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— o) |nvest|gatéﬁhﬁ' seasonal varlatlons of Hg

r—r

concentrations and fluxes around and over
| ake Ontario.

= To estimate atmospheric loadings of IHg to
Lake Ontario on seasonal and annual basis.

i




Modeline.ScenaniesandiSamplinesites

Egbert

Assumed! _

‘ Toronto v

TGM
Wet dep.

Mew York State

West Lake Ontario Buo




= Wet deposition (Sterling, Pt. Petre, urban = PPT*2)

+ Alr-water exchange of Hg? and RGM (Sterling,
Pt. Petre, urban = PPT*2)

EEW deposition, of Hgip) (Sterliﬁﬁﬂ— : ,,wq‘
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precipitation depth

*»» Both Hg measurements and rainfall amounts were

ed at Point Petre and Sterling (J Keeler, U. M),
- My -




Hg® emission flux (ng m-2 h-1)

l TGM ~ Assume constant DGM
FHgo — kW ——DGM concentration (15.7 pg L)

H

sa (1975), f(T,,)

e

Ky =0.31(U 5 )(SCyy, /SCeo,)

(Wanninkhof, 1992)
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“F.., = RGM xk,
T

<*Transfer velocities k, were estimated with Lo’s model (1996)
Point Petre: 2.06 cm st Sterling: 2.02 cm s

»Literature values: 0.25 -4 cm st

ecular diffusivity of RGM was calculated and combined with the atmospheric
parameters to obtain capture length (z,). y KU,
% The RGM transfer velocity was calculated as | "2 [IN(2/2,) =y egy (2/L)]
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F-Hg_)'dry'dmsition flux (U'ban rat|o PPT 6:1, Sterr‘ng PPT)'-

(p
Q. END N / %
I:Hg(p) - Hg(p)l de,l + Hg(p)z XVd,Z SE

=(A/ B){(l— a)(Kg +Vg,) +

Kma( Kbs +ng) :| n a( Kbs +ng)a( Kab +ng)

K., +a(K,, +K, +ng) K., +a(K, +K, +ng)

*»Deposition velocities were estimated with
Williams’ model (1982)

L 70%, 0.68 pm T ——
g(p): 30%, 3.8 um
(Keeler et al., 1995)

Fine fractio

Fine: 0.23 cm s Coarse: 0.33cm st

«»*Literature values: 0.01 — 0.59cm s
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.~ LOADS

—— LMMBS
— (This study) (2002)
deposition Flux Loading Flux Loading
(g m2yrt) | (kgyrt) | (ngm2yrt) | (kgyrt)
Min | Max | Min | Max
Wet 84 | 9.7 | 160 | 190 11 614
Hg 090 | 1.8 17 | 34 1.2 69
RGM 34 | 4.1 64 | 77 8.5 490
e -82
720

: Negative values represent Re-emission.




2rIsitivity Analysis

.. xresponse of the models to increases and decreases
of 20%.

TGM
I:Total N CPreup X Depth PreC|p (_ B DGM) - CRGM X k-F_Z( Hg(p) Vd,i )-

H =1(T,)
k,=f(Uy,, T

B

Vy=f(Uy, T, T, Dy, RH)




e

Urban area influence varied from 5 to 30%
- loading approx doubles






Coriclusions

— W.EJ_dE,pDSI'[Ion 170 kg yrt
RGM dry gaseous deposition: 70 kg yrt
Hg, dry particle deposition: 25 kg yr
DGM re-emission: -100 kg yrt

* The net Hg loading: 165 kg yr
ﬂmst sensitive inputs: -es-_-

| erature, wind speed,

DGM, RGM, k,
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mmmm (Jrban conc.
mmmm Point Petre conc.
mmmm Sterling conc.
—— Urban precip. depth
o Point Petre precip. depth
-—%— Sterling precip. depth
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Wet deposition = Hg concentration in precipitation X precipitation depth.
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Range

(ngm?seasont) | . -
— e -0.67 --1.1 -0.90
Summer -1.9--2.2 -2.1
Fall -0.94--1.1 -1.1
Winter -0.81--15 -1.2 -
Annual* -4.3--5.9 -5.2
Seai;gzlalggﬁg'lng Range Average

Spring

-40

Fall -20
Winter -15--28 -23
Annual* -82 —-110 -100

* Annual flux (ug m2 yr1)/loading (kg yr?)

Negative values represent Re-emission.



Range

D
i.—l_——--

— Spring 0.51-0.69 0.59
Summer 0.45-0.69 0.57

Fall 1.2-1.3 1.2

Winter 1.2-14 1.3

Annual* 34-41 3.7

10-13

11

24

Winter 23 - 27 25

Annual* 64 —77 70

* Annual flux (ug m2 yr1)/loading (kg yr?)







VWeET cl2gosItior)

sy — e - =
o _Spring 2.2-26 23
Summer 24-3.0 2.7
Fall 2.0-2.2 21

Winter 1.8-24 2.0 -
Annual* 8.4-9.7 9.1

Seasonal Loading

Range Average

50

38 -41 40

Winter 34 - 45 38
Annual* 160 - 190 170

* Annual flux (ng m2 yrt)/loading (kg yr1)



FLiLre Work

— Esumationiof HofloadingstorCake Ontarie will vercontintied aned
Improved. e

a. Kriging can be used to interpolate spatially meteorological
parameters over the whole lake.

b. DGM concentrations can be estimated using model proposed
by Vette et al. (2002).

c. Uncertainties in estimated deposition will be performed with

ertubation analysis. -
maﬁsoniﬁiﬁﬁﬂi kiii models.’- T —
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RGM concentration

RGM transfer velocity
TGM concentration
Dimensionless Henry’s Law constant

e ——
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(six-day) and Jul.
Apr.02-Mar.03  Apr. 02— Mar. 03 Apr. 02, Sept. 02,
:_'__IGM (six-day)...... (continuously) L and Jul. 03
RGM Apr. 02 — Mar. 03 Sept. 02 — Sept. 032 NA Apr. 02, Sept. 02,
(six-day) (continuously) and Jul. 03
Sept. 02 — Sept. 032
H9) NA (continuously) S i
DGM NA NA NA Jul. 03 -
Method Sterling PPT Urban area Ship
Total Hg MIC-B MDN collector Urban:PPT = 2:15  Manual -
# Manual gold trap Tekran 2537A :PPT =2:1° Manual gold trap

rban:PPT = 2:1° KCl-coated

speciation system denuder
o . Tekran Hg . _ ~.1b
Hg(p) Sterling: PPT = 1:1° speciation system Urban:PPT =6:1° NA
DGM Mean DGM conc Mean DGM conc Mean DGM conc  Tekran 2537A

Note: a Similar seasonal variations of RGM and Hg(p) were assumed in 2002 and 2003. b The Hg concentrations in urban areas used in each

mechanism were determined based on those measured at Point Petre. ¢ The Hg(p) concentrations at Sterling were assumed to be the same as
those measured at Point Petre. NA: Not available.



— (ugm?seasond) | —— —
e Spring = 0.17-0.35 0.25
Summer 0.07-0.14 0.10
Fall 0.20-0.40 0.29
Winter 0.45-0.90 0.65

Annual* 0.90-1.8 L —

Se?lignsilals_c())r??)mg Range Average |

Spring 3.3-6.6 —

2.0 *

5.5
Winter 8.5-17 12
Annual* 17-34 25

* Annual flux (ug m2 yr1)/loading (kg yr?)
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