T1lmg L' @ 4NP
RD4 & 7572

HPLC 121, M7 920374 v amy JiRil L
Wil T A oOEME SIS R L2,
MHTHIYT AT a =Y THERIZ02mM X ¥ ¥ AV
7 4 V¥ (MSA) D1 % ACNKIF & L, #HERIZ 25 mM
WM +25 mMEERE 7 ~ £ = v A& KB (ABS) &
100 % ACN % 77 V. ¥ MEETHW. KiZ§F~XT3I
1) R 7 B Simplicity UV 12 & % #HlK % v 7.

2:3 = hO7 ./ —JVEED HPLC/MS 247

KRR AE Y v V7 4 V% — (IC Acrodisc®
13 mm, pore size 0.2 um, Pall # New York, NY) 2 X
DIFBL, P 6 mL % 10 mL /N4 7 VIS AR, PIERE
# 1 mg L' @ 4-NP RD4 60 uL Z 0L 7z.

AEOPE Y AT 5T, HPLCEERER D 6 573V 7 V2 (2
Iz, HE6 Ji/3V 7 (C2-1006EH, Valco Instruments 2,
Houston, TX) # 23 (V1,V3) &l L T LVPC-HPLC-
APCIMS ¥ A7 A &5 L7z (Fig. 1). HPLC X% 4 4 4
27 Z# Ultimate 3000 & fi\\72285, ¥ — b v 75—

YUV 1mL ¥ ¥ T (4000, Kloehn) & HUY £} 7z,
F72, BTN —TIEEEFED 100 uL v — 7 L EFIZ
0.75 mm i.d. X 1/16” PEEK F = — 7 10 m 29 ffiF, K
BREAZWERICL: (BE45mL). &b, #AENA T
JWIZIE 10 mL Bz vz, 5oy —4 A% Table 1
RT. 9, V2on DIRET 1 mL V) ¥ I T 5 MIKE|
L, BEHZ 45 mL Y Y VIV —F~NEAT L. KA
BV—7%BLTOEALDOT, WEIOHEL) ¥ IER
b ofiiEE 25 BIRFEE L THRBOV —T~OBH 2 5% T
S V2 & off ITERL VI Z on 12T 5 & IV—"T71Z MSA/
ACN ## (1 mL min ) 258AZh, EABx A 54~
74 NVF— (2um 7Y v I, A430, UpChurch # , Oak
Harbor, WA) %l L Ti#i# 5 & (IonPac® NG1, ¢ 4 X
50 mm, Dionex #, Sunnyvale, CA) ~EAT 5. A
HTAE, RVAFL -V Ry EyHBBEARICK
510 um BOBEELHE LD DOTH 5. 10 5HOEA
%, VI%Zoff, V3% onll95&, ZNETNHNAIRALT
W7o BE (ABS/ACN, 0.2 mL min ') 2%E#ih 7 A%
BHTE. ZORENT v T7EINT W72 NPs B0 HED T 4
(Acclaim PA®, ¢ 2.1 X 100 mm, 3 pm particle size, Dionex
B \CEASINEESE ST 5. 5HES T 2 OFHEHANL,
VYHKRENCANT 7 3 FERE2L—-FUREGSEINEN
LT Cl6 BEREMZHA XT3 0T, WY o mEk
FWTWD. pHr# T 1k, #7772 % ACN ¥ Tt
LIRDFAEHE AN 2 5.

NPs O#HHE, APCIIC X 5B Cr o7z Hwizg
BOWEEI—EH A =574 74 7B MSQ Plus T, £
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Table 1 Sequence of LVPC-HPLC
Time/min Event Loop Column A Column B ABS/ACN V1 V2 V3

0-10 Washing with ACN 0/100 Off Off Off
10-20 Conditioning with Washing 0/100 On off  Off
20-30 MSA 75/25 On Off Off
30-40 Load Loading | W(i::}’l“igiso /’2’& 75/25 On On Off
40-50 Injection MSA MSA (trap) 75/25 On Off Off
50-65 — Elution Separation 75/25 — 30/70 off off On
65-75 —_ Elution Separation 30/70 Off Off On

a) Time for sample loading was not included in HPLC program.

1E5

4-NP
2-NP
4-NmC 2-NpC

m/z=138
m/z =152
2,6-DNpC
2,4-DNPt
m/z =197
m/z=183 j \
4-NP RD4
m/z =142
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Retention time / min

Fig. 2 Chromatograms obtained for analytes of NPs
and the internal standard (4-NP RD4), for which each
concentration was 10 ug L™!

P E G LR 7 o — 7iE 550 C,
BFWR 75 Lmin L TOW A To 7.

3 RREEEH

3:1 LVPC-HPLC-APCIMS IZ & % NPs 94745t

Fig. 21ZR$T 270 bS5 200LBY, KON O
Bk 20~25 I EP L722s, £/ =bufbkl 7=
J — )V (2NP, 4NP: m/z 138) X 7 L ¥V — )b (2-NpG,
4NmC: m/z 152) 72 EEEEHEFE L W EEIK[FE 1% H
WS A 2 e TE T, RERITAICLY, vV
ZIVMS Th 0.04~032 ug L' o@EERA (LOQ, S/N
=10) %1372, Z#iZ liquid core waveguide | & 2L E
1420 mm OFEBIMERR & ¥ 7 L EBmGH (MS/MS)
HMoERRRY LIZIZA%TH Y, 22— % HPLC-
MS/MS'” X ) EIRIETH - 72, ZOEFERIE, HNZEAL
ZIET 5 EMREHE (4L min~' X 2h) OEE, 0.08~
0.67 ng m " OKRFIBEICHLTZ. K= ra 7/ -V

a0 F B 30 pA,

OB % Table 212 F & ©72. Kohler 512 500 mL
DO R % B AR VA BEA TR & o TIRAEIWIC 40 uL £
TfE L-olaxt L, AgEciitigmdsE (>5mL) @
ARELCTHOMDTRET, 2 ORUE L SO THELL. &
BEOREIERNBREEZE TR VDT, NPs DL ) RiEREED
BN OGHICAHFITH 5.

3:2 NPs D%

KEH NPs OFfifE L LT, #ik=e KOH KBEHE D
NTY 7, B —=F 54 AfHF 2 —=TR3Uh 7T
VEEF 2 —T~DO M5y TERGFN L7, SRHBEEICLD
B GRERHE R % Table 3 12" 3. HIPGRERIE, &R
RIS T AT NPs R EIERIML, 208, HNEBHZE
L UM E 2 RER L7z, ZOBEWIIGARR
WD 5 LIBAET S NPs 2 2= L CRGAERZ 1T - 7.
BICAR DL E I Z0FE, WEF 2 —TOHAEIF1 % BE
B 8 mLAZ X D LTt &2 475 72,

Table 3IZRTEBY, NTY U TOHE L DHD NPs
2DV TERMZBINDH 5N 7225, 2NP & 2NpC IZD
WTIRIFEAEEEI N 2o, RSP E I
B X HEEMEAEC, WA SR L -2 %
oMb, ANV =% 2NP 77 Matm |, 2NpC 68
Matm ' THY, 4NP 7.7%10° M atm ' % 4NmC 6.2 X
10° M atm ' & HEET 2 & 2~ 3HIAS W2 ST
(NaOH) 12X B A7 5N —12koT7 2/ —VEZH%E
LB s 0, Wk T2, 72/ -0
BHERFEIC L > TL ) BVRESE SN D LB L7225,
NP CTHIUILENZR 055 6.1 % (M ELAZEET, 01 M
KOH KB T HMAKDYGE L IZIZF CHRTH - 72,

— T AEOYE, WHOTEANIB W TWEOM
X BEFIEEAE RS L LEREEDOY -5 5
A 2L BNNRTIES Y ATND Q/SEETH 72 ¥
YA NVTIECTNOWEIZOWT HIFITERR 2% B
PEOLN Z2T, VYASVEEF 2 — T % 2 KBS
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Table 2 Characteristics of chromatographic analysis of NPs by LVPC-HPLC-APCI-MS

RSD for 1 pg L™

Compound m/z tr/min LOD/pug L™! LOQ/ug L7! standard,/ % * R?V
2-NP 138 26.5 0.056 0.19 8.1 0.9966
4-NP 138 22.8 0.017 0.055 4.7 0.9991
2-NpC 152 29.1 0.058 0.19 3.2 0.9934
4-NmC 152 23.8 0.012 0.040 11.1 0.9994
2,6-DNpC 197 29.1 0.037 0.12 3.8 0.9999
2,4-DNPt 183 22.3 0.097 0.32 7.0 0.9940

a) n =4, b) correlation coefficient of calibration curve obtained from data for 0, 1, 2, 5 and 10 pg L™' NP

standard solutions.

Table 3 Recovery test for four kinds of collection

methods
Recovery/ %
Compound Bubbling Column
Pure water KOH Soda lime  Silica gel
2-NP 0 6 62 87
4-NP 107 91 75 99
2-NpC 0 0 79 95
4+NmC 92 99 66 90
2,6-DNpC 94 82 66 99
2,4-DNPt 105 102 62 96

In both bubbling and column tests, NP (100 ng each) was
added to the absorbing solutions and columns, and
4L min~' of air was passed through for 2 h (2L min! in
case of bubbling). After that the NPs contained in the
collectors were analyzed by HPLC-APCI-MS.

WCHEREL, #9 0.5 ppmy @ 2NP %% 4 L min ' T 2 K
BRLE. 2oL oL, TOs 7 LHRICHEsIN
NP 2 SR LE KDL L 095202 % (n=3) TH
D, HREDOEV NP T VY B NVEHF 2 — TIE
wIICHiIE SN 8512, i LfbFMid st s
TAPCE EE D ERMIHMTE B Z VRSN

3:3 AXH NPs D HAZEE)

5H, 104, 12 Ao/ -HNEZET— % % Fig. 3,
COMOMKERREMICE L DR % Table 4 IR T.
IS 60 NPs #IRED 3 HRE I, 5 H 28 H~30
Hix26.6ngm *, 10 H 10 H~12 HiZ 224 ngm °, 10
H30H~11H1HIE161ngm °, 1211 H~13 Hix
39.2ngm " TH Y, 12 IR VIRE O NPs 25HH
Ihi.

WO TS HHIZE < 2 D BRI % 2 HNZE
BERLTwa, FlzIE, 5 TP 6RD L I 8K
MMl (5.0~88ngm *) LR DFHORED LI 2 RIS
30 ng m ° FEEOMAMABIW S N7z 12 HTHHI S
10.9~25.7 ng m ° @ /N 12X L 22 K12 75.2~99.9
ng m ° OMKMEABM S N7z LaL, HNEBORNIE

ZHICIVELRLZ-TVS, 5 JRIEFEEICHERARR
SNTVEDIZHL, 12 HOMKIZ 22~24 KEIZY 7 b L
Twb. Zhb 5 H - 12 Ao NPs o1z, Zhehvt
YENO, LANVD ERHIIG U TER LT LIRS -
o COBBRIEUTOEIIEZLIENTES. 5 I,
OH 7 VA IVORIBIZ X - T NPs DAEEPHEIF S A HIC
NPs i2ED LR35, Carter i3 72/ =I5 TV HIH, T
DOIBARTHNV ML LI FHBT I NVITHhoTzE
ZAIINO, OAFBEIHPRELTC7 /) — Vo= buft
PRI BELTVEY. ZhIHLIQARAF Y > M
EAMRNODT, © LA NO, IREIHEIN TS, NOy 1
= b i ERMEETCH L L, FREMOF XS
YPELTEERMERDENO, FVAINDYI—ATHDH b
7o®, LB NPs E D NO, 5 L OB A SNz &
EzoNb, SHELNIHRTIEA L =X po WA
AREB»EI S 70T, ABRRIEENICX 28X D
S RGO E S TNPsHER L TWDELHDEEZ S
ns.

NPs DMK S FHCTEL > ZHEBA SN 5 H
(5/28~5/30) & 10 A (10/30~11/1) ® > DM &
b 2.NP, 4-NP, 2-NpC, 4-NmC, IETNIZ 2,6-DNpC AR
EN7z. 2NP & 2NpCId 5 ] {2 3 H R FI9MH 9.46
ngm ° (248 %), 859ngm ° (165 %) X0 b 10H
130.30 ng m ™ (34.2 %), 11.08 ng m > (25.9 %)} 1255 <
AN, FHIZ5 HIZ4NP 8.34ng m ™’ (23.2 %)},
4NmC 1818 ngm ™’ (25.9 %)}, 2,6-DNpC 534 ngm "’
(9.74 %)} OE G D E D o 72 {10 A T, 4NP7.75
(19.1 %), 4-NmC 5.57 (12.5 %), 2,6-DNpC 2.97
(6.08%)}. 4NPIZF VY OHFAETTEK TS EENRTE
D" W UBHT4NP 255 HICE o7z ZE2 b0 5. £
72 2NP & 4NP (2T X DM R <, 2o e D
. ZUE, 2NP DA, WAV L, o RREE
OIS T RIS R D5 TH S, #HiZ, 4NP IF
BABEFE— R 2 PBREL, ERRISEBA & 225 4V M
e FoF L BEL I ARREENSH L. TD7-D 2NP
iE, E6%25=PFfEROH T T A, NOs TV HNVED



4NP 12K 5 2-NP DEELLIMEr oz EZ NS, T

780 BUNSEKI KAGAKU Vol. 62 (2013)

120- ' !
' ' <160
—’i NOZ i 0
"QE 1 E |"u ’ 'é.
g’ . "I‘ ‘.I b"’l ' | .I -803;
ey \ | o
g WA RN
Z 404 ! !
il ol : i -0
- ip i
0-
5/28 5/29 5/30 10/10 10/11 10/12
-1160
>
a
480 &
oﬂ
do

10/30 10/31 11 12111 12112 12113
BN 2-NP [ 4-NP N 2-NpC
[14-NmC [ 2,6-DNpC [[]2,4-DNPt
Fig. 3  Daily variation of NPs

Sampling was performed every 2 h and continued for 3 days. The measurements were performed four times:
May 28 - 30, October 10-12, October 30~ November 1, and December 11-13, all in 2012.

Table 4 Composition of NPs observed in rainwater and filter samples in 2011 and
2012, and collected by silica-gel column three-day samplings

Composition/ %
Compounds Silica gel air sampling
Rainwater Filter
5/28-30 10/10-13  10/30-11/1 12/11-13

2-NP 24.8 20.8 34.2 44.2 0.656 1.87
4-NP 23.2 13.1 19.1 8.43 29.1 25.7
2-NpC 16.5 32.2 25.9 26.4 2.2 8.74
4NmC 25.9 10.9 12.5 8.31 11.3 42.5
2,6-DNpC 9.74 11.8 6.08 10.5 50.9 12.0
2,4-DNPt nd 11.2 2.19 2.19 5.79 9.13

nd: not detected.

POBZ & o THET 2 EE2 N5, TO0, 5 HTIE OB TIX0.387, 023, 040 Thotz). ZOXHIZHE
EORER S JIZYZ PO LA TND Z EAVRIREN
72, 5 B2 4NmC ICHART 2NpCRESK o 720 bW 7z. Y= P afbid, Scheme 2 D & 9 TR > T
FOBHBEEZOND. 2NPR2NPCHEL LD =1 EEZOLNL. ThbL, = a7/ — )LD OHHIC
{b% 479 & 2,4-dinitrophenol ¥ 2,6DNpC 1245 L FHE  OH I VINHFHELTE/ = b7/ VDT IAN
N5, &% H5 24dinitrophenol DB Z T o T PAERT L. TOT I A NVEWL O DHIEEE RO,
Mo 72h, 2NpCITH§ % 2,6DNpC DI (2,6-DNpC/  ZOHTHIN MLH LB TUNRT I A NI Rl T
2NpC) 135 AP bENo72 B AN 059 IS LZD  AIINO,EEOIMVE T2 HWEL C2BEMHO= T ufbt)s
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nitro-PAHs™ % NPs” I3 EZ L ) 4 A FICL MM ST
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Nitrophenols (NPs), having effects on human health, are produced in the atmosphere via
several pathways. However, the behavior details of atmospheric NPs are not well understood.
In this work, daily variations of NPs were investigated by repeating 2-h collection using silica-gel
columns followed by HPLC/MS analysis. The collection method was optimized and large-
volume injection and in-line preconcentration was automated for the HPLC analysis. The
quantification limits by atmospheric-pressure chemical ionization mass analysis for each
atmospheric NP ranged between 0.08 and 0.67 ng m™* with a time resolution of 2 h.  Clear
daily variations were obtained by this method. Whereas NP concentrations were high around
noon in the summer, they were maxima before midnight in the winter.  This was likely due to
a difference in the main mechanism for NP formations: mainly the OH radical and the NO;
radical initiated the formation reaction in the summer and winter, respectively. In the winter,
the total NP concentration was higher than that in the summer especially 2-nitrophenol which
accounted for half of all NPs measured. On the contrary, formation of dinitrophenol from
mononitrophenol seemed to proceed abundantly in the summer. Also, a seasonal variation
was detected from rain water analysis and filter sampling. The concentrations and partition
of NPs were different, alowing differences in the polarity and reactivity. It was considered that
the NP concentrations changed dynamically in the atmosphere via secondary production, and
reactions to disappear.

Keywords: nitrophenols; daily variation; atmospheric pollution; inline preconcentration-high
performance liquid chromatography/atmospheric pressure chemical ionization mass
spectrometry.



