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Abstract

Ambient gas phase mercury concentrations including elemental mercury (Hg®) were measured at the Potsdam,
Stockton, and Sterling sites in NY from 2000 to 2003. Also, concentrations of ambient reactive gaseous mercury
(RGM; Hg*") were measured at the Potsdam site during one year. The contribution of RGM (4.2 4+6.4 pg/m?) was
about 0.2~ 3% of the total gas phase mercury concentration measured (TGM: 1.8441.24, 1.834+0.32,3.02+2.14
ng/m® in Potsdam, Stockton, and Sterling, respectively) at the receptor sites. Potential Source Contribution
Function (PSCF), a hybrid receptor modeling incorporating backward trajectories was performed to identify source
areas of TGM. Using PSCF, southern New York, North Carolina, and eastern Massachusetts were identified as
important source areas in the United States, while the copper smelters and waste incinerators located in eastern
Quebec and Ontario were determined to be significant sources in Canada. The Atlantic Ocean was suggested to be
a possible mercury source. :

PSCF incorporating back-dispersion and deposition was applied for RGM, as well as PSCF based on 2-days
back-trajectories. Two different approaches yielded considerably different results, primarily due to the
consideration of dispersion rather than deposition. Using back-trajectory based PSCF, eastern Ohio, southern New
York, and southern Pennsylvania where large coal-fired power plants area located were identified as the large
sources in US. Metallurgical industry located in eastern Quebec was resolved as well. From the result of back-
dispersion and deposition based PSCF, Pennsylvania, mining facilities around Lake Superior, Toronto, Boston,
MA, Quebec, and coal power plants in NY were identified to be the significant source areas for Potsdam site.
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Fig. 1. Three monitoring sites of mercury in New York State. Top, middie, and bottom bullets indicate the Potsdam, the

Stockton, and the Sterling sites, respectively.

34 AgLAY 7)o (US. EPA, 19908 utgid). 7}
S A N I
KCl2 z:¥3 v]3 (annular denuder)E o]-23}e]
20023 %€ 1 F<3F Potsdamel| A 223} 27
o] 2.5umBe & YA BAFEL ol &5t A
AATI 724y AAR2-S vz 243 F v}
Aoz PM2SE MguEz ARt 29 F
of F= Efj3} trrlE 500°C2 rtdste] F&
L9 ez FLAA CVAFS (cold vapor atomic
fluorescence spectrophotometer; Model II1 from
BrooksRand: TGM 24 2], Model 2500 from Tekran;
72 Abs2 BAANE o) 43led BAFIgwL =}
A A @ 24 883} Quality Assurance/Quality
Control2& 7]%2] =3 (Han et al., 2004; Han, 2003)
o) A1) hh e

2.2 9™ R (backward trajectory model)
2 doME dA-E AAshr] dEiM v
NOAAS| A4 7W& HYSPLIT 4 trajectory =% (Dra-
xler and Hess, 1997)-8 A}-&-3}5c}h Hysplit®] =7)
HANM = e &Y 2Agh-& o83 7|AAls S

o] 8515 o1t Lol = 7|l S o] Azgl Az}
714ARE o &3t AAAE AAlald JdEd =
HE ozl Azl Z|AAl s = A3 AR (terrain-follo-
wing coordinate system)el] A¥H o= 24tste] =
SA] 71

7VdRdeie 223 59 FH5 AE UGV, 2
= T,1% Z 49 P, 183 ARA9 o P&
o]-8-3te] o]fFel 28 3x}4l HH|Ho| AT 2
7] AR A PO, A A AAA AA (first-
guess position)e] P’ (t+ANE o2 Aoz A Alx
kLo

P(t+AD=P(t)+V (P, t)At (1
P(t+AD=PO)+0.5[V (P,)+V (P, t+ADJAL  (2)
471N, Vi A = AEE Yehack

2.3 & oe (backward dispersion
model)
A7) & g 3eisk7] $8)A] HYSPLIT 4 dis-
persion & o]-&3le] ¢ )-89 HAAE A
gt o] Bl ir] el 98 Fahg] A

J. KOSAE Vol. 22, No. 2(2006)



182 33~

- (random component)e] o]l 23] AAFH ¥
= HAute w3 oz AR FA G

Kt CFAD=X e (tHADHU’ (tHADAL G 3)
Ziinat A A)=Z, 0y (HAD W (t+ADAL Z,, 7" (D)

A7 Xpeant Zneae- A2 AAFE] S $3F
AR} $2F A JeRde df AR V(S
YD W (A7 4 Az DA R o] A
2ol o AR YA A AR g oy
7] &ate] aeiEe] A £ 9ok G} Z,,2 @
Ak ol £33 I F AR (U (t+HAD)E o] A
ZE@)ellA 8] 434 = (U’(t)), autocorrelation coeffici-
ent (R), Lagrangian time scale, 12|11 -2}¢] AlR

(random component (") 2XE] F3] Fc}.
U’ (t+A)=R (AYU’ ()+U” (1 -R (At)2)0'5 (5)

A FRAR W (HA)S S8 Ze] Bold
<.

W’ (t+AD)=R (At) (W’ (t)/G,,) _
+(W"/5,) (1 -R(A)H*?
+TLw (1 —R (A)do,, 19z (6)

og71A, 6,, (t+AD=0,, ()+W’ (DAtIG,, (1)/0z 18|32
U” (&S W)=cr(A="37 0} mFH} 1€ 2+
Gaussian random number)Z& Jeldt}h Autocorre-
lation coefficient, R Lagrangian time scaleol] 2]3}
Al ZAF 3 (R=exp (AT ) (T, =TLw; AL
B2 Ty £H3AE), HYSPLITO M= T, = 100,
Tt 1080022 QdakA Fp ek g 72 A
7kl A3 RS 0o 713 "ot

7k AR AS W2 F dRE ol=
AN 8 4 AW ze] 29 B
A Aot 7k Bale] A-H: FHE
the-3 o] 2HE 4 ¢} (Draxler and Hess,
1997).

Dwet+dry=m{l —explAt (Bdry+Bgas)]} (7

71, me egBAe A% B v A A
o ANAA AL, B FAFA AAEE et
ot 7tk 24 ANAR4EE SAT 98%
& s FaAd B AREDSE ARgad

dadARgtaA A2 A2

(Hicks, 1986; 416).
Vi=IR,+R,+R]™ (3

o714 R, &= Z7]43} *J3} (aerodynamic resistan-
ce), Ry F%% A3} (quasi-laminar sublayer resis-
tance), 18] R, w2 ]38} (canopy layer resis-
tance)el k. R 8 Ry 7)4z7de] met wsksin
(Seinfeld and Pandis, 1998; Wesley and Hicks, 1977)
R AAMHE 2 2984 2e-33hy 44
of whe} Wt (Wesley, 1989). 7k2A) B3] &
ARA Sxv s (Miatm)} 735l 24
o}

V,..=HRTP ©)

w, gas

L o

o714 R& 7}AAFS (0.082 atm/M-K), TE= 2%,
233 PE 7H5-#E veldth R.2 Ry NOAAS)
7NN EEE ol &3t AAHI, RE AHA=R
(terrain-following coordinate system)7} Zt3l 9l& &
) ZF (water, grass, forest, etc)dl] wa}l A ¥
2 =R 4= Eta Data - Assimilation System (EDAS)
7Z14A R Q== o] 9= canopy layer R B} AL4
oich 45, P e Al 247kl obd 14Ed
o % % A2g ol gsn

2.4 83 24

2.4.1 Potential Source Contribution Function (PSCF)
Potential Source Contribution Function (PSCF)+=
Ashbaugh er al. (1985)el] 2]} M=l & 399X
AL 3 AF7HA PP e AHEH e A=
T4 2ol o4 EA ] EAHA AN S4de
2 o|¥E HFHEL 2E AaAF el dg = 94
X endpoint®] 8} £A A2E s JA =9
endpoint & Neolet1 st 54 ij-1A A5 F
H3l= HA = endpoint +F nolelx Jtohd, 44
ol =4% A =7} ij-1A FA5 FHshs &E
& ny/Ne|T o}& P[A;l2 =8I =3 7|&A R
9 ¥ TEES e 49 AA=s) ij-HA AR
my8] £ANF BT, ¥ »=E e
2] dA=rt B4 jHA AAE S 2
my/No| 1L o[ & P[Bjletx =39 4 9lv} oje}
A, iR A=te] PSCF gte =A% H§U P[By

flo rlr



59 2de AR ) F a2

A el T & PSCRELE 2 ARYS
% F2.0999 19 sl ¥4 Aok PSCF
7w ew o437 fsat AT AxtAle
PR 249 2AE AN 99 AN A=
S| 47} wolo} ek,

2.4.2 24 m2}0|E{ (Model Parameter)
AFAME 80kme] SgslabE, 23749 47
= A]7L] A17F #AA=S 7F21 EDAS (Eta Data
Assimilation System) 7| A} 8.5 o] L3le] A A S
Akt 4AH-L v 6417kt AAk= 917 W&
of 3hte] AlgE 40 dH=e] dmalgct vd
o ARE 1°x1° 8 Ao, JAHe) Folsl
5000mE 27 wsh 0m Aol melo] A4
A7IA dskel & kA 20 A% AAE oF
o] 7bgd F&H42o] diEE AAstx glons
AAA AL A 27) FolE 500mz A3l F-A
A2 e54& Aed 2AE 2E g, A2
73S FRA 2] 9F%E wel Yoemw 27
EolE 100m= Aste] Aabsldvl =8 F 7kt
T2 79 5dEcte] dAHE Aatst ubd, Abst
28] AL 2959k dA AL AAkelel e 59
o AAHE et =2 =9 Asehx wlas)
= *ki]- 2ol Ao ZAZ 294 (local sour-
ces)?] ¢J3Fe o] Wloma 80kmgl EDASS 4
o H/\PE_,] o]_g__cl_ -7<]-7-]a] 00303] Oﬂ'é'l:-g— ﬂ]—
e & A ool vlal 22 A3l 24d
A =@ 5 U
CAlsieeed dads A48 e ohiel 29
gle] A (&27] HkE ¥ol: 100 m, AA}=7]: 1° X
198 AAksle] 449 2ol AYsted AT 2
-‘*]'3} v walsivh 8ol Ae wlEe | kg/hr
A FH o 7t Al EH o)Adulrt 10,000709] Y=k
W&ok JEA Ak & 7 AR v2F AME

liln

o992 92 24 4L A7 183

T doli= Axle] £94 Folg 0mz A
o7] AHE ARSI A mE ke
HeClL2 EAYeks 714 3hieh HeCli wlg- 22
A5} oje) malel 47 ¥AH7] dEel =
"F-2-H] (surface reactivity ratio) & 12 ARl 3
HAeE B 1.4 x10°M/atm& €8 goh
HgCl2) $-& 3l2)Ab4=(effective Henry’s constant) &
F87] 98A CI, SO, OH 2} oJ2] pH 241 sl
A 3,000 2] Hk-3- Al o} S AAEe) Ak
1.2 x 108 M/atm& doJA] (Dr. Cohen?] unpublished
work) 2dlel] sl¥ztaz st AA At
Hesdl HeClLe df7] FAl= (diffusivity, D) 2]
(10) & ALg-3te] AArE 45X 102 cmY/secE &3}

et

_l.‘.r

¢

1.9

W= (10

a

3. dn o uF

3.1 53 5&

Potsdamel| A} &A% 7}AA} AL3Lp2-9] 2% (42
+6.4pgmie = A4} 52 (1.8441.24 ng/m’) <)
o 0.2~3%% AAABIA L, o) 7] Foll EAls=
tH 2ol vtadd e FEPEoR EXEite

& SRAYT(=Z 1). 7129 A7l e ks
*J APSRR2-E oF IAIZ Mo s AREGe W L
=7 93 ZAHNAM 2F 200 pg/m’7bR] ZA F Y
ot EzeH] A sE AHqMY] = 1.6x
Lapg/m’em ¥ iso], & AFA &A% Atgh4
29 = st WY el EAgs Alg gt
FEPpLo] YREL s F /2N 29
B3 71 A9 vsd WSl Fedslon,

Table 1. Summary of ambient total gas phase mercury (TGM) and reactive gaseous mercury(RGM) data used in this

study.

Arithmetic Mean Geometric Mean

Mercury species Sampling site Sample number Sampling period & St Dev. & SL. Dev.
Potsdam, NY 329 May/2000 ~ Jan./2003 1.83+£1.27 1.494:2.04
TGM (ng/m®) Stockton, NY 266 May/2000 ~ Jan./2003 1.75+1.29 1.43+2.07
Sterling, NY 49 Apr./2002~ Jan./2003 3.07+£2.35 257+ 1.75

RGM (pg/m®) Potsdam, NY 77 Apr./2002~ Apr./2003 42+64 25£238
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Fig. 2. Current emissions inventory for total gas phase
mercury based on by 1° x 1° cell.
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Fig. 3. Multi-site PSCF result for TGM from Potsdam,
Stockton, and Sterling sites.
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Fig. 4. PSCF result for RGM measured at the Potsdam
site. Forty-eight hours back-trajectories were
used for calculating source-receptor relationships.
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Fig. 5. PSCF result for RGM measured at the Potsdam
site with the transmission-corrected residence
time obtained from back-dispersion model (inclu-
sion of both turbulence and deposition).
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Fig. 6. PSCF result for RGM measured at the Potsdam
site with consideration of only turbulence.

Table 2. Spearman rank-order correlation coefficients
between PSCF results for RGM.

Turbulence+

deposition Turbulence  Back-trajectory
based PSCF based PSCF  based PSCF
Turbulence+
deposition 1 0.84 0.45
based PSCF ‘
Turbulence
based PSCF 0.84 1 0.47
Back-trajectory
A .
based PSCF 045 047 !
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Table 3. Statistical correlation using spearman rank-order
coefficients (r;) and the spatial correlation index
(r) between modeling results and emissions in-

ventory.
Data used Application method Iy r
Multi-site PSCF using
. 8.
TGM data back-trajectories 0.68  88.62
PSCF mcgrpora}ing 033 3978
back-trajectories
RGMdata | CF incorporating 044 5552

back-dispersion
PSCF incorporating dispersion 0.38

. 42.88
and deposition

Ao A e AR DT (1,=047) R IAH =
2 3ejsk PSCF As}e}l ke 12jd PSCF 2
3} Atele] AASE AdH ez £ 3 (1,=0.84)
el o), Alshe2ol digt e9d-484
W7l dRE wels Fx Aol
d F= Ard o gAY 5 9

.4 2U Zoje s S5 Aloje] £
st u|m
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