Mass Balance Assessment for
Mercury in Lake Champlain
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TABLE 1. Physical Dimensions (25) and MB Modeling Results for Each of the 13 Lake Segments?

trib input  WWTFs  wet dep dry dep volatile  sedim ent sampled modeled
segment surface area  vol length (g Ho/ input input input loss loss [Ha] [Ha]
(sampling location) (km?) (km®)  (km) year) (g Hglyear) (g Hglyear) (g Hglyear) (g Hglyear) (g Hg/year) (ng Hg/L) (ng HglL)
I5< LaM 6= 185.59 1.892 40.3 2417 0 1455 1581 3613 5194 0.27 0.18
(at B nt An FRar)
Comu-tan% Ba 10.75 0.063 3.4 2241 80 84 115 694 309 0.38 0.49
Ma n Laws- 41414 16.787 47 8216 13 3255 3077 1856 7 7399 0.33 0.35
R rt Mh-nr 75.55 1.463 20.1 188 3 605 278 2233 1387 0.32 0.25
(axG % Ba )
M. ~on Ba 89.94 0.205 16.8 2340 3 738 699 1842 1525 0.38 0.18
8. A qan. Ba 7.21 0.023 3.4 71 9 57 50 16 158 0.30 0.06
N rthw-a.t Arm 248.25 3.38 33.5 243 0 1959 1884 414 4670 0.24 0.05
(atIn an'% &-a)
Md%ce.. Ba 55.06 0.722 6.7 3165 0 433 426 1181 2655 0.28 0.19
Bat n,y nBa 5.51 0.063 2 52 8 44 39 179 251 0.27 0.27
(arBet nyy nHarg r)
&h! & e Ba 9.62 0.14 3.4 213 3 77 69 374 181 0.26 0.31
Org~r Crsnt 28.49 0.955 10.1 3690 2 229 101 1286 542 0.32 0.36
(atDam n% I!an%)
& oth Law< A 43.27 0.125 33.5 1424 2524 353 160 3482 766 0.52 0.60
(acCqy /nR M)
& o~th Law<B 5.79 0.0078 20.1 2203 2 47 21 984 179 0.98 1.23
(at Bny, n'. Lan'% rL.)
v @ 1179.17 25.826 N/A 26463 2677 9336 8479 3486 5 25216 avy 0.37 avy 0.35
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he

n% x, n. n 2001 an'%s thw awwe mpr, N that [DGM = 20%][« |‘L. .

a, Natcl, soas,_glt, amd bweta aze C a;,_}:’am,. 48
waranle s beweg Umdettasgw et @ p ases. P sclcwaiea
» ®@de! copstiuctwp amdcahblatew/Valsdatwe, o we fieba
sdata. P ase Il wVelVes i, ®de! 1efeen, Jgr,t amd weceipelatep,
of bwtic ttawsfers amd Suhas of Hg amd s ewgewrg. Fo1 asg
C a.,_}:ﬂam,? else eile, epce Hg ertels t e lasg, &
napspeited b saspeisive amd aavectwe flo s (17), becen, £s
entianemd w t ¢ bwlegical ngleu CLCYC (18—20), ama
ceptuibutes te t e sean, ept pee’ (21). C e xcal ama bwe-
C en Ea’ %}ansfou,_ Etnns ok sJanep, lo.luctnn::.l 1 ’ag”n)
eCCUL W atel amd S@dn, ﬁ"t (22, 23) ama w t ¢ fo®a eb
(e.8., b, Egr,fx:atnn).\ﬂeam\ £mt 1esusperswe oftep alle s
wgicu te'te-gpter t eaquatc cn‘/’uom,_gnt. ‘p’atisgtnn
el evasm alle ssew g eft esdepesiad ;\‘-C-ICUI'L te 1eturp,
et e an.»:sp ete (3, 24).
Asapatteft spiejectamdan ERJeDemACRg SGS pieject,
e umucltoo? fieba can, gangl Lo, EOOO te 2003 te gewelrate
sgata mecessar  fe cahbiale t e\, 3357. jetal Hg (urfiterea)
atersay, p'es elecel'ectmafion, t elasgeutlet, 14 gaugma
tubutar” weputs, amg 14 lecatwrson t ¢ laag (2001 ew!),
amd se.ln,“e_nt ceies eie collectmd fion, t 1ee 'ase sies te
preVsae Hg Sedn, wtatwe, ¥ cstn,éfcs. e ebtawma
estn, ates of Hg et ama ut’L sdepesyr lay\c/s te t e lasg
baso?onuata Lo\, aty, ®SP, eLIC \, OPMOLNPG At p_IC (13)
fma algend SOACVETOPJ:I bL Jﬁcfét al. (25). Al t esesdata
eleused D aseleft spieject, tesdeVelepan, assbalamce
\®@de! t at acceuwts fer1 t e p “sical ¢ cleg of Hg w0 t ¢
o .
lase. P ase II ojft e pisject, COM M LIRCHPG 2005, e¥ pamds
t e e¥istueg P " sical ¢ clueg v @de! te wc'wae Hg bwaccu-
h u’amr‘}fna tuep i lla',Sfcl:‘.fl e piesewt papel fecuses
A
edClusavel ot e 2 ass ba}\?ncc asscss;.‘&m folwtotaY Hg w
ase C %J:am (p asel), Weafutute paper ¥ aadiess
Hg Mgt Tatww amd bwetic &dng (p ase ID).

2. Development of a Mass Balance Model for Hy in Lake
Champlain

ase C a;.wg’a,m s a co;.g’cx aqu?.c sLstc;,_ sdle te v sde

L Ao
Vaisatew v s sdt edept , “edied pas, *'f: cuculatew, amd
puthiet wputs (26—28). ase C aMQYam stietc es 250 aaq
{ley, seut tewert saiamwrgpelt tet eSt. a 1ewceRiver

Vi t*'c Ric eheuRiver. It asas, a¥m Usn, sdt 0£20.2 24,

amd ‘«.EXN}_IH,.'_“CW of 122\, (2@). zﬁ@t as plawe  as a"

laigesaiamage aiea/lasge sulfacc?atn of18te 1 (26). i etefere,
N J:st oft ewrcen, g ata, 85D enc Hgsaepesis fustentet e
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FIGURE 1. Thirteen segments of Lake Champlain and sampling
sites.

;.»Ao_stVL forestma Vavussfuoulumg t e laag before p ss-b/l,c
nawspeit te t e lasge sutface tuweff ama tnbutar fle
Because of t e Tasg’seaiVelse C alacternsstics, ®Ul i, a;E
balawce \ @delsavades t e lasge wte 13 scgkigmts tes E’
Yoy d ! :
te stc;‘_&(ZQ). jable 1 s @ s t e sadieremt p ~sical
c alactcmtncswoft e lasg for eac of t ¢ 13 segu ewts, t e
beumadanes of ¢ aresaspla @dwe Figuie 1 (29). Fet eac
laag scg;.dgr,tbln te ;.»zac’, Hg wiu¥es ama eutfl ¥ es ate
cepstianemd y ass balamce. Hg wfu¥es te a scg;,;.nt
s § |
wclude tibutar leadeg, ,ﬁff'ucn fu.,ﬂ aste atetrtieats,
faci wies,edl sdepeser, etsdepesiwe, amd advective fle
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fie, upstlca;u.scg;‘gr,ts ie eutfu¥ es fo1 a gwvew seg
.nduac Velatis atwew, se.ls, £ntatnn, amd aavVective fo to
uo pstiean, 2 5€8m gnts 4 e oad alse acceuwts fe1 eds-
peissve bul Ct"a e C amge acuss eac ch;.gr,t wietface.

e fo”o wg equatwe s appwed te eac  'ase seg, ewt
W t e\ ass balawce \, ®ael.  w 1espect te tetal Hg (4HY),
eac VaQ scg;,_gr,t S t?catc.l as a ;.JEQ.I 1eactetr.

v eie C(1);, C(1);, ama C(t)k 1epiesert t e westamtameous total
Hg cewcertiatmes (#g/ ) wt et viee laag scg;.gr,ts, i; oS
upstieas,  #exg bet j; amg s ede nsnca;, nc.g ber k. L
1epiesewnts Hg 'eaaweg (g/ ear) for am, ﬂuX o1 putll¥; Q;;
amd Qi 1epiesert wet advective flo s (aa 3F ear) fien,
scg;,*c.r,tj (] scg;,glt i, amd flo;, scg;,gl,t i to scg;, »t K,
lcS/VCthXF . DFik (daq /“L eal) 1epiesewts t e bul QJSDCI/&.VC
fe bet eew /;ggr n siamak (t e bu’,s‘uspclswc o w
t ), @del s al scalculatedfert esde wstieas, weterface
of t :'nc.g berweg scg;, »ts); amd V/\V epLesewts a laag
scg;,grt‘/o’u;‘ (‘@j_) 4 elaag stc;, asalle mateieac
aw equ s, 84C(t)isat = 0 we all Yakc Sega PILS), amd t e
stead -state totdl Hg cercertiatwesferal’ t elase segi, gn,ts
ale 1epeLtad as i, o.lc’ng eutputs.

2.1. Inﬂllﬁ Varlab s. Tributaries. Flo., 000 te 2003,
appLe¥ w2 ate!” 30—50 atcl sa;.}‘ﬂcs per” ear elecellectma
fI.L,AE ctlbutalgsusc aigueg wte ase C S lane, (F.gu:i
}) fettetal Hgeeters, Rgteee uriiterma ater. qubuta

ater sax, p'wpg ama apal tcal i, ;_t ®Js ale PLesertad wt e
Suppettueg Iefer,, atnNr, sectop.

Flu¥es of tetal ,/gfg ele calcu/ated fol atcl ’Lcals 2001
t 1eug i 03 (a ater ~ ear tums fl.;, [c bet l ofte
pieVeus” ear t 1eug SCPYCMECI 30 of T e atcl ear) fer
14 oft ¢ Wy W et stiean, s1¢plcscn,tmg 67% oft eteriestil
baswe, as e/l asfert g’aag out}ft (Ric eleu Raver). Because
Hg cewcewtiatees aie stlo celielatma .t tetal sus-
Pemamd s@an, JE“ (489) (15), eusedt e oiefiequert NS
sdetels, @pateps as a suliggate for Hg te 1elwee t ¢ Hg f1U¥
calculatwps. | e Hgf'u¥ ~ as calculatea at 15-;,_}?, wreival
(fiequewc” oft estiear sasc aigeiecesd) b fustcalculatueg
a @conccntlat-n fl.t te -pﬁ—u.sc aige 1elatwe, t ew,
conVertss, }Lgto aH cor,cc;flatnnfu;.;sbng iss 1elatewe,
amafwea’t \ u'tp mgI;g cewceptiate® s‘nce», u.si aige.
4 el5- s e Hg fues  ere sun, ;,ga fer eac atcl eal te
co, Eutc ampual Hg § 3} Bcc%lsc ‘SS ama Hg cewcertia-
(RS M CLEASE A Alapd v e, wgt s calculatwe te
t esdetaied c.noglap captutegt e ek perertial wclreases
w Hg ¥ t ateccurat g fle

Fereac Taag scg;,Ep,t t e Hg wput fu.,;ubutaugs as
tallwafien, t eflesiort e, Asuied stiean, scomubutmg
te agivemsegs, ert. F.lf % ateis ed alca PoteILaNANPQ
te a ;,;‘aSUIQA nbuta c assu;,ga t att e flu¥ per umn



paits eft e'asg 1amge flo;,_é.56 te 8.52 ptg/;,j-



b}‘ ;,_u’t.pVLm,g t e atea ¥ fie\, £q 9 tf t e suiface aiea
of t ?Ya‘@ chggn. ™
Sedimentation Flux. Piw1 te t s stuf’, re sul‘/c]‘s ad
gemelated estm, Etcs of Hg sean, £r,tatnr, fu¥es te aag
C av plaumauetet elacaeicelecatedsean, £n,t celesdatueg
ama Hg cewcemtiatemsaata. 4@ dadiesst s pedd t 1ees ?t
se.m.‘&r,t celes elecellectmd fl.;.dgch oifPert Hep
estpett, TuF 17, 2003), euter fletts Ba, ‘,,-'»Uu 31,
V\QOOZ), ambieut eof Pewst au Rec ¢, omt ¢ eper ateis of
t e wolt iy Jﬂn asg (August 5, 2003) (Fagute 1). -1 ese
lecatwes eleselectadte iepiesent ue sdep@sie e patteres
w t e ajer sectors of asze C A awe, Ve aVo,A’A',g
ateas of 'dae botto;u_t at aie i@@ » te e WiedeeD atel
cullewts.
Sedn, ;-nt cermrg, Hg anaVLs.s, amd 13\, eI ala*’LSns
% JEl edsaie plcscl\,te.wnt cSuppolt-\gIr,fou‘ Etpr,scct-n\,.
?)f.m“ gntatnn, fules ete colytoa fo1 s@an, £nt focusueg
Ve sedn, et fu¥es t e 1atw ef cui, uative
upsupperted 20ph T to t e 1egwpal avVelage unsuﬁi')olte.l
fu¥ of 0.5 pCucyr 3 ear™! (42).
Estw, ated ateal Hg fiu¥es (,ug/;.‘z-’Lcal) fer eac cete, as
ell as a\7élagc flui¥esaciesst et 1c?colcs, a1e Slia M AL g8
w jable 2. Alse SUs ) AL o ate PeascHg fukes, t e ear of
1 ese p&a‘(s, amd L.A:JCII, te peas f¥ 1atmes. Ewmixc ‘LE“
facters e1e calculated as t e 1atw of t e peas o1 M SaCTR
¥ te t e base/we K. Ecept for S"‘»JE ot spets, Hg
cerceptiatmes wt e so.m,};_r,ts of ase C,/\,em_ Tawe eVerall
atele 1elanve te ot e1 N ort'ases. He eVer, S@an, LB
tatwe 1ates w, ase C a;,_}_ﬂam, aie 1elatave W ,amdt us
op balawce, Hg fikestot e seanhc_lts of ase C a;,»;_ﬂa-r,



VQNclt amt cactuai’ M gasules »is. 4 csc’oN ;,_:ac’e.ng
cepcertiatms v d be am attsact of t e upusual g
» @dete Hg sean, £mtatnn, fu€ value fie ;,__':-'thtts Bef used
e, :dﬂ. ,

Fiebd qc.asmc;, &“S of tnbutar” AHg cemcewniatwes
confu,, @a sigraiicart seaseral amad wtetampual Vauabiu .
Fet e¥ax, }'_ﬂc, [iHg! w t e wt'e Ltter Cieessdecieasea fu}r%
10.4 wg/ e C 106.68wg/ mpr,to 1.58 g/ wJul,
amd 0,81 »g/  we Septex, ber we 2003, gc [ 4Hg! we Apri of
2001 as ew! 3.11 wg/ J."qu/; tbutar wput s t e s, ane

A
certubuter of Hg te t elase, e e¥pectt e erceptiat®ms
of t ¢ Tase ater te 1eflect suc Vaigbiw as ell, but
subawpual Vausabi JL s wet piesewt!” wclLdea W t e
y.odewgeaue te t elacaef s, greur san 2’ wgedata f}l laag

ate1 eVersafeient seasen, e COmJUCt@d SeRSHY ests
omt €1 ass balarce » _:-157 usweg a 1amge of tnbutar Hg



able te lepreduce t e fieda Hg i, gasutex, £I,'lS.

Event eug e'm\at efocus of t »s paper te p asel
of t s stud —p “Ls.ca’ clueg of tetal Hg, eur » 85t tece
hieba s, gasmc.,_ gnts pleVsded se, £ wielestarg pieln, @a
famauegs 1egananeg g. Fer e¥ay, ple, tubutal’L jﬂ{g
cepcertiatms aieuma aie C ay plamaie 0.4—16% oft e
4Hg cercertiatiomws, ces pared te 0.5—5.9% fe1r tubutanses
te aig I gae, 4 elasg ater JEHg cewcewtianeps aie
4-6% of t e 4Hg cemcemtiatwes w ase C ax plaws,
cepsistept o wt'e Reca a scesws, (48), but cerssd-
etab YQN ert amValues,, pasui@daciess 90ss a'ler  er, owt
amd e Hawps we laags (44;} atias amd Blee\, feuma
t at'N ewa laag baswe s s'wg tWVXcui: (s gaw pH of??.l), as
w t e case of pait of t ¢ & Qlj oilew of t ¢ ase
C aw plaw, t e aVelage Taapl” atet g cepceptiatom
5% ef t e 4Hg cemcertiatiow (49) er alase s g
basxc, as w1 e case of ase ) gam (;,\;_ar, PH of 8.2,)] amd
t e ajent oft ¢ ase C apy lawe Baswe, t e lase  atei

g cewmcemtiatmes aie 'e e1, at ew’ 2—3% ef ‘rjg[
cepcewtiatwes (1) e alsesassceVeima t at g comcer-
tatees w lasg se L,}JEI,'( ate abq/\lflt 0.3—0.6% ef 4Hg S
M Llta, £ Copcemtiatows w lase  atel.

4 e famauegs amd pLegiess v, ade w P ase I oft s stod”

ave elpmate ucnth Ccltam%cfncgncgs Wt e cullemt
v, ass balarce \, ®ael, several of ate beweg asdiessed

p aselleft 3 st .Specsical’’, e wend (1) asdweal
S@an, Jgr,t celweg at 1epieseptative 'ecatmees for w, Eu‘/e.l
umdeistamaieg of t e spatal Vamatwe we Hg S@An, cLatem
1ates w t elaag; (2,2, N_:lcuctadoa N‘:Ac’ﬂ,g of atelamaam
tc;,}_)clatulc amd N4 Spemd Vaixatwees acless t e Va‘@ te
1efuee Hg Velatis atwme, cstmﬁtcs; (3) ¥ pamdma spanal ama
tc;,»gua’ tubutar” sas, plaegt atwec'udest esy, alleistieas, s

N

te \, ®1¢ accutate!” acceuwt fe1 tetal tbuta g wput; (éff
actua’ x, gasuiex, ;_r,ts ofHg conﬁcnlat-ms 4F effluent;
(5) g¥ pamdea sas, p'uwg oflase  aterfor 4Hga _Tg, ama
pe ama’ ses of DG 1Yo pleVsde \, ®1¢ accuiac  we wpULS te

te ;,‘:ad; (?2 ,Af,m,cl tc;,_golaY ICS‘?{H'I of Hg i‘:,PU'!S, es
USHRG by, le,t etamasd % sdepPesSH P AN % ort tubutalﬁ
wputs, ¢ eubdal’e ferawumdeistamanegeit es ert-
tcu,_‘.‘/alat%ns w t e accun, Ulanew of Hg we t e Tasg; (7)
coor.matad  atel, Sedwn, LR, amabwetasas, plueg am IaVLss
fer {Hg, Jghg, }tab’c wsetepes, amd ‘PL te alle wecer-
peiatwe of Hge. LRV S R fe®a eb.
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