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Abst Eaatsi on from soi Imeirsc utrtye (tHige g & & thaesrprbeescter iodf |
ecosystienpg.ovieo under st andi ngofo ffsooraefstarsgplhse raen d | iunx ees
ot ot al g as e pmesa sHeggne(eT @Mumaidreg dynami c flobwerchamber
130 andf ®r6 aliagwd odaflsu lat r opi catle nipoerreastter afsodeecstti vel y

t he subt rtolpe chailegth essote ¢ tswgr e mo sseomned for an open
m2h) f ol | owweao rbiyffeorroewsét2 .p8 oN s3. 9 dahé), Br. Baeddh v4e.d2 ng n
foregqtd.pml8otN2ndt) 3 tahgednt emai ni ng weett! adredp o8NtB&® osnh o wi |
5.1 "dg) m At t he t empetr aftleu xfeosr easntd, stebte eshobi g b eHsgv eedmi
for a wetland™p™®). 8andl a&n 5®p enng fnit2hlitd, (Wi 82 Ne 95 &€
emi ssion rates- eafemed ooudo us "2Ib't0olaadmg deci-duous ne
|l eavedes32 N Bh®6 pigptm, anabamedv aregproessénOipdnde for
N 0. 8Mhh#li oh sol ar radi aurémmemaed tempktatuiae t he
emi sssihchre subtr opt loogple nf orieed td, aafmlratske gt empepane
forktshe temperate deci duouocpluoredpt heghdghiesg H
perdweditroect solar radiation exposure to soils.
with sol ar r aedmpaetriaotnurand aqai Inetgat i-vier cOEMel at i
concentration in both subt rwep igdansdstodpointeahper at e
6.82 and 312 ng ni3, respecvallakbygycompenseat 6 0ggtghsitihet s

at mospheric TG@Mmkaorcietnitcriaailtm irb@iMe geimmbsfsrsd mfeo r e s t

f | oGhimate change and langse disturbancenay increase the compensatigoints in both

temperate and subtropical foredtsut ur e reseavbnohtssbbabdefdddus

reemi ssions to the atmospherdriase dhkeald@Masses iinn
c 0 n ¢ e nsanddistuibancef cdimate change and landge

Kegwordgeailfrl ok tot al gasdgms mme r échmpsgnsatom @oimb e r ;

climate changglanduse
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1l ntroduction

Mercury (Hg) t#tasx caimudradii svtee s tt @ bxdilics Haanldl cwenltla mi n a |
(Obrist etUnlikrer@®2ddBks in the atmosplmasepoutshe Hg
el emedmgt a(lHg (WHhi)ch accod%Wwsofmot et alhagagéOws ibBg (T
relatively inert and ha&sibpe,drowhgilddiwoo spbherl ongi f
tranispwampg et al ., 2018; S| emrGleab ahrbanngg € 0alt8maSst p HLeoruii
transport and deposition is the (maiim etatdlway 20 1
Sy Phu et al ., .208®i;ISsunacdouant. ,f o2rO 1mMaorrees ttrhiaanl 9 0 %

ecosytcEOlemiss,t , wi2tOlL 2g 1 obal (i® &pm)s ceislt iHgpt pa@olag > 30

(Hararuk et al ., . Zo0&3 saHdge pebl al not2@h7Tg) stem f
sources, but also from a | egsocvye roft hhgi Gdieorirtsucraidd sy .
al ., 2014; Du et al ., 2019)

Al t hoaghwn stade® esspr i nmanrtyhr opogeni ceHegasens ssi ons
naturamasewuwsakbso an i mportant pathway but with
i ncl edissgons from e.adg.urwad | agessoetahvenrd irasivwi(e aytyhr e€reisn g
of Hg from) samdnimesifonmalesvieoddg. dEpo®seé tncagamrbad sour
equal tfoolaodr Itawager t han( @Quttrhirbgpe getni al sou2@&8; Fr ¢
Recent gl obal Hg modetosf easttmorsapthee rtihcatH g3 6i0sO dvigp oysr
surfaces, WirtemiltotOedd Mga ok ¢ Ou tt hied e .oty edolevreg 201 8
compapedmmotyhr opogenic emi sSi,oesdihrméiges{ 60 f Mg my
soi l surfaces (a®@uwt rhiidgghe ye tu nexle.r,t adQoingp;i Wainngg edta taal .f
132 sAgdianeset faolund( 2058 ) stunref akcaer t(hparticularly i
increasingly important sourcwei op tothhl|l fastoubeH
emi sgieonmMsreodn natural sources.M Tehne ys sei sotnishaotfe d6 Ot7e rM
but with a | argie5tdcdltcadi Mogdydyirtainogrea lolfy, sa recent
tdf utrueseesabrocuinl d f oc u$ oo n ndfearseasatg didg b ethearvmi oHg and |
obsersvatgaomtn chhidiaangy et. al ., 2019b)

Foresteseoi VesfHgp m:nplyttthliamolugldeawlket dwapoblition i
of f Hgf depdbent Bdl i gge2)s riftaceaf fod laladtelmathecopt ainh mat

that haveatansossiphg @laced 3 )Hogld pe<itt idory to soil from
3
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(Teixeira et al., 2018; Ri sch et. aMe.r,c u2rOyl 70;uQlpsuctns e
foresdcowri lfrom surface drapssdulfsawcref aecvea sri wmo f fF oa neds

highly edmm@l exinfhe aittmpaerst afmftecexsbahge, +ncluding

chemical characteristics (e.g., porosity, oxygen
(Obri st et al ., 2000W¢Carf pict @ets aal so i nfluence
met eorol ogi cal conditions (e. g., 6€dhaun ehdiadt i, o

2015; O Connor aéemoalpher?2 @l @ hannd ah ywdardd Xcy@e ke g et

al ., 2015; Ang aatt meots pailer,i c2BBdBngo et eamtdr Hti i PDOFG) c al
procdObesg st et al ., .20TlhOe rCehfeonr eet tal .c,hax@lcA)er i z e
atmosphere exchange of TGM, ift tihse snee cfeascstaorrys tion wur

this process.

Field studies haart shopagdrhiadc HKdEaesmit #sii oan sh aivre
resulted higloatmos pdeeepioisci SH@MKu marn.io netOllghl; Pan et
al ., 2010; Zh.anRko reas tap ae x [RedlléOdapitgd| dwae st o enhanced
deposition associat eeds pwictila( Wrg he tChdlnanopP16; Zha
2019aYhe annual |l oading of THg to subtropical fo

hi gher than forest catchm&ntghtneEuabpe.a0d6Ndho

Hi gh Hg deposisteilcere dhtaed soi | Hg pool sft WamgCleitnese
al ., 2018; Walnrgy edartaricaesys @@ t hat the Hg deposit
concemthirbemper aite Cwérmrees tsi mil ar to those in Euro

(Zhou et. allheedi2oe®bbitna i‘kMm2.wWiltlh0 about 50% and 40
i subtropical zames eempet avel y. Thegwdtorreepi ciatl saened
temperate forietshosnnt i @bk tGmagwee,t atvi on cover, and at
deposition, may alebgsbhwgl di fferent patterns
Forest ecosyst®imskantorhosopnhiceye & iHigdud n cvaen @ad so s er
sourrceessuf t omg!l etglaaty MHags iarc c s wwiFdbore xampl e, one s
constructed d4uwthtet rHgp ibaalg eft o i edsitntghtalf o etshheri s @h imi a
sinkantfromrspheric Hg but aceidggh&hy®crxmteneal lIthg( D) 2861
contrast, anot her study adosfo-fabilri essgpestod & d rHayiCi0i) n a

exchange fluxes, showed t bhogatly')o6¥ean ,é & Odll9rmme tYusinn k
4
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et al .., ThGIs®b)resul t scomdii wenrceelrlaea@d v § hiealei liisty i
sousicerk behawiudrt rofpstdfpd utfloerestChi na. Furthermore
conductedhhnnaot obchheatthdifed mpxer ate forest.
There has ebsecearrhcaruahtHer iediledgwtelefeor est ttheor and
at mospheme svioundiicddess, e vi ewWédrdi ey ahAlgna&m 1&é6t).1al . (2016
this papemegawar p mtnasphertandHg f lcwx e a1 ¢ tle3d) aspwnalr
9 & asy, respectivel y,fidweb atgh deump esreaasst o redsltt fcohrme n t
Dong( MPBhnasubtropi cal affareesdta ngdtnogh meorrtest Par k ( TF
ai ms of this investi gatairtamdsuwwaeHeg tfd uk®t)s ¢ marda dtfe
terrestrial eodeaysfidedsdd MRascshrae acntesd &ed faihret vy
| and use and ao$uifaccht e xebanfdeTGM in focemparcat chme
estismBblgeemi ssi ons fabemperatse aod. sWhdlryoeps icad tzzlate
amu kptliot asdamahali wtudyf loaxesciyBwemtbvide esew
perspsecomve he <climate chasopdlramdg Ifdrudkesse aod i

understandi ngs cirdelv &sito maé ecmpfoemst

2. Materials and met hods
2.1. Study area

This study was conducted at MFP2DMB7hAtdd subtr o
MDL in the temperate zong 1 1 5 A2 6 Nj, in Enn@(APiOgTheNDH)P i s domi nated b
Mas sonPipmmaes s(o ihiaant a ) stand (conifer) swchhasome ¢
campl€Comn@amom )caampdh oGAhgkr mae®Ganpem)bwevwldiacnt ed i n
1960s ftoHd olivd mggnat ural Masson pine forleesdst The fc
of Chongging City, at an altitude from 200 to 55
with 75% of the rai@édtadbeonoccTime i mgard ramn.Maly dior t
The total area of ithel 3ID&Ihe0 Soi ést sinypheaTFR mc
earth (correspondi ndFA®,A498& n wActrhi scollayi nmitnhee al AQ@)y
kaol(iahde et. al ., 2016)

Mt. Dongling is neathe Beijing Forest Ecosystem Research Staiitiinese Academy of

Sciencs, which is located 110 km southwest of meig Beijing in North China. The elevation is
5
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1300m asl The annual average rainfall is 612 rand mean relative humidity is 66%he climate

of the region is predominantlywarm temperate continent monsoon w#h annual average
temperatureof 4.8 °Candpr eci pafé a i i 6 iBoihtype is mountain brown earth
(corresponding to a Eutric cambisol in FAGAO, 1988)(Zhou et al., 2018)The relatively ool
climate in the study area has resulted in déggy hnd high organic matteoncentrations (Fang et
al., 2007). The studgreais a maturesecondary forest protected since the 1950s following the

extensivedeforestationHg concentr atiamedaitan teaevd sriptrnemeindeed

Suppogt Information (SI, Supporting Text).
2. 2. Dynamic flux chamber (DFC) measurement
To reduce the spatial uncertainty in Hg fluxes

a scwh chment at the subtropicas$t -AARMR) iShael wdt hgnd
(pl€), Sal bavad (camphbD)y )anorestopehoti &)d with b
and aaschment at t he t eCp enreastee pNGOitA,) | faorrcethsud o(mpg soa
(pl eBt)gwge Tl andC)(ma Ixcetds-| Efaoveedd f oDesapdpl| bi eE)T (pl ot s
(Fig. 1). To reduce tempdawnt aAmgdd@MiserywyatmoHg f
were undertaken ovemotrtourofseasmmnisnyy @b dsusddb,oearevat i
excemtnree edur winmga te MDhLe) ( TablleocRb)i oceaBitde pddoit be

in the Tablues tir d&tinggd 1.

Sermiyl i ndrical quarnttz oql DFLsanfdt. dpen) were ut
sampling campaifgn heTbdeCar @ever the soil surface w
(1 cm d(i RimploeSd)l)grfaismedp Ilwaaoseds i de tich esassdyla mlaer
bet ween the base ofAtt hdhechambert actdwhlreecdHambered
to two exit tubes: one to a regulated suction pi
outl etA ®Gthr eam of air was trapped by a pair of gc¢
L minwhich was iamgeaignmta teidng v olAunie tfhleowy onhedt ecrar t r i d
constwiucthedol d diilakme.t wltireabgdndnd odsrieb k| wd i aoget her
small coil ard eahfsieltd td& aGuwa rHaza2uctgr 0 Th @ gdeadewi rt h
of alll traps wer e evrad-cuoantfeodr n(i snege wedbesettaitddrg d2 . 4 ) a |

chamber flushing flow turnover time (TOT) was 0.
6
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and tempeprl pttes efspreecdti vel yculTaeedHgusing whe Tall ow
F=Cq{i C) QA

wheRFies t he soiPhiMigafn@axe( hhemsteady st afe Hg con
of the outlet and inlet air streams, resnpecti vel
gold cartridges and tAhe t¢tbersspdmadien g r@iasr evnel ome
the flow rate of ambbDE@LOal'fronc nT ER | &ftcerd5 MDhlrjoiung h t

High flow ratsaseampps beoesruirdinggxf drmr ommeaoi |l s with
concentrations or emi sslioomp®T walriel enolr ewearp pfrlopw i rad
with | ow Hg concentrations or emissions. Eckl ey
at the begsitna®ingg(qCof ptelre od, whscl wasmpcbmser bet
competing criteria aimed at <c¢creating conditions
OQur previous stuffywabowelathae whahlfel,owhratcorr e
wasonfr5 to''d0 tLhei sub(tzZhedi adl. , fAkeled’tas)u p pilge ssi on
e mi ssdiuen t o t hbeuidxauegs soifveHg within the chamber, w
circulatebDFChwve@slghatitmtene subtropical forest. At t
Hgconcentrati oh st iwmaess albowdr 3t han those at the subt
radfe L ''mas asew@he@lhdF€L hambers in aldverlegktvdeower e m
mitigate against changes in soil .mopifsetauirpei tdautei otnh
evemdcur rtelde chambers were al sot msmavnepdpietna omMdew po
(mor ni ng or regresentativer gpil cortdibonslveeeiving ambient precipitation

The pair of fgol e awaard®d®F€dgykeescted twice a day: €

8: 00) and afternoon (ahdud0OI3n@a@) ey nH0elda eldrt: 00y n i

emi ssions, respectively. Twenty gold quartz cartr
| nddaioon, diurnal-avarHgtibngeef webniel al so conducted
cartridges collected every half an hour. A total
the study in each forest, wetHayipenabkbeasaohatil bl

reported mbdasut @&ame DFEt r od agiev eoni ake suingdrerf | ushi ng a
and environmehimal ecoaldi i @6 10T, hzh alngCi estncocal keoss, ua 220 0 2
physi cal constraint t heotr ecamsl eadftomathamsloatli

measurementpeExmenssveerag comndudeeedrati neut hel app
7
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experimentsalf ocronacddurmat eWemefa®ldr ¢ memtmsnendati ons |

Eckl ey ef oal oufneetngt@s ur e

2.3. Envimearsmertimaeint s

At each sampling plot, s®FICoxapiicang . wesroe | ¢ Higl e
a nabil organic matter (SOM) oncentrations werd80measerced Hgsiama | @
(Milestone Ltsdon litgaliy) oandLObSi metdetdao ded piect i
the SI. Soi l percent moi sture and temperature Wwe
( TDR) Hydralt PR DHPE5) lai&Dd Stevens water cable tes
measured by a weather station (Davis W reless \
I nstrument s, Haywar d, CA) | o BaijihgeFodrest Hcosysténe TFP Fc

Research Statiomithnabout 500 m of each pl ot.

24. Quality @saluirtaynceomtnrdo | ( QA/ QC)

Al cartridges were transported to a | aborator
using a cold vapor atomic fluorescence spectrosc
of detection, basaddandttdeeeati masof heeplicate me
1 pg. Based on the sampled @iX0OV.hd atmebr athieomn et @\
was developed usi hbeHgababumrtted aiarcomdas ateogui
coefficient greater than 0.99 before the sampl e
measurement of t hne esaacnhp | danyy, csatratnrdiadrgde sHg s at ur at
the accuracy of the Hg anal yzewalsilgfhetrh e hdaenv i5a%,i oni
calibration curve would be developed

A controlled volume of sateurwaatsed nHge caierd d@to amek
recovery from the gold cartridges before and aft
gold cartridges before and after the operation
(n=155, averagey.98T MWen)colrlesmteican veflf i ci ency of Hec
was determined by connecting two carotvreirdghes i n s
i hheaboratory. For all cartridges, | essarrencan 1% H

to the first cartri d9g9e% oifn dli&M twiansg atbhsaotr bneodr eb yt htah
8
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during the field operation. For comparison, Hg f
si mul t aBnleaonukssl yo.f t he s oislt eTmGM wfelruex meampilrierdg bsyy p |
on a quartz glass surface in the five plots. The
soailr TGM flux measurements, which were collect
(17:0®if8:nCkXtdd8:)0 Oarmlddi: sOsOi)on s , respectivel y. The
0.13 N ™@h!Z M3n,g whi ch was su-biradGeldffueamfoheesohl
2.5. Statistical anal ysi s

Structural equation modelt ihreghHdo $EIMics witgtedA me s f or |
soft wardeevedboMed from a fulsl2ye sden one pgtthu ada xmorduen | u ¢
estimation, was conducted to infer the interplay
air TGM coomermtsud tsim@a iMMIGM xchangsSehboral and annu
fluxes were compadonéeSepmvaggedbhN@VvAenwere used to d
di fferdgideiskxi st ed amongsisthee Ak adbhfwralamecsees i n me
signtifatanhe p=0.05 | evel and all means are repc
mean. The correlations betweerrenainmndyazendt dly Pama
Correlation Tests using SPSS sé6fiwaeat( 8R8Spl rmnal
presented and significantly correlated at the | e
3. Results and discussion
3. 1. Landdcépeedepespeen@asds rofHgsdilluxes at the for.
scal e

The soil TGM f 1l ux npelaostusr ewreernet sc alocru ltahtee df ifvoer t |
reported as mean daily fluxes with stamdard deyv
temperast &€i gor @b . Over the course of the campaig
the openN f3i3ethdd) (P4oniferous f2.r8sN JFhidp prey del evat
el evation 3h%) Namd 2tlheeg vierdo afdor est™2h(™, 1% h NIl 4. Benhg
deposition was e(viide:mE. A2thidy hrar eved d cathidwee Isyubt r opi c
forest. At the temperate forest, net TG®M emi ssio

h'y , open fiel d2n®,8Mmi Nekab®adad omest 2l("®).,68 N 1.

9
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l arch forest 2p®.wh2i INe On.ex6 dregpoms i ti on was evident
(TONO@. 8%hlng mes phet faltehkep saefrapreest @ weheosver t han
valaesthe subtropical forest due to didfe,yent en
solar radiation and soi l Hg concentrations (see

Tl speat dseurgng e st-aithalig sfoli uxes at catchment scale
soi l Hg concentration, moi stur.&lj gl8OMaTr icaashli Ifiotrye
evidenceSI bayndnicgohef fi ci ent ofl&laz3méa%)oayv i( EOM tmeiam
daily Hg fluxes | argely driven by meteorologica
pl ots of this studyrepoetedchot owwhetemsa dotrre®dH sC ¢
China such 6619880 ?h@9nEwaet ,alMt,. 2J0i0n8y)hdd) ( 14. 2 ng
(Ma et ahd, M2n0 1(Sl)Imi2hBY)(nMa net ,alal,| 2d0fg&yrhd rcehl Iwer e
conduwatrésdmgny days. Ouratfd mpxe rmeetaes ufr ermeentt savier e s |
comparable to those in North AMet7dagmZhdteci duous
(Choi and Hol sen, 2009b; Hart man et Bhese 21009y ICta:
demonst rmeetaesdu rtehmeetnt s over sever al days may exhib
and temm study should be undertaken otfo sroeducHeg t h
emi ssions

The mean TGM fluxes in the ompmererf ioelmchd etvher e ab
the forest canopy at the subtp<opl.cOalll)a n dOutre nrpeesrual

consi stMantetwiathmXn( 2a0nld3 )Gust smowR @8@7) arge Hg evasi

forest conversion to bare soils due to direct e
increases in solar radiation and temperature. Du
canhment, a | arge amount of surCatevatedf f uinmwmp & c tme

have decBeetadngt)gHgnd SOM in surface soils due to e

the ITXGkelstixes of the plotoresutdi(edeanl it h@aesubi nd

soils in the wetland plot were mostly saturated
contributing to the smenakn baenanauaflat | Wias c @10 %r d otw,e
temperate fwetéanmndawdsthecated at relatively | owe

hi gher taccamol aoedst n 1t hEdolamdry dinyaialsogconwilkuted a n d

to high organic matteandl ow b ul KFand etrals ROOAHi gher SOM | i kely f ac
10
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bi nditmgneatfal s, | sadd ngo n anesih i( J#)7i atg tghe t emperate
These cwepdawtnidaurcs ve t oybiprioomgatt he mchéewvaantd zati on
the revVveladtgi(lod fr©O©moisoahd Hol sen, 2009 Oster wal
wetl and halTdGM hexkesgbésthe plots studiewWwnad t he t
Previoubaseigdessewatidardhtl enoboHg zerom binding site:c
(Gustin, 2003yvkKacan®dd 1l@inghdHoon ¢ a svs redoZXZapatent i al
Val dez et ot h axff0adediti hcehadcen HgrNnsblo@O Afddi ti onal ly,
cl i msatreel atively dry ini nThret thi@hi rsa,l aegs pediialtliy ni
hi ghitre mper ature etdite orelddgéti Eag,d)out alwaot eirncr eas
evaporation compar Bdh atthae®behervapoduatisoneat high
facilitatebr dlp (Smislt s homnd Stamenkokddit2008&8 Ly n
given that Hg conver soicocnmatsan | g (vd)a ibn ogoicl pproafeisl
aerobic microbial teeadtovi t wahas oOebe@DdDodeiqgqeiaval en
water hol d(i Birge ucearp aecti tal . |, 28@d;) KiAAPeh) 8dparalialBet t er b
moi sture in the wettlhaeaobialwedtlido n iokfe | H/G leen)heatnocreel g ( 0)
the highest Hg fhkexmpeawrdtl ehmhsder wesd eicri attHeg i n sprin
for the sigmsbett wesbni tfH Rifxéeesen ¢t ewos invteed d adimsd tl itkheel y
sat us @attteat subt r dpihad #Blg (dNda €£iSaurst i n and SE)amenkovi c,
section 3.3).

At the subtropical fewaesd ,(dampBflaapl dwi ¢ lleath
hi gh ashéhatotni fer ousA (gnrBi)(elh opul oett,| (Bpkteel sya2 08l 8n)g i n
greater shielding of sunlight to the Isiughftace so
transmission tihm s lotl haer craandopayt i on and soi l t en
enhance photochlgniatah e rseadiulcHg (N saccfieo ,m.ndl opehe mid
of the pink) stawmidl (g ocobscentrati on was el evated
l)wi tbrresponding with higher soil Hg fluxes. At
overal/l deposi ttiheeemr gurasse mOfsenm ev &l wiltithmeee canopy cover
Il i kel yHd i fnlidtexe dbegaosli anryi at iaodwatr oni s1@i. | Si mi |l ar at the
forest, the needle biomassgrienastehteh alta ricnh-tphleo t miwkaes

|l eaved pD)otat( ptlroe tTemperate forest, resulting in
11
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and | iomilt ithggpaksaas hopl ot .

The forest canopy not only madil atimog phehecs dligl
depodqiZthioawun et al ., 2,01BytZhalus @ tahad i, ces2 dipAlao) p(hey.sg .o
SOM, pH, (Moresi apnyd, m2Oddbi dNagammureitiwal ch adppéegt
s oail r e xFcohra negxdeze mmuaklitterfall Hg deposition flux ete broadeaved plot (91

e g "?yr'Y) at the subtropical forestas approximately two times greater than the coniferous plot

(41 "é¢yg!) (@houetal.,2018Conver sely, the SOM samdbtokdei | Hg co
leaved foresver e | ower than the coniferous forest. More
but the Hg mass tdaeocumalsatmuarm ihn gthlee liin t he coni f

b r olaeda v e dlueftodigherghroughfall Hg deposition at the coniferous(glou et al., 2018)

which reaselemecgly inconsistent pattern between |
litterfall Hg deposition and soil Hg concentrati
deposition and | ower | itter deconipeocasvie(dZ bpad witn t he
et al .,, r26uTaxed in significant higher SOM and so

canc hahgpehysi cochemiodacopd op®8OM] esoi lanidgf coeceat r a;
socailr exchange. THdskeeollyi oi bgi eat of alkbé oamshcen | ower
br claedaved pl ot than the c¢on,bfuar anusc hp Iha tg heetr tTHeeM s
in th€debveddpldetcti dbhagidstameadtd | pHeott emper ate forest

Mo s t studies measure soil TGM fluxes at onl vy
characterize the whole ecosystean.r Ohdg folbsxewv avta

substantially &tgosg&)difhedieati pgotédat forest ty

(7]

ignificantly affect tshmavTaGaM afbhiulgsietsyl amidnf§ hexe$ o

o

i fferdrmtt ssunust Blaes edormani ddreecdr eal disersbutdiyon
s ubat c¢c hanfe nttltse s u b(t a omii fcaarl o f ©-sewlpa A de lravredd dmiwde t | and
open) (4t Bteehre)d romife®iti ne 3§ @ ryeéhtnleminxde d -l lkeraoveedd and

open) (5.0 ha)wé¢iTght edBBEMIt BRvgarbheéfdar t he entire
subtropical and temperatewengbbedniT &M fFespest iwe
higher tAaamnd|G6% Sl oBeroft hdhre pMasts o® pine stand
forest 907 gthkeae Chipn eod® 3amodw e rmitxheadn!| keraoveed pl o't

at the temperate forest, respectively. The obser
12
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this stucyWuskroulhde overall unaierr tfali mtiys asfced T GHLt €

overall forest catchment.
3.2. Seasonal-avar Hgtibonsesef asothe forest <catchme
Soil flTG@GMes not only exhibited clear seasonal

responphero laangdi cnaedt e o reorlnosg.i chatl tphaet tssouiblt Frdgp € € a | f o
were generally highest in the summer (Fig. 2a),
foll owedanrnadutsuprni,ngvi t h dtuhrevinigd e st whalclhhe®e xhi bit ed
at atld wiltoh the eBcephéoonobeérypwdbtse&asonal vari at
sunl i ght (Fig. 3), because sol arHgr(a(dnioattei otnhedr i v
correlation between the TGN f|l Ada&ist iaonrdaldoyl,argrree
radiation increases temperature, which promotes
abiptbcesses. At the fil ampeer fantegrhed gdtrheeist , t Hdhed eHgi du
pl ot (wetl add,avmidx efdortersaadnd | ar ohutf owheant )soilmmr s
radi at idoinr eccaudlyd reach Qhe Ifrorese odpewr fi &lidg. asd
(Chinefcer pisthnde t he Hg fluxes were highest i n summe
and temperatur3® . (HFhe. | dwasd Higgfl 8xes pWweortes measu
when twasosvwerled wii ttih semdve,Blgon ospeerny efdinedttd and
depositionheboeheed fa@aatur sites (Fig. 2b).

We also observed strong variation in TGM evasi
events decreased iTioMt HIl ucefatdt @QBildepct Bvaitle r
por e saandged elce e aswasfiromm i | . Furthermore, the sol
tempedatiuaigny days was niuserhhn h pfwera yas legaisvoetnh ¢ §€ g. 3
and FMagncd)et saludi eadiors Bpgw e x g H ®@rs g e dapdgns Mgovve r a g e
as manlette pos0 .t 24 Aml rmi keewsd reaplolsidt i o-0. ® a3w@e mg m
2htwer e obsserevwedeaadgrdi cul t ur al areag¢ Wang Netrt hkast
2013; Zhang. eHowkver 2048 men owlpsmltikwehta vieg deposi ti on
nighttime anddumdétay € mme s idaures t o HiMak wislolladare, radi
2013; Spol aaEmpeitr iacla.l, n2o0dled)s sHggdPepbdost hetd mossnofiv

remitted bamhspbDent dfeord and Dasitogrth@0tampaigns
13



381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

the solai onadvas relatively | ower, whi ch may be
Additionally, refrezeimar aeeltesvnadtacedl alhggtr sat i ons and
deposited Hg from atmospheerétt g@thdhghbhetpatient i2a8€I1112)
Rodriguez ,etwlhs lcchg n Ri0OslkiPg nstehsaut| ta t Fhgdsepphoesriitc on coul |
rel emeét watramgne.lOtuobser twatrioaurgsh t he anrmmeudadcecl i mat
un c e rytaaidntbi as of temapior aHg p#Motr e®®pd roptf osbosielr vat i or
reduce t hyeanuwncheratsaiansts o wviaatead i ohthleSegaeanolmel det ai |

measur iempgonveesdt i mat es of solgv ad h amdacnofsiyrsmt eoour hypot h

3.3. Correlations between environmental factors
To investigate t heaetomorsrpeleatei di ulxetsweenrd waivli r on
overf ddoeasswenr e Wbheesdk. dhatlao ngf fcesmmitinmueeri es for t h
measurpelnmetnst i n each forest (Fig. 3 and 4). Accord
at ethgri ched sites are positively correlated with
is not obseirtvliedl awersih@cskguround Agomaoae rttr ®@tuiron 2 046
soi l Hg fluxes were strongly correlated with soi
wetl and) at the $§ubthrutpincoatl &atortehset t(eFmpger aSt e f or e
Phorteodiuvocnt i s a major driver ®f siGHawag&adi andfro
Edwards, 2018; Kuss e.thip¥ .ob a3®lu8e; Gao pehto taolc.h,e nki 0c2al
reduction stohdt wadrev e g @) d een h Blg ¢Pado It hiens soi | por
( Xiamn d Gustin, 2007; ChoiThanef tdone sen heél@g@@Rrapnpt ed
concentrations if olaGM adckiefifr bdntesrpioh &« ndati md sphere, whi
an increase of Hygalelmsittsisdyloens tea odmaislow lavdédr age f I ux
3 andlavt)i me fRamxd®sSweRieg.alS significantly correla
the sol ar irmdrieaygediimexempiam e gh tvtail re.g6)S. I n the
evergreensepbpatceal o-A,pBODB &End t e mpHroateessHEpF bUXE S
were the most highly dependent on dsuoriilrfgh etmhpeer at u
seasonsdiel yt o everlgrmeigalinganopdi ati onWitdn the for
consi stenhesbadef e budaghlopy, wasehi ghly dependent

temper at heseoltahrant adteaftooeast fl oor
14
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Toomsi der sygfergmsmuctiepfectactors, olaEM was ap
TGMxchange prhocelstseiss (Fligar that temperature was
aisroTGMe xchangge @thleuxf our seasons in the subtropic
radiation was a anohree tdeompierraantte effeascdt oatxhfeo s eisé¢ o f
fl ool ar thdioH#afsmasons. At the open fields of b
radi at i ©ynehragdi s@ni csoeflf eg fl uxes-ai A TEMemMtlt usesdn
subtrowegcakn boomasti eanh Sout ht Cthe mme rad tswr e uigy etsth e
i mport amntiisi il v GM(&xahargealTheregbdba®b) we may inf
t he s hHdoer eosft, ¢ a@mepey dd mir ra nctsa utsdientgorvari ation in T
from forest soil

Mer cfulryxes!l andsvei n boiCh afm@)r dgdrse (lpd 04 sstSrongl vy
with soil temperature compared7dmd)t.® eGeontehrearl | pyl, o

temperature is an inMpcoMvasitohaaftoer Hihtado rpeo omat e

by bilabicoti c pr ocPeasnsneus eitih hasl 0. Hlg $200)1 4i)n s oi | por e
results from biotic production. Fordexamplgé¢ 0) soi
by ~50% ; additionally, 1% of the soil Hg i s con

6. 8% by biotic processes at 283 K, and the fract
with temper dtPameaui red Atadtslees b4 irrogpi watl | dmod esoi |
|l argely saturated. Thigsedemd&ibt bdntlhiekal ynolsipiietr @d
i maweaker <correlatiahubelgfaladne ss.oi Furttehmrepremor e, t he
fluxes were moreadéepéendentandn|l eseskbkadependent on t
ofpferabdt he dempaeuauase pl ot s; therefore, -the Hg f
dri vemrdeicn dtubeus forests, esSpadi &l ly in the wetl an
During the campaign, significant negative corr

soailr fluxes of TGM at t he?f i0Ov.e0 3pKH00.t@D ,dtort had |s u lFt

S9), but there was wotbhigponififlmansemper @2btfionsesst
Generally there is an optimum soil (n@ouissttiunr eancdond
Stamenkovic, 2005;Lin et al., 2010; Obrist et al .,

which ranges frtohma6e@®% thol 8dffogad Pegumaleitt yal A, 2014)

| aboratory experiment using undisturbed soil <col
15
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that increasing soil moi sture from(2VngoeRO0%Iinc
2014)A second fieldceederomentdwatsheoaefdf ects of hi
flux at the subtropical forest, showing that 1inc

emi ssions ove&rlis@&hownge .afComb2®l1hly) the result

experimerstos,] tHg fluxes at tahappsahttepseallrbdbmré9
values of soi l moi sture r ed&@&dDW nagn dant hemt idneucnn eiars i
increasing soil moi st wrugtrebhgy e wie dolevs ssgrv albmd es t elnm et

dry pvdrtihodan ext eenndheadn cweedt tpheer itbgd f | u xiersd ii vmi dwalh f
rainfall events did not e msihamedrem oirn sdoeeckr seemssi es ttuhree |
and | ower aaclsamvigaheidahtdi soéngev &ntasmnd L4)n. eAd dailt.i o rRkadl1l
observed the SIW0codditcorbafettlax enhancement) b
(15 a6)d &8Md soi l Myi. St Wr)e P2renandlly humid weat
high soil moi stalef at e2s5t0e (deuarbignegoygr h>e campai gns) .
relatively high bulk density an(dSRrohw thiberdogdsiilt y of
moi sture | ikely exceeded the optimum range for T
significantly negtive contebatjohewéFifgul & dens|
would result in higmerstopté mam thahpge empesati ¢ fo
temperate f or esdgoihladni@ai tddpivég=t hrea nfhieecebmpi oes wi t h
the synergistic effects(lifn set,| aftmos essl2@@&dyl iwti itdn t e
whemeei sture was not a main driver of TGM evasion.
So-alr Hg fluxes also showed significant negat
concentrations at tire Ot O239 100 1266aantkF b gwHliad lorreas t s
greattect than soil mofi slitouplssSATa & REb o BBHAgf.coaredsitrsg e X ¢
to thestiwd ance exchange inteoff atge modhdlrol it led by
gradient of TGM concefZhamnhigo red. aftls. hae t2els2umletd r f a c
atmospheric TGM concentrations should decrease t|
| m ¢ o mpsatnui doyn, t heM scodncepnotrreatT@atl wWet Be mphstesedt
subtropical and temper(azheo U oete sall bisee eixnc letpet v id dhee)v ave
t hat gradient of TGM concentrations between the

coalrat ed wiatilh (THGeM ddiulx e Fag. alS 1Ttheeesdkep Bdesjul t s a
16
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consi stent widandavactteetdp e s i mebt r opi cal forest, wh
ambiainnt TGM concentrations stiighi@ahcaumndty. daln.h,i bd Q %
SEM inferred that that air TGM ciomfcleméhmexitsiapinls wa s
aifMiGMexchange in Ma®830on epien glreéa®headb ra@®add wet | and p
subtropicad). forest (Fig.

Xin and Gustin (2007)nd Gustin et al. (2006)efined an associateconcept of the
compensation pat for soils, which is the atmospheric Hg concentration at which thid gétix
between the soil anthe atmosphere was zeillb.the atmospheric TGM concentration is above
compensation poinatmospheric deposition occuilsthe concentration iselowthe compensation
point soil emission occurs. Atrong linear relationships are shown in<i§ and 6 |§ < 0.01),
resulting incompensatiopointsof 2.47, 2.97, 6.00, 3.33 and 3.50 ngPfior Ch i n e slea rpd m,e
wet |l minded -l leraveedd foperstti @alndl at t he wemgpekrade f o
compensatiopoint of 342 ng m 3. The compensatiopoints were much higher at the subtropical
forest,with values 06.50, 7.71, 3.923.83 and 12.91 ng'fifor Masson piné p | a n d -sal nodp emi d
wetl and,ealvre@ladand open field a-twei @ bomeedsdtionr opi c al
point of 6.82 ng i?. Another studyof subtropical coniferous forest showed similar compensation
paint (7.75 ng md) as those in the Masson pine forestswf study(Luo, 2015)

Diurnal vaai atiTGM fFhusebsl weAk eatmetalsasr b ti rno pil coa
(FiBg.and -Dat ptbée TempeOratsoiflorEGM f(IFixyes were wel
soi l and aipx Oece@mpdéflatainrde were highly dependent or
summer anp< au.tuImnf dr al lpp BuOShot whnswaasmeals{ mi |
patterns frdHowahedr asdu Eidevavad sler 2 @18 ;adst, 2018; J

2003)Sol ar radiation has been showbotutadpHgmand pl

enrHghon soil pore gas. This reaction(Ecklkeyeti ce
et al ., 2015; Lin et. aCamp a&2r0eld ; tZd atnlge edt had r. ,t Rr0edel
l ow soil temperature (5.5 6EC aat tthree tseuripterr aaptiec a |
have | imited t hne sroeillatTiGoM sfhiiupx baentdweseo| ar radi at i o
4. Conclusions and study implications

Prior to uensdeeratsaiksenfe nHep umf ace exchange f 1l ux,
17
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me as urcfmebhg exchange flux were savan!| HoiOemhf Ghi bac

det diilreecct obsiempatimphschbivens for the role of fo

Hg csycTlr oupglho tmunheasur ement s tdhwers ulb3 @ ogpn dc a9 6 adcaly

forests in Chinaduwe wkeke euabémetspibrtrye dfGMsdil luxes

catchment scale and i mprove uodet giocbhwthen@bofl i tyw

soi l Hg evasion. I't is inferred that.Sftoargest soi l

correl aevodweniwersenbiid hfalnelrvi romemenahbl es in some pl

as solar radiation, temperature, soil moi sture a
The compen werddetasminep or nbackgr ofoomfl ud balees tf isewlid sdat

s howa mmai g katuesdf 6.82 and A2ng mM3f or t he entire subtropica

catchment s, reaslpeegoimpdelnys. atdT wénd te e atmospheric T (

concendapdtayont i clail mirmcGlMeugkiers bet ween forest floor

Future studies need to focus on fofedtg ¢ miltsheas

at mos,phleeciese ntsi checalnitrhe opogsand HGMemosseéeohr at i

(Liu et. aMovw &N 19 ssxuairen par teidarldny ldeegpacvy Hg stor

s ur fsad A recent study using models simuat the dynamics of theubtropical forest

landscape under climate chandparvesting, and langse disturbances in southern China showed

that coniferous forestrea increased ppximately 3.7 times compared to brdadved forestia

(Wu et al., 2019)In the temperate forest, climatic changes inrtheghern China are expected to

cause coniferous stands to transition to deciddiogestsover the next hundred yeafigla et al.,

2014) Climate change and langse disturbancenay increase the compensatipointsin both

temperate and subtropical forestgreforejncreasing emissions t#gacy Hgfromterrestrial sils

to theatmosphereSome studies havemphasizeé thatclimateand land usehange willpotentially

enhance deposition of Hg to forested landscédbaynes et al., 2017;Richardson and Friedland,

2015;Li et al., 2020)however, our study suggests that legacy Hg in forest soils could be emitted

back to atmosphere, offsetting enhanced atmospheric Hg deposition. Better understarding of t

response of Hg emissions from forest soils to climate and lanthasge is an importatdpic for

future research

Data avaiThéidaty will be available upon request
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