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Abstract: The ambient carbonyl compounds have become one of the research hotspots in atmospheric environment. Carbonyl compounds
are difficult to detect because of their relatively higher reactivity and chemical instability. In order to detect ambient carbonyl and
dicarbonyl compounds accurately, the sampling and analysis methods of 18 kinds of carbonyl and dicarbonyl compounds with relatively
higher concentration or higher reactivity in ambient air were investigated and the optimized methods were applied to study the pollution
characteristics of ambient carbonyl compounds in the typical urban area in Beijing in May 2018. The results showed that; (1) The
automated multi-port sampler can collect sample continuously, under the same sampling conditions compared with the single-port sampler,
the collected data had no obvious difference (R*=0.9997), and the maximum sampling flow rate was set to be 0.8 L/min. The highest

impurity content in the sampling tube was 0. 01 pg for one DNPH-cartridge, which was less than the standard limit of 0. 10 g for one
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DNPH-cartridge ( HJ 683-2014 Ambient Air-Determination of Aldehyde and Ketone Compounds-High Performance Liquid Chromatography) .

(2) Two dicarbonyl compounds which are glyoxal and methyl glyoxal could be successfully detected by adopting the determined

derivatization method of dicarbonyl compounds and the corresponding mass spectrometry scanning conditions; The standard curves of 18

kinds of carbonyl compounds were established and the correlation coefficients R* of the standard curves were higher than 0. 9950. (3) The

mass concentrations of 18 carbonyl compounds in the ambient of the typical area in Beijing in this study period were 17. 73-88. 42 pg/m’.
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Table 1 List for 18 kinds of carbonyl compounds

L B L P4
R formaldehyde TE G valeraldehyde
3 acetaldehyde o-HIEIRHEE  o-tolualedehyde
Y acrolein m-HIEFEE  m-tolualedehyde
P acetone p-HIEHHEE  p-tolualedehyde
I propionaldehyde iF o hexaldehyde
2,5-— 2.5-
TR crotonaldehyde ’KEP:;% dimethylbenzaldehyde
IETRE butyraldehyde 5T methacrolein
I benzaldehyde Y- glyoxal
SR isovaleraldehyde B methylglyoxal
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Fig.1 Automated multi-port sampler for carbonyl compounds
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Fig.2 Sampling flow rate test
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Table 2 MS parameters for dicarbonyl compounds analysis

) TR
B 24
. Lz,

BB B L 417.1 431.1
TE T 182. 1 182. 1
BT IR/ 450 450
EIRH IV -41 -49

A HE/NV -7 -7
AR A i /e V -32 -34

Tl = ) T LR/ V -3 -2

1.5.2 18 FIEEERZE A0S Y 0 53 BT 7 i

FE AT Z T, JE A TR B J5T e TR B AR VA VR 1Y)
IHTLL 2 bR et R, Fi TO-11A FRUERI 55 T
P 2 REFN L 2 SR A AT AR AT MR 61 T
. L 3 SRR 20 WL AR A HPLC/
UV/MS Z 4. Sl M ik 5= % K E HI
683—2014( 23R, AL BRI 1580
HETETEY 1 G RIK Z 0 kE BE R R, 60% 2.0 4
¥ 20 min;20~30 min N ZHEM 60% L3S 2 100% ;
30~32 min N ZNEFIEE 60% , JF0-FF 8 min; FEEAH
THIR 40 °C, TO-11A FRyEW R S T M el il i K hy
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Fig.3 Comparison of sampling effect of multi-port and

single-port sampler under the same sampling conditions
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Table 3 Different times of re-crystallized DNPH contrast with

the response of impurity concentration

DNPH F T 5T 1 VR B/ (wg/mL)
LU IR R P Fofts
1R 0.20 0.29 0. 15 0.03
2w 0.02 0.13 0. 09 0.01
53 0.01 0.05 0. 04 0.01
54 0.01 0.03 0.03 0.01
S 0. 01 0.01 0.02 0. 01

2.1.3 SRR MR ISCE
A 4 A SREEFE N 1.2 L/min B HEE 2
i 5 PR = 35 W SR Y A A1, 0 & TR, I AR A
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Table 4 Impurity concentration of homemade and
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80
Ze AR (ng/ ) © WA
REARSAL A1) ——— — A o
FRED FRAE WA R T i = o
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Vi 0.10 0.01 0.02 —u— R
T 1ol —— Z
R 0.30 0.02 0.10 —A— P
Fipls 0.10 0.01 0. 04 . . . . . s . s
— - — 1.2 1.1 1.0 0.9 0.8 0.7 0.6 0.5
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SRAEVEHE R 0. 5~ 1. 2 L/min 004 M2k | 245
JFE 0. 8 L/min , R A Fe KRR AN ELE T 0. 8
L/min, PA 0.5 L/min £ 'H.
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Fig.4 Fitting curves of sampling flow

rate and absorption
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Fig.5 Chromatographs for 18 kinds of carbonyl compounds by HPLC/UV/MS

H 28 5 Al UL 18 i i 25 1k & P b o i 26 4H G
250 R* JEHI20. 996 8~1.000 0,44 KF 0.995 0,
F54r HI 683—2014 FrifEt ™ (B3R R A Wb
HEM LA G R AR AL (U2 =) |, JF H - i
e 1 ] v BRG] R 5 AT A A R 3R
SR SRS E. TO-11A FRUEF 15 Fh i 9t
FEIoA 15 ~ 600 ng/mL, 57 T # I 26 14 5 [ 4 15 ~ 450

ng/mL, £ AT 5L 2 T £ BN 15 ~ 300
ng/mL. Pl HPLC/UV/MS X/ [7] i il 2 £k & 4 1 i iy
B T2 RIS S R BRAS AL, 18 Fof i i
FALE YR PR B v 12 & 1, F 8. 36 ng/mL(R
BERBILL S0 L3t K2 HBR M 0. 84 peg/m’).

A ST G A R P AT, ST — A AR
18 F T 2 £b A5 0 o e ViR 2 11 L ).
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Table 5 Detection information for 18 kinds of carbonyl compounds by HPLC/UV/MS
et i s S s
T UV/360 nm 4.97 — 15~600 1..000 0 0.56 1.87
LT UV/360 nm 6.24 4.74 15~600 1.000 0 0.83 2.77
T UV/360 nm 7.83 5.06 15~600 1. 000 0 1.10 3.67
P UV/360 nm 8.13 0.85 15~600 1..000 0 1.28 4.25
T UV/360 nm 8.70 1.63 15~600 1.000 0 1.37 4.57
TR UV/360 nm 10. 55 4.85 15~600 1. 000 0 1.84 6.13
ETRE UV/360 nm 12. 00 3.43 15~600 0.999 8 2.14 6. 42
TR UV/360 nm 13.31 2.83 15~600 0.999 4 3.29 9.89
S I UV/360 nm 16. 20 5.24 15~600 0.999 6 3.63 12.10
1E SR UV/360 nm 17.13 1.52 15~600 0.998 0 3.53 11.75
o-HIBL 2R I i UV/360 nm 18.32 1.93 15~600 0.999 2 5.13 17.10
m-FP 2 UV/360 nm 18.95 0.98 15~600 0.998 2 5.12 17.07
p- DR UV/360 nm 19.76 1.23 15~600 0.997 8 5.57 18.56
ECHE UV/360 nm 24.21 8.18 15~600 0.999 8 2.93 9.78
2,5- IR UV/360 nm 24.75 1.35 15~600 0.999 8 3.51 11.71
S T UV/360 nm 11. 67 2.09 15~450 0.999 4 2.00 6. 60
Y, MS 13.47 — 15~300 0.999 8 8.36 27.87
I MS 23.87 — 15~300 0.996 8 6.79 22.63
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Fig.6 Variations of the mass concentrations of carbonyl compounds in the ambient air of

the study area during the observation period in 2018
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HIME N 38. 25 pe/m’ ; FEWRIERT 10 A7 (EEFISAL A
PRI R B I 2 N R O S TR
O OE T p-W ORI IE G | OF O .

FEEAESIF 2010 4F 6—9 H AE b 5T T I X % B
T ASSREE R, AT AR AT B2 S 0h 23 P
B W e o 38,00 pg/m®, Hid p (FHEE) |
p( L) p(TNER) Fl p (R ) /3 h 11,78,
7.90.7.51 F10. 64 pg/m’; YANG 28 F 2008 4 6 H
16 H—8 H 26 H7E 1 FEIREERL 2= 5% B 3 o5 ( 5%
WFFEAHE) WIS 2] p () o ( L) o (PIER ) F
p(HILZ —FE) 33 A 13.96,10.35.18.07 Fi 3. 54
pg/m®. ZW S p (W) p (L BE) . p(NER) FI
p(HILZ —E) 4 9 N 6.52,2.77.7.50 Fl 12.98
pg/m’ 5 2008 41 2010 4EAH b, 2018 4F 5 H Wil
W, p(WEE) (p (Z ) . p (HSER) A BT T K,
p(MIEZ ) B Tt 9552505 T 2014 4 8
H—2015 4 1 A X5k 5 A7 ARpkcith X R 2616 5 )
J R B AT T W, A5 SR R p () o L) M
p (TR 4351 4. 32 .0.95 F1 3. 01 wg/m’. BIRITLE
KA p(HEE) p( LEE) p (NER) A BT TR, H
AT i T3 [ R 7 AR MRHiL X
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i RAEEE AR L, BT A EE R AL A B Bk
FESTBE 05 S0 B 5 SR AR, Bl A -8B (R N
0.999 7) ; H R FEVR A B & T 0.8 L/min, L4 0.5
L/min 5B #2461 8 7 &b ik DNPH fh ik, 458 5
Wi DNPH 4l 0 B 32 T, 25 #6 B¢ DNPH 18 flis
T, IO IS R RR R 1L , R E DNPH 445 % ( DNPH
MR N BERRIRFR L R 60:1 000:1) . i FH B
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b) AL T LAWK S DNPH V3K
FRFRUERT A AR B J7 3%, 7€ 70 C KA 150 min 4%
R C i B 3 2 ZBEOKE RS DNPH b
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IEHfE T B A A P0 0 J0 45 1. B A [
PR A AL A 0 B 0T Wk B, 4 Tl o il 2, 45 B
2R AR SCPE R AL R KTF0.995 0. HESr TS K
18 FhEEEA 251k & 9719 DNPH 4 -HPLC/UV/MS £
W5 SEE0 T — T SRR FRE 18 Fi i B 25 Ak A 9 5
WS B H .

¢) RHMALE R T 2018 4 5 H 16—22 H
FE E PR BT RF 2RI T B sl o5 2 AT Shy 3001 — ] 190 A T 285
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pg/m’.

Brigt: A ERRE B AR S FEE ST PO A RS SURNLAR
RAF R RAT A | M I SRR B 4 . SR AR A ok o |
ZE s AR AE STl R AR 5 7] 2 Rl Sk D2 18 i ) < 3o 3 6 34 it
B3 B

2 % 3Lk ( References) :

[ 1] ATKINSON R. Atmospheric chemistry of VOCs and NO, [ J].
Atmospheric Environment,2000,34(12/13/14) .2063-2101.

[ 2] ZHANG Yujie,MU Yujing, PENG Liang, et al. Atmospheric BTEX
and carbonyls during summer seasons of 2008-2010 in Beijing[ J].
Atmospheric Environment,2012,59(9) :186-191.

[ 3] VOLKAMER R, SHEEHY P, MOLINA L T, et al. Oxidative
capacity of the Mexico City atmosphere: part 1.a radical source
perspective [ J ]. Atmospheric Chemistry and Physics, 2010, 10
(14) :6969-6991.

[ 4] HOFZUMAHAUS A,ROHRER F,LU K, et al. Amplified trace gas
removal in the troposphere[ J].Science,2009,324 (5935) ;1702-
1704.

[ 5] SEINFELD J H,PANDIS S N.Atmospheric chemistry and physics :
from air pollution to climate change[ M ].3rd ed. Hoboken, New
Jersey, US: John Wiley & Sons Press,2016.:48-52.

[ 6] KOPPMANN R. Volatile organic compounds in the atmosphere
[ M].0Oxford , England ; Blackwell Press,2007:513-514.

[ 7] REZEA Rmfn, AR KRB = M].2 AL st M S HE
HipstkE, 2006 115-118.

[ 8] YANG Xue, XUE Likun, WANG Tao, et al. Observations and
explicit modeling of summertime carbonyl formation in Beijing:
identification of key precursor species and their impact on
atmospheric oxidation chemistry [ J ]. Journal of Geophysical
Research : Atmospheres, 2018, 123 :1426-1440.

[9] MONKS P S, GRANIER C, FUZZI S, et al. Atmospheric
composition change-global and regional air quality[ J ]. Atmospheric
Environment,2009,43(33) :5268-5350.

[10] ZHANG Renyi, WANG Gehui,GUO Song,et al. Formation of urban
fine particulate matter [ J ]. Chemical Reviews, 2015, 115(10) .
3803-3855.

[11] HO K F,HO S'S H,HUANG R J,et al. Spatiotemporal distribution
of carbonyl compounds in China[ J].Environmental Pollution,2015
(197) :316-324.

[12] LUECKEN D J,NAPELENOK S L,STRUM M, et al.Sensitivity of
ambient atmospheric formaldehyde and ozone to precursor species
and source types across the United States [ J ]. Environmental
Science & Technology,2018,52(8) :4668-4675.

[13] WANG Bo, LEE S C, HO K F. Characteristics of carbonyls:

concentrations and source strengths for indoor and outdoor



5454

5 B RS SO REIZE AL S AN Oy i A S 0 A 829

[14]

[15]

[17]

[18]

[19]

[21]

[22]

[23]

[24]

China [ J ].
Environment 2007 ,41(13) :2851-2861.
ATKINSON R, AREY J.Atmospheric degradation of volatile organic
compounds| J].Chemical Reviews,2003,103(12) :4605-4638.
PRG-I HY 683—2014 FRETZE S BE B2 plE W
RO (L [ S ] bt T I BRETRL A2 A, 2014,

US EPA. Compendium

residential  microenvironments  in Atmospheric

method TO-11A  determination of
formaldehyde in ambient air using adsorbent cartridge followed by
high performance liquid chromatography ( HPLC) : active sampling
methodology [ S ]. Cincinnati; Center for Environmental Research
Information Office of Research and Development, 1999.
FEERY.HT 759—2015 BREE A< HERMER ML I E e
RAEPSARE G- TG [ S ] AbaT ., h EFREERL A i At , 2015,
YUAN Bin, KOSS A R, WARNEKE C, et al. Proton-transfer-
reaction mass spectrometry ; applications in atmospheric sciences
[ J].Chemical Reviews,2017,117(21) :13187-13229.

CUI Long,ZHANG Zhou, HUANG Yu,et al. Measuring OVOCs and
VOCs by PTR-MS in an urban roadside microenvironment of Hong
Kong: relative humidity and temperature dependence, and field
intercomparisons[ J ] . Atmospheric Measurement Techniques,2016,
9(12) :5763-5779.

JENKIN M E, YOUNG J C, RICKARD A R.The MCM v3.3.1
degradation scheme for isoprene [ J ]. Atmospheric Chemistry
Physics,2015,15(20) :11433-11459.

KOMENDA M, SCHAUB A, KOPPMANN R. Description and
characterization of an on-line system for long-term measurements of
isoprene , methyl vinyl ketone,and methacrolein in ambient air[ J].
Journal of Chromatography A,2003,995(1/2) :185-201.
SURRATT J D,CHAN A W H,EDDINGSAAS N C,et al.Reactive
intermediates revealed in secondary organic aerosol formation from
isoprene[ J ]. Proceedings of the National Academy of Sciences,
2010,107(15) :6640-6645.

FU T M, JACOB D J, WITTROCK F, et al. Global budgets of
atmospheric glyoxal and methylglyoxal, and implications for
formation of secondary organic aerosols[ J].Journal of Geophysical
Research : Atmospheres, 2008.doi ;: 10.1029/2007JD009505.

B SO B S5 MOT B RS RS AL S W s
RERFIE 5 R I o [ ] AR AR IR BT~ i, 2010, 19 (6) « 1387-
1391.

HU Ping, WEN Sheng, WEI Shilong, et al. Character of carbonyl
compounds and their source in Guangzhou Wanqingsha atmosphere
[J].Ecology and Environmental Sciences, 2010, 19 (6): 1387-
1391.

AR R R AR P RERRZE AL S 15 YR Bl B A L (]
PR ML A SR 2011,23(1) :39-41.

PENG Hua.Research on aldehydes and ketones pollutants in urban

air [ J ]. The Administration and Technique of Environmental

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

Monitoring,2011,23( 1) :39-41.

. RSO G SR BT A S G T I REANER [ 7] R R
$%,2011,24(2) :60-62.

ZHANG Li.Determination of aldehydes and ketones in air pollutants
by HPLC[ J]. Environmental Science and Technology ( China),
2011,24(2) :60-62.

ARG HERE, I S AORA G E I E CE b s —
RERIZRERR[ )] . (11 ,2010,28( 1) :59-63.

ZHU Yamei, CUI Qun, WANG Haiyan, Determination of glyoxal
and glyoxalic acid in aldehyde solution by high performance liquid
chromatography[ J ]. Chinese Journal of Chromatography, 2010, 28
(1) :59-63.

4 [ A VE LAY ML GH/T 1109—2015 #% P N RS 7 1
MIINE OB 5k [ S ] dEat: i Ae e A MR AL At
2015.

BIRAR IGHA B AT, . 2, 4- IR AR - RO
TR AR T TR A [ )] 4T 12, 2010, 38
(11):1573-1577.

MU Cuicui, FENG Yanli, ZHAI Jinqing, et al. Determination of
dicarbonyl ambient fine by high

compounds  in particles

performance liquid chromatography after 2, 4-
dinitrophenylhydrazine ~derivatization [ J ]. Chinese Journal of
Analytical Chemistry,2010,38(11) :1573-1577.

SMIRNOV R S, SMOLENKOV A D, BOLOTNIK T A, et al.

Precolumn derivatization with glyoxal as a new approach to the

highly = sensitive HPLC-UV  determination of unsymmetrical
dimethylhydrazine [ J ]. Journal of Analytical Chemistry, 2013, 68
(9) :837-844.

V] % e M G 00 G 4 RS GHU/T 4946—2008 “THH (A 1 i R
[ ST AL A EARE S iREL, 2008.
ZHANG Hao, LI Hong,ZHANG Qingzhu, et al. Atmospheric volatile
organic compounds in a typical urban area of Beijing: pollution
characterization , health risk assessment and source apportionment
[J].Atmosphere,2017,8(3) :1-29.
EEE 17 O N e | 0 9 PUI LS N- Y ave & 7 ld
S AR L) ] BRI, 2011,32(12) :3522-3530.
WANG Qin, SHAO Min, WEI Qiang, e al. Spatial and temporal
variations of ambient carbonyl compounds in Beijing and its
surrounding areas [ J ]. Environmental Science, 2011, 32 ( 12) .
3522-3530.
AN, R B X, S IR F AR P EE R 2K 1A ik
BEARARAAEL 1] IR AL EBET ,2016,29(9) :1272-1278.
JIANG Zhaohui, WANG Yujiao, ZHENG Xuan, et al. Variation
characteristics of atmospheric carbonyl compounds in Zhangjiajie
forest[ J | .Research of Environmental Sciences,2016,29(9) :1272-
1278.

(A2 F)



