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Abstract: In order to investigate the impacts of fireworks on air quality in Tianjin city, ambient concentrations of gaseous
pollutants (SO,, O3, NO, NO,), particulate matters (PM; o, PM; 5, PM;g) and fractions (water-soluble ions, organic carbon,
elemental carbon) were monitored online at the station of Tianjin Environment Monitoring Centre, during the Spring
Festival in 2015. The ambient concentrations of gaseous pollutants, particulate matter, and chemical species of PM, 5 were
compared between the fireworks and non-fireworks periods. The concentrations of PM;,, PM,s, PM;, and SO, were
heavily affected by fireworks, the concentrations of which were 284.00pg/m’®. 428.00pg/m’®. 714.00pg/m® and
283.14pg/m’ respectively during the heavy-firework period, and among the setting off period, the mean concentrations of
which were increased by 2.99. 2.54.2.07 and 3.27 times higher than non-discharge periods. Fireworks had great influence
on the water soluble ionic in PM, s, especially on the potassium, chloride, sulfate, magnesium, nitrite and sodium ions,
which accounted for 35.28% of the PM, 5 mass concentration during the peak period. At that time, the concentrations of
OC and EC were 15.68ug/m’ and 2.96pg/m’ respectively, which were 2.0 and 1.4 times of the mean concentration of the
previous hour.
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Table 1

concentrations caused by fireworks during

The peak values of particulate matter

New Year’s Eve in different cities
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(x10°pg/m’)  (x107ug/m’)  (x10°pg/m’)
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sl 2013 5.69 8.63 9.29

E: — A SR A AR A

R 1 A IR BR &7 BT IR =
BRI WA IR B, % ] LU H ZERRAE SR T
BRI PM, s J5% vk FE 1T 800.00pg/m’,PM 552 1
WAL 1000.00pg/m’. [R1IF, AS [ Hi < 75 45
ANTR], [7)— by [ AR i) i 30 753 0 4 St 4 AR [ X
A HESURAEIRYT R IBCE: S RIS S IR 2 K
2.4 X} PMa s KU HE B 1 (15 0

JHACRRT 547 22 Pk 2 o3, DR A et
5%t PMas A2 20 0 3 1l 0 58 1) S 0. 45 b
BB Ry LSRR FEE 3.00ug/m® 9 A5 2
4118 4 JBRr A H PMys #2573 B AR 4 ih £ 4.
i Bl ] WL AR AR g 2 H 19 H 0:00 £2
#,CI. Ky SO5. Mg NO, . Na #HHHL T
B Wb AT, X 6 Fofr 25 FRD IR VR S5 RI/E PM s Tty
(1) L B 3k 35.38%, o K+ U6 {1 ¥R 5 B i by
65.10pg/m>.2 7 19 H 0:00,% 55 7 & th K3/
Wk HK Cl'y SO . NH,y . NO; . Mg™'.
Na's F\ NO, . Ca™".[FMIUEI K F IR HBLF
R RTA RGN SEN



13

Bys S5 2015 SEAE 9 I 1A) RHEAE P BR O R (1 5% ) 73

Kl 5 SRR AR T R IBOH 5 AR PM, s
TENLE TP B T LA KR I BTk
L T A B R (AT R 5 Ay [ AR T8 A 1)
20.58 %), 3% 2 A kg B0 A R A ) 32 ko3
e AE A A PR = ZE AR IR & . AR AR
e SR R 11 TE X A7 A8, Ho Ak 2% S 43 ) o
2KNO;=2KNO,+0,,2KCI05-2KCH30,, L % KClO=
KCIH+20,. Kl 5 0] LUF HLCLURHBE E TS K
5 26 KT NOy R BHURAE 7 A A AL 7] N
SR Eh A A B AL

Xf Bk A H b K5 % 857 3E(T Spearman A2
P R BLK S Mg™ . CLIME RS (p N
0.92. 0.85)KT 5 F. NO,. NO;s }% SO, flAH
KEZH(p 737 4:0.78.0.71.0.65 }2 0.46), 140 K"
5 Na' K& Ca™ WA, 5 NH, 2 A
(-0.63), % W] CI K Mg> KEB4r+ ok [ THIAE, M
SO,”. NO, . NO;s . F. NH,". Na"}% Ca*" l|Z
AP S MK, T A (Ca™ ) A BRI B

(Ca>" Na"). 7y 4h,Cl 5 Mg AR E B3 p b 0.73,
FEWHAE B B LU SR 1 TR A .

60 -~ NO;

40 - K

WL (ng/m’)
i

I %1
K4 Br4 H PMys KEEVE B T/
Fig.4 Hourly average concentrations of water—soluble

ions in PM, s on Chinese New Year’s Day

25
AEBR Y WU
20
_ 12
£ 15t 1.0 B
: 03| g r
i 6 N
7
N . N
F NO, Ca®* Mg* Na’

2

SO~

5 RO ARBRBON PMy s FROKIEVE B TPk

Fig.5 The average concentrations of the water—soluble ions in PM, s during the discharge and non—discharge period of

fireworks

K FH 75 G AH G B ARV JORL A R sk AT
I3HT. g IR E I RS PR FE AR T2
AR ETS YW B 1 LUARLAR 5 2475 YL AR AL I,
EOAR 25 A W) A8k Wang 25070 | i 452
R I O A5 77 SR TS S0 1) AR A T B AT R TR
) PMa.s 4143 H AN /) B 22 ] (1) bEAG Sk s A A 5
JEACBRAT A TROT 8- 21 53 ) 58 el A 5 R FH S4B
(R I AT AL S, an R .

_ (X/F)nonXﬁrework xF (1)
SV RRYEE R Sl GV e b AL L S N T
F W bRvEys e, F2RRBR 4 H F /NP3
J¥ ug/m’ X R A7 H BT 4L 2 bR /NN P 2k
JE ug/m’s (X/F) yonirework M IEBR &7 H 851741
535 F/NNPRIREE LUAEy B4 HE 40
SARACRA TR W i E AR T KT CT

n=1




74 hE® O

OB 37 %

SO\ Mg®. Na® I NO, W% i M LT 44
U= A H53 W25 E 92.30%. 78.74%- 58.39%-
93.33%. 54.63%F1 46.67%,3% 5 F 7 11PPpris 44
SRR, T RESUHAERENT e AN K.

R2 AEWHIRY & PM, s P EFIEERE
Table 2 The peak values of the concentrations of the
water—soluble ions in PM, 5 during New Year’s Eve in

different cities

2

2+

1 + 3 S0, 3

Hh X K (ug/m’) (ug/m) Cl (ug/m’) (wgm)
Fg 0015 65.10 39.42 42.91 2.03
Jest® 2015 95.63 92.24 57.43 5.90
MW 2014 11560  93.20 4230 2.03
gt 2013 159.40  117.50  100.20 10.30
BEP 2013 172.80 14530  114.00 —

T = 30 A RGBS A

2 2 AN 47 I PMa s H S IS,
ST L, 5 e XA 5 SRAN [, 3 = 5 - o
J8 5 SRR TR R AN [T G S A AN T 1
DK IR B AR A R, 5 1] S T4 2L
2.5 X PM,sH OC. EC [f1520

KAHH EC. OC #BAI K T HEHE K
JH,0C I 1] oK H FARZE AR T A2 RN TE 544
REAHE 6 R4 H PMysH OCy EC /MY
W% K OC/EC {H, Bz mT LU H,0C MR
] 0:00 25 45,0CEC /INRHAC B B E Sk fr e
55 %1 4:15.68ug/m’ . 2.96pg/m’), HA3 52 R —
NI FER 2.00. 1.37 £, 5340, 5 AR A1 A
EE SR80 ] OC. EC 2335 1 0.17. 0.04 15,
IXH SRR BO OC s m KT EC.H
A T AR A e S 0, e AR AT AN I T R
BAEW FIX T RE L OC W T 0 2 Ji A7),
FiAN,OC/EC 18 0:00 ZEA7ik 3 4 R KA (5.28),
X5 SRS R Sy 4 A RN, AP 6 Hh il
ALK B, OC £ 7:00 Al 9:00 FrJUA1 v B EL AT
R 0:00 16K IXATREL 7:00 BT A
FEAR(E )55 R 24 5, Ph i I Ab 2 s B = A
) OC 38R% % ;1M T 9:00, BEA R JE I PR <
FEF T ,0C A9 /D (H IS Kb 142 38 e,
OC. EC HEB s n, ‘T S W BE 14 m, H. OC 3

IR PSR T80 D R B8 A A3 OC R BB KT
JHAERRIBC R A IR 2. B 7 Bk 4 H OC. EC
NI E A AR % PMLs 140 b, i BT 401,0C
5 EC iy PMy s HUBIAHRTRAR, 2 BHHHAE AR AT SRk
X PMy s Hk TG 22 4153 BRI BT MRAFDO /N Al
PRI IE,0C . EC 5 PM, s ELl A, 5% Y
LA 3 (1 KR BT K.

18 — 8.0
16k - oC Vo 175
- EC e 47.0
14 = OC/EC AV 465
12t - oy 4 6.0
= . 455
g1or Y {50 @
Hogt 1435 8
® 4 4.0
6r 435
4+ 4 3.0
| 425
2 i 1 I Il 1 1 Il 1 Hh I Il I_ 2'0
S O o o0 O o o o o o o o <9
S 3 3S3S333s3S 3
O X S NN F O v O a4 o o < O
S O = = = = - AN N o O O O
i 1)
Kl 6 44 H PMysH OC. EC /MiEIAHKEE K OC/EC
Hefg

Fig.6 Hourly average concentrations of OC, EC and the
ratio of OC/EC in PM, 5 on Chinese New Year’s Day

0.18
—— OC
0.16 e EC
§0.14‘
3 o012}
N L
=010
2 0.08
2 0.06
T 0.04 |
0.02 |
oo b v
oS O O O o o o o o o o o <o <o
S 3323333338 3S 3
O 00 © A F O 0 O o0 O Ao < ©
S D = o e = e NN S o o © o
i Z)
K7 &4 H OC. EC /5 PMys FH 2L

Fig.7 The percentage contributions of OC and EC in
PM, 5 on Chinese New Year’s Day

3 it
3 IR, d TR AR AT (K B BRI A A

A 72 A 19 H 0:00) 0 253375 G =g i B,
SO, NOL NO, R EIH I _EFF. O3 3R JE I
5 FRARS; 5 AR BRSO AR B A B AT R0 SO,



11

Bys S5 2015 SEAE 9 I 1A) RHEAE P BR O R (1 5% ) 75

NO. NO, fl O I HMIKE/S MM T 3.27,
0.90. 0.13 f1-0.16 1.

32 MHARBETBEMCEERN B H 19 H
0:00),PM, g« PMys Al PMq [N F- 25 S 94 B
5B 55 KAH, 7051 49 284.00. 428.00 Al 714.00ug/
o’ AR5 AEBRBOWAT L PM o« PM, s AT PM g
(TR B I I T 2.99. 2.54 K 2.07 fi%.
3.3 BRI S PM, s K
TR B 52 KIS K CLy SO
Mg™" \Na'Fll NO, 25,3% 6 FlES 145 PMys ik 5
T EL A5 A 35.38%, Herf, KR 3 5% (65 10pg/m’), .
AT BR A HIX 6 Pl 73 5 v AR T4
T AR IR 5 51 92.30% 78.74% 58.39%.
93.33%. 54.63%K1 46.67%.

3.4 MBS PMys HHERIC KA IS
Wi B3 RAH XS 357N, 0C 5 EC 5 PM s LAl AT X4
R ARAE R = (2 A 19 H 0:00),0C. EC /)
ISy B L I W A (R OB ) Ry 215,68 2.96pg/
m®), 53 BN T /NRPERR B G 2.004 137 4,
{HIER OC. EC {5 PM, s LL B AK,OC/EC 1Hik
K4 H K (5.28).

SE 3k

(11 % BRI L& TS Q04 0],
T FREREE, 2006,26(5):537-541.

[21 £ ARALD X, A T AR TS K PM s T E
KU KA B PP (3], P EFREERLE, 2016,36(7): 2186~
2195.

[3] Perry K D. Effects of outdoor pyrotechnic displays on the regional air
quality of western Washington State [J]. Journal of the Air and Waste
Management Association, 1999,49(2):146-155.

[4] Drewnick F, Hings S S, Curtius J, et al. Measurement of fine
particulate and gas—phase species during the New Year’s in 2005 in
Mainz, Germany [J]. Atmos. Environ., 2006,40(23):4316-4327.

[5] BAFEF A MEf 75,55 22N T 2011 AEAR 5 IR ORI A 4 5
RIS ATREAE [J]. P PSR, 2012,32(11):1939-1947.

[6] Attri A K, Kumar U, Jain V K. Microclimate: formation of ozone
by fireworks [J]. Nature, 2001,411(411):1015-1015.

[7] WangY, Zhuang G S, Xu C, et al. The air pollution caused by the
burning of fireworks during the lantern festival in Beijing [J].
Atmospheric Environment, 2007,41(2):417-431.

[8] Dutcher D D, Perry K D, Cahill T A, et al. Effects of indoor
pyrotechnic displays on the air quality in the Houston astrodome

[J]. Journal of the Air and Waste Management Association, 1999,

49(2):156-160.
91 & ZE,E 9% AL UR TN U TS B K
i [J]. FREEE S5 BiiA, 2007,29(3):229-232.
[10] Dyke P, Coleman P, James R. Dioxins in ambient air, bonfire
night 1994 [J]. Chemosphere, 1997,34(5-7):1191-1201.
[11] Fleischer O, Wichmann H, Lorenz W. Release of polychlorinated
dibenzo—p-dioxins and dibenzofurans by setting off fireworks [J].
Chemosphere, 1999,39(6):925-932.
A U, PR T, XA, 552007 4FEZET ) AL Bk
ZIRTTRENTE BAEAE [J]. FREERFE, 2008,29(8):2099-2104.
HISERG, A 5 Gk A5 PG TR U R B 43 A7 S R
ARHRFIEAZ AL (3] P EFREERE, 2015,35(12):3588-3594.
bl ms B WA IR R A T AR E & S T
VIR T (). PRI, 2014,34(12):3001-3008.
Clapp L J, Jenkin M E. Analysis of the relationship between
ambient levels of O3, NO; and NO as a function of NO; in the UK
[J]. Atmos. Environ., 2001,35(36):6391-6405.
ELER MWLUURIE, A8 AT I B O IR R R R4
EUUSAFAE (3], T EEREERNE, 2014,34(1):30-39.
[17] Nishanth T, Praseed K M, Rathnakaran K, et al. Atmospheric
pollution in a semi-urban, coastal region in India following
festival seasons [J]. Atmos. Environ., 2012,47(1):295-306.
FeRIF AR S o 20 HE LI T BEIT ST TR T SR E R s
YW BRACRHE [J]. FREERFE2%4R, 2014,34(9):2398-2406.
FTRARE,E B A2 A5 JO W TRRBIBE B st T 2 U
RN [T]. R BB FLARIAR), 2012,21(1):22-27.
VanK 1, Van P G, Stellato R K, et al. Physical and mental health shortly
after a disaster: first results from the Enschede firework disaster study [J].
European Journal of Public Health, 2006,16(3):253-259.
Seinfeld J H, Pandis S N. Atmospheric Chemistry and Physics: From
Air Pollution to Climate Change [M]. New York: Wiley, 1998:965.
Ul RO, 2R 0, A5 2014 AR ) b a2 AU R S
Br (7). FRIERI 2241, 2015,35(2):371-378.
Fr&se,Mr oK KA, 552015 AEFR IR AR o T
[J]. FREERF2E, 2015,36(9):3150-3158.
[24] % B THEZBE0 I, RIS R JE R X A
REFHIsEm [J]. 24 5IRET2R, 2006,6(5):79-82.
T A, 2R 0 T SO D RIS A AR A 0 3 L 9 vl e 5
WA [, PR TAR, 2016,(1):74-30.
% LR SRS, SRR 22 PMy s SRV
FHIEWBETT (7). PRSI S T, 2013,5(3):1-4.
[27] 45 36K W AR AL BT BOH R 5 N T X PM, s 2043
FEAAT [T EERSE I, 2014,30(4):100-106.
[28] Tian Y Z, Wang J, Peng X, et al. Estimation of the direct and

[12]
[13]
[14]

[15]

[1e]

[18]
19

[20]

[21]
[22]

[23]

[25]

[26]

indirect impacts of fireworks on the physicochemical
characteristics of atmospheric PM;o and PMs [J]. Journal of

Applied Physics, 2014,14(18):9469-9479.

TEB BN Wk 30(1989-), B, W1 H5 %N, Fa FF K Sl - 5t 2,
MR LRI



