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Abstract: Halocarbons are hot topics in atmospheric environment and climate change research. Combining observational data from six field campaigns at the summit of Mount
Taishan ( 36.25°N, 117. 10°E, 1534 m above sea level) with backward trajectory and receptor source analyses, this study analyzed the long-term trends and major emission
sources of halocarbons in the regional background atmosphere of the North China Plain ( NCP) from 2003 to 2018. The results showed that the volume fraction of species
eliminated by the Montreal Protocol ( MP) showed a significant downward trend; however, the MP—controlled and unregulated species showed an overall upward trend.
Meanwhile, the median volume fraction of the MP-controlled and unregulated species at Mount Taishan were significantly higher than the midatitude median background
values in the northern hemisphere. Mount Taishan air was mainly affected by four types of air masses, of which the air mass originating from NCP accounted for the highest
proportion (41%) . The major sources of halocarbons were biomass/biofuel burning ( 38.1%) , refrigeration ( 26.2%) , industrial and domestic solvent use (21.7%) ,
solvent use in the electronic industry (8.7%) , and leakage of chlorofluorocarbon ( CFCs) banks (5.3%) . This study fully demonstrates that MP has been effectively
implemented in China and provides evidence and recommendations to further reduce and control the volume fraction of halocarbons.
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Fig. 1 Location of the Mount Taishan site

and the major surrounding cities
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Table 1 ~ Summary of halocarbon sampling at Mount Taishan

L H (4 -H) =1 SRAF I [ KA /A~ ed ! FE iR
2003-06-19 ~2003-07-05 ES EPN 1~2/ed! 9
2003-10-27 ~2003-11-22 B HR 1 Aed! 14
2007-04-07 ~2007-04-23 H R 6~8fed! 22
2014-06 —04 ~2014-07-04 S EPN: 1~3fed™! 70
2017-11-26 ~2017-12-29 X2 HER A - 1 ~24ed™! 32
2018-03-22 ~2018-04-05 HE MR 1~54ed! 32

UCT J 2k FH B 0 2 5 v 09 B DR AR 0 0
S NG EEJE R 3% ~ 10% , Horp CFCs #1 CCL, Oy
1% , HCFCs } 2% ~ 4% , HFC—134a 1 CH,Cl, &
5%, H-1211. H 3 %5 k%, CH,CCl,. C,Cl, 1
CHBr; 24 2% . & (Y HERf BE AL & W =, CFCs
} 2% ( Hith CFC-114 34 5%) , HCFCs. C,Cl,.
CH,Cl,~ CH,I 1 CHBr; J} 10% , ¥ Ji. HFC—134a.
CH,CCl,. CCl,~ CH,Cl F1 CH,Br 3% 5%. # ] f
( LOD) M JAL Y1 0. 01 x 10~ "% CFC-12 f4 10
x 10 " POREE. ST AR Ak A W B BRI A2 43 AT
o A PRI 25 FORG 25 B LA RS HE R TR A B AT DL
ik [15,16].
L2 J5 Sl

ABIF G TR A5 78 SRk - HiA% B H 275 POl AR
F( HYSPLIT, Version 4. 9) 338 i1 Z& 11 1L TR kL 6]
FSBIRIER , IR TR A IR IR A 28 1L R AR
PRFRS B2 R, HYSPLIT i X2 i 58 5] [ 530
FERR A LR ( NOAA) BF A i) — b I T IH 3 F 43
B RAT5 Gy ik AN HUR I Y P ASEAY A8 mf
WP R QB Z AR Z R RS R, 5
R TEEE IR « TBORDTRE R, Tz Hv
T LG R LR A B g

ARG T 2003 4ERGHE N 2.5° x 2.5° 1Y
NCEP/NCAR Reanalysis <, 2 £ #1 2007 ~ 2018 4F
R 1° x 1° # GDAS ( global data assimilation
system) TR EHE. & H 158 1h 05 8] 5 SR A B[]
S BFTRITEIRE R 1 (45 1) B S S5 MR (] A 96
he 4 28 LR AE 152y S i A5, A4 e B I R TR
I EL 534 m. Ry — PR SRR SRS K
P B A DS RRAE , AR 5 A X SR A ] 55006 10 ) T A
J& VSR AT 1T RIS, Hie B[R] ke e 2
DI K e BE R o3 oy 4 RS ( DL 2.2 ) LRSS
YL AT S BV A [ A A WX 28 L L T p 4
PRFR ST B 5200
1.3 PMF Z{A#iR

ARG R FH TF 28 B Al -5 784 ( PMIFS. 0) X >k

FESIIE B 5 A B HEA TR DA . PMF J2 3%
TR R AR A A5 S YRS R S TR B T
PRI L0 45 SRR e E R AR RS X 7 ik B IR
SRR ( G) RS Qe s o i/ M ( F) i bir i 7
ZOR AAR R %L ( Q) T H/):

»
X, = kz G, F,+E, (1)
=1
{ 2
no o X - 2 G, F,;U
o-s 3w
i=1 j=1 0 uij 0

P, X5 @ AREARHE j A B R IR, p
TG QR R, GRS R AR | AR BT
Wk, Fo o kAT MR o5 L, E RS
AR j AR 2E, n Fm o3 IR AL
TR R w95 § DA RN Rl
FRIAN T 7 JEE
PMF {91847 7 2 AR 7 BOBE FIAS T 2 JEE 4K
¥, AN E B ( Uncertainty) f3H522000F
Uncertainty = (5/6) x MDL (3)
Uncertainty = [( Error Fraction x concentration) > +
(0.5 x MDL) > ]'” (4)
P, MDL S 75 46 Y BR L 40 SR AR BR 23 B/ T 5 4%
TAG B WA A 3) 5 R AR AR 23 HOR T A6
BR, DU FHC(4)

2 HR5ITR

2.1 (RBGBUKTFIHK G

2 BE TR M AU AR oK
o SAOR T TR BT A I AR Y 5 AU CHLCL AYF
WE e, ik J& CFC-12. CFC-11. HCFC-22 A1
CH, L. ARG UCE 15, R A3 (4 e AU 2 3 2K (X
KE P C IR Rl S BOE F5FH] o AP R RIR 51 AL
EFEERPIRN) L LU A0 45X 3 Ay
PRFR I BOR SR S R 3
2.1.1 BUEBTHIKYF

MRAEBOE I AE , K b RV T 2010 4R



726 7 B 13 %
£2 2003 ~2018 FRILASHRIEHERS K5kt
Table 2 Statistics of halocarbon volume fraction at Mount Taishan from 2003 to 2018
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Fig. 2 Median enhancement of halocarbons at Mount Taishan compared with the mid-altitude background in the northern hemisphere
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Fig. 3 Long-erm trend of atmospheric halocarbons based on the halocarbon to CO volume fraction ratios at Mount Taishan from 2003 to 2018
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Fig. 4 Long-term trends of major halocarbons over China and in the mid-atitude background stations of the northern hemisphere from 2003 to 2018
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Fig. 5 Comparisons of halocarbon volume fraction at Mount Taishan and the mid-altitude

background values in the northern hemisphere in summer, winter, and spring
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Fig. 6 Four types of air masses affecting the

halocarbons at Mount Taishan
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Fig. 7 Source profiles resolved from PMF at Mount Taishan ( 2013-2018)
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Table 3 Statistics of halocarbon volume fraction associated with the four types of air masses arriving at Mount Taishan
it H fi=x| Azl PEAA A <A e il LA
CFC-12 534 +14 538 +20 529 +16 533 +11
CFC-11 268 +21 262 +20 251 +16 275 £28
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CFC-114 16.4 £0.9 16.1+1.8 16.2+£1.0 15.4+1.4
HCFC-22 365 +93 288 +84 292 +83 336 +90
HCFC-142b 31 +7 26 +6 27 +9 29 +8
CHCl4 111 £92 108 £92 105 £75 124 £85
CH;CCl4 5.7+6.4 10.2 +£10.2 7.3 8.7 7.4 5.5
CCl, 92 +10 96 +13 91 +13 96 + 14
CH,Cl, 157 £139 197 +262 184 £135 69 £29
C,HCl, 10 £11 11 +12 819 21 +24
C,Cl, 21 %23 44 +74 30 £59 105 =147
CH;Cl 1166 £379 816 +306 716 +118 1 005 +342
CH;Br 17 £24 11+3 11 £13 11 =4
CoOx10~° 453 +164 431 +212 415 +182 399 +199
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Fig. 8 Contribution of each emission source to atmospheric halocarbons at Mount Taishan
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Fig. 9 Contribution of each emission source to atmospheric total

halocarbon volume fraction in the four types of air masses
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