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Abstract. Simultaneous real-time changes in mercury (Hg) 1 Introduction
speciation- reactive gaseous Hg (RGM), elemental H§YHg
and fine particulate Hg (Hg-PM), were determined from  Atmospheric emissions, transport and deposition of mercury
June to November, 2007, in ambient air at three locationgHg) are key processes leading to the global mercury contam-
in rural Central Wisconsin. Known Hg emission sources ination problem (Wiener et al., 2003). Mercury emissions to
within the airshed of the monitoring sites include: 1) a 1114 the atmosphere arise from natural and anthropogenic sources,
megawatt (MW) coal-fired electric utility generating station; and by re-emission of previously deposited Hg (reviewed by
2) a Hg-bed chlor-alkali plant; and 3) a smaller (465 MW) Banic et al., 2005). Speciation of atmospheric mercury is
coal-burning electric utility. Monitoring sites, showing spo- influenced by a combination of local emission sources, gen-
radic elevation of HY, Hg-PM,5, and RGM were posi- erally contributing a greater proportion of reactive species,
tioned at distances of 25, 50 and 100 km northward of theand global long range transport of long lived species such as
larger electric utility. Median concentrations of HgHg- Hg°. Among local sources, the location, type of emitter, and
PMys, and RGM were 1.3-1.4ngm, 2.6-5.0pgm?3, and  amount of Hg emitted may be characteristic in distinguishing
0.6-0.8 pg m?3, respectively. A series of RGM events were their contribution to the mercury budget of a given area.
recorded at each site. The largest, on 23 September, oc- In the present study, we set up three receptor stations at
curred under prevailing southerly winds, with a maximum different locations within a rural study area having no major
RGM value (56.8 pg m®) measured at the 100 km site, and anthropogenic Hg emission sources within 25km or more.
corresponding elevated $@®10.4 ppbv; measured at 50km Using this three-receptor array, changes in mercury speci-
site). The finding that RGM, Hg and Hg-PM 5 are not  ation were continuously monitored, ultimately showing the
always highest at the 25km site, closest to the large generinfluence of three Hg emission sources located at the periph-
ating station, contradicts the idea that RGM decreases witlery of the study area in opposing directions (Fig. 1), as well
distance from a large point source. This may be explainedas regional sources from major urban areas of the US Mid-
if: 1) the 100 km site was influenced by emissions from thewest. The goals of the study were to: 1) distinguish multiple
chlor-alkali facility or by RGM from regional urban sources; Hg inputs in a rural setting with relatively few Hg sources,
2) the emission stack height of the larger power plant pro-that are directionally distinct; 2) track possible conversion
moted plume transport at an elevation where the Hg is carbetween atmospheric Hg species; and 3) test the efficacy of
ried over the closest site; or 3) RGM was being generated irsimultaneous deployment of mercury speciation monitoring
the plume through oxidation of MgOperational changes at stations for possible use by the National Atmospheric De-
each emitter since 2007 should reduce their Hg output, poposition Program (NADP) Atmospheric Mercury Network
tentially allowing quantification of the environmental benefit (AMNet).
in future studies.

1.1 Study area

The study area is predominantly agricultural with no major
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Fig. 1. Map of Wisconsin and adjoining States showing distribution
of mercury emitters as of 2006, from EPA Toxics Release Inventory

tion burning Powder River Basin (PRB) coal.

PRB coal

is characteristically low in sulfur, and in mercury, with a
mean Hg content of 0.08 ppm for 612 samples in the USGS
COALQUAL database (Bragg et al., 1998; Tewalt et al.,
2001). Speciated measurements of atmospheric mercury in
the immediate vicinity of the 1114 MW generating station
were not obtainable. In general, the portion of oxidized vs.
elemental Hg released from coal fired power plants is highly
variable and dependent on coal composition (especially S

and halogen content), the presence/absence of specific emis-

sion control units, and general operating conditions of the
plant (Kolker et al., 2006). Preceding this study, surveys in
the vicinity of the chlor-alkali facility, located about 35 km
WSW of the 100 km site showed very high levels of°tHg

and importantly, also a fraction of RGM.

Following completion of field measurements in 2007, sig-
nificant operational changes were made to the three mercury
emission sources adjoining the study area. In 2008, a new
525 MW generating unit burning PRB coal was added to the
465 MW multi-unit coal-fired electric utility located about
50 km NNW of the 100 km site (Peltier, 2008). Modifications
to the existing 465 MW capacity are also underway to up-
grade its emissions controls (Electric Energy Online, 2009).
The new 525 MW unit is equipped with an activated car-
bon injection system to control mercury emissions and state-
of the-art controls for N@Q, SOy, and particulate emissions
(Campbell et al., 2009). At the chlor-alkali plant, conver-
sion to mercury-free membrane technology is underway as

part of an expansion of this facility (Hawthorne, 2007). Fi-

(EPA, 2008). Three emitters adjoin the study area: 1) 1114 Mwnally, at the 1114 MW utility at the southernmost end of the
coal-burning utility power station; 2) mercury-bed process chlor- Study area, equipment and operational modifications to re-

alkali facility; and 3) 465 MW coal-burning utility power station.

Mercury emitters contributing 5.0 kg/yr or less are not shown.

duce emissions of NQ SO, and Hg have been put in place

or are planned. These changes make it impossible to repli-
cate the local source conditions observed during the study,
but source conditions similar to those sampled existed in the
study area for an extended period up to and including 2007.

easternmost margin of the Central Wisconsin Sand Plaingjith these changes, the contribution of local sources to tran-
physiographic province, an area of low relief comprising the gjent atmospheric mercury levels in the study area should be

basin of Glacial Lake Wisconsin, or in adjacent low-relief \oq,ced and future studies should allow for quantification of
outwash areas to the east (e.g. Hooyer, 2001). From theeir environmental benefit.

50 km site, Hg emission sources closest to the study area

are located to the south, to the northwest, and to the northy > sampling methods

northwest, potentially making it possible to delineate their

input on the basis of local wind patterns. The orientation of The USGS Mobile Atmospheric Mercury Laboratory (Mo-
the sampling array was coincident with winds from the south.pjle Lab; Kolker et al., 2007) was deployed at the 50 km
the most prevalent wind direction occurring during the sum-gjte from June to November, 2007. The Mobile Lab uti-
mer and early fall in this part of Wisconsin, based on analysisjjzes a Tekran 1130/1135 mercury speciation unit coupled
of historic wind records. Field investigation spanned the pe-g g Tekran 2537A (serial #219) cold vapor atomic fluores-

riod from June to November, 2007.

cence spectrometer (CVAFS; hereafter, “speciation system”

To track possible changes in mercury speciation associfor both Tekran instruments combined). The Mobile Lab spe-
ated with conversion between atmospheric Hg species dureiation system was one of three fixed speciation systems de-
ing transport along a prevailing wind direction, Tekran spe-ployed concurrently. Other fixed Tekran speciation systems
ciation units were deployed at sampling sites with distancesvere deployed at the 25 km site (#236) and the 100 km site
of 25, 50, and 100 km northward starting at one of the mer-(#173). A 4th speciation system (#153) was alternated, first
cury sources, a combined 1114 MW utility generating sta-deployed in tandem with the Mobile Lab at the 50 km site
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(8 August to 25 September), then moved to the 100 km sitespiked ambient air, and RGM-spiked ambient air. Runs
(27 September to 22 November) for replicate measurementsvere made on the manifold system between April 2007
In addition to its mercury speciation capability, the Mobile and November 2008, totaling more than 19 days of opera-
Lab has sampling and measurement capabilities fog,NO tion. Results from the April 2007 manifold study, conducted
SOy, 0zone, PM 5 mass, and meteorological parameters thatprior to the measurement period for this study, showed that
can be used in conjunction with mercury speciation resultsthe average percent relative standard deviation (%RSD) be-
Portable meteorological stations were deployed at the 25 kntween the four instruments was 5.9% for Hgmean con-
and 100 km sites. centration=10.9 ng im?), 34.2% for RGM (mean concentra-

In addition to continuous monitoring of mercury specia- tion=2.6 pgnT3), and 8.3% for Hg-PMs (mean concentra-
tion over a 6-month period, more intensive sampling of par-tion=5.8 pgnT3). Testing during November 2008, demon-
ticulate matter (PM) was conducted over a 10-d period instrated that %RSD values for RGM and Hg-Pitlecreased
July/August, 2007. During this period, low volume USGS- dramatically during exposure to higher concentrations. For
design PMs (16.7 L mimL) or total suspended particulate example, %RSD for RGM concentratiorsL0 pg T3 was
(TSP;~30 L min~1) samplers (Kolker et al., 2008) were de- 14.2% but improved to 9.8% at10 pg nt 3.
ployed at each of the three mercury speciation sites (25, 50, Exposed quartz fiber filters and filter blanks were analyzed
and 100 km). Additionally, at the 50 km site a commercial- by CVAFS according to methods modified from Olund et
design high volume (1500 L mirt) TSP sampler (Tisch En- al. (2004) for particulate mercury in water samples. Filters
vironmental TE-5000) was used concurrently with the low are digested in PTFE bombs in a 5% BrCl solution, atG0
volume sampler for the same period. Using the low vol- for 5 days, to insure complete oxidation of particle-bound Hg
ume samplers, total particulate Hg (Hg-TSP), or Hg=RM to soluble forms. Sample digestion and analysis were carried
were collected on pre-fired 47 mm quartz fiber filters. Usingout at the USGS Wisconsin Water Science Center Mercury
the high volume TSP, aerosols were collected on pre-fired_aboratory, in Middleton, Wisconsin, using an automated
20x 25 cm quartz fiber filters. For each dedicated PM sam-flow injection system in which a CVAFS system is incor-
pler, the sampling orifice was mounted at a height of 2m. porated (Olund et al., 2004). A detection limit of 18 pg was

attained for filter extracts based on analysis of 7 field blanks,
1.3 Analysis methods corresponding te-0.71 pg nr 3 for Hg-PMy 5 in air.

Atmospheric Hg speciation systems deployed within the Mo-5  Results and discussion

bile Lab and at the other two sampling sites (25km and

100 km) utilize a Tekran 1130/1135 speciation unit coupled2.1  Mercury speciation

to a Tekran 2537A CVAFS. The system has been described

elsewhere in greater detail (e.g. Landis et al., 2002; EngléNear continuous monitors of mercury speciation were ob-
et al., 2008; Kolker et al., 2008; and references therein). Tdained at the 25, 50, and 100 km sites from June through
determine Hg speciation, RGM is sequentially collected onNovember of 2007. Summary results for RGM,*Hmd Hg-

a KCl-coated annular denuder, fine particulate HgoBN& PMa s are shown in Fig. 2 and Table 1. Baseline RGM levels
collected on a re-generable particulate filter and kgcol- are generally less than 3 pg) with short term excursions
lected on gold traps. The three mercury species collecte@pproaching or exceeding 30 pgf(e.g. on 23 September).
are thermally desorbed and analyzed by the Tekran 25374or H&, baseline concentrations are less than 2 ng with

as Hg. Every 2h the atmospheric Hg speciation systemexcursions approaching or exceeding 5ngnfe.g. on 12
provides 12 consecutive 5-min average®Hmncentrations November).

and 1-h integrated Hg-PM and RGM concentrations. The Results given in Fig. 2 include unqualified speciation data,
instruments were calibrated daily by an internal°Hger-  shown as solid lines, and speciation results that have been
meation source. The Hgpermeation sources were certi- flagged for one or more quality assurance (QA) concerns,
fied monthly. Pre-spiked denuders containing 48.4 pg RGMshown as lighter-colored equivalents. QA flags include an
(Frontier Geosciences) were analyzed by the speciation unitsicomplete sampling cycle (less than 1 h of sampling); Hg
to demonstrate both the accuracy and precision of the inmeasurements taken during the hour that manuélikfgc-
struments (recovery=98i613.1%,n=28). The atmospheric tion occurred, baseline voltage or baseline deviation prob-
Hg speciation system has an Hdetection limit of approxi-  lems, etc. Results are omitted for first twoHgeasurements
mately 0.1 ng m3 (0.5 pg in absolute mass units). Minimum of the Hg cycle, during Hg manual air injections, and in all
detection limits for RGM and Hg-Plk varied among in-  other cases where Fglata are questionable or the speciation
struments and sites but were generalB.0pgnt3(<1.2pg  system is not functioning properly. Where speciation system
in absolute mass units). To determine the variability of theunit #153 is used to duplicate the output of fixed unit #219
four speciation systems used in this study, tests were conat the 50 km site (8 August to 25 September) and #173 at the
ducted whereby the units were attached to a single high100km site (27 September to 22 November) the replicates
volume unheated manifold and exposed to ambient ait; Hg show good agreement (Fig. 2).

www.atmos-chem-phys.net/10/4467/2010/ Atmos. Chem. Phys., 10, 4482010
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Table 1. Summary statistics of Hg species concentrations for fixed Tekran measurements at the 25 km, 50 km, and 100 km sites. Median and
psuedar (interquartile range/1.349) estimated using Kaplan-Meier survival curves fodbig (values in ng ) and regression on order
statistics (ROS) for the other species (values in pgmto account for measurements below method detection limits.

25km 50km 100km 25km 50km 100km 25km 50km 100 km
Hg° Hg° Hg°® RGM RGM RGM Hg-PMs Hg-PMys Hg-PMys
n 18188 18360 19794 1630 1611 1683 1631 1610 1685
Min <dl <dl <dl <dl <dI <dl <dI <dI <dl
Max 5.24 7.45 4.73 36.2 28.1 87.5 139 58.7 201
Median 1.30 1.29 1.41 0.57 0.76 0.64 5.0 2.6 3.6
Psuede 0.16 0.19 0.20 0.93 0.85 0.98 3.9 2.3 3.0
% nd 2% 2% 3% 83% 81% 80% 21% 41% 32%
% nd = percent of samples below method detection limits.
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Fig. 2. Plot of cumulative mercury speciation system output fof litgng m—3 (left), RGM in pgn23 (center) and Hg-PMs in pgm—3
(right) for the 25 km site (bottom row), 50 km site (middle row), and 100 km site (top row). Results were collected in duplicate for the 50 km
site (8 August to 25 September) and the 100 km site (27 September to 22 November).

The large RGM peak detected at each site on 23 Septemal. (2007; Devil's Lake, Wisconsin, USA) and Kolker et

ber is reflected in a much lesser increase irf;HgO, and

Atmos. Chem. Phys., 10, 4464476 2010

al. (2008; Shenandoah National Park, Virginia, USA), for

NOy concentrations measured at the 50km site were alsatudy areas that are largely rural and lack anthropogenic
elevated. Transient, correlated RGM-S@eaks at near-
baseline Hf or Hg-PMy 5 are noted by Manolopoulos et plumes from coal-fired generating stations (e.g. Edgerton et

emission sources.

This combination is characteristic of

www.atmos-chem-phys.net/10/4467/2010/
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RGM Data A pattern similar to that of 23 September is seen on
0 ‘ ‘ ‘ 3 and 4 October, where peak RGM values at the 100 km
i@% 100km Site site (9.9 and 15.2pgn?¥, respectively) exceed smaller

30 4

(=~5pgnT3) corresponding peaks at the 25 and 50km
sites, under southerly wind conditions (Fig. 3). In at least

10 A J\VL one other case (20 October) peak RGM does show a regular
ﬂw : ‘AAAM‘ :f‘ anstha o A "»\‘ ‘Mi A&\_&

20

pgm?

concentration decrease from the 25 km site (15.2 pg)no

: the 50 km site (13.2 pg n¥) to the 100 km site (8.2 pg i),

5 i sokmSite | and a corresponding decrease in event-weighted RGR)/Hg

o from 0.005 to 0.004, where thel00km site is the farthest
! 3 3 downwind (Fig. 3). Results for Oct. 20 may reflect conver-
5 i 5 sion of RGM to Hg with progressive transport, as predicted.

. " r“ AA_AJ\ Nonetheless, the finding that RGM is not always highest at
i A At e, : A

pgm?

the 25km site, closest the 1114 MW utility, could be ex-
plained if: 1) another RGM source, such as the chlor-alkali

25km Site plant, or more distal regional sources, contributed to Hg spe-
ciation at the 100 km site; 2) Hg from the 1114 MW utility
3 is carried over the 25km site at a high altitude as a result
A'\ of its stack design parameters; or 3) RGM was being gen-
L 1 A erated within the plume through oxidation of HgBecause
& S S S ‘ o\é the mercury cell chlor-alkali plant is a such a large emitter, it
& & & may be a significant RGM source, even though this process
— Fixed Tekran, No QA Flags —— Alternate Tekran, No QA Flags generates predominantly H@OUthWOTth et al., 2004; Lan-
Fixed Tekran, QA Flagged Alternate Tekran, QA Flagged dis et al., 2004) with small fractions of RGM present (Landis
et al., 2004).

Fig. 3. Mercury speciation for mid-September through October, Hg-PMps baseline values are generally less than
2007 showing peak RGM exceeding 50 pg‘?’mt the 100km site 10 pg 3 (Fig. 2) with more frequent excursions20—
occurring at 09:35 GMT-06:00 on 23 September, and smaller corog pgnt3, and some values in excess of 100 pgfion
responding RGM peak heights at the 25 km site (36.2pgnand o June, 24 July, and 16 August). For the period of in-

the 50 km site (28.1 pg e, qualified). The 100 km site is the far- : : . } )
thest downwind at this time and date. Results for 4 and 5 Octobert(:"nswe PMs sampling, time-averaged Hg-F concentra

2007 show a pattern similar to 23 September, with the largest RGI\/I“.Ons (by au_tor_r|1ated §EeCIagpn sys'iem) for th_e thrfee Sa:rer)p|8lng
peaks recorded at the 100 km site, whereas results for 20 Octobe%Ites are similar, with median values ranging irom o

3 . .
are consistent with falloff of RGM with distance transported (see 11-8 Pg N7~ (see the following section).
text).

2.2 Intensive Hg-PM 5 sampling

al., 2006). On 23 September, all three sites were downwingiogjve PM sampling occurred from 25 July to 5 August,
of the 1114 MW utility. However, during the 23 September 2007, and included manual Hg-TSP at all three sites and

RGM event, a I.arger RGM peak (56'8 pg#h was found manual Hg-PMs at the 25 and 50 km sites, determined at
at th_g 100km site than at thg 25km site (36_'2 pgyror a 12-h intervals, in addition to the continued Hg-RP#output
qual|f|ed. peak ‘,"‘t the 50km site (28.1pg#nFig. 3). Cor- __of the speciation systems at each site (Fig. 4). A washout
responding Hgis also somewhat elevated at the 100 km Site oyent that occurred on 27 July, 2007 is seen as an Hg-TSP
(1.76 ngnT3) relative to the 25 and 50 km sites (1.53 and or Hg-PMy.5 minimum at all sites. Comparison of the man-

1.56 ng nT3, respectively). Although ground-level winds on al Hg-TSP with the summed 12-h speciation system Hg-
23 September reflect transport from the south, the data serigsyy, output intervals shows that in virtually all cases, the

shows that first arrival and pgak response for RGM on this - ual Hg-TSP equals or is greater than the automated Hg-
date occurred at the 100 km site. At the other two sites, closelg-,M25 output, showing that coarse particulate Hg may be

to the inferred source, arrival times for peak RGM were ap-p,asent and is missed by the automated analyzers as a result
proximately coincident, with corresponding peak RGM and ¢ y0ir 5 5 pm input limitation (Fig. 4). Similar results have

SO, at the 59 km site (Table 2). In addition, the_ratio of been found in previous direct comparisons between these ap-
RGM/Hg’, which would be expected to decrease with trans'proaches, especially where a large fraction of particulate Hg

port and conversion of RGM to HMdgfrom a single source, | .cidesin the-PM, s fraction (Engle et al., 2008).
shows a reverse trend on 23 September, with a lower value - ’

at the 25 km site (0.015 expressed as a weighted ratio for the
entire event) than at the 100 km site (0.020).

www.atmos-chem-phys.net/10/4467/2010/ Atmos. Chem. Phys., 10, 4482010
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Table 2. RGM and SQ peak arrival time for 23 September 2007, showing simultaneous arrival of these maxima at the 50 km site and first

arrival of peak RGM at the 100 km site.

RGM SO
9/23/07 Time Max. pk. ht. Time Max. pk. ht.
(GMT - 06:00) (pg nT3) (GMT - 06:00) (ppbv)
25 km 13:35 36.2 NA NA
50 km 10:35 281 10:30 104
100 km 09:35 56.8 NA NA
* Quialified value.
20
30 B Manual Hg-PM
. 25
. 100km Site PR -1 K Tekran Hg-PM, 5
E €
g 20 2157
o S
Q =]
& g
6 10 % 10
= (5]
@© c
o o
o
0 2‘3 5
30 - o
50km Site <
= 0 '
& 20
2 Fig. 5. Boxplot showing overlap in concentration ranges for 12-h
@ , manual Hg-PM 5 vs. summed 12-h speciation system Hg-RM
= 10| B sampling, 25 July-5 August, 2007.
k3]
s =
1]
o
Where manually determined, 12-h Hg-RP¥lconcentra-
0 tions were compared with summed 12-h speciation system
30 : Hg-PM; 5 (at the 25 and 50 km sites); the results show no sta-
2km e  ManualHg-TSP tistically significant difference in the two approaches (Fig. 5),
"’Tg R e with a regression comparison biased slightly to the manual
2 10 SR approach, giving a slope of 0.84 and ighof 0.55. Consis-
% ' tency between the manual and automated approaches for Hg-
T PMz 5 indicates that comparison between Hg-TSP and speci-
% ation system Hg-PMs discussed above is valid because the
3 10 filter-based approach used has not been subject to artifacts
E resulting from adherence or loss of gaseous mercury to or
o from the filter media (e.g. Malcolm and Keeler, 2007).
0 : :
23-Jul-07 27-Jul-07 31-Jul-07 4-Aug-07 2.3 Directional mercury and ancillary gas

concentration data

Fig. 4. Comparison of 12-h manual Hg-TSP vs. summed 12-h spe- ] ) o
ciation system Hg-PMs (25, 50, 100 km sites) and 12-h manual Directional patterns of mercury and ancillary gas distribution
Hg-TSP (25, 50 km sites only), for the period of intensive Hg-R”M

sampling, 25 July—5 August, 2007.

Atmos. Chem. Phys., 10, 4467476 2010

for the period from June to November, 2007 are shown by
concentration roses for RGM, Fgand Hg-PM 5 for each
site, and S@ and NG roses for the 50km site (Fig. 6).

www.atmos-chem-phys.net/10/4467/2010/
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50km Site 100km Site

25km Site

Fig. 6. Rose diagrams for mercury species (25, 50, 100 km sites) and ancillary gases (50 km site).

For RGM, the highest events recordee30 pgn13) are at %
the 100km site, with the prevailing wind from the south,
the direction of the 1114 MW power station. At this site,
lesser RGM highs are seen with winds from the WSW, the
direction of the chlor-alkali plant, from the NNW, the di-
rection of the 465 MW coal burning utility, and from the
SE, in the direction of more distal power plant sources
in the urbanized corridor along the shores of Lake Michi-
gan, near the lllinois/Wisconsin border. At the 25km
site, RGM highs occur with southeast winds, towards these o
regional emission sources, in addition to highs occurring un- ® 15
der due-south winds, towards the 1114 MW power station.
The due-south RGM highs at the 25km site are less pro-
nounced than at the 100 km site, even though the 25 km site
is closer to this emitter.

For Hg, the most pronounced directional highs
(>3ngnT3) are at the 50 km site, when winds are from the

i .
northwest, towards the chlor-alkali plant. For Hg-PM : . H
highs &20pg m3) occur at the 25km site with winds _L 1 B *L

@
=
L

RGM (pg m™)
£
L3
-

o
S
L

25 50 100

RGM (pg m®
I P
8 3

]
=1
s

-

from the south, towards the 1114 MW power station; at the B i

50 km site with winds from the NW, towards the chlor-alkali Site

plant; and at the 100km site with winds from the WSW, Fig. 7. Boxplots showing RGM results<(1.5 pg nt3) for each site

also the direction of the chlor-alkali plant (Fig. 6). Similar when winds are from the south (170-190; top paxehnd from all

rose-diagram treatment of 3@nd NQ, data for the 50km  other directions (190-170; bottom pafl Results do not show a

site shows considerable scatter, with the most pronouncegonsistent decrease in RGM concentration with distance from the

directional trend being towards the south (1114 MW utility) large emission source due south of the 25 km site.

for each ancillary gas. For the pronounced®Higgh at the

50km site with winds from the northwest, the lack of a

corresponding S@high is consistent with influence by the sites, the 100 km site consistently shows the highest RGM

chlor-alkali plant, as suggested above. values, whereas RGM values for the other two sites are in-
Comparison of cumulative RGM results for the three sitesdistinguishable. When winds are from all other directions

as a function of wind direction is shown in Fig. 7. When (190 to 170; Fig. 7b), RGM values for all three sites are

winds are from the south (170 to 190rig. 7a), of the three indistinguishable. This finding is counter to conventional

www.atmos-chem-phys.net/10/4467/2010/ Atmos. Chem. Phys., 10, 4482010
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thinking and assumptions applied to Hg transport modeling
suggesting a mercury dispersion “halo” exists around large
emission sources, whereby RGM is expected to decrease
with distance from a central high as a function of dispersion
and conversion to Hg(Bullock et al., 1998; Cohen et al.,
2004; Lee and Keener, 2008).

2.4 Air-mass back trajectories

Mercury speciation data, ancillary gas data, and direc-
tional information discussed above show that local emission
sources at the periphery of the study area result in periodic
elevation of RGM, H§ and, for transient plumes from coal-
burning utilities, correlated RGM and $0O The contribu-
tion of regional sources is more difficult to assess without
knowing the back-trajectory of air-masses being sampled in
the study area. Using the NOAA HYSPLIT model (Draxler
and Rolph, 2003), backward air mass trajectories were simu-
lated for the 23 September, 4 October, and 20 October, 2007
events, in which RGM peaks occurred under the influence of
southern winds. Results show significant variation in source
areas depending on the ending height of the trajectory (i.e.,
10m, 500 m, 1000 m; Fig. 8). Given that all peaks investi-
gated occurred during daytime, significant mixing was likely
occurring in the boundary layer and variations in contribu-
tions from the various source areas likely occurred between
the three sampling sites. For example, trajectories corre-
sponding to the RGM pulse on 23 September, 2007 ending at
heights of 100 and 500 m, originated near Chicago, a signifi-
cant regional source area for atmospheric Hg, and were mod-
eled to have been transported near the coal-fired utility power
station due south of the receptor sites (Fig. 8). These findings
suggest that contributions from multiple sources may have
been responsible for elevated RGM concentration during this
and other events, and this may help explain the unexpected
first arrival of the source plume at the furthest monitoring
site.

100m
— 500m
1000m

B Monitonng Locations @ Hg Emitters

3 Conclusions ] ] ) ]
Fig. 8. NOAA HYSPLIT multiple 24-h air mass back trajectory

. . . .model results for 23 September 2007. 24 h back trajectories begin
Three simultaneously operated atmospheric mercury sites Ir(EPach hour from 09:00 to 15:00 local time, the period of elevated

rural Central Wisconsin show sporadic elevation of RG_M’ RGM at each station. Results show variation in source area as a
Hg‘f and Hg'PM-Q' Correspondence of elevated Hg speciesgnction of air mass height. This plot suggests that multiple source
varies between sites; correspondence between elevated M&freas contribute to each Hg event observed.

cury species and ancillary gas levels is similarly variable.

These variations are likely the result of differing contribu-

tions of local- to regional scale emission sources and varia-

tion in air mass transport direction. Some RGM peaks havegests that the 100 km site is most-likely impacted by other
associated SPpeaks, together indicative of plumes from Hg sources, in addition to the 1114 MW power station to the
coal burning utility power stations, whereas others do not, in-south. Overall, highest RGM concentrations occur with air
dicating they are more likely derived from the mercury-bed masses from the south (all sites) or the northwest (25, 50 km
chlor-alkali facility. The greatest peak response concentrasites), or west-southwest (100 km site), downwind of the two
tions were commonly observed at the 100 km site, farthestargest mercury sources. Short-term manual replication of
from the largest power plant Hg emission source. This sug-Hg-PM, 5 shows good agreement with automated Hg-BM

Atmos. Chem. Phys., 10, 4464476 2010 www.atmos-chem-phys.net/10/4467/2010/



A. Kolker et al.: Mercury dispersion from local and regional emission sources 4475

measurements, thereby validating the filter-based collectiorbraxler, R. R. and Rolph, G. D.. HYSPLIT (HYbrid
method. Manual Hg-TSP determination indicates that signif-  Single-Particle Lagrangian Integrated Trajectory) Model access
icant fractions of particulate mercury may be coarser thanthe via NOAA ARL READY Website fttp://www.arl.noaa.gov/
2.5 pum orifice limitation of the automated speciation systems. HYSPLIT.php, NOAA Air Resources Laboratory, Silver Spring,
HYSPLIT air mass back-trajectories are helpful in assessingEdMD’ 200:- s H LB E 43 3 M _
the contribution of mercury from regional sources such as-298"on. E. S., Hartsell, B. E., and Jansen, J. J.: Mercury speci-

. . . . . . . ation in coal-fired power plant plumes observed at three surface
major cities, and in showing divergence in transport at dif-

: . . sites in the southeastern U.S., Environ. Sci. Technol., 40, 4563—
fering levels of the atmosphere. This approach is not useful -4 5006

in distinguishing among the local sources at the periphery ofgjectric Energy Online: Emission control projects completed at We-

the study area, because the back-trajectory grid-size (40km) ston power planthttp:/www.electricenergyonline.com/?page=

is too coarsely spaced. Operational changes to the local emis- shownews &id=109588last access: 6 January 2010), 17 April

sion sources make it impossible to replicate conditions of the 2009.

study, but these changes have the overall effect of reducingngle, M. A., Tate, M. T., Krabbenhoft, D. P., Kolker, Allan, OI-

mercury emissions in the study area. son, M. L., Edgerton, E. S., DeWild, J. F., and McPherson, A.
K.:Characterization and cycling of atmospheric mercury along
the central U.S. Gulf Coast, Appl. Geochem., 23, 419-437,
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