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Monitoring and Analysis of PAN and PPN in the Air of Beijing During the Summer

of 2005
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Abstract: PAN and PPN in the urban air of Beijing were monitored by using a online instrument from Aug. 15th to Aug. 28th, 2005. The
results show that the concentrations of PAN and PPN are extremely high in the air of the city area of Beijings and the highest concentrations of
PAN and PPN during the daytime are 2493.2 x 107" and 509.2 x 10™" respectively. A strong correlation is found between PAN and PPN,
R*=0.9495, and the average ratio of [PPNJ/LPAN] is about 20.2% > which suggests anthropogenic VOCs are dominant when compared to
biogenic ones in the urban air. The precipitation has strong negative effects on the formation and accumulation of PAN and PPN. High
concentrations of PAN and PPN occur every midnight. During day time, high concentrations of PAN and PPN occurred with high concentrations
of NO, when NO concentrations are fairly low. Diurnal variations of O; and PAN are very similar to each other; and a moderate correlation has
been indicated between PAN and O, .

Key words: online monitoring; anthropogenic source; correlation; daily variations

o S TR 6 2R W )it [ PANs, RCCO)OONO, ] K
A I A A ), 3L o AR 2 T A IR R [ PAN,
CH, CCO)OONO, JHid % M LA R EL PPN, CH,CH,C 1.1
(0)OONO, J1E R H I B2 gt v » e AT % 3k i 6 DX 3k

1 #MR5E7AE

AR ENE
GCECD £ &k I W ¥ 2%, & B KW v -

KA 7= A2 B B () RS W), A E A i iy
R Ml e RNV, R Y
L VOO RIS A S i 2B B, 2 )3« 75 4%
FURHLY) B 2125, I HAE SRR ALY 1) X 180 4 Bk
KA v 4 5 0 B (A

EH T 450 £ IR A PR 156 S ) o ) AN AR e 1 A Ry
JLWS = W AR % o D S | R SR AR € 7
A PR PR, T R b ik A WA R 16 240 o 1 K 14
I A A B TR 5T b 3k T RO ST Bk
AR R, T 2R Bk T K5 A T S (1)
e P REHOR SCHF

AWFFIRIE T 2005-08-15 ~ 2005-08-28 X Ik 5L
T3 H A X KA 1) PAN AT PPN 1 AT 7E 26 00 il
G55, 538 T PAN Al PPN 1 H ARk 35 S AH G I
AIPS

(NOAMWHE . Horh gC 245 24 HP5890, (1 il A 4 &
MR JEAE, WA 0.53 mmy WIR 1 pm ACHE=
HA 2 1k 8 B Ceross-linked  trifluoropropyl silicone )
SEM (J&W Inc. DB-210), (3% A1 A2 15°C, ECD 1%
D UL 40°C, PAN LR B I TR) 4 1.57 min,
PPN (AR B I )24 3,16 min. FLEE A SCHERE, 1N [H) 73
PR AIERE 5 min 2007 1 AN SREA, KR 4 5 %
107" . PANs 128 KA 16t 4> Teflon 55 41 B, 75K
FEE % A AN 23 38 B PANs 40 5T IR 904 2K . 14 1 4 )it
PR SCHRL7 ]
1.2 BRyERE S &

FIH] PAN JGUR B S % PAN A7 PAN DU 75
s B 83 2006-09-27; 1& 1T H #A: 2006-11-07
HEEWAB . b AARFAIE G (8072014); H R BRI

JeE X (86351 H (2006 AA06A301)

TEB BN FRC1982 ~ ), B, Wi -HHF 5T 4, B EHF R T7 ok K4k

%, E-mail: wangbinreal @ pku. edu. cn
% JIRIK R A, E-mail: jbzhang@ pku. edu. cn



1622 7N 58

F} 2% 28 &

B E RN AT, 7E 285 nm R AMT IS, FIH
P AT NO #5702 % PAN A7/ 8 58, B2l NO
HPA R 9L » 1) o 2 e 2 48 11 3% CMFCO K <At
2 A HIAE 1 em® /minfl 40 em® /min. 7E 486
HES R NO FIAT i A0AH J B 2E B PAN R L &S
(25°C £2°C) T, PAN &I H A0 o 1R A o 1, HLop 3
WKIA 17.3 W™ N AT AR S T YRR A
FILACAT N R B E] Y PAN 458 2K T 20w 3L rh
NO F5 BT EE A 1,012 x 107, T8 Bl A% < (1)
RFLLIRE N 1.013 x 107¢ . T Pl i 12, PR 1y SR
FI NO W B2 7HE PAN BRI JE, NO IRFE LR R
93% + 5% VG P A B PAN AR AE B bR E
I ( CAL Valve)3E N RFE I .

PPN H /1) 1l % 7 SE 36 %5 58 i, A BRI PPN
WA VL, A R IR 45 R R 2 B PPN bR . B B
SEHG v T SR AR AR TN R IS 98 9% K R 1R 30%
H,0, =%t 63% M iR LA I Jo7K MgS0, ¥4 4y
Hrall 5 s B R s S8 B R R e 3 2% 2%
H K5 B REBERE S 10 100 mL R JEREIE AUk K
e T R R B R NN 7.5 mL AR IF, BEEE 5
min, A HFE FEHE AN 0.1 mL ¥ 1% H,90, .5
min Ji7 » AT RS RAEZE T M 1.25 mL 30% 1) H,0, . it
FE 2~ 3 b, B IE AL BT 2 S KoK
FH UK, IF BRI 20 mL W 1+ =, iRk
5 min. 2212 H I 5 mL A IR H,S0, FF
FE 5 min. B 2N 2 mL AR HNO, . B2 3
FE 15 min. KB R B BUEIN 125 mL 5 W S
o RN EKEHE R S 50 mL AL K
BUEANZ 2 ~ 3 IR, BRI & 70l R A HLZ
MR UKt T I R VR R, I b &G 7K MeS0,
AT T B APUZ R 2N, B0, IR
NVKFEREAT A URARAT
1.3 &sbrE

TERAE IS FE A, FTIFACAS 1« A7, X AR5
PRFEATEAT il , PANs Ar Rl AR IS (19 25 SRE AR AR
ANl 7T TR, SRR T ) S
AU TS T (A TR B [ B 7, T S A
V) 73k N A 0 AR (B % TR B2 T E R 125°C,
TEME R B 999% LA F () PANs 4 ot 15 K A2 4
fiftt®), A S REA R A 5 AT PANs #05, 3 HL AR
RS P FH AR B PANs P05 . IS0 0 4 HE A
FELk H AR )7, K PAN DGR BT = A2 ) PAN A
REFGEN GC-ECD Kl R 48 . PAN [ £ B I 4] 4

1.57min. AR¥E NO AR RIH L, NO UM PRI A4
TAFEARMITE, LI NO Ak 5, v 5 3k N ES
MR G IREA T T & PAN FIHCBE AR T 3k A3 (it
Nl Ty A (U 2 =R IR S N I NA S AR G B e ig s
WA RV CMEPC) 038 25 <) 1 RE L, 3R 19 A [
PAN ¥R 5 1) 23 SRR AR, 338117 56 506 A3 1) b o (I
1) bt h e 1wy [ X F- 250,005 9, AH R R 2L R* =
0.9905.

2000
o + PAN
5 1600 - — £tt (PAN)
X
& 1200 |-
&
B 800 |
% y=0.0059x
5 400 R =0.9905
=9
0 | 1 | Il 1 1

0 50000 100000 150000 200000 250000 300000 350000
(e

E1 PANRE
Fig.1 PAN calibration

IR AP HEAR ST PPN HIH%5E . Bl Ik
PPN 4% A AR, 7E 5 € i FEH, PPN IR 4% A& s 45
A B TR R B UK ) PRI AR VKIS A I il
N =R ZE TR R R 2 T PPN [ HE i T8 2 )
AR B I I 1) AR R A AR T G, BT PAN
DGR LR, 5 TR ST I CAN T I NO i), I8
AURE BOE N 40 e’ /mins B 5 4 44 K U5 F) — i 42
NEHRE 1] 7, [7] IR o — 42 N PAN DG ) H X
1, XA gl m R A B AR A A R AR PPN A<
N TAH S CHr T 73 ) R B AR A, ECD TG i )
HEATARE . PPN IR ER B I 18] 24 3.16 min. HH L3R4S A
AR 44 9 PPN (2 it b T B IR FH U
APALCCNO, A3 X IR AR ) PPN R 5 2 47
SE I S5 AW PAN FI PPN 1) i 1 ER] A A AR Ak
5910 225077, ALK PAN [RI00: [K 745 2 PPN (¥
INAPSEE

2 HR5IE

2.1 K5 PAN 5 PPN IR

2005-08 7 T~ b 5T K 2% BERF — 5 B T I 15 11
PAN F1 PPN %< B2 25 WL 1] 2. Bl 43 1) PAN #1 PPN
()85 e AR R 43 2053 3 R 2 493.2 x 1072 il 509.2 x
107" Horr PAN {5 1988 4 WLl o T 45 21 [¥] PAN
{68 x 1071 AE [A] —H i 2

SR, KA PPN IR EFEAS )2 PAN WK



TR

HZAb 5t KA PAN 55 PPN 1 150043 4

1623

3000

PAN

2500

2000

1500

1000

PAN, PPNARFR /M3 x 10712

500

08 15 08-16 08-17 08-18 08- 19 08 20 08-21

2 2005-08-15 ~ 2005-08-28 PAN 1 PPN il

08-22 08-23 08- 24 08-25 08-26 08-27 08- 28 08-29

Hi/H-H

ERAN R % 5D

Fig.2  Concentrations of PAN and PPN in air from Aug. 15th to Aug. 28th
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Fig.3  Comparison between diurnal variations of PAN in 1998 and that in 2005
2500
ccccccc PPN

o 2000 400 =

= =

X

o 1500 - 300 &

s 2

g 1000 oy

& 1000 - 200 &

2 3
A 500 100

E b d 1 1 | 0
2005-08-17 2005-08-21 2005-08-25  2005-08-29
HiirE-A-H

4 2005 % PAN 0 PPN RE A&k
Fig.4 Diurnal variations of PAN and PPN in 2005

2005-08-16 & [H) 4= 2005-08-17 -7+ 09: 00, 1%
X LT REEE I B s I AR, a2 Brow, Bk
Firf PAN F1 PPN (19 FEARAR, A I L AR TS A
PR 5 x 107" 5 KAE 2 A4 79 x 1072 F1 13,5 x

1072, S FIE 0 51.2x 1072 F1 6.6 x 1072,

MAE 17 H R 45 K 2 J5, PAN # PPN @ilfﬂﬂ&E
(B ARA S A W o = 34, H P 3 AR B
HHAH A ) 3 BLAR PANs ANERE , 2% ) K AR i,
{HRTE S (25°C + 2°C) F, PANs & L HH 4 5 1 A2t
SENE, H e I Kk 17,3 05 DR 70 3R B 1
ZAF R PANs AT LUAE KA P B 20 bt i A i
(R FE — MR A, P L9 15 20°C oA A8 IX R I
BT, PANs 29 il 3 2 A, BARAE KA
2.2 PPN 5 PANWKEMIKR

Kl 5 W78 T PAN Al PPN IR B2 LL A7, AN (7] (1 [

600

+ [PPNI/[PAN]

— &5 ([PPNI[PAN])
500 :

400

300

200

PEN{ERI A 10712

100

g & I I I
0 1000 2000

PANSET ST 8010712

3000

E 5 PPN/PAN KB LE15)
Fig.5 Ratio of [PPNJ/LPAN]



1624 7N 53

B 86

MARER TORTE ) PPN FI PAN ¥ % L 9] .t T PAN
A1 PPN 08 R AL I (VOCs) 1) 64k 22 S84k 7=
W, NS i) DU H, R PPN 55 PAN < JE [H)
AAEB RS IAH CPECR? =0.949 5), PPN 5 PAN ¥
JER EEAE G AN 0.079 ~ 0.344 A5, P IELA K
0.202, BILPANJ/LPPN] = 5: 1. HE TR R P :
y=0.1908x +9.1147, R*=0.9495

L, x O PAN R4, y 9 PPN AR 4K

HE, PAN A1 PPN HIHTA& VOC P ) K5 5 AN
eI PAN IHT A& VOC #0F & Rets = AR i 4 &
IEHECCH, CO, ) Y VOCs, ‘B ATTIRE AT >k B R SR U5 X n]
kB AU, 17 PPN IIHTHE vOC #)Re e ts = A it
AR (CH,—CH, CO, ) 1) VOCss BEAITACKR A A K
PO P 5 e, 3 AT AS A 5 AR e AN [
I %] PPN Al PAN BT AR VOC W) RH R A5 e B2 LE 451 1)
ARG B PR, AR 45 KU PPN 5 PAN IR 52 (1)
LLA ¢ 2R, A5 AT 4 W7 2 oK S vocs 1
%ﬁ[lo]‘

AHOC I R 2 80, B AR Vocs 2 5
etk 27 S W 1) B 41 T Roberts 25 AT Williams 45 WA
9, LPANJLPPN] N 5.8 ~ 7.4 ki d5 N U VOCs
FESe AR R 3 G A ) ) LB S A i X
PANs W) 0T 2R BUH) VOCs SRR LR RS e, K#ECR AT
DONPEN Rk, 454 VOCs BRI B, i e Ak
JEHETBUR) VOCs A Je ¥ P A, I Hom LA 20

P A AR Rl e b A X TR e A 22 G s A
PANs LAz 0, 85 KA AL ORI , A R0 e g 25
TR
2.3 PANs 55 NO,

PANs 405 (19 25 JRN 43 fift oy — A 36 2 -

R(0)0; + NO, ==R(0)0,NO, (D
HAFAESE 4 RN
R(0)0; + NO—>NO, + CO, + CH, ()

PANs 40 @10 F AT 3 4% TUTRE R R
P AN il T2 PAN T PPN MUK A0 £ B
() BEIRAT R TE s I, BN C1 () A5 PR S Y. 18 6
T, B PANs (1 FAfife 38 2 Bl A5 et 52 16 v i bR
TEAH TR BE R, B A L NO J/LNO, JHe B LA i BTt
S (2 (38 R IR, 3 R PANs 45326 fin et 516

ML I B A C08-15 ~ 08-29) NO- NO, ~ NO, #H
PAN R A4 G DLW 8] 6 BTz . o] DL HY PAN
J i — M IRAE NO, R EEAS R 1T NO R FE ARG HL
FERAAF AP IRIT BE, 15 NO, (R AR —
IS PAN MRS 1R 208 BRAR o] DA 2 3000 ik
R T IR AR 45 3 B W B N B, £ TR
16:00 ~ 18:00 Z 14752 tH I PAN A1 PPN ¥ J& 1) /=
U, TT DA A 2 AR R AT IR I 2 R

TWHEREOLR, BT B Z 6 B, PAN AT PPN
JUPA R R YA 2% O it A2 s [R1E, B T-0NO Y/

90 - = 2600
----- NOx
——PAN - 2400
80 — ¢ NO
+ NO, — 2200
70 - - 2000
S 1800
% 60 N
£ 1600 &
P 50 ' X
i’g 0o 1400 &
S i P
s | 1200
2 40 ' £
S i 1000
z ,
530 :jE: 800 a
Z
20 600
400
10
200
0 0
2005-08-17 2005-08-19 2005-08-21 2005-08-23 2005-08-25
H#/#-H-H

6 NO-.NO,-NO, FH PAN 25 R
Fig.6  Ambient concentrations of NO, NO,, NO, and PAN



7 TR A AL R KA PAN 5 PPN I R 437 1625
[NO, 1B s mr, BRI L AIK, PAN AT PPN K48 73 160 = 2100
FARECA IR L, DRI HY B PAN A1 PPN AR BE AR . i _mr 2000 &
TR T PANs 4 B0 th e 38 1 B e o, 0o 5 00w g E
ik 17.3 W LSRR PR S 1 20 e, B g
P, 75— 2] NO, J/L NO J#& B LA 5725 1 ) PAN £ o 1200 &
A AR BT 1088 A1 2005 EHOAIH I K w0 o g
R 7R R] Ik 2 SR I = L PAN T (L 1D 20 . 400
&1 H.EPANRSREN L 085 08.17 0819 0821 0823 0825 0827
Table 1~ Comparison of the highest concentrations of H#/A-H
AN g dovtime ane et E7 PAN'S O, K B (2005 4)
H i it (1] PANX{Tji\jﬁ [NO, VINOTV Fig.7 Diumal variation of PAN and Oy

1988-05-25 09:00 5 600 2.64

1988-05-25 21:00 4400 1.46 2500

2005-08-18 11:40 521.2 1.98 3

2005-08-18 20:30 454.2 3.83 = 2000

2005-08-20 13:45 1620.7 10.26 & 1500

2005-08-20 23:35 887.6 11.23 = 1000

2005-08-21 12:50 1246.6 11.43 %

2005-08-21 21:35 766.6 22.33 = 500

2005-08-23 12:15 1505.6 8.11 e |

2005-08-23 21:25 555.5 21.14 0 40 80 120 160

1) [NO, VINOTH PAN ¥R i U4 HY BLHS ZU W7 )5 0.5 h A IS 9K &
Lo e

2.4 PANs 5 0O,

S TRk A% G b T 1R 1 0 4 27 0 25 1 R
A AR E AN A A FDEVER T =4 K&
AT, K 0, FEKC PANS W 7
AILLA i, B 08-21 ~ 08-23 #1, PAN (194 5 H AR 4k 5
0, WP PR RE A — B0, e AT R (R AR
M F—WZ) . PAN 5 0, ¥4 6025 N (1) 7= 4,
R e AT 2 T R — 8 (A DG PE AR, W& 8 i
7%, PAN FIl O, IO JE 2 (R A A R BUH — 2 R 2
PR A = O =& B HTA voc Py Jf A 56 4
AHIF], AL T RSP LR B A O N ) vOc 6 R
g 25 1 0, A AT BERE 7= 2 CH, CO, M1 VOC R
5 5 PAN: @ 3 1) L BR ML A BT X)), 0, 1T
i 5 NO FIAEAT VO I 5 N 22, 11 PAN 1)
FBRHL I = 55 [ G B o i R
VOC YRR A LA B AN [R] LA R B4 55 30 5 1 o %, 3
] FEL PAN A O, 2 [A] R AH P BRI

CPANT/L O, JH o 5 L B e 5 7E — i FEJE 1 %
WLAR 2 A R R AL A A 9 oR T
1988 412005 4 2 KM 1 PAN 5 0, PRI JE L

REAHSEx107

E8 PANS O; REXAR
Fig.8 Relationship between ambient PAN and ambient O3

ELPANT/LO, I H AR 4k . BLAR 38 I AR Al 34 AR
— 20, (E A LA 3 B A AR K 200 . 1988 4
[CPANJ/L O, JHIZE AL X A 24 0.04 ~ 0.42, P 3IMEH A
0.111; T 2005 4F, X 2 #0543 5 24 0.010 8 ~
0.061 210,027 2. X FE I 220 7E — e FE P bR T
1988 ~ 2005 4 [A) At 5 17 KA 2 5 06406 2% s Y 1
VOCs P Fh 148 48, 15 BH B 1% 5 20 PAN A2 1 1) VOC
PIRRAE R VA VOC T 7 I EL A BT T B

§T o 20058 |
ok & . A 1988%F _ME
R 5L 3 (3 ] M
il { WA I
Za(o% 3 N 0.3 W
iz . " A o I
® 3 3- r
1 . :0.22
%2:A‘ A P .. §
& A A te !M AA_O-I'EHO:
%’;1 A 4 A a4, AAA‘A‘A“ §
§0+ 1 +

1 1 1 1 1 1 0
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

fit /] (0'clock)

9 [PANILO, IR B %
Fig.9 Diurnal variation of [PAN1/[0; ]



1626 7N 58

B

P

% 28 &

3 it

(152005 4K fE 4k GC-ECD BTl 3 1) PAN i
25 R L7, AT A H DX ) PAN 5 Gk AR A
W E 2005 5 1988 A PAN W JE I H AR AL HE A
— 8 WA =R PAN V5 4SRN

(2)PAN 5 PPN & &£ [ 728 fl e 5 A 56 42 —
2, HARCHEA 3 CR* = 0.949 5), & B X 7 SC A Hh
X = A R YER ML (Vvocs) EE R H T AN J5
(IHERC .

(3)PAN < 5 iy U — i HE IR AE NO, ¥R B8 %8¢ ey T
NO ARG HG 4 1F R F I I B, 1 5 NO, 11
P AR A BT W S AR DRk

(42005 F=LPAN1/L O, 1tL 1988 T F#AR K, i B4
T3 PAN A1) VOC W AP AE B R N Vo H Ty
(R LL A BT T B

S

L 1] Grosjean E; Grosjean D> Woodhouse L F. Peroxyacetyl Nitrate and
Peroxypropionyl Nitrate during SCOS97-NARSTOL JJ. Environ Sci
Technol, 2001, 35(20):4007 ~ 4014 .

[ 2] Stephens E R. The formation, reactions and properties of peroxyacyl

nitrates (PANs) in photochemical air pollution[ JJ. Adv Environ Sci

Technol, 1969, 1(2): 119 ~ 146.

Taylor O C. Importance of peroxyacetyl nitrate ( PAN) as a

phytotoxic air pollutantl J1. J Air Pollut Control Assoc, 1969, 19

(5): 347 ~351.

[ 4] Peak MJ, Belser W L. Some effects of the air pollutant peroxyacetyl
nitrate upon deoxyribonucleic acid and upon nucleic acid bases[ J].
Atmos Environ, 1969, 3(4): 385 ~397.

[ 5] Kleindienst T E, Shepson P B, Smith D F» et al. Comparison of
mutagenic activities of several peroxyacyl nitratesl J1. Environ Mol
Mutagen, 1990, 16(2): 70 ~ 80.

[6] Singh H B, Hanst P L. Peroxyacetyl nitrate ( PAN) in the

[7]

[o]

L10]

[11]

[12]

[13]

[14]

[15]

[16]

unpolluted atmosphere: An important reservoir for nitrogen oxides
[J]. Geophys Res Lett, 1981, 8(8): 941 ~ 944,

Williams J» Roberts J] M> Bertman S B, et al. A method for the
aithome measurement of PAN, PPN, and MPANLJJ. J Geophys
Res» 2000, 105(D23): 28943 ~ 28960.

TRENPe, A KA PAN I SE K 3 5 0 AR 10 06 &
[J]. PRBEA62F, 1994, 13C1D: 30 ~39.

Roberts, Bertman S B. The thermal decomposition of peroxyacetic
nitric anhydride ( PAN) and peroxymethacrylic nitric anhydride
(MPAN) [J]. Int J Chem Kinet, 1992, 24(3): 297 ~ 307.
Roberts J M, Flocke Fs> Chen Gs et al.
peroxycarboxylic nitric anhydrides ( PANs) during the ICTC2K2
aircraft intensive experiment [ J1. J Geophys Res, 2004, 109
(D23S21):1 ~ 13.

Williams J» Roberts ] M> Fehsenfeld F Cs et al. Regional ozone

Measurements  of

from biogenic hydrocarbons deduced from airbone measurements of
PAN, PPN, and MPANLJ]. Geophys Res Lett, 1998, 24(9):
1099 ~ 1102.

Roberts ] M, Williams J, Baumann K, et al. Measurements of
PAN, PPN, and MPAN made during the 1994 and 1995 Nashville
Intensive of Southern Oxidant Study: Implications for regional Ozone
production from biogenic hydrocarbons [J1. J Geophys Res, 1998,
109(D17): 22473 ~ 22490.

Roberts ] M> Stroud C A, Bertram T J, et al. Application of a
Sequential Reaction Model to PANs and Aldehyde Measurements in
Two Urban Areas[ J]. Geophys Res Lett, 2001, 28(24): 4583 ~
4586.

S, TRSEML, WIAE . ZEZS NMHC X REURT PAN 521 1 4
BB TELT]. PR 244, 2002, 22(3): 273 ~ 278,
Tuazon E C, Carter W P L; Atkinson R. Thermal decomposition of
peroxyacetyl nitrate and reactions of acetyl peroxy radicals with nitric
oxide and nitrogen dioxide over the temperature range 283-313 K
[J]. J Phys Chem, 1991, 95(6): 2434 ~ 2437.

Bridier 1, Caralp F» Loirat H, et al. Kinetic and theoretical studies
of the reactions acetylperoxy + nitrogen dioxide + M . dblarw.
acetyl peroxynitrate + M between 248 and 393 K and between 30
and 760 torl J1. J Phys Chem, 1991, 95(9): 3594 ~ 3600.





