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Abstract

This study anal mzedrité&hti tmngin carbon monoxi de (¢
2006 to Decembdgan 2r0elgii oantalt haet moisrpheri ¢ backgroun
119. 73AE, 1GWiG@amYangtlze) Ri wer Delta (YRD) region.
at their highest (0.69 N 0.08 ppm) and | owest (0.
The average daily variapeapmdofer @0 @k hotrbniptenegt sa i d o
and eveaiwnaglnlaaythe afternoon. A 81lgpfhbf/iycranof d®OQvnwaast
observed from 2006 to 2017 at the LAN ssati on, w
of the average CO mi xiwgdrftowmst htelde a4 Me dad u 1t ® rha mth &
of Pollution I n Th)e oilverpotsipdneYRD MOFPI TT during t
average annual CO mixing ratio at the LAN stati
significantly 7llower0.tlh2anp ptrm)ati nt 02006. The decrea:
autumb. ¢ ppb/yr), flol. owepgb/by0 )sGunmppebri (g9 .(7 and wi n
ppb/yr). Moreover, the CO | evels wundecrenteillaetsi)vely
decl i nmeadreviapgi dl ,ppB/ pBO<. F5 om 2006 (0.91 ppm) to
ppm) and the CO | evetlhse uanndneura | cl|ys #buat vihne dpnedr i cicbinat mi & (s
evidence but not siOatdls,ti Dl ®yglsodogmhhlddegayne a( s. =
decline-tamdn wlhaaoihizet COnsniixnng ratios at the LAN st
to the i mplementation of the iantthhreo prarde mteay i wlmé | ut
eves | i ke ShanlhamidEzdpou i @2.R Gihne 2ACRE6 lcems g |

i nfl aemospheriocv ecrhetnhi® erreagviedcrmge OH reactivity of

statsoastsmgheé Giroepntf rom M. 20ND6 7ttien 32OND . 3 s

Keywo€@®s: Henmgn trend, Background | evel, the Yangt
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1. l ntroducti on

Carbon monoxi pé aiy€®O) he satamcegheri c carbon cycl «
I n the troposphere, iCGO piosl launeandfs twhd hi rhg grht amtx ia
mi xing ratios of CO(Kbhalrkaeh ah.prd®8e9pf CO is
t hat considerably affects health, ecology, and
At mosphdrceh WGAW) of the Worl d Met eorol ogi cal O
observation. Fossi l fuel combustion (mainly in
(mostly in the southern hemisphere), ansd, natur al
such as metamadcei §CpHr ene) are the main sources of
et al ., 1986 ; Novell.i et al ., 1998; Andreae and
for CO is its reiactt e twidmpmo OMHheraei cAdIsl oway et
1986 ; Novel i et al ., 1998; WMO, 2003). The |ife
to months, which makes it an ideal tracer for atr

1998; Worden et adnd Q@ 1c3an rBeeaccatu swei tchH OH r adi cal

Daniel and Solomon, 1998), certain CQamdxiang rat.i
i ncrease Tihmr@®or e, CO i sntreicrogginri getd @qrse eemh d urgpen r g
COc almean i mportant precursor for e ephratradh eamiecaa
(Demerjian et al ., 1972).
Continubesmlobgervation i s-s& amet ICOd sfoaunr cetsy d i |
| oWgstance transport. This method all ows the CO [
scale (Fang et al ., 2014). I n t he -tppasan cdeamagdcke s ,n

CO I evel s t-hraiyrgdo ragfrdcasredv aotbisenrs ( Yur ganov et al .,
et al., 2013; Ahmed et al., 2015; Cohen et al .,

revedcddvwvrndward trends fFor @QWanpdieee netr aali on(2013) r
the CO tovelr C€hionmndecreased by 1.6% N 0.5%/ yr f

(2015) antbéymed@Ol obhgervations at two urban sites
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trend of CO from 2004 to 2013. Wang etl uann (2018
amount of CO over Beipilnd4tndl PMosSdewydeandased 39
respectively. Cohen et al. (2018) analyzed the t
2013. I'n their study, al mowitt haltlh eo bessetrivreadt etdr esnldecs
fram 8390. pPb/ yr. The CO data recorded in the Arc
mi xing ratios in this region decreased after the

Grotwmdked background meafsoar ement 6yiamg ftTthecaacul

observation dat a, reflecting the impact of human
evaluating the effectiveness of pollution contr ol
emetitn VYaerge quantities. For example, the emissio
in 2010 (Li et al., 2017). To fight against the
emi ssion control measures inthkeseremeasurdsescaceeds

verified by observiae i dbantad fdraecm,batmhkpaochadkigaveand
observations over a decade are +#elrant ibvaeclkygr ©wardc
observations of tthG alriet evreartyurle n{iMeendg ient al ., 2009
2004; Zhang et al., 2011) and none of them presert
Yangtze River Delta (YRD) is one of -tbhemmost d
obseati on of atmospheric background CO all ows f ol
and sink cycle in this seaqiron.f rlom t210i0Ka ¢ é0od 2y0,1 7We
observations of CO at a backgnrad uynzde -$steheemild@x@ gi n t

variations and their det emeritma@hisnad.n Tte rbeaswkigtro

—h

unction as scientific evidence for evaluating t1l

reference fparacftdrcmall et iang poll ution management a
2. Monisti amd nggat a col |l ection

The CO mixing ratios analyzed in this study we
2017 é&mn WIiLAN)3®MBNtLI1®@E ( 1688.<d ), a regional at mo

background moni torZhnegj isaintge pirmo v@ micrea t fiskeev elnAN st a
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at mospheric background stations operated by the

me mber station w06l ddciecaWor Ordg aveitzeaot i on ( WMO) Gl ol
( GAW) progr amme. The measurements at tBsi s static
at mospheric background composition ( Qi et al ., 2
50 km weghoaf (Haegcapital city of Zhejiang provir
I't is influenced by a typical subtropical monsoo
temper aaiur ep  dWisnud es p(eBehdd (rved)a,t RHe¢ e mweil t y a6 t he
direction (WD) frequency at the LAN station from
the regular meteorological observations at the L
temperature trend fata tchoen vLeAXN sshtaaptei.o nT hweashioghest a
occurre(d28&nédFandy JaAu1aAY respectively. |In opposit
change in temperature, the seasonal schhoamegde i n at
concave shape, with the | owest( 98@&d . MiRdahneds t pres:s
Janualrogltol . B ®) respectively. The seasonal pattern
station were not as clear aBhd honeseas ordalaiavdreaper
l owest (ilwm Quril/ng jed hi g h e(s2e. Olind/ ss)pithien RH was highest i

(@B%)and | owe t&%Nn sSThrei wg nds at the LAN station m

northeast and sohitdhwesd, @s awewage,n the northe:
accounted for 29.2% and 22.6% of the winds, resp:

A gfaisl ter correlation infrared absorption anal
was used ttlhbe meuwrsfuaee CO mi xing ratios. The analy

ppm.nfrared radiation is choppettaendodlfpavhsaethak hr o

filled whawitClO mhiosgeneference and measur ement
alternation. The beasrsantdh dmtpeasfsertehnrcoeu ofh la enra rarnodv
the CO in the sample cell can only absorb the me
botehambs, the measurement signal of CO could be ob

bet ween the reference and measur ement beams.
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The measuremen@O sanganlagz fre oonr d b every 5 min. Ze
check were camdul#detdoeveryr@spectively. Multipoir
once a month wusing standard CO gas mixture (CO
instrument drifted with ti me, we perforkmsed | inea
to obtain the zero signals for given time point
used in the corrections of the CO data. We perfo
of multipoint calibratieaxcrkss dd iwelelt ad .t,h & 020r)o &n
the data according to the quantity trminmdteed and
data were used to calculate the hourly mean mi xi I
angiven hour tod&carixulnagt er atthheot. hMiwrsi ng data were
of the instrument from Febrwuvuary 1 to 13, 2007, a

May 30 to July 17, 2009.

30+ (@) e T —a—p rlo1so 261 (b)

t~
{\{\\{ /!/i } /{ e s —
gls- ><t - 10000 g E | }/ \

10+ ¥ \ : L9950 / i =
/ {\ / \‘ |_s-] \/
54 {/{ {\5/{ L9900
1.6
0L 0850
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8% 9 10 11 12
Month
85+ 0.25+
(C) 0.20-]
804 0.15
\//\ 0.104 ENE
75 — 0051
—_
X = 2" 0.00-
=0 / qj) 60 E
0.004
3.0
o5 ™ ;_.3 0.05
i 0.10 ESE
60 0.154
020
s 025 -
1 2 3 4 5 6 7 8§ 9 10 11 12 SSW S SSE
Month WD

FigSedsonal wvari at iainrs pih&¥SduR)daentdoér &MDuf e equency
di str{bhuei ®nhati c wind frequency was 4%) at the L/

bar represents one standard deviati on)
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3. Results and discussi on

31 Observed | evels and comparisons with ottt

Fig. 2 displays the time series of hourly mean
2006, to Decemdher 13hea20f¥7tting results of the h
ovemabhh (None standard deviation) and3¥mreadisan val

e (\D.0§.22p3pmd 0. 57 ppm, respectively. The highest

=
o

hourly mean mixing ratios occ®@rmé&dd oamat OrT ob@rom,J
respectivel y. The highest hourly mean CO mixing
l evel hourly I imit (approximately 8 ppm)y of the
201Phe hi ¢g8pesnt) @d3Zpepwmdstdaidy mean mi xing ratios
10, 2008, and August 31, 2011, respectively. The
l'imit for air quality standard (3.2 ppm). The | o
ppm ogu#ét 2011, and the highest concentofati on wa:
daily mean CO | evels fr@ml?3J OmBdpaprny. 2T0hOe6 otvoe r@ad d e n
concentrati onsnuahh ¢gter LtAHNa nwaetrtet e Vb tbeagswedd ngel ob al
statrom-208W®Md some regional back(@abledindt ataitd mg
that East China has been ohablod 1 hal s@egproease wt ¢ ha
of the seasonal aver Afles€CO®t mbri ngdr at hes hAunckbeo

world fromTheO6ethso2@17CO mixing ratios at the L/

than those at the Shangdianzi station in northerr
hi gherhoeo$@anat many ot her regional at mospheric ba
t he-ahame Peni nsul a station in Korea, Yonaguniji ma
the U.S., and Payerne station Monr eSowietrz,e rtlhaen dC O rmar

values observed at the LAN station were nearly 5
stati onbaseddgiladgdd @ln i n Chi na. I n conclusi on, t he |
relatively higbgrcomphretdmospbéhiec background st a

ofmor e iamttehmsogpogeni ¢ emi ssions in the YRD region.
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3. asonal wvariation
Fig. 3tldoweasonal variations in Cldeumbxeirngfr ati
fire emissionsGlloRé Emievyeidordfg obhattdhlease version 4

al.,ipa0&7YRD region (22AN~ 40AN, 112AE~123AE) fr

1.0
094 + (@

0.8
0.7

Eé@@ég @@

0.4

CO (ppm)

1400

1200
)
1000 -

= QQQ@EEH@@

400
200

Number of Fire spots

FigSe&sonal variations i n CO tmhneuimbg rrsathitndd ret t h
the YRD region fTheml 2066 &a&aod 264s in the box ar
concenigtrreastpieccntsi voe | yowéheamadxuppéhndtibiebrtcse nrte preess e r
concentratéespsctriawngley, anwhitshkee riso tchoet %@y 2dpp e r
percentiles values.

Ascan be seen ineFC@®. mBkahg thei asewage the hig
N 0.08 ppm), followed by the spring (0.61 N 0.05
(0.54 N 0.06 ppm). In the winter, because of the
CO inattnoesphere decreased. Al s o, the atmospheric

conditions were unfavorabl e. Therefore, at mosph

maxi mum concent rlant icoonmpiarr htshognhwit mtcdhre.mbogl i neabeio

10
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summer , which resulted in an increase in the mi
consumption of atmospheric CO. Moreover, the bou
summerti me, which promot edntioé COriincahedanf mMmospaoer
the CO mixing ratios were the | owest in the sumr
number of fiibrhee €&'mRiDs siegrison (Fig.3b) were opposite
ratios i nhdiffwdiemt imanttcated that open fire burni

at mospheric CO concentrations at the LAN station

3.3 Diurnal variation
The daily wvariations in the CO mixisagheantcos we
transport (horizontal and vertical), and the evol

2006). Fisghed4adéesagaydaily variations,ialbomg CO n
with those (CGdo est))SaNNafgHbhanggd etarmad . Ha@RdPABag

et al.As 205®) ayed in Fig. 4, the CO m@Ong ratio
| evienl st he morni ng e€CrOde wene stihneg abfuterlnoowon. The peak
ratios at the LAN stati ¢@iloO:s&ddy aofclchuir@BedO)i.n t he
The | owest CO mixing ratios were observed betweer
usually eirgaatiend mum val ue in the afternoon due to
intemrse i cal di ffusion mixing, (aFnadn gs ueftfT bck .e,nt?2 001H4
Pl anetary Boundary Layer Height @ORBlsH)aties @&Askeasyhoi
i n Fliagd PBi gt.heS PBLH was rather high during the da
around 14: 00, which indicated that the pollutants
and correspondee t owebBé CiOmeni whaeng t aSiimcse welree o0b
diurnal wvariations in the PBLHs at 4 sites were ¢
(Figland Bi,g.thSe littlGCGOnmphkasng shitfito praoakedetvawsen d
|l i kely attributed to The dgeakeC®Onmexingl oaal oema:
occurred duramd e¢wne@simoBhiungi.s wd @ s it htoamthebser ved
urban areas of Shanghai (Gao et al ., 2017), Nanji
al ., (FOpyBhHhws),. the CO mixing ratios at the LAN st
emi sgied ms e d nastpiiodnriseu r r oskhadwernger ,-vahleepeadkfference

at LAN was much small er than those found in the

11
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—#— Shanghai —@— Nanjing —&— Hangzhou

llnl‘frl..\‘.

06;ﬂgimgﬁg! '-“ !
|I||

- il
0.4-[1 I IITI II

L A A L A R R T
00:00 04:00 08:00 12:00 16:00 20:00
Hour

0.8

1

CO (ppm)

Fi gAvelrage diurnal variations inn@G®amixfngmrdtahnaoas
2011 to December 2011 in Nanjing, from January 2
2006 to 2017 afhet He nleAN asitdatrieadn dots in the box
concentthei aANrastpeconvsellyowdrhearbdxuppeirnd i mits r
75bercentilesrespeentvalyonanvhitstke rliso ke 'rdsdp omnmpp ¢

and'h%0r centiles values.

3.4 Ltenmn trends

3.4.1 Trends of annual means

Figshost he change in the annual mean CO mixing r
2017. The CO |l evels varied across the years. The
OctobewhfilrO,pol |l ution preventi on nandd icno nShraonlg hnaei a
and its surrounding areas. Because of these stre

air quality reached its highesbtdwsal u®t hsaicradten e2001
averCOgeni xi ng walso wehiam 2thlode from 2006 to 2009 (1
mi ssing for the summer of 20i080 11 Tbhuet GOn clreevaesl e dc oil

aftert \@O dhrevel decreased steadily. China officia
12
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314
315

316
317

318
319
320
321

Preewe on and Control whi cAh rc c®Pmodrl euih @ romi vienl y2 0ilm3t,en s
control eff or tpsolalnudt arnetd uecneids smuotntesiar Taef pt s tal i &
overall air quality and ssi gnlilfuiBa&ntteyd fiendtus eo h etah
aforementioned action plan began to be observed
decline sOweridlilc,antHe/.annual average of CO at LA
ppb/py0.)ldgur2-h08 7. For t-2@1 pebiveidned-1® topdrhdgrof

Theate ofndebki €0 misxi ddotwmeat itloh dwapsBHhgtr ) reported
Liu et al. (201%9prf-2®011Dhlee smenas st @amemns of Liu e
performed us-dogwnaspacitypmeiteg, their air sampl es
height: 50 m agl ), maoki néeaer COL & teanflty ewenrosty thoagsee d o n

i mpactleodcaly events. The CO decreasing trend obta
reported by Ahmed etl 2a0lp.b/(yzxQ@apnpd wi t hespéoaesvely
urban sites i n2@wtlBa, Kgper at Mam i n@atalkrepO20t8) bwi |
val uel popfb/ yr for a regional atmospheriZxZOthlackgroun
20 larnabout a -2@acbobbr t bibns @ efgoi uonnda | at mospsienri ¢ back

Korea, J&wpbnerbadd (Table 1).

1.0 ® Annual mean
Linear fitting (weighting with the error bar,
0.9 -11.3 ppb/yr, r=-0.77, p < 0.01)
95% confidence band
0.8 +
g 0.7 1
® )
© 0.6 1
0.5 1
0.4
T X T ¥ T X T ' T Y T ’
2006 2008 2010 2012 2014 2016 2018
Year
FigVariation in the annual mean CO mixtimg ratios

errosrepaesent onecatl amud art e dd d vjoant imomt hl y means
Considering the variation trend i rmnesFiaglopi ealnd
during the study period, swéeddsiaviad & otl IP@ BHtewdd yd udat

2009,7120 0aBn®O0 1260 lr7e s pexTh e efl ye que nsoy divsetrraigheu tdiadan y
13
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mi xing rati os wbnt & hanrdemtrtteee cldiatve f i tting results
ApproxiasantiemMloydalofstCQ@ cftrue pueway dadbsenmrvddtfiom all t
The peataf vaiheelLoscaemagedutreoecharacterize the back
| egoefl at mospheric pollutants for apemé&citfhiec CtOi me
Lorentz cuwarddeswmi kted tatios over time and the t
fittinWgmémiweded gradual l y.e The tpenagk ccuornvcee natarsa tOi. b
from 2006 t@022DOBH2ADULE0iltYlye peak CO concentration
0.01 and 0.49 N 0. @k djppem,uemee pkodt éwadst yydhueFh e
201260 1 'ha@d 0D260 IMbO.r ero,vet he peak width wa@1280ilg/ni fi can
t hafOD260 1TSh.easreee e dirtamdecr ease over time in the reg

rati os of CcO.

=30 2006-2009

S*,28 Peak = 0.59 + 0.01 ppm

20 R’=0.954

= 15
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2 0

=~ ' T T T T T T T T T T T T T

=30

< 25 2010-2015

> 20 Peak =0.56 = 0.01 ppm

g R =0.960
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=~ 0 1 & O I ¥ I 5 I > 1 " 1 ' 1 ' 1 K I L — I — L = In » 1 " I

=35

30 2016-2017

? 50 Peak = 0.49 = 0.01 ppm
15 7

B 2 R>=0.963

S

= (o]
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CO (ppm)

FigFréquency distribution of the &€Qulilmixifngr rati o:
di fferent time intervals
3.4.2 Trends of seasonal means

The ti me seraives agfe CdOmaastd ahlef L AN st ataircen fr om
di splayediineaFi grefds wheaesacaadwiudihadabsddodexi at i

of mont hl y bmeang wasldesas. wiei gimt 2 6 § 6sf ehaost@d@iadl 7 , t he
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trend

i n stehaes@® allevel s

r atliaorsglearg tsinkeivieed hahasbe s pokK)lecamrtasi ng

wabkn obdxs asxwamedpiti nfifdre dldde gdecr ease (the
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