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Festival in Baoji in 2020, the variations of major components, effects of fireworks, and the health risk
evaluation of heavy metal respiratory exposure were analyzed with high temporal resolution data.
The results showed that the average concentrations of PM, s were 168.6 pg'm~ and 125.4 pg'm™
during fireworks displays and non-fireworks period, respectively. The concentrations of Mg?*, Ba, K
and K' were increased significantly (growth multiple >1) from 71.1, 16.7, 980.0 ng'm~ and
1.26 pg'm™ during non-fireworks period, to 609.0, 140.7, 2907.6 ng'm > and 2.61 ug-m* during
fireworks period. The secondary inorganic conversion of SO, and NO, increased during the firework
period, and heightened contributions of SO,*" and NO;~ were observed. The proportion of secondary
inorganic ions increased from 39.7% (non-fireworks period) to 45.0% (firework period) in fine
particulate matter. The correlations among Al, Mg, K*, K, and Ba increased significantly during the
firework period, while these for some components (e.g., Sb, Ca, As, etc.) decreased, which may be
attributed to the material added. By using the health risk assessment model recommended by the US
EPA, the non-carcinogenic risk of heavy metals elements showed that: child > adult male > adult
female, and the risk values were less than 1, indicating the impact on human health was small. The
carcinogenicity risk of heavy metal was as follows: adult male > adult female > children. The
carcinogenic risk of exposure to multiple heavy metal elements was between 10°¢ and 10™* with a
certain carcinogenic risk. Fireworks can not only cause air quality deterioration but also cause certain
harm to health. Therefore, the establishment of strict measures to ban the fireworks is crucial to
improving urban air quality.

Keywords Baoji, fireworks displays period, non-fireworks period, PM, 5, health risks.
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Table 1 Parameters of exposure that enter the human body through the respiratory route
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Parameters Meanings Units Children Adult female Adult male
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Table 2 Reaction parameters of elements that enter the human body through the respiratory pathway

JLE KU ZZ K&/ (mg- (kg-d)™) LN R R R BOE AR 2 U (kg d) mg ™)
Element Risk RfD SF
\% 7.0x10°°
Mn 1.4x107°
Cu 4.6x10™*
Sb s 4.0x10™*
Ba 2.0x10™"
Pb 4.3%x10*
Cr 2.9x107° 56.0
Co 5.7x10° 9.8
Ni o 2.0x10°7 1.2
As 3.0x10™* 20.7
Cd 1x107 6.3

2 5 545718 (Results and discussion)
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Fig.1 Time series plot of particulate matter mass concentrations and meteorological elements during fireworks displays period
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Table 3 Changes in the concentration of particulate matter during the two-time increase in fireworks displays period in 2020

THGIE JFIRTRE (ugm™)  SEHNE ETRURIE (ugm™) IR/ (ug m) SEINE A/ (pg: (m+h) ™)

Start time Start concentration End time End concentration Increase Increase rate
PR PM,, KE416:00 60 #1—02:00 220 160 16.0
W7t PM, 5 l%&l&oo 59 *D*OZZOO 223 164 16.4
Bk PM;,  #]—06:00 205 #1—10:00 247 4 103

PRITE  pM,s H1—06:00 193 #¥1—10:00 229 36 9.0
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Fig.2 The concentration of chemical components during the fireworks displays period and non-fireworks period
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Table 4 The relevant components of various composition categories of fireworks
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AT R CRII8 5 BT 150 AR IR AR ) 2 MR A AT ) e B B 1 4. FE A S M ), RO LA 7T &K Ca Sb 5
PM, 5 (A S 1 5 3R A BT AR LB 8 R R, AAAERE BT 9 0.89., 0.83(3 P<0.01) FREZ 0.12, 0.40(3y
P>0.05) . 1Mi#b 72 JC & Ti. Si. Ca. Fe. Al Z A AH G HA AL S Si. Fe 76 AR R 50D AH ¢ R 2R
0.73(P<0.01) ., 0.57(P<0.05) I E | F+ A BRYIAY 0.96, 0.85(F) P<0.01), iKE| = EEA G, M HAK LR
Z ) AH S R B T TS IR TN, BRI Si. Fe. Ca ¥ TR, Uil Al A0 THmE I Al 5 HiAth
43 (80,7 M) FHOCHE IS 5 AT LLHERR B 42 W 2 M, AT BE M KR AL R AT TR AR By S A8 6 &k VE A ]
BRI TS HRTBOBI T R Sb 5 H AR ATRATRI 20 43 (0 AH OC R AU 2 T B, AH OGP 34 341k (R<0.40, P>0.05), %
HH 2 XS R T R AE R AT TR AR I A Sb A DG AL B WA R AT BRI, Sb AEAE FLAR R

MARACAR AT MR , AT A e AR BT 7 B AL R CL NOy™. NH,™ 5 PM, 5 I AH MR
PR 8 T, KL Pb, K. Mn, Ba 5 PM, 5 A A SRR O T %, B8] CI', NO5 . NH, 2+
SIS YL, H =R E 7 22 8] i EE A O (R>0.95, P<0.01), A 5 A0 [ B9 IE 1 B AAE [R) B9 A8 fe ke 3, B
IR . R KR S MR AR R AT A i i AR IR PR T R, B9 2 B, ARR IO K5 Pb. K. Ba I AH G R %K
1 0.90. 0.96. 0.93(#4 P<0.01) E Tt AR K 0.96., 0.99. 0.97(3 P<0.01), 77 7E #5 £ A ¢, 15t B A
A LR B, H 3 BRI T MR AL R 7T i 42 rh BRI 1T Min 5 25 20 20 FE SR SO A A OGPk & A2 R I, A
i Mn BR T A LIRS SE AR AE G4 43, R 5T 3 kA 24, 3X ST 43 AT 45 R — 2, vl RO &2
A T R

& R R M JOESE Y BT, BE RS AR DAL & W 7Y T AR AT LAFE R 2 5], RO, 25
FIF 4 23 HA Al PM, s B CHE (R=0.68, P<0.01) % IR AN (R=0.50, P<0.05) - Ft, BRIk
1 ALXS PM, 5 W BE Y DTRRTE K. {HU2: AL 5 HAW S 50 A AH SRR 55 T AL 5 A TR 41 53 1 AR O
PE, BEHT AL DS 5T AT BB 35 70 MR B KR AT v 38 >4 Al AR A A 5 T Mg 5 HAth o € 50) A A DG PR R
5 T e 5 HA AT AT 20 23 i AE DGk, B Mg A O T e N A R /AL T KL KT Cu, Ba PUE
M AH C R EEE R 0.88—0.99(P<0.01), ik E 1 /& BEAH G, BA R M: AT LU R F8 7 SR AL SR AT B9 BRI,
X5 Kong S5 fIF o8 45 R —34.
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NO; 5 PM, s BUAHICHERARSATION 1 JF, K\ As. K 5 PM, 5 BYAHSCHERCERRABON T 1, iU CI.
NO; X PM, 5 ¥ B2 1 BTk B8 . 1M As 5 A LR AR SC AL 20 A SRR T K K 5 H A4 2 i A 56 4,
RN As JR TAS 25, Rl FF IR 8RR TT, 5 A AL 0 AEAE A R Y SR U

Zi b, AT L BRI A AR S R B Th R, A0 AL Mg K°, K., Ba &5, 32 PR A AR K47 v
NERY B ARG B R al kR, Mg, K K. Ba A S B 0 2 €6 500 BT S50 (HLJR 3 4021 20 #H M A
fI, W1 Sb. Ca. As 2%, 3XJ& TR R F0 28 B MR AL SR AT LA AR R ER, 4 As LA Y7 AL A6 L 2
FHZ5%, AR 00T LA AE AR5 27 .

2.4 PM, s BRBEME KoK 7 B 1R ALR
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Sy 1.29 F1 114, UEBH BB 72 5 5 PHE T 24 & 00 Fu R 1, BORL 2 m etk ELABOH PM, 5 11
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SR 0.74 A1 0.53, TAERACI 4304 0.51. 0.34, SAEBABOUN AR L% AL 284 B A e, H iR EHLm
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Fig.4 Water-soluble anion balance analysis during and non-fireworks displays periods
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5 MHACIRITIRON S AR AN M S8

Table 5 The relevant parameters of the fireworks displays period and the non-fireworks period

AERRRY SRS
Non-fireworks period Fireworks displays period

PM, 5/(pgm™) 1254 168.6
SO,/(pg'm™) 9.16 6.89
NO,/(pg'm™) 31.89 18.32

SNA/PM, 5 39.7% 45.0%
SOR 0.51 0.74
NOR 0.34 0.53
NH, /S04 0.87 0.63

TE: SNADWR MR | MRt

FiEh e I 22 F1. Note: SNA is the sum of sulfate, nitrate, and ammonium concentrations.
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2.6 T4 Jm VT 2 iR f R AU
HR 4 US EPA 1757 14 £ 2 KBS D1l B Y, Ak S840 58 B B P 3 X8 Tl AR AR AR A RO L 3E L LA &
PE B 5B M 22 0 W R R R AR Y T A R 8 R L AR B0 KRS RN B0 KU, BIFSE Y Cr R EE Dl B
Cr ¥R, {H US EPA ¥ H iy Cr() 3 AEEUE Y . Cr(VD) SR EUEY), i Cr() 5 Cr(VI) Z L2
6 : 1, Ir AZRAFSE Cr( VD) ¥k BEHUE Cr ¥k FE £ 40 2 — P Ni A5 Z F 4k & 97 11 NiO., NiS. Ni(OH),.
NiSO, %5, NiS J2& H: i B0 1 5 19—, $2¢ JRI H (B0 50% dFATAG . Z5 a1k 6 A3k 7 Fw.
R 6 TG RERIRR 0T G R ) B R AR B0 XU

Table 6 Heavy metal exposure doses through respiratory exposure and non-carcinogenic risk

. 5 ADD/(mg- (kg-d)™ I KU H

Tk B (g (kged) ) N VRSEIADD/ (mg (kg d) ) _ FEERIEHQ
Elements RD JL3E AR M AR JLE AR M AR
Children Adult female Adult male Children Adult female Adult male
Pb 430x10™* 1.43x10°° 7.21x10° 7.83x10° 3.33x107? 1.68x107 1.82x107
As 3.01x10™ 1.88x107 9.46x107 1.03x10° 6.24x10° 3.14x107 3.41x107
Co 5.70x107 5.57x107 2.81x107 3.04x107 9.77x107? 4.92x10? 5.34x107?
Cr 2.90x10°° 3.73%x107 1.88x107 2.04x107 1.29x107? 6.48x107 7.03x107°
cd 1.00x10™ 1.08x107 5.42x107 5.88x107 1.08x107 5.42x107 5.88x107
Cu 4.56x10™ 1.47x10°° 7.40x107 8.03x107 3.22x107? 1.62x1072 1.76x107?
Ni 2.00%107 3.51x10°¢ 1.77x10° 1.92x10° 1.75x107* 8.84x10°° 9.59x107°
Mn 1.40x10° 5.44x10° 2.74x107 2.97x10°¢ 3.89x10™" 1.96x10™" 2.12x107
Sb 4.00x10™ 3.33x10° 1.68x107° 1.82x107 8.33x107 42010 4.55x107°
\Y4 7.00x107 1.85%1077 9.34x10°* 1.01x107 2.65x107 1.33x107 1.45x107?
Ba 2.00x107" 3.51x10° 1.77x10°° 1.92x10°° 1.76x10™* 8.85x107° 9.61x10°
e 6.17x10™ 3.11x10™ 3.37x10™

RTGVPIRGE IR G w2 2R R R K U AU

Table 7 Lifetime exposure doses of heavy metals through respiratory exposure pathways and carcinogenic risks

g ﬁ(fs’?ﬂﬁ?%&/ S H IR FEFIHRLADD/ (mg- (kg-d)™) 2 B A ICR
Elements ((kg-d)-mg™) LT HUAE A HAE L HUAE A A T
SF Children Adult female Adult male Children Adult female Adult male
As 20.7 1.61x107 4.85x107 5.13x107 3.33x10° 1.00x10°° 1.06x10°°
Co 9.8 4.77x10° 1.44x107 1.52x107 4.68x107 1.41x10°° 1.49x10°
Cr 56 3.20x10° 9.64x10°° 1.02x107 1.79x10° 5.40x10°° 5.71x10°°
cd 6.3 9.22x10°* 2.78x107 2.94x107 5.81x107 1.75%10° 1.85x10°°
Ni 1.19 3.01x107 9.07x107 9.59x107 1.79x107 5.40x107 5.70x107
g8 6.35x107 1.91x107 2.02x10°

HAAC AT IR, AT PM, s 4 3F 08 KRS 259 2 30 L3> R4 55 1> i AF Lo M i ka3
DL 38 B AE Z0m XU 23 5] 2 B AF 58 P AURLAE o Ml 1,83, 1.98 4%, AR 53 1 (0 =1 008 XU J2 i AF 22 M 1
1.08 fi. XFF A i ABET 5, 548 HE 808 KU i9)IF—2: Mn > Co>Pb > Cu>V >Cr>Cd > Sb>
As>Ba > Ni, H¥— 4 J& o K 5 75 1938 B0 KU A 22 Fh i 4 8 o0 R 258 093808 XS X/ T 1, 3l
W o 4 AR S0 KU /)N, 7T L) 2208

HAACIRAT RO, TG T PM, s Hh 4 I8 B0 XU 2 B0 5 AR B0 KRS 58 2 R Rl 3 ilAE 5
PE> AT 2o > L EE, AT 55 1 1 S800E RUBS: 49 3312 AT o PR AL EE 1Y 1,06, 3.19 A% X F BT A7 i A i
T, HA R BUE A ] As > Cr> Cd > Co > Ni iZ ¥k /)h. Cd. Co X} JLEE . Ni X T A AT 1 S50 KU
<107, AN H 25 808 KU As, Co. Cr Al Cd X BLAE A 9 B0 XU S As A Cr X L EE 9 2008 XU 35 78
10°°—10"* Z [, W] BEAFAE— 2 M B0 A ; 2P0 48 0 R R #E N BUE KBS 7E 10°—107* Z [8], Ui £7
FE— 7 [ B0 AU
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3 2512 (Conclusion)

(1) 38 38 X BIF 5 398 1) = A0 T SR 4 e J3E 1o ] AR A0 P B (R IS, 2 BRI AR R AT 25 N B 25 /<005 e R
fii PM, o, PM, 5 ¥ B8 I 58 TH 5, 20 S AR BRI A 1.2 150 1.3 15, R 8008 1 FoC Kk AR Rt = 14 K

(2)AH M BT 2 BH, BABOH Mg, K\ AL, K. Ba 554170 2 [A] (9 AH G B B 7H s, {0 Ca., As. Sb %
Y53 1A AH CHE AR AR, 22 55 15 AH DG B S AH G, UhBH R AL AT S5 MR AN 5] ) 75 SR I ACAS [R] R 443 A6 A
PR BN 55 AR BOW BA PR B8 7Y a1 LU (E 35/ 1, POk SR MRAE SR AT i Rk 2 2 #E SO, NO, [f]
SO>Il NO; # 1k, SOR il NOR Hi AE BRI 0.51 1 0.34 34K A BRI B9 0.74 A1 0.53, BRI R 1 B8
F SO FINO; T HENEF.

(3) MAERR AT IR AN, EXETH PM, 5 2 E I A 1 258 552 110 B 4 s AR B0 XU 34 S B0 ) L3> il 4 5
PE>RAE Lot B34/ T 1, Ul B 4 s AR Bui XU /). 1 4 8 3o KUK 4% 1 As > Cr > Cd > Co >
Ni B W/, 5 BAE 53 P> WA ot > JLEE, Hodh Cd, Co X L3, Ni X Ar A7 A BER A 548 B0 KU 5
As. Co. Cr Fll Cd ¥ HUAE N, As Fil Cr X JLEEAFE— & 1Y B0 K.

(4) R 85 1 BR KR AL AR 7T A 0 P58 1 e RO B AT ok 1 A5 3, SR I L W52 551 B A8 A A
TESRAT AR, 0 i 4
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