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Regulations + Monitoring = 
Accountability

The protection of the environment has 
often been deemed successful when there 
is a regulatory driver and complimentary 
monitoring component.

The next few slides illustrate both planned and 
unplanned success and yet to be realized success 
of the monitoring + regulations equation



Prime example of high quality monitoring
Lacking a regulatory driver means observation of 

change has yet to be realized for global CO2



Success!
1990 CAAA + NADP SO4 Deposition

Figures courtesy of
Jim Lynch and 
Van Bowersox



Unanticipated success due to economic 
collapse in Eastern Europe

Total Gaseous Mercury at Swedish West Coast 1979 to 2002
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Largely missed opportunity to monitor success of regulation of 
medical and municipal waste incineration

No monitoring = No assessment of local scale impact reduction

Emissions dropped ~50% 
from 1990 to 1999

USA medical, municipal and 
hazardous waste incineration 
are biggest contributor to 
drop in emissions and local-
scale source impacts.



Maximum Hg emission period was 
missed in South Florida (MDN-FL11)
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Comment: Oxidized mercury emissions were overwhelmingly from medical 
and municipal waste incineration.  What would we give now to have some air 
and deposition measurements in S. Florida from 1985-1993?



Example of unplanned local scale monitoring assessment
Interpretation is straightforward when Hg emissions decrease is large and abrupt
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NADP-MDN Site 
WA18, Seattle, USA

Abrupt decrease after 
1997 due to closure of 
several medical waste 
incinerators (MWI) in 
Seattle (scale = 20km)

Pre-1997 Hg deposition in 
Seattle was not dominated by 
Asian and global sources!

Prestbo et al., (2006) Proceeding of the Int. Conf. on 
Mercury as a Global Pollutant, www.mercury2006.org



Continuous monitoring has 
lagged behind emission source 
changes creating uncertainty in 

assessment of trends 1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  

G
EM

 (n
g 

m
-3

)

0

1

2

3

Alert, Nunavut
Steffan et al.
GEM 1.5 ng/m3

0 . 0

0 . 5

1 . 0

1 . 5

2 . 0

2 . 5

3 . 0

3 . 5

4 . 0

4 . 5

5 . 0

1 9 7 5 1 9 8 0 1 9 8 5 1 9 9 0 1 9 9 5 2 0 0 0 2 0 0 5

Y e a r

TG
M

 [n
g/

m
3]

S h ip W a n k R ö r v i k M a c e  H e a d L is t a N y  A le s u n d A le r t

Slemr et al., GRL 2003
0

1

2

3

4

5

1975 1980 1985 1990 1995 2000 2005

YEAR

TG
M

 (n
g/

m
3)

 o
r 

H
g 

Em
is

si
on

s 
(T

/y
r X

 1
00

0)

Anthropogenic Hg Emissions
Tons/year x 1000 (Pacyna et al. 2006)

TGM (24 h av. ), Mace Head, Ireland, 1995- 2006

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

Au
g.

 9
5

O
kt

. 9
5

Ja
n.

 9
6

Ap
r. 

96
Ju

l. 
96

O
kt

. 9
6

Ja
n.

 9
7

Ap
r. 

97
Ju

l. 
97

O
kt

. 9
7

Ja
n.

 9
8

Ap
r. 

98
Ju

l. 
98

O
kt

. 9
8

Ja
n.

 9
9

Ap
r. 

99
Ju

l. 
99

O
kt

. 9
9

Ja
n.

 0
0

Ap
r. 

00
Ju

l. 
00

O
kt

. 0
0

Ja
n.

 0
1

Ap
r. 

01
Ju

n.
 0

1
Se

p.
 0

1
De

z.
 0

1
M

rz
. 0

2
Ju

n.
 0

2
Se

p.
 0

2
De

z.
 0

2
M

rz
. 0

3
Ju

n.
 0

3
Se

p.
 0

3
De

z.
 0

3
M

rz
. 0

4
Ju

n.
 0

4
Se

p.
 0

4
De

z.
 0

4
M

rz
. 0

5
Ju

n.
 0

5
Se

p.
 0

5
De

z.
 0

5
M

rz
. 0

6
Ju

n.
 0

6

Mace Head, IR
Ebinghaus et al.
TGM 1.5 ng/m3

Regional, not global source 
emission reductions may 
better explain drop in signal 
at Rörvik in S. Sweden



CAIR, CAMR, CAVR Implementation Timeline
NOTE: More stringent State regulations will be in effect sooner!

Phase I: CAIR NOx Programs 
(ozone-season and annual)

(09)

Phase I: CAIR SO2 Program 
(10)

States develop  SPs
(18 months)

SIPs due
(Sep 06)

CSP Early Emission Reduction Period 
(annual CAIR NOx program)

(07 and 08)

Phase II: CAIR NOx and 
SO2 Programs Begin

(15)

Early reductions for CAIR NOx ozone-season  
program and CAIR SO2 program begin 
immediately because NOx SIP Call and title IV 
allowances can be banked into CAIR

05 06 07 08 09 10 12 13 1411 15

CAMR 
Rule 

signed

181716

CAIR

CAMR and CAVR

CAIR Rule 
signed

SPs Due
(Nov 06) Phase I: Hg Program 

(10)
Phase II: Hg Program 

(18)
Regional Haze 
SIPs Due (Dec 07)

BART Controls Required 
(5 years after RH SIPs approved)

CAVR

FIP
(June 06)

Source: USEPA

•We have an opportunity to monitor success
•Time is of the essence!



Nationwide Mercury Emissions under the Base Case, CAIR, and CAIR/CAMR/CAVR, 2010
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CAIR and State Regulations will result in co-benefit mercury 
reductions by 2010

AGAIN - More stringent State  mercury regulations may make this drop larger

Source: USEPA
Here is the predicted drop in 
mercury emissions over the next 3 
years – we must begin now



CAIR will result in the installation of wet-scrubbers, which will remove 
SO2 and the water soluble Hg(II) present in flue gas.

This is especially true in the high density Ohio River Valley source 
region where the biggest change in signal is predicted by economic and 
air chemistry models 

Source: USEPA



CMAQ estimated fractional decrease in RGM from 2001 base to 2020 due 
to CAIR, CAMR and all other expected mercury source decreases
(Figure courtesy of Russ Bullock, NOAA on assignment to EPA)

Comment: Thus first tier atmospheric Hg monitoring sites should be 
in locations where regulatory impact will be greatest and occur the 
soonest.  Although sites that can evaluate a predicted deposition 
gradient or are regionally and globally representative are critical too.



Barrow, AK

Mauna Loa, HI

Alert, Nunavut

Approximate Location of Mercury Speciation Measurements 
over the last 5‐8 years

Not reviewed for accuracy – all sites are shown including past, current and future

NADP will provide coordination, QA and data 
products to turn this random mercury 
monitoring into a functional network?  Also, 
accept historical data for QA review and posting 



Atmospheric Mercury Initiative 
Objectives

• Measure concentrations of wet deposition 
flux (MDN), Hg species, meteorology and 
land cover variables to provide data for 
provisional estimate of dry deposition flux.

• Immediate priority will be on areas with a 
strong impact from local and regional Hg 
sources expected to change due to 
regulations 

• Longer term will include a mix of local, 
regional, remote continental and globally 
source influenced site locations. 

Tekran Automated Continuous Mercury 
Speciation System & QA-Manual Method



High temporal resolution needed to observe local 
to regional mercury species enhancements

Tekran
Automated 
Speciation 
System
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Why NADP?

NADP STRENGTHS
• standardized methods and operations
• internal and external quality assurance
• proven data management capability and 

timely data product web access.

Comment: These functions are being accomplished through an 
open peer-review process in collaboration with atmospheric 
mercury scientists, and federal and state agencies



Candidate 2007-8 NADP Atmospheric Hg 
Network Sites

Harmonized – Quality Assured – Data on Web



Mercury Regulation Perspective

Comment: The NADP Atmospheric Mercury Monitoring Advocates realize we are just
one component. We are entirely dependent on high quality R&D and modeling
advancements. It is critical that all three of the above functions are of equal importance.

Estimation of Dry Deposition of 
Atmospheric Mercury in 
Nevada by Direct and Indirect 
Methods
S E T H  N . L Y M A N , †

M A E  S E X A U E R  G U S T I N , * , †

E R I C M . P R E S T B O , ‡ A N D

F R A N K J . M A R S I K §
Department of Natural Resources and Environmental 
Science/

MS 370, University of Nevada, Reno, Reno, Nevada, 
89557,

Frontier Geosciences, 414 Pontius Avenue North, Seattle,

Washington, 98109, and Department of Atmospheric, 
Oceanic

and Space Sciences, University of Michigan, Ann Arbor,

Michigan, 48109





NADP-AMI Network Activities for 2007-8
Where are we going?

1. Survey of “best practices” and write SOP 
for atmospheric Hg speciation with 
colleagues

2. Data stream web-based products and 
management

3. NADP admin. and cost structure

4. Develop and internal and external 
quality assurance program

5. Site location criteria mapping

6. Planning, Communication and Advocacy 



Harmonized Method Justification

At MDN Atm-Hg workshops the Scientists and 
representatives of EPA, Environment Canada, NOAA, USGS 
and States have indicated that a standard method is a 
critical need

Harmonization of current methods provides ability to 
compare data between sites

Aspmo et al., (2005) atmospheric Hg speciation 
intercomparison study calls for standard methods and 
reference standards for RGM and Hgp

SOPs and QAPPs required for government funded projects



List of Participants and Responses
Participant List Affiliations Complete Participant List Affiliations Complete
Matt Landis EPA X Charles Pietarinen NJDEP X
Sandy Steffen         
Rob Tordon       
Laurier Poissant

Environment Canada

X         
X         
.          

Dirk Felton NYSDEC X

Mark Castro U Maryland X Tom Holson Clarkson University X
David Krabbenhoft 
Mark Olson

USGS X Charles Driscoll Syracuse University X

Eric Miller, ERG Ecosystems Research, Inc. X Robert Talbot University of New Hampshire X
Steve Brooks NOAA X Eric Prestbo Frontier Geosciences X
Jerry Keeler U Michigan Gary Gill Battelle Marine Sciences Lab X
Eric Edgerton Atmospheric Research, Inc. Expected Xinbin Feng Chinese Academy of Sciences X
Mae Gustin U Nevada-Reno X George Allen NESCAUM N-E
Gary Conley Ohio University Bruce Louks Idaho DEQ N-E
Winston Luke NOAA See NOAA Ronnie Watkins Alabama DEM 2537
Rob Mason U Connecticut Tom Atkeson Florida DEP N-E
Ralf Ebinghaus 
Christian Temme 

GKSS-Germany 2537 Susan Zimmer-Dauphinee Georgia DEP

Nicola Pirrone CNR-Institute for Atmos. X Melvin Schuchardt Illinois EPA

Torunn Berg       
Kristine Aspmo

Norwegian University of Science and 
Technology

Sean Alteri                  
Andrea Keatley

Kentucky Div. of Air Quality

John Munthe          
Ingvar Wängberg

IVL Sweden partial Philip Frazier Louisiana

Christophe Ferrari Laboratoire de l'Environnement N-E Amy Robinson Michigan N-E
Dan Jaffe                    
Phil Swartzendruber

U Washington-Bothell X Nick Lazor Pennsylvania DEP

Jamie Schauer U Wisconsin See USGS Kevin Watts South Carolina DHEC

Mike Abbott Idaho National Laboratory X Robert Brawner Tennessee

Frank Schaedlich Tekran X
Bruce Rodger               
Mark Allen

Wisconsin DNR 2537

Alan VanArsdale US EPA



Data Capture
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Data Reduction
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Q2 – Remote Data Access?
Data logger
Computer
Computer + data logger
Go to site to download

Q4 – Data Reduction Method?
Manually, line-by-line
Tekran Combine Program
Combine + other program
Custom Program
Other

Best Practices 
Questionnaire 
Responses



Tekran 2537 Air Flow Path Integrity

0

4

8

12

16

20

24
Q

#1

Q
#2

Q
#3

Q
#4

Q
#5

Q
#6

Q
#7

Q
#8

Q
#9

Q
#1

0

Q
#1

1

Q
#1

2

Q
#1

3

Q
#1

4

Question Number

Co
un

t o
f R

es
po

ns
e 

Ca
te

go
ry

"#1" Response "#2" Response "#3" Response "#4" Response "#5" Response

• Q3 – flow meter calibration – monthly, quarterly, yearly, never
• Q13 – Quartz Fluorescence Cell Cleaning – Only when needed as 

a result of troubleshooting



CONCLUSION

Monitoring 
schematic for  
CAMR & States 

regulatory 
assessment

Comment: The combination of 
emission and air concentration 
measurement and wet and dry 
deposition flux completes the 
atmospheric fate and transport 
assessment.  The CEM bubble is 
as complex as the others but 
not detailed in this diagram. 


