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Atmospheric mercury monitoring workshop 2018 for

establishing a multi-media mercury monitoring network in Asia-

Pacific
Workshop Agenda
Day 1 (Monday, 3™ September)
Time | . Description: | Speaker /Session Moderator
8:00- Registration
9:00
9:00- Opening / Self Introduction Moderator:
10:00 Mitsuko Yasoshima
10:00- Presentation Tatsuya Hattori
10:30 ® Mercury Monitoring Method of Ambient
Air by Gold Amalgamation Trap
> Method Outline
» Survey and Sampling
10:30- Break
10:45
10:45- Experiment Yoshinobu Watanabe
12:30 ® Sampling Activity of Ambient Air
| » Setting of the Collection Material
(Gold Trap)
12:30- Lunch
14:00
14:00- Presentation Tatsuya Hattori
15:00 ® Mercury Monitoring Method of Ambient
Air by Gold Amalgamation Trap
» Measurement by AAS
» Quality Management
- ® Atmospheric Mercury Monitoring in
Japan by Gold Amalgamation Trap
Method
15:00- Break
15:30
15:30- Experiment Yoshinobu Watanabe
17:00 ® Sampling Activity of Ambient Air

> Picking the collected material
» Recording




Day 2 (Tuesday, 4" September)

Time Description Speaker /Séssion Moderator
9:00- Experiment Yoshinobu Watanabe
10:30 ® Measurement of Ambient Air Sample

» Measurement by CVAAS
10:30- Break
10:45
10:45- Experiment (cont.) Yoshinobu Watanabe
12:30 ® Measurement of Ambient Air Sample

» Measurement by CVAAS
12:30- Lunch
14:00 :
14:00- Experiment Yoshinobu Watanabe
15:30 @ Data Calculation and Analysis '

> Quality management

® Sampling Activity of Ambient Air
» Preparation (Apparatus,
Instruments) ‘

15:30- Break
15.45
15:45- Presentation Alvin Chua
16:30 ® Instruments for atmospheric mercury

monitoring
16:30- Discussions Moderator:
17:00 Mitsuko Yasoshima




7t Annual Asia-Pacific Mercury Monitoring Network Partners Meeting
September 5-7, 2018
Seda Vertis North Hotel — Manila, Philippines

Wednesday - September 5, 2018

Time Activity
08:00 — 09:00 | APMMN Registration
09:00 — 09:45 | Opening Ceremony

Welcome Remarks
Metodio U. Turbella, Director, Environmental Management
Bureau, Department of Environment and Natural Resources, Philippines

Opening Address
Mr. Jonas L. Leones, Undersecretary for Policy, Planning, and International
Affairs, Department of Environment and Natural Resources, Philippines

Special Remarks

Mr. Yeuh-Bin Wang, Deputy Director, Taiwan Environmental Protection
Administration, Taiwan

Mr. James S. Chu, Deputy Representative (Minister),
Taipei Economic and Cultural Office in the Philippines, Taiwan

Ms. Nicole P. Fox, Chief Environment, Science, Technology and Health Unit,
U.S. Embassy Manila

Mr. David Schmeltz, Senior Analyst, Office of Atmospheric Programs, U.S.
Environmental Protection Agency, USA

09:45 - 10:00 | Group Photo

10:00 — 10:15 | Coffee Break

10:15 -10:35 | Group Introductions & Workshop Overview, facilitated by David Schmeltz,
U.S. EPA

10:35-12:00 | Session I. Overview of the Mercury Problem, chaired by Jean C. Borromeo,
Philippines DENR

10:35-10:50 | Concerns over Mercury Pollution in Asia
Guey-Rong Sheu, National Central University, Taiwan

10:50 - 11:05 | Mercury Exposure and Health Impacts in the Philippines
Ana Trinidad F. Rivera, Philippines Department of Health




11:05-11:20 | Overview of efforts to monitor mercury and other pollutants in the
Philippines
Jundy Del Socorro, Philippines DENR

11:20-11:35 [ Minamata Convention: Perspectives on the Monitoring and Effectiveness

"| Evaluation Plans

Sandy Steffen, Environment and Climate Change Canada
Mick Saito, Japan Ministry of Environment

11:35-11:50 | Why is monitoring for mercury important?
David Gay, National Atmospheric Deposition Program, University of
Wisconsin

11:50-12:00 [Q&A

12:00-13:30 | Lunch

13:30 - 15:30 | Session Il. The Asia Pacific Mercury Monitoring Network, chaired by Mark
Olson, NADP

13:30-13:50 | Overview talk: What is APMMN? How’d we get here? Where are we
going?
David Gay, NADP; David Schmeltz, U.S. EPA

13:50—-14:00 | Demonstration of the new APMMN website
Jack Guen-Murray, U.S. EPA

14:00 — 14:30 | State of the network: mercury central analytical lab and site liaison reports
Guey-Rong Sheu and Da-Wei Lin, National Central University

14:30 - 15:30 | Discussion

15:30 - 15:45 | Break

15:45 - 16:30 | Session lll. APMMN Partner and Stakeholder Updates, chaired by David
Gay, NADP

15:45-16:00 | Vietnam
Nguyen Van Thuy, Vietnam Environment Administration, Center for
Environmental Monitoring

16:00 - 16:15 | Thailand

Hathairatana Garivait, Environmental Research and Training Center
Nittaya Chaisaard, Pollution Control Department




16:15-16:30 | Indonesia

Florentinus Binsar Tumind, Ministry of Environment and Forestry
Herman Hermawan, Research and Development Center of Environmental
Laboratory Quality (P3KLL)

Rina Aprishanty, P3KLL

16:30 Day 1 - Wrap-up

18:30 Banquet — Hosted by EPA Taiwan

Thursday - September 6, 2018

09:00 — 13:00 Session Il APMMN Partner and Stakeholder Updates (continued), chaired
by David Gay, NADP

09:00 - 09:15 | SriLanka
Sujeewa Fernando, Ministry of Environment
Anurudda Karunarathna, Univ. of Peradeniya

09:15-09:30 | Bangladesh
Md Abul Kalam Azad, Department of Environment (Invited)

09:30-09:45 | Australia
Tony Morrison, Macquarie University

09:45—-10:00 | Canada
Sandy Steffen, Environment and Climate Change Canada

10:00 - 10:15 | Fiji
Vincent Vishant Lal, Univ. of the South Pacific

10:15-10:30 | Japan
Kohji Marumoto, National Institute of Minamata Disease

10:30 — 10:45 | Korea
Seunghee Han, Gwangju Institute of Science and Technology

10:45-11:00 | Break




11:00 - 11:15

Malaysia
Norazura Zakaria, Malaysia Meteorological Department

11:15-11:30 | Mongolia
Enkhtuul Surenjav, Mongolian Academy of Sciences
Batbayar Jadamba, National Agency for Meteorology and Environmental
Monitoring
Tumenbayar Bataar, Sans Frontiere
11:30-11:45 | Nepal
Safala Shreshtha, Ministry of Forestry and Environment
11:45-12:00 | Samoa
Pousui Fiame Leo, Scientific Research Organization of Samoa
12:00-12:15 | Guam
Walter Leon Guerrero, Guam Environmental Protection Agency (Invited)
12:15-12:25 | Break (short)
12:25-12:40 | South Africa
Lynwill Martin, South African Weather Service
12:40-12:55 | Taiwan
Cheng-Young Lyu, Environmental Protection Administration Taiwan
12:55-13:10 | United States
Winston Luke, National Oceanic and Atmospheric Administration
13:10 -14:45 | Lunch
14:45 - 15:30 | Session IV APMMN Mercury Wet Deposition Roundtable Discussion,
chaired by Da-Wei Lin, Site Liaison, NCU; Guey-Rong Sheu, NCU
* Feedback from partners — What’s working? What’s not working?
What are your needs?
*  What do you need to join?
* SOPs - Are changes needed?
*  Other topics: sample shipping, glassware cleaning
* Presentation: Automated continuous methods to measure
gaseous elemental mercury (GEM) and speciated mercury
Mark Olson, NADP
15:30-17:00 | Session V Future Network Directions

Discussion, chaired by David Schmeltz, USEPA; David Gay, NADP
* Network expansion — more cooperators, sampler distribution
*  Obtaining rain gage information




*  Atmospheric monitoring (e.g., manual methods, passive devices,
Tekrans)

*  Presentation: Mercury passive air sampling Eric
Prestbo, Tekran Research and Development

17:00 Day 2 - Wrap-up
18:30 Dinner

| Friday - September 7, 2018

08:00 — 16:30 | “Philippines Day” - Field visit to the Clark Air Base, Angeles Pampanga
Urban Monitoring Station

Mercury wet deposition sampling demonstration and training: How is
sampling done in APMMN?

Da-Wei Lin, NCU
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Regional mercury-monitoring meeting opens in Manila

2018/09/05 19:22:15

[ #2) lo

Photo courtesy of Taipei Economic and Cultural Office in the Philippines

Manila, Sept. 5 (CNA) The seventh annual partnership meeting of the Asia-Pacific Mercury
Monitoring Network (APMMN) opened in Quezon City in the Philippines Wednesday
under the joint auspices of Taiwan, the Philippines and the United States.

The three-day event, scheduled to run through Friday, brings together more than 70
experts and scholars in the relevant areas from 18 APMMN partner nations, including the
Philippines, Taiwan, the U.S., Japan, Indonesia, Malaysia, Nepal, Sri Lanka, Thailand and
Vietnam.

The others are Australia, Canada, Mongolia, South Korea, Samoa, Fiji, Singapore and
South Africa.

One of the officials addressing the opening ceremony, Wang Yue-bin (F %), who is in
charge of environmental monitoring and information management at Taiwan's

Environmental Protection Administration, told CNA that Taiwan will share its mercury
analysis technologies and its experience in building environmental monitoring centers.

http://m.focustaiwan.tw/news/asoc/201809050021.aspx 1/3


http://img5.cna.com.tw/eng/webengphotos/cep/20180905/201809050021t0001.jpg
http://m.focustaiwan.tw/
http://m.focustaiwan.tw/news/asoc/list.aspx
http://m.focustaiwan.tw/
http://m.focustaiwan.tw/
http://m.focustaiwan.tw/

2018/9/5 Regional mercury-monitoring meeting opens in Manila | Society | FocusTaiwan Mobile - CNA English News

|
Taiwan has the ambition to transform itself from an importer of environmental protection

techniques into an exporter of such techniques, Wang said, adding that the APMMN
annual meeting will allow Taiwan to collect regional partners' opinions and advice for the
future development of environmental protection technique cooperation.

The APMMN is a cooperative effort by various different groups, including environmental
ministries and federal government agencies, academic institutions, and scientific research
and monitoring organizations, to systematically monitor mercury in air and rainwater
throughout the Asia-Pacific region.

(By Emerson Lim and Elizabeth Hsu)
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Beach in Yilan closed after five deaths

21 Taiwanese charged on suspicion of 'human trafficking' in U.S.
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Stable weather forecast to continue until Saturday

Taiwan Grand Lottery top winning ticket sold in New Taipei

Winning numbers for Tuesday's Taiwan lotteries
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https://googleads.g.doubleclick.net/aclk?sa=L&ai=CEf0bKOePW5CzOs2Qigaez6aIDs_msbxNw8PmhPMGwI23ARABINbS3iFg4bS6hZAayAEBqQJUtRUXrHOzPqgDAcgDwwSqBLoBT9DsMfcxptRGUdTX30xZkF-SBYnCmvIPBp5zy-EKmVvt0DB7wpBeDnqiAYRRvo1D2tPf7GNW_BgkUkirK_Je3FDiL0RBOhKAE6-aKVUpYEf8YgpVl0oDl4TAZyjDClzCGjyCGhtNq-PRLfRyRMxSq45Hd6vLIKXvDTO-CBhHFnzZNgCV64O2uR0Rw12MO-41_eAedD2M9MbdlXH8xGfRne2mAOxemK16ec1pgCSHEarrNEUgnP8u9uazoAZRgAea3N5IqAeOzhuoB9XJG6gH2csbqAfPzBuoB6a-G6gHmM4bqAeaBtgHAdIIBwiAYRABGAKxCbr5q2vfj28HgAoB2BMC&num=1&sig=AOD64_0U5PtrpGFxxY7WOm550bLeB36giA&client=ca-pub-8412207380241466&adurl=https://www.synthese-nord.de/english/derivatization-reagents/nabpr4/
https://googleads.g.doubleclick.net/aclk?sa=L&ai=CEf0bKOePW5CzOs2Qigaez6aIDs_msbxNw8PmhPMGwI23ARABINbS3iFg4bS6hZAayAEBqQJUtRUXrHOzPqgDAcgDwwSqBLoBT9DsMfcxptRGUdTX30xZkF-SBYnCmvIPBp5zy-EKmVvt0DB7wpBeDnqiAYRRvo1D2tPf7GNW_BgkUkirK_Je3FDiL0RBOhKAE6-aKVUpYEf8YgpVl0oDl4TAZyjDClzCGjyCGhtNq-PRLfRyRMxSq45Hd6vLIKXvDTO-CBhHFnzZNgCV64O2uR0Rw12MO-41_eAedD2M9MbdlXH8xGfRne2mAOxemK16ec1pgCSHEarrNEUgnP8u9uazoAZRgAea3N5IqAeOzhuoB9XJG6gH2csbqAfPzBuoB6a-G6gHmM4bqAeaBtgHAdIIBwiAYRABGAKxCbr5q2vfj28HgAoB2BMC&num=1&sig=AOD64_0U5PtrpGFxxY7WOm550bLeB36giA&client=ca-pub-8412207380241466&adurl=https://www.synthese-nord.de/english/derivatization-reagents/nabpr4/
http://m.focustaiwan.tw/news/asoc/201809050020.aspx
http://m.focustaiwan.tw/news/asoc/201809050015.aspx
http://m.focustaiwan.tw/news/asoc/201809050012.aspx
http://m.focustaiwan.tw/news/asoc/201809050007.aspx
http://m.focustaiwan.tw/news/asoc/201809050005.aspx
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Material 1
24 hours continuous sampling
for mercury in ambient air
by gold amaigamation method

The explanation of

Sampling Method for mercury in
ambient air

Referred Manual:

An Excerpt from “Manual of Measurement Method of Hazardous Alr Poltutants” (March 2011,
Air Erwvirenment Division, Environment Management Bureau of Water and Alr Environment
Fields, MOEJ)

Part 5. Chapter 20,
Measurement method for mercury In the amblent air
Gold amalgamaticn trap, thermal desorption and cold vapor-atomic abserption spectromatry

Contents
Page 3 : Overview
Page 4 : Preparation of Gold Column
Page 5 : Preparation of Soda Lime tube
Page 6 : Preparation of another tools
Page 7-8 : Setting for Sampling
Page 9 : Travel Blank (TBL) Test
Page 10 : Regarding aspiration Pump
Page 11 : Field Note
Page 12 : Weather Information

Page 13 ; determination of
sampling point and rate of times par year




Overview of gold amalgamation
method

Gold column
(Collection tube, cartridge)

S FONS [o "t m—— (

Soda Lime

Pump

Flow rate : 0.5 L/min.
24 h sampling = 0.5x60x24= 720 L (total sampling valume)

Preparation of Gold Column

Baking gold column

With the mercury free gas at a flow rate of 0.2-0.5 L/min, heat the collection tube at

600-700°C for 5 minutes. After the heating, the collection tube is cooled
under flowing gas and placed in a sealed container to prevent contamination. This
procedure is preferably performed immediately before use.

When baking multiple numbers of collection tubes all at once, the blank value
should be measured from the same baking lot at a rate of at least 10% or more of
the samples with the designated method.

- All gold columns before sampling have to be carried
out same operation of measuring twice time
(Material 2 page 14-15).

mmmp They should be checked that they have no mercury or
almost zero blank by described above operation.

A gold column can be used repeatedly by this procedure.




Preparation of Soda Lime tube

quartz wool

Pl
s
| [ |

Soda lime particles

Figure: Example of a soda lime tube
Inner diameter :6 mm (because column outer diameter is 6 mm.)
Weight of filled soda lime : 0.5-1g

As shown in Figure, a several centimeter length tetrafluoroethylene tube
whose inner diameter fits the outer diameter of the collection tube should
be prepared. Soda lime of few grams should be filled in the center of the
tube, and both sides should be closed by quartz wool. (The quartz wool
should be treated with silane.) The Soda lime tube should be refilled with
new soda lime for every sampling.

Preparation of another tools

Mini Pump ' Stand, clips, clamps
- Able to aspirate at 0.5L/min |
-0.5 L/minx60 minx24 h =720L

Silicon Tube
i.d.4 mmo.d. 8 mmLength2-2.2m

Plastic pipe
i.d. 18 mm Length 30 -33 cm

Potable Temp. and pressure
recorder

Others
>Tent, Plastic sheet, Aluminum foil
Disposable gloves




Setting for Sampling 1

| -
Tl » R T Tent

+ Guarding mini pump

Silicon Tube
- Connecting from column to pump

e Plastic sheet and weight
Height from ground + Avoid rolling of dust
to inlet is

approximately 1.5 m.

Stand, clips, clamps

k Mini Pump
- Able to aspirate at 0.5L/min
—-0.5 L/minx60 min/hx24 h =720L

If it is difficult to open tent (For example,
Wind may be strong.), another one can be
used for guarding mini pump.

Exemplar: Hand Made Pump Box =———""

Setting for Sampling 2
Connect soda lime tube to gold column.

Allow mark
Flow direction

Connect Silicon Tube to !
column, And insert column into

Column and plastic pipe should be
encased by Aluminum foil.
>Guarding against
_ Plastic pipe

>Protecting column

i
i >Setting to a downward direction '
Caution:

Please stop the sampling when weather Setting finished, let's pump start.
forecast predicts rain within 24 hours.




Travel Blank (TBL) Test
(Quiality control)

TBL: The check of contamination
of gold column.

Except sampling, all procedure has to be carried out. (n=3)
Frequency : approximately 10% of the total number of a set of samples
from the same study area

Take out.

And, bring back to case.

Regarding aspiration Pump
(Mini Pump)

It has a performance that it can aspirate at 0.5 mL/min
for more than 24 hours continuous

One of example : Sampling Pump MP-Z300 || N

+ Constant Flow Rate setting range : 0.50-3.00 L/min.
+ Point Flow Rate range : 0.20-4.50 L/min.

+ Integrate flow volume displaying range : 0.0-99999 L

Able to display Point Flow Rate, Integrate flow valume
with digital.
Battery : Lithium lon battery ( Battery unit )

or AC Adapter

This is produced by SIBATA SCIENTIFIC TECNOLOGY LTD.
(https://www.sibata.co.jp/english/)

Applied pump will be necessary to run within sampling.
This pump will be able to run 24 houres.
(Catalog spec: Able to run 50h over at 0.5 L/min)




Field Note (As one example)

Field Nate

Researcher

Locatisn

[ — woy o ekt | | T ‘ |m..¢“‘

e
[ — I o | P ||
Tumet: Mercury
Serping o o ame
Pamp No.
Column N

Sodskime N

Colurmn positam Info
Vlmmeman

T | Teu | T | Ve[ e T Ve Vel | et | TV | Timimere | Tevel | s | 1o ot
Mo |  DuesTime | [l u | n | e ] Ty | e |

Checkup of progress
(It is not always has to checkup
nine times.)

T

At least, 3 times, it should 1 ] |
be better to check the a | bl | ! ‘
pump runring, e
>Immediately after start 0
>before evening
>morning This is 1 piece at 1 location.
(There is columns for when sampling multiple gold column at one
location. (Max 6 gold columns)

Weather Information

Generically, atmospheric concentration is reported as the correction value of 7 afm at 20 °C.

Ambient Temperature and Pressure are necessary to calculate the correction value. <=

o | ———

1. Measure when stating and ending Calailts

2. Obtaup from neare;t metegmfog:caf stations or other average during the time of
appropriate observation stations of hazardous substance i P -
3. Use potable measuring instrument \ sample coiectio

T -

T s s
}
t

—

B BRI
One of example of obtained data

s
e
T
T
T

(L1

In fact, It is no necessary to correct as far as to use MP-£300 IIN,
since they show corrected total sampling volume at 1 atm and
20¢°C.

Regardless, because weather Information is important, they

One of example of should be recorded.
potable measuring instrument TR-73U

This is produced by T&D corporation.
(https://www.tandd.com/index. html) 12
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Site Classification




Classification of Monitoring Site
(According to Guideline of Japan)

Classification by point

National standard Regional special
monitoring point monitoring point

Classification by attribute of point

General Surrounding Roadside Area
Environment Area of Stable

Emission

Source

“Surrounding Area of Stable
Emission Source”
and “Roadside Area”

Atmospheric monitoring sites

» Atmospheric mercury monitoring site in
Japan is mainly focused on collecting the
national / regional general situation of
human residents.

» If there are any suspicious situation that
serious health risk is considered (ex. the
work environment using mercury such as
ASGM), these sites have to be surveyed.

» But on assessment the data, it must not
confused the monitoring site focused on
general situation with local point that high
risk is considered.




Monitoring Period

» To evaluate health risk of general population
~ It is focused on long-term Impact

» Monitoring Period: It should be enough to
estimate the annual mean concentration
correctly

~ Avoiding the bias of seasonal variation

» Japan: monthly monitoring (or more) is
legislated

Another condition
(Height and Duration)

» Height of Sampling: 1.5 - 10 m
(gaseous substance)

- Height that people ordinary live

» Sampling duration: 24hours
~ To prevent the bias of diumal variation



Quality Management of
Atmospheric Mercury
Monitoring

Points to note on atmospheric
mercury monitoring by active
sampling

» Active sampling by gold amalgamation cartridge

~ On measurement, use all collected mercury in
cartridge
- It cannot be conducted “remeasurement”.

» Mercury also exists in general environment

~ In not sealed condition, gold amalgamation
cartridge absorbs mercury in surrounding air
little by little



Cleaning and Storage of Gold
Amalgamation Cartridge

» Gold amalgamation cartridge should be measu
a certain rate and confirmed that they aren't
contaminated (Confirmation of blank amount)

» It is recommended that “all” measured cartridge
measured again and confirmed that mercury is not
residue in cartridge. If mercury is detected, meast
that cartridge again.

» After confirmation of gold amalgamation cartridges,
it should be stored in sealed glass tube.

» On same sampling procedure, cartridges they ar
same confirmation procedure and storage sho
used.

" Measurement of Standard Gaseous
Mercury
(Confirmation of Sensitivity)

» At least once on 10 samples, standard gaseous
mercury which concentration is around the
middle range of calibration curve should be
measured.

» Measured concentration of standard mercury
should be within £20% (10% is recommendable).
» If concentration is over £20%, discards the

data of previous measurement and investigate
the cause.



Operation Blank

» Stored gold amalgamation cartridge
(prepared same procedure with the cartridge
used for sampling) is measured. The
operation blank should keep the
concentration which is not affect the
measurement data of samples.

Travel Blank

» 3 or more extra cartridges are carried to
sampling(travel blank). These cartridges should
open the seal of container among the same
duration of sampling. After sampling procedure,
the seal is closed and they carried back and
measured.

» If the amount of travel blank value is
considerable to affect the concentration of
samples, and its(3 travel blanks) standard
deviation is small, subtract the mean value of
travel blank from measured value of samples. If
standard deviation is large, survey should redo.



Duplicate (Dual Sampling)

» 10% of samples or more, duplicate sampling
should be conducted.

» 2 sampling procedure are conducted
simultaneously in same site, and measure
both collected samples. If these measured
values differs over 30%, data should be
discarded and Survey should redo.

Monitoring data in Japan




Atmospheric Mercury Monitoring
Data in Japan
(FY1998-FY2016)

iscal Emission Source
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315 2.8
1,524 3.4
1,860 2.7
1,885 2.3
2,040 2.0
2,124 2.3
2,220 2.3
2,544 2.2
2,400 2.2
2,448 2.1
2,316 2.1
2,316 2.0
2,232 2.0
2,100 2.1
2,196 2.0

2,088

2,448 2.0
2,424 1.9
2,568 1.9

S‘mp‘Mﬂn Min. Max. Site s‘mf"man Min.

0.86 8.6 16 192 2.8 1.2 50 10 120 33 17
11 50 41 492 2.7 1.0 64 22 264 2.6 1.6
0.14 15 40 480 2.8 1.2 6.3 24 288 3.1 1.0
0.22 43 40 480 2.5 13 41 24 288 2.5 1.7
0.32 3.8 44 58 23 1.2 35 30 360 2.2 1.2
0.17 45 46 552 2.5 1.4 58 30 360 23 13
0.94 3.8 45 540 2.6 13 46 37 444 24 15
0.69 50 59 708 25 1.3 41 49 588 23 13
073 48 57 684 2.5 1.1 42 45 540 2.3 1.1
0.56 42 61 732 2.4 0.8 52 43 516 23 1.0
073 3.8 58 6% 2.2 15 44 42 504 2.2 041
098 46 62 744 2.1 0.9 35 39 468 2.0 1.3
098 40 58 69 2.0 08 33 36 432 2.0 09
074 46 51 612 2.2 1.0 53 35 420 2.0 0.9
0.82 6.1 51 612 2.1 1.2 3.6 36 432 2.0 1.2
0.84 54 52 624 241 1.2 3.7 35 420 21 1.2
095 49 24 288 2.0 1.0 29 32 384 138 1.2
03077 o Fdil Fann M2l BT Kaier A ieees N TS
078 12 18 216 2.0 1.4 41 39 468 1.8 1.4

*Fiscal Year in Japan: April to Next March (ex. FY201

Distribution of Atmospheric
Mercury (FY 2016)

Frequensy
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Histgram of Atmospheric Mercury in Japan (FY2016)
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Trend of Atmospheric Mercury
in Japan

Trend of Atmospheric Mercury in Japan

Total Hg (ng/m*)
[

1 | [ =e~General Environment {
=+~ Surrounding Area of Stable Emission Source |
05 | | =d=Roadside

| -@-Total

e - S

FY1998 |1
FY1999
FY2000
FY2001
FY2002
FY2003
FY2004
FY2005
FY2006
FY2007
FY2008
FY2009 | -

Thank you for your attention

Tatsuya Hattori: tatsuya@ideacon.
IDEA Consultants Inc.: http://id



Material 2
24 hours continuous sampling
for mercury in ambient air
by gold amalgamation method

The explanation of

Thermal Desorption Device

Referred Manual:

An Excerpt from “Manual of Measuremeant Method of Hazardous Air Pollutants™ (March 2011,
Air Envirenment Division, Envirenment Management Bureau of Water and Alr Environment
Fields, MOEJ)

Part 5™, Chapter 2n9,
Measurement method for mercury in the ambient air
Gold amalgamaticn trap, thermal desorption and cold vapor-atomic absorption spectrometry

Contents
Page 3 :Pattern Diagram (figure)
Page 4 The exemplars of products on the market
Page 5 :Hand made Thermal Desorption Device Photograph

Page 6 :Hand made Thermal Desorption Device Materials and Equipment

Page 7 - 11:Hand made Thermal Desorption Device Details
Page 12:Hand made Thermal Desorption Device
Condition of Voltage and time to apply voltage

Page' 13:Hand made Thermal Desorption Device Determination of Sequence
Page 14 - 15:Hand made Thermal Desorption Device Measurement Operation

Page 16 - 18:Hand made Thermal Desorption Device Regarding Mercury standard
Page 19:Hand made Thermal Desorption Device With another Equipment

Page 20: Our address 5




Overview of
Thermal Desorption Device

to inlet of atomic purification collection tube sample collection tube

absorption cell e

| ——|
4

-

- -
T T
e — — —
_Tu:;:tmg furnace r* heatmg furnace (first) tube used to
A (ge’c(,nd) | HE! eliminate
Sway [ 1] mercury
> 3way | I Py &
from outlet | valve E,_J L] L gas scrubbing bottle Lo EnE AL
of atomic | [loll—»
absorption cell | N il 1

pump  flow measuring device

mercury elimination device using active carbon

The exemplars of products on the market
Thermal Desorption Device

WA-5

The set of Atomic absorption
spectrometer and Thermal desorption
device

spectrometer
RH-MAS3 (right side) : Thermal
desorption device (option)

All products are produced by Nippon Instruments Corporation (NIC.)
(https://www.hg-nic.biz/)

MA3000 (left side) : Atomic absorption




Hand made
Thermal Desorption Device

Gold column for Sampling finished gold column
Eliminating Mercury (1 heating furnace)

| Teflon tube 0.d. 4 mm cp b

Aspiration Pump
(Active carbon cartridge

are connected to exhaust
outlet.)

For 1% heating furnace For 2" heating furnace
Timer and Electric Timer and Electric
transformer Simplified Timer transformer

For checking sequence

Hand made Thermal Desorption Device
Materials and Equipment

=dip" tlectric .Gas scrubber |
o = transformer / \(double)
Page 6 Page 7
X Timer Mini pump
(Labo Clock) (able to aspirate at
Page 6 300 - 500 mL/min )
Page 10, 13
R Union
\‘f emmd+6mmd
| el 4Amma+6mmab
s . i And other desiderata
i Jf? 2 E;cr;r:;'\e Wi >Teflon tube (0.d. 4 mm ¢ and 6 mm ¢)
.“ A - >Pressure and Chemical resistance tube

(For connection Teflon tube)
>Stand and clips

@R Smplified Timer
R ee o Page 12




Hand made Thermal Desorption Device
Detail 1 : 15t heating furnace

Gold column for
Eliminating Mercury
(For obtaining mercury
free gas)

1= heatlng furnace

Specs of Heater (Nichrome Wire)
Length: 44-80.5 cm
Rolling diameter: 7-7.5 mm

Timer &Electric transformer
For control of 1t heater

(Cartridge diameter is 6 mm.)
Electric resistance: 2.8-4.6 ohm

Hand made Thermal Desorption Device
Detail 2 : Gas Scrubbing Bottle

| Out to next bottle

This bottle is empty.

Y

Bubbling
pH buffer solution
(For example: neutral phosphate pH standard solution




Hand made Thermal Desorption Device
Detail 3 : 2"d heating furnace

S 0 I///
!" o

>4 2
i R %
heating furnace
Spec of Heater (Nichrome Wire) is
same as first Heater.

| Eee— e
Timer &Electric transformer
For control of 2" heater

Hand made Thermal Desorption Device
Detail 4 : Atomic absorption spectrometer
and Recorder

Sample out
‘ to Aspiration Pump
‘.- : g LN 4 [~ o

Sample in
¥ From 2" cartridge

AAS

(Your Labos one is fine.)

Pen Recorder
(PC and integrator, or another one,
anything is fine.)




Hand made Thermal Desorption Device
Detail 5 : Aspiration Pump

The exhaust outlet has active
carbon cartridge for eliminating
desorbed mercury.

—

Flow rate: 200 -500 mL/min
The desorption gas is aspirated
from end of line.

Hand made Thermal Desorption Device

Determinate
Condition of voltage and time to apply voltage

The condition at our Labo
Voltage: 23 V

Apply Time: 50 sec.

Adjust the voltage and apply time.
d ) —+Temp. max 660 °C

Max temperature: 600-700 °C with taking 40-60 seconds
Voltage: 15-25V

These conditions are different as using Nichrome Wire.

Try from small number for being broken Nichrome Wire.




Hand made Thermal Desorption Device
Determination of Sequence

1. Set the both Electric transformer. Total sequence time would be
2. Set the both timer (for transformer). 5 min. It is suitable.

3. Ste the Simplified Timer at 4min 30 sec.
4. Set the pump at 300 mL/min & 5min.

Check the sequence |

FSequence time | ti.mel\..}r‘itz ‘;_,Si”g
6. Start pump and wait stabile. =R HE SRS

i
(It may take about 30 sec.) s TR
| Simplified Timer

5. Confirm stopping USB fun.

7. Start 1% heating, 30 sec. 4 min

and start Simplified Timer 30sec 7 (o e

(Push the start key of 1%t timer.) L ?:cc:ss?aur:/g:fige 13

8. Start 2" heating . 3 min. 2 min :| heating finished, it

(Push the start key of 2" timer.) 30 sec “should be waited
s ' about 30 - 60 sec.

9. Start the USB fun. L 1 min. -

10. Stop the USB fun. 5 min. 0 sec.

11. Change gold column
and return to No.5.

Hand made Thermal Desorption Device
Measurement Procedure 1

¥ Left side: Gold column for Eliminating Mercury
Right side: sample collected gold column

Caution: Allow Mark

1. Connect sample collected gold column.

2. According to decided sequence (page 13),
start measurement.

Gold part has to be under
the Nichrome Wire

v «

| 2" gold colume heating ‘

| 1% Cgold colume heating |

To be continue to next page.




Hand made Thermal Desorption Device
Measurement Operation 2

3. Each response would be recorded to pen recorder.

4. Measure peak height, and write it down on cheat.
Another condition should be recorded.
>Peak height (mm)
>Sample name
>cartridge No.

E
B

Later on, recorded peak height will be used for
calculating concentration.

R FETES

Hand made Thermal Desorption Device
Regarding Mercury standard 1

= Unit volume weight of mercury Unit:

T s gt syinge contained in mercury vapor dril=phil

E Sl saturated gas table / HE PE/H

' ‘ : Injecting amount can be

thermometer

EESTIITIIITITITS

j— silicon cork

known by this table.
mercury plass vessel
T EX.
Overview of mercury vapor saturated gas Temp. :24.2 °C

preparation device (Mercury (standard) gas box) —18.606 ng/mL(pg/pL)
(According to this table)
Taking Volume: 50pL
Amount=18.606*50/1000

=0.9303 ng

.23

ilicon cork (septum)
U

As shown these figures, mercury standard gas
can be taken and injected by using this device.

Mercury standard gas box MB-1
{produced by Nippon Instruments Corporation (NIC.))




Hand made Thermal Desorption Device
Regarding Mercury standard 2

How to take mercury gas from gas box

\
1. Set the pump T T 1
Flow rate: 0.5 L/min. L0 =

Timer: 2 min. — \

L J
®
@
ol

1

— 2. Set the clean gold column for
standard gas.

3. Open the gas box and power on.
Read a shown temp.

4, Take mercury gas by wiped
clean gas tight syringe, and after
7. Connect the gold

pulling out the syringe, adjust 4
o~ column for Eliminating

. volume.
om Mercury

Silicon cork (septum)

5. Start aspiration.

e 6. After flow is under
! 1mL/min., inject to gold
" column.

To be continue to next page.

Hand made Thermal Desorption Device
Regarding Mercury standard 3

How to take mercury gas from gas box

8. Set the gold column and 9. Record a condition and result.

measure according to page >Temp of gas box (°C)

14 - 15. >Injection volume (pL)
>Amount of mercury (ng)
>peak height (mm)

Caution:
Each concentration standard should be measured three
times. And on calculation, average should be used.




Hand made Thermal Desorption Device
With another Equipment

EMP Gold+ 15t heating furnace
Mercury Analyzer

Produced by
Nippon Instruments Corporation (NIC)

Because EMP Gold+ has
heating furnace, it can be
used as 2" heating furnace.

No necessary to use
2™ heating furnace
of this device.

27 heating furnace

Our Address

1334-5 Riemon, Yaizu, Shizuoka, 421-0212, Japan

Tel: +81-54-622-9552 '

Fax: +81-54-622-9522

E-mail: wyoshino@ideacon.co.jp
tatsuya@ideacon.co.jp

If you couldn't measure sampled columns by yourselves, please
inform and send us. We’ll measure them and return you results.
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Material 3

24 hours continuous sampling
for mercury in ambient air
by gold amalgamation method

The explanation of

QAQC and Calculation

Referred Manual:

An Excerpt from “Manual of Measurement Method of Hazardous Air Pollutants” (March 2011,
Air Environment Division, Environment Management Bureau of Water and Air Environment
Fields, MOEJ)

Part 5%, Chapter 2,
Measurement method for mercury in the ambient air
Gold amalgamation trap, thermal desorption and cold vapor-atomic absorption spactrometry
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Calculation sheet

Calculation Sheet s =

Exemplar of QC Reported Sheet

— This XLS file is passed out to you.
o Exemplar data are input already, so please

Exemplar of Calculation Sheet check formula in cell.

ITEMS (1) for QC

The data for drawing

calibration curve \ .

Detection limit &

Minimum determination Iimit\

Duplication samples

Caleulation Sheet

Travel Blanks 3 times

Operation Blank 5 times

Serial Std. measurement 5 times
For computing detection limit

Check of Sensitivity Fluctuation
(Sensitivity test of atomic absorption spectrometer) ~—=

FElmiENE




ITEMS (2) for QC

Operation Blank 5 times &

Calculation of DL & MDL

Serial Std. measurement 5 times
For calculation of detection limit

Detection limit & Minimum determination limit —— Tk
And comparison between Target MDL and :
calculated MDL

Check of Sensitivity Fluctuation & /

Comparison between first response
and end response

Duplication samples & Comparison
of two samples

Measurement Sequence (for QC)

Measurement Sequence

peme o — -/ Cleaning of passage
1 Low Conditioning
Low Conditionmg,

2

3T kow [Conduonmg Standards. for drawing a
4 Low  |STD 0 pl nection ; .

s Low  [STD 0 L injection Calibration curve

a Low _ [STD O pl mection

h s Low __|STD 50 pl. imection

8 Low __[STD 50 pl_injection

9 Low STD 50 jl. miection

1L fee BIDLid et Standards for Calculation of MDL
1l Low STD 100 pl. miecton

12 Low __|STD 100 ul. mjection

13 Low _ |STD 150 pl mjecton

14 Low __|STD 150 I injection

15 Low _ |STD 150 ul. injection

16 Low MDLOT_S0pl

17 Low MDLO2 S0l

18, Low _[MDLO3 SO

19 Low  [MDLO4_SOuL

20 Low  [MDLOS S0ul Travel Blanks

21 Low 1

22 Low

23 Low 03

M e L ‘ Checking Sensitivity Fluctuation I
26 Low __|Travel Blank0] | e it

27 Low Travel Blank02 - &

2% Low _[Travel Blank03 L : >dMpPIES

29 Low Sensitivity cheek0] 100yl e e e

30 Low _|Location A

YT T | | Checking Sensitivity Fluctuation |
3 Low _|Sensidvity check0z 100wl J

34 Low _|Conditionmg

5T ow [Condwonmg Cleaning of passage




QC 0. Baking Gold Column

With the mercury free gas at a flow rate of 0.2-0.5 L/min,
heat the collection tube at 800°C for 5 minutes. After the
heating, the collection tube is cooled under flowing gas and
placed in a sealed container to prevent contamination. This
procedure is preferably performed immediately before use.

When baking multiple numbers of collection tubes all at
once, the blank value should be measured from the same
baking lot at a rate of at least 10% or more of the samples
with the designated method.

QC 1. Calibration curve

At least 4 points or more (Including point 0 ng)

For example : 0, 50, 100, (150p R2>0.995
(Refer Graph of page 3.)

Gas box temp. 24 °C

and taking 150pL =Hg amount theoretica ‘

Normal collectable air value is 0.72 m3.
2.7459 ng/0.72 m*=3.814 ng/m

fWe can measure almost concentration in ambient air. ‘




QC 2. Detection Limit (DL, LOD) &
Minimum determination limit (MDL, LOQ)

Formula: DL (LOD)=30
MDL (LOQ) =100

o : Standard Deviation
1. The sigma (standard deviation) is computed with
measurement 5 times serial minimum amount std.

(Refer page 4 green box)
And more, they should be computed with Travel Blanks (pink box) and Operation
Blanks

QC 3. Travel Blank & Operation Blank

Travel Blank (refer Material 1 page 9) :

This procedure must be conducted on more than
three samples that are approximately 10% of the
total number of a set of samples from the same
study area, period, transportation, or distance.

Operation Blank :

This procedure must be conducted on each
measurement more than five samples .




QC 4. Check of Sensitivity Fluctuation

(Sensitivity test of atomic absorption spectrometer)

The Target of Relative Standard gas is injected into the first collection
tube so that the weight is close to the mid-position of the calibration
curve and the sensitivity fluctuation is confirmed by carrying out
procedure . This confirmation should be done at least once every 10
samples.

The Target of Relative Response | Within 20%

=(1-(Peak height of Drawing The calibration curve)/(Peak height of checking Measurement))*100
Refer the calculation sheet (formula in cell) .

Caution:
Inject amount would be changed according to gas box temp.

QC 5. duplication

More than two collection tubes are sampled for the
duplicate analysis under the same conditions. The number of
samplings for the duplicate analysis is approximately 10% of
the total number of a series of samples.

The Target of Relative Duplication : Within 30 %

For example,

Location A : X ng/m3 _
chation A dup.g:Y ng/m3 } Average = (X+Y)/2
—E—
(X-Y)/Average x 100 < 30 %




Flow chart for QC (1)

| Draw Calibration curve. J R2>0.89

[
| Measure OPBL (a). I

[ Caloulate DL & MDI (b) by OPBL. |
]

Compare bsec ,
Reject and
between the DL & MDI (b) and the Relc ondition of equipment.
target minimum determination limit ()
be=¢

I Measure TBL and Samples. |

I >20 % i ;
[ Check the Sensitivity Fluctuation. } — sr?gorgflr::ggszfr:qmpment

<=20%

| Obtain the measurement values (d) . |

To be continue to next page.
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Flow chart for QC (2)

!
Compare between e>a
[ the OPBL (a) and TBL (¢). J—-] Calcuiate DL & MDI(f) by TBL.

esa

) Compare between
Subtract OPBL {a) from the the DL & MDL (f) by TBL
measurement value (d-a) . fe=c and The target minimum
, determination limit (c) .
Subtract TBL from | f>ec

measurement value (d-¢) .

Compare between

the subtracted TBL from
d-e>=f | measurement value (d-¢) and
[ Compare the Duplication. ]—— DL & MDL (f} by TBL.
>30 %
<=30 % de<f

v

Report. Reject and re-sampling.
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Calculation
(How to use Calculation sheet)

Regarding Calibration curve

The measured peak height :I_ are entered.
Temp and taken Vol of gas box

When entering the Temp and Vol, equivalent Hg
amount (ng) will be shown automatically.

The average of Hg amount and peak height will be

calculated.

U

These results will be copied
and pasted to Hg (2) sheet

£

Calculation XLSX sheet -
(Standard Peak height) -

Calculation XLSX sheet (Hg (2))

+ Abscissa Axis : Hg
amount (ng)

First off, Hg amount (ng) will be
| calculated, because abscissa axis is
| Hgamount.

Calculation

(How to use Calculation sheet)
Regarding Calibration of concentration

Yellow cells should be filled by yourselves.
> Sample name, column No., Sampling
volume, peak height etc...

C=(As-At)/(V X 293/ (273 +t) X P/101.3)
Where

C: mercury concentration in the atmosphere at 20°C (ng/m?)

As: mercury amount of the sample (ng)

At: travel blank value (ng)

>Operation blank value will be used if it is regarded as being equivalent
to the travel blank value.

V: collected volume measured by the flow meter (m?)

t: average temperature at the time of sample collection (°C)

P: average air pressure at the time of sample collection (kPa)

Regardless, since “sigma 300 IIN” will be shown already
corrected velume, it no necessary to correct to 20 °C and latm

C=(As-At)/V sigma 3001IN

Where

C: mercury concentration in the atmosphere at 20°C {ng/m?)

As: mercury amount of the sample (ng)

At: travel blank amount (ng)

>Operation blank value will be used if it is regarded as being equivalent
to the travel blank amount.

V sigma 3001t collected volume showed pump of sigma300IIN (m?)

[ Calculation XLSX sheet (Hg (2)) |

Iy

Later on, Let you check the formula in cell by
yourselves.




Calculation

(How to use Calculation sheet)

Regarding QA/QC sheet

This sheet is referred from sheet Hg (2) sheet.
And DL, MDL and other will be calculated
automatically, expect Yellow cell.

[ 1 T e BT
T

Calculation XLSX sheet (QC (2))

In yellow cell, applicable date should be copied
and pasted from sheet “Hg (2)" .




Project name:

Calculation Sheet

15-Aug-18

Analysis date

Analyst W. Yoshinobu

Calibration curve

Calculation
Operation signal

~ Calibration curve
Atomic Absorption

1,821 | 116,167 | 114.667

Parameter: Hg 200. 0
. i 180, 0 y = 65,33x + 0,503
Media: Ambient Air ! = 0, 9991
160. 0
Sample number: 2 = 140.0
o
; 120.0
Method: Measurement method for mercury in the ambient air = 100.0
Gold amalgamation trap, thermal desorption 80. 0
and cold vapor-atomic absorption spectrometry 60.0
Mesuerment Equipment WA-5 100
condition Wave lenth 253.7 nm 20.0
Detection Non-dispersive Dual beam 0.0 o 5
B cold vapor-atomic absorption spectrometry 0.0 1.0 2.0 3.0
Celllenth - 190 mm amount (ng)
Carrier Gas awr S
Gas flowrate 0.5 L/min - Calibration curve )
_STD (ng) Peak | STDO.O |
BOXtemp., Inj.Vol.  (X)  Height (Y) COT;?;“ ‘
| | 1
Operational Operation time - 60 sec 0.000 | 1.500 | 0.000
condition Frequency 1 0.903 | 59.667 58.167

2753 |

K

0016
0.016

Signal type Peak hight e WP o ol I
0.9991  Y=aX+b
a= 6.533E+01
b= 5.030E-01
Formula: C=(Y-TBL)/Vy __ DetectionLimit 0079 ng/m’ e
Minimum determination limit 0270 ng/m’ Significant Digits 2
| Collected Value Peak STD 0.0 Hg Hg Result | Report (rounding)
Sample name (Column No.) | in the atomosphere Height  corrected amount | amount - Concentration Concentration
at 20°C (L) (ng)  Without TBL (ng) (mgm) | (g
Column No. Sample name (Vsg) (Y) (Y") (X) (X-TBL) (C) |
1| T-1-1 Location A 720.0 95.0 93500 @ 1446  1.439 1998 | 20
2| T-12 Location A dup. 7200 | 89.0 | 87.500 | 1355 1.347 1.871 g
3 T-13 LocaionB 7198 790 77500 1202 1.194 1659 | 17 i
R N 0,000
El 0.000
5l 0000 - -
7 0,000 o
e [ [ [oomn [FEN
o Travel Blank0!1 720.0 1.0 0000 0008 0000 0.000 <027
16l Travel Blank02 720.0 1.0 0.000 0.008 0000 0.000 <027
1| Travel Blank03 720.0 1.0 0.000 0.008 0000 0000 <027
| ' D _:i:ravel i?iank average_ 0008 7 o - i’ - ]
1 © Operation Blank01 | 7200 1.0 -0.500  0.008 0.000 0.011 e B
13| ~ Operation Blank02 7200 1.0 -0.500  0.008 0.000 0.011 | <o
14 OperationBlank03 | 7200 1.0 -0.500  0.008 0.000 0.011 <027
i1s. Operation Blank04 7200 1.0 -0.500  0.008 0.000 0.011 B
16 OperaionBlank0S 7200 1.0  -0.500  0.008  0.000 0.011 <027
BOX temp. Inj, Vol ™" fs;‘)"“"t
17 MDLOI 241 50 09228 7200 590  57.500  0.895 0.888 1.244 12
s MDLO2 241 50 09228 7200 575 56000 | 0872 0865 | 1212 12
T1oMDLO3 242 50 0.9303 7200 585  57.000 | 0.888 0880 1233 12
20 MDLO4 242 50 09303 720.0 620  60.500 | 0.941 0934 1307 13
2 MDLOS 242 50 09303 7200 585  57.000 | 0.888  o0s8s0 1233 12
|MBL/ | 2000 RS 0880 e O 2
22check0l 242 100 1.8606 | 720.0 1200 118.500 1829 182 2540 2.5 B
241 100 18456 | 7200 1190 117500 1.814 1806 2,519 25 .

23 check02




Hg OC Report

Blank and Standard
Peak Concemtration Detection Limit| Minimum determination limit
Hight (ng/m®) DL MDL
(ng/m’) (ng/m’)
01 1.0 0.011 CV(%) : 0.00
02 1.0 0.011 Average:
JOpera[ion Blank 03 1.0 0.011 0.011 0.000 0.000
04 1.0 0.011 Standard Deviation(o):
05 1.0 0.011 0.000
01 59.0 0.888 CV(%) :2.94
Standard 02 57,5 0.865 Average:
#REF! ng (03 58.5 0.880 0.889 0.079 0.27
04 62.0 0.934 Standard Deviation(oc):
05 58.5 0.880 0.0262
Formula: Detection Limit (DL)=3*c
Minimum determination limit(MDL)=10*
Limit 4.0 (ng/m’)
Detemination Limit 0.27 (ng/m’) Detection Limit 0.079
Determination: OK

Sensitivity test of atomic absorption spectrometer

Standard ng Peak Hight | Relative Response]Target : Within 20%

Drawing The
calibration curve 1.8207 116.2 = —
Middle of
Measurement 1.8606 120.0 3.3% Determination : OK
End of L.
Mensurement 1.8456 119.0 2.4% Determination : OK

. . . 3
Duplication (unit : ng/m’)
sample name Concentration _ Difference Average Relative Difference
Location A 1.998 .
Location A dup. 1.871 .25 1333 6.6%

Target : Within 30%
Determination : OK




(Provisional Translation)
An Excerpt from “Manual of Measurement Method of Hazardous Air Pollutants” (March 2011, Air
Environment Division, Environment Management Bureau of Water & Air Environment Fields, MOEJ)

Measurement method for mercury in the ambient air

Gold amalgamation trap, thermal desorption and cold vapor-atomic absorption
spectrometry

1 Overview of the measurement method

Mercury in the atmosphere is collected at a constant flow rate by using a collection tube (gold column)
filled with collection particles. A soda lime tube for removing moisture should be connected to the front of
the collection tube. The particles are composed of diatomaceous earth particles with gold baked on their
surfaces. Mercury in the atmosphere is collected as gold amalgam. During sampling, the surfaces of the
collection particles may adsorb interfering gas and measured values could be compromised. In order to
eliminate the influence of interfering gas. re-collect the mercury vapor generated by the collection tube
attached to the thermal desorption device in the collection tube that is controlled to maintain the appropriate
temperature.

The collection tube used to re-collect mercury is heated at high temperature, and desorbed atomic
mercury is led to the absorption detector cell of the atomic absorption spectrometer to determine the quantity
of mercury by measuring the atomic absorption at a wavelength of 253.7 nm.

With this method, analysis and collection of gaseous elemental mercury suspended in the ambient air is
possible. Measurement accuracy and sampling efficiency of the other chemical forms of mercury is partly
uncertain. However, because the majority exists as gaseous elemental mercury, the measured value
determined by this method is considered as measured value for mercury concentration in the ambient air.

It is necessary to implement measurement quality control in order to ensure the reliability of the

measured value determined by the measurement of mercury as described in this manual.

2 Reagent
(1) Standard material

Elemental mercury: more than 99% purity with assay.

(Note 1) This is used to build Figure 5 “Overview of mercury vapor saturated gas preparation device”. However,
commercial mercury saturated gas preparation equipment is commercially available.

(Refer page 16-17 in Material 2)

(2) Diatomaceous earth particles

Thermostable diatomaceous earth particles of 500-600 pum in diameter.

(3) Gold chloride acid

Gold chloride (111) acid tetrahydrate HAuCL - 4H20, CASRN 1303-50-0

(4) Collection particles

Collect 3 g of diatomaceous earth particles in a beaker (50-100 mL). Then, add a solution prepared by
dissolving 1 g of gold chloride (111) acid (HAuCly) to 20-30 mL of water and stir uniformly. After heating to
approximately 80°C and drying by occasionally shaking. place the collection particles in a tubular furnace

and heat for 30 minutes at about 800°C with air flow.



(Note 2) Item No. (2), (3) are used for preparation of collection particles (4). However, Commercial collection particles
or collection tubes filled with these collection particles are readily available, and they are useful and convenience. In this
training, commercial product column are used.

(Refer page 3 in Material 1)

(5) Soda lime

Particle size (diameter) : about 1.5 to 3.5 mm

In order to eliminate mercury brank, the soda lime should be heated at 300 °C for 12 hours and mercury free
dry air should be blown for 12 hours. And then before using sampling, it should be confirmed that the soda
lime has no mercury blank.

3 Apparatus and equipment
(1) Sampling device

The sampling device is as shown in Figure 1. A soda lime tube, a collection tube, a flow control device,
a pump, and a flow measuring device are connected.

It is desirable to collect samples directly within the collection tube. When, for unavoidable reasons, a
conduit is used, use equipment made of clean glass or tetrafluoroethylene and/or material of equal or better
property as it is less likely for mercury gas to adhere. Equipment for the sampling device should be washed
thoroughly, to avoid contamination. In addition, after assembling the device prior to sampling, -it should be

confirmed that there are no leaks.

flow control device

)
Soda li _
ful?e me collection tube
pump flow measuring device

Figure 1 Overview of mercury sampling device

a) Collection tube (gold column)
As illustrated in Figure 2. a quartz glass tube with a circular recess is filled in the order of quartz wool,

approximately 80 mg of collection particles, and quartz wool.
(Note 1) Refer page 3 in material 1)

quartz wool
quartz glass tube (inner diameter: 4 mm)

f Ty
collection particles ' recess

Figure 2 Example of a mercury collection tube

b) Collection tube sealed container



The container should be a glass test tube that can be hermetically sealed and stored free from mercury

contamination.

¢) Soda Lime tube

quartz wool

Soda lime particles

Figure 3 Example of a soda lime tube

As shown in Figure 3, a several centimeter length tetrafluoroethylene tube whose inner diameter fits
the outer diameter of the collection tube should be prepared. Soda lime of few grams should be filled in the
center of the tube, and both sides should be closed by quartz wool. (The quartz wool should be treated with
silane.) The Soda lime tube should be refilled with new soda lime for every sampling.

d) Pump

The sealed pump, such as diaphragm type, should have a controllable gas flow rate within the range of
0.1-1.0 L/min, or be a pump of equivalent or higher performance.
e) Flow control device

The flow control device should have a controllable gas flow rate within the range of 0.1-1.0 L/min,
control accuracy within £ 10% of the configuration: or, be a device of equivalent or higher performance.
f) Flow measuring device

The flow measuring device should be able to measure to 3 decimal places of 0.001 L/min with wet gas
meter, dry gas meter. float shaped area flow meter, and mass flow meter, and must be operated with high
accuracy within the control range of the flow control device. A unit allowing integrated flow rate

measurement is desirable, or a unit of equivalent or higher performance.
(Note 3) The pump used in this training (sigma 3001IN) is installed e) flow control device and f) flow measuring device.
(Refer page 10 in material 1)



(2) Sample introduction device
a) Thermal desorption device

As illustrated in Figure 4. the used collection tube with the air sample is attached to the thermal
desorption device, and the heating furnace (first) is heated to 600-700°C with a flow of mercury free air.
After the vaporized gas within the mercury is washed and moisture is eliminated by introducing through a
gas scrubbing bottle, the samples are re-collected in a collection tube (refining collection tube) attached to
an atomic absorption spectrometer set to 150°C. The gas passed through the collection tube is released to the
open air. Under this condition, ‘only mercury is trapped into the collection tube and the adsorption of other
interfering gas to the collection particles is suppressed. Thus, interfering substances in the mercury analysis
is eliminated.

Next, after the re-collection procedure, the valve is switched to the absorption detector cell side, and the
atomic mercury released by a heating of second furnace is led to the absorption detector cell of the atomic
absorption spectrophotometer.

to inlet of atomic

, refining collection tube sample collection tube
absorption
deEeton el i g o
—1 | 4 Bl T H T
IR — I
heating furnace heating furnace (first) tube used to
C (second) eliminate
—_— >3-Way mercury
from outlet gas scrubbing bottle R tine e
of atomic
absorption

detector cell

pump  flow measuring device

mercury absorption device using active carbon

Figure 4 Example of thermal desorption device for mercury analysis

(Note 4) Regarding Gas Scrubbing Bottle: Water is used as washing solution. However, if acidic substance exists
within the trapping material and the pH of the washing solution drops, a small amount of mercury may be dissolved
into the washing solution. In such a case, it is preferable to use neutral phosphate pH standard solution diluted with
water, instead of using water as the washing solution. Use after having confirmed that there is no mercury
contamination in the washing solution. (Refer page 8 in material 2)

(Note 5) Regarding this device, refer material 2

(3) Atomic absorption spectrometer

An atomic absorption spectrometer for mercury analysis or an atomic absorption spectrometer is used.
This device is composed of a light source unit, an absorption detector cell unit, a wavelength selection unit.
and a photometry unit.
a) Light source unit

The light source unit is a low-pressure mercury lamp or a mercurial hollow cathode lamp.
b) Absorption detector cell unit

The absorption detector cell is a plastic or glass tube (that does not absorb mercury) of 100-300 mm
length with quartz glass windows at both ends.



¢) Wavelength selection unit

The wavelength selection unit for the atomic absorption spectrometer for mercury analysis is normally
non-dispersive type. However, a spectrometer with a diffraction grating may also be used.
d) Photometry unit

The detector of the photometry unit is a phototube, a semiconductor detector, or a photomultiplier tube.
(Note 6) The AAS installed in your laboratory may be able to use.
e) Carrier gas

The carrier gas is air, nitrogen, etc. that is mercury free.
(Note 7) In this training, air passed through a gold column and eliminate Hg are used. (Refer material 2)
(4) Mercury standard gas

A mercury vapor saturated gas preparation device as shown in Figure 5 is used. The device should have
a structure that can be sealed after putting a few grams of elemental mercury in a glass container with thermal
insulation. Also, it must be equipped with a control pressure hole for balancing the pressure within the glass
vessel with the external atmospheric pressure (gas tight syringe insertion hole) and a thermometer that can
measure the temperature in the glass vessel measurable to 1/10°C. The amount of mercury contained in a unit

volume of mercury vapor saturated gas in the preparation device is shown in Table 1.
(Note 8, 1) Commercial mercury saturated gas preparation equipment is commercially available.
(Refer page 16-18 in material 2)

(5) Gas-tight syringe
Capacity of 10 uL - 1 mL.

thermometer gas tight syringe

— silicon cork

slass vessel
mercury £

drop
D

Figure 5 Overview of mercury vapor saturated gas preparation device



Table 1 Unit volume weight of mercury contained in mercury vapor saturated gas

Unit: ng/mL
t°C 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.5
0.0 2.179 2.202 2.225 2.248 2271 2.295 2319 2.343 2.368 2.392
1.0 2417 2,441 2.465 2.48% 2514 2.539 2.564 2.589 2,614 2.640
2.0 2.666 2.691 2716 2.741 2,766 2,792 2818 2.844 2.871 2.897
3.0 2.924 2.951 2.978 3.005 3.033 3.061 3.089 3.117 3.146 3.175
4,0 3.204 3.234 3.264 3.295 3.325 3.356 3388 3419 3.451 3483
5.0 3.516 3.549 3.583 3.616 | © 3.650 3.685 3.719 3.754 3.789 3.825 |
6.0 3.861 3.897 3.933 3.970 4.007 4,045 4,083 4,121 4.159 4.198
7.0 4,237 4.276 4316 4,356 4.396 4437 4478 4519 4.561 4.603
8.0 4.645 4.688 4.731 4,774 4.817 4.861 4.905 4949 4.994 5.039
9.0 5.085 3.131 5.178 5.225 5.273 5.321 5.639 5418 5.467 5.517
10.0 5.567 5.616 5.666 5.716 5.767 5.818 5.870 5.921 5.974 6.026
11.0 6.079 6.133 6.187 6.241 6.296 6.351 6.407 6.463 6.519 6.576
12.0 6.633 6.692 6.751 6.810 6.870 6.931 6.992 7.053 7.115 7.177
13.0 7.240 7.304 7.369 7.435 7.501 7.568 7.635 7.703 7.771 7.840
14.0 7.909 7.979 8.049 3.119 8.191 8.262 8.335 8.408 8481 8.555
15.0 8.630 8.705 8.781 8.858 8.935 9.013 9.092 9.171 9.251 9.331
16.0 9.412 9.493 9.575 9.658 9.742 9.826 9.910 9995 | 10081 ; 10.168
17.0 10255 | 10342 | 10429 | 10.516| 10.604 | 10.693 | 107831 10.873 | 10.964 | 11.056
18.0 11.148 | 11242 11337 11433 | 11.529| 11.626| 11.724| 11823 | 11.922| 12022
19.0 12,123 | 12225 12328 12432 12536 | 12.641| 12747 | 12.854 | 12961 13.070
20.0 13.179 | 13.289| 13400 13.511| 13.623| 13.737| 13.851| 13965 | 14.081 [ 14.198
21.0 14315 ] 14434 14553 | 14674 14795 14917 | 15.040| 15.164| 15.289| 15415
220 15542 | 15.670; 15800 | 15930 | 16.061 | 16.193 | 16.326| 16461 | 16.596| 16.732
23.0 16869 | 17.008 | 17.148 | 17.289| 17431 | 17.574| 17.718 | 17.864| -18.010| 13.158
24.0 18306 | 18456 | 18.606 | 18758 | 18911 19.065| 19220} 19376 | 19.534 | 19.693
25.0 19.852 | 20012 | 20.174| 20336 20,500 | 20.664 | 20.830 | 20.998| 21.166 [ 21.336
26.0 21.506 | 21.679 | 21.853| 22,028 | 22204 | 22382, 22560 | 22741 | 22922 23.105
27.0 23289 | 23474 | 236601 23.847 | 24.036| 24227 | 24418 | 24.611| 24.805] 25.001
28.0 25.198 | 25.397| 25598 | 25.800| 26.003 | 26208 | 26.415| 26622 26.832 | 27.042
29.0 27255 | 27.469| 27685 | 27902 | 28.121( 28342 | 28.564| 28.787 | 29.012| 29239
30.0 29467 | 29.697 | 29.928 | 30.160| 30395| 30.631| 30.868 | 31.107 | 31.348| 31.591
31.0 31.835| 32.081| 32329 | 32,579 32830 33.084| 33339 33.595| 33.854| 34.114
32.0 34376 | 34.641 | 34908 | 35177 | 35448 | 35720 35995 36271| 36.549| 36.829
33.0 37.111| 37395| 37.681 | 37.969| 38258 | 38550 | 38.843 | 39.139| 39437 | 39.736
34.0 40.038 | 40.341 | 40647 | 40.954 | 41264 | 41575 | 41.889| 42.205| 42523 | 42.843
350 43,165 | 43.451 | 43.819| 44.148 44.481 | 44.815| 45152 | 45491 45832 | 46.176
36.0 46522 | 46870 | 47221 | 47.575| 47930 | 48289 |- 48.649 | 49.012 | 49378 | 49.745
37.0 50.116 | 50.488 | 50.863 | 51.241 | 51.621| 52.004 | 52389 | 52.777| 53.167| 53.560
38.0 53955 | 54354 | 54.755| 55.158 | 55.565| 55.974% 56385| 56.800( 57.217| 57.637




4 Sampling
(1) Baking collection tube

With the mercury free gas at a flow rate 0of 0.2-0.5 L/min, heat the collection tube at 800°C for 5 minutes.
After the heating, the collection tube is cooled under flowing gas and placed in a sealed container to prevent

contamination. This procedure is preferably performed immediately before use.
(Note 9) Or be carried out same operation as measurement twice time. And check the response have almost nothing,
(Refer page 4 in material 1 and page 7 in material 7)

When baking multiple numbers of collection tubes all at once, the blank value should be measured from
the same baking lot at a rate of at least 10% or more of the samples with the designated method. The blank
value converted to atmospheric concentration should be below the target minimum determination limit. If the
blank value exceeds the target minimum determination limit, all collection tubes of the same lot, including

the measured tube, should be re-baked, and the blank value checked again.

(2) Sampling

Take out the collection tube from the sealed container, connect the soda lime tube to the front of the
collection tube. And attach the side with dents (circular recess) to the sampling device (as shown in Figure
1). After confirming that there are no leaks in the entire path of the sampling, operate the pump for 24 hours
with an aspiration at a flow rate of approximately 0.1-0.5 L/min. (Note 10) Refer page 7 -8 in material 1.

After the sampling is over. seal the collection tube and place it in a sealed container until analysis.

Store the collection tube for the travel blank test in a sealed container, carry it in the same manner as the
collection tube for the samples, except for the sampling procedure. In other words, open the plug of the travel
blank collection tube during sample preparation (from when the plug of collection tube for sampling is opened
until the start of sampling). Seal the collection tube for the travel blank again, and place it besides the
collection tube for sampling during the sampling. Afier the sampling is completed, open the plug and seal it
once again together with the collection tube for samplings, and store it until analysis. This travel blank test
must be performed whenever contamination is suspected during transportation of the collected samples from
the sampling site. Otherwise, it is not necessary to perform this procedure every time as long as it is confirmed
that the prevention measures for contamination are carried out. However, in order to ensure the reliability of
the sampling, the travel blank test should be thoroughly verified in advance and should be prepared to present
the data when necessary. This procedure must be conducted on more than three samples that are
approximately 10% of the total number of a set of samples from the same study area, period, transportation,
or distance. (Note 11) Refer page 9 in material 1 and page 10 in material 3.

More than two collection tubes are sampled for the duplicate analysis under the same conditions. The
number of samplings for the duplicate analysis is approximately 10% of the total number of a series of

samples. (Note 12) Refer page 12 in material 3



5 Test procedure
(1) Setting analytical conditions of the sample introduction device, the atomic absorption spectrometer,
and adjusting the equipment
Analytical conditions of the sample introduction device and the atomic absorption spectrometer are set
following the example shown below.

Sample introduction device

Heating duration: 2 minutes

Carrier gas: air passing through the mercury collection tube 0.5 L/min

Washing solution: diluted neutral phosphate pH standard solution (1 + 1)
Atomic absorption spectrometer

Light source: mercury discharge tube

Wavelength: 253.7 nm

Detection method: non-dispersive two-beam-type cold atomic absorption method

(2) Sample measurement

The thermal desorption apparatus illustrated in Figure 3 is operated as follows.

Take the collection tube with the sample out from the sealed container and attach it to the first heating
furnace. Attach the purification collection tube of exclusive use, of which the blank was sufficiently reduced
in advance, to the second heating furnace and keep the temperature of the furnace at 150°C. Switch the three-
way valve to suction pump, then, heat the first heating furnace at 600-800°C to vaporize the mercury while
the mercury free gas flows at a constant flow rate of 0.2-0.5 L/min and re-collect mercury into the collection
tube (as shown in Figure 3, the refining collection tube in the second heating furnace). Next, switch the three-
way valve to absorption detector cell, guide the mercury vapor which vaporized by heating at 500-800°C in
the second heating furnace to the absorption detector cell. Mercury is measured by an atomic absorption at
spectrum analysis wavelength of 253.7 nm and weight of mercury (As: ng) is obtained from peak height or

peak area based on the calibration curve prepared in advance in (3). (Note 13) Refer page 14-15 in material 2

(3) Creating a calibration curve

Take an appropriate amount of standard gas of mercury (0.1-10 ng of mercury) stepwise using the gas-
tight syringe from the mercury vapor saturated gas preparation device, inject the gas into the collection tube
of the thermal desorption-atomic absorption spectrometer (the collection tube in the first heating furnace in
Figure 3), create a calibration curve based on the relationship between the absorbance obtained in (2) and the
amount of mercury injected. The calibration curve is created by 5 or more different mercury injection volumes

(including zero). The calibration curve is created just before the measurement.

(Note 14) Refer page 16-18 in material 2

(Note 15) Mercury standard solution can be used. Method for preparing mercury standard solution in this case is as
follows.

(1) Mercury diluted solution: take 10 mg of L-cysteine into a volumetric flask (1000 mL), add water and dissolve by
shaking. add 2 mL of nitric acid, then, add water to the mark line. Prepare the dilution when it is used.

(2) Mercury standard stock solution (100 pg Hg/mL):  take 67.7 mg of mercury chloride (IT) (HgCl2) into a volumetric
flask (500 mL), dissolve in mercury diluted solution, and add additional mercury diluted solution to the mark line to
make a standard stock solution. Store it in a refrigerator.

(3) Standard mercury solution (0.001-0.1 pg Hg/mL): obtain by adjusting the standard stock solution to a predetermined
concentration. Dilute with mercury dilution solution when it is used.



(Note 16) If a reducing vaporization device is used, attach the collection tube to the outlet of the reduced vaporizer. The
mercury standard solution is reduced, vaporized mercury is collected, and a calibration curve is made. Ifthere is a heating
furnace between the first heating furnace and the gas scrubbing bottle as shown in Figure 3, a calibration curve can be
also made using a mercury standard solution. The substantial steps are as follows.
Make a standard concentration series of mercury standard solution (0.001- 0.1 pgHg/mL). Inject 100 pL of the solution
into the magnetic boat or collection tube. Place it in the first heating furnace. Following procedure 5-(2), make a
calibration curve based on the relationship between the mercury injection volume and the absorbance. It should be noted
that contamination from the magnetic boat or collection tube should be avoided.

The calibration curve is made for standard concentration series with 4 or more stages, including zero. The calibration
curve is made when a measurement is conducted.

(4) Operation blank test
For the blank test use the same baked lot tube as the sample collection tube. The operation blank value is
obtained following the procedure (2). (Note 17) Refer page 10 and page 13-14 (Flowchart) in material 3.

(5) Travel blank test

The weight of the mercury is measured by procedure (2) for the collection tube used for the travel blank
test described in 4-(2). More than three samples are measured, and the average is considered a travel blank
value (A ng). (Note 18) Refer page 10 and page 13-14 (Flowchart) in material 3.

(6) Sensitivity test of atomic absorption spectrometer

Standard gas is injected into the first collection tube so that the weight is close to the mid-position of the
calibration curve and the sensitivity fluctuation is confirmed by carrying out procedure (2). This confirmation
should be done at least once every 10 samples. When it is confirmed that the sensitivity fluctuation of the
device is stable, the frequency of the sensitivity tests may be reduced within this range. However, there are
risks in conducting sensitivity tests at longer intervals. Because the relationship between the cause of
abnormal values or dual measured values exceeding the standard value and the sensitivity fluctuation cannot
be confirmed, all samples in the period may be re-measured or treated as missing values. In addition, when
the sensitivity fluctuation exceeds 20%, all samples measured previously should be re-measured. Thus, the
frequency of the sensitivity test should be set within a practical range such that re-measurement is possible,
taking these risks and sample storability into account. Prior to reducing the frequency of the sensitivity test,
it should be discussed sufficiently about the test in order to ensure the reliability so that a drastic sensitivity
fluctuation does not occur and that the sensitivity is kept stable during a long temporal interval. Documents
or data should be prepared for presentation when necessary.
(Note 19) Refer page 11 and page 13-14 (Flowchart) in material 3.

(7) Duplicate analysis
The mercury amount for collection tubes for the dual measurement described in 4-(2) is measured by the
procedure explained in (2). (Note 20) Refer page 12 and page 13-14 (Flowchart) in material 3.



6 Measurement of detection limit and minimum determination limit

Inject the standard gas which is equivalent to the lowest concentration for creating the calibration curve
(near the minimum determination limit) into the baked collection tube, and obtain a measured value by
conducting procedure 5-(2) (A: ng). Then, value A is substituted to (As — At) of formula (3) to calculate the
atmospheric concentration. The detection limit and minimum determination limit of mercury are calculated
from the standard deviation (sigma) obtained from measuring results of more than 5 samples, by using
formulas (1) and (2). However, if the operation blank value exists, the operation blank value must be
measured, and the calculation must be conducted by using a larger standard deviation within those of a
standard gas and an operation blank value. (See Note 13)

This measurement should be carried out more than once if analytical conditions of the instruments are

configured
Detection limit =3 $igmMa (NZ/M’) w....oveevrmevireirieneeeeesessssesssesesisesssessseensennns formula (1)
Minimum determination limit = 10 sigma (Ng/m°) ........cc..ccovrerrrrrrrevrrssersenennn. formula (2)

(Note 21) Refer page 9 and page 13-14 (Flowchart) in material 3.

10



7 Calculating the atmospheric mercury concentration
The atmospheric mercury concentration is calculated using formula (3) based on the results obtained in 5-

)
C=(As-At)/(VX293/(273 +1) X P/ 101.3)umrrcereerereererssrersessesereemereene. formula (3)

Where
C: mercury concentration in the atmosphere at 20°C (ng/m®)
As:  mercury amount of the sample (ng)
At:  travel blank value (ng)
Operation blank value will be used if it is regarded as being equivalent to the travel blank value.

V. collected volume measured by the flow meter (m°)

—

average temperature at the time of sample collection ("C)

P average air pressure at the time of sample collection (kPa)

If a wet-type integrating flow meter is used, relative humidity correction is made after calculating dry gas
volume using the average water temperature (°C) of integrating flow meter as “t”

and (P-Pw) as “P”. Here, Pw is a saturated water vapor pressure (kPa) at average temperature “t™ at the
time of the sample collection.

(Note 22) The used pump (sigma 300IIN) in this training will be shown corrected volume at 20°C 1atim. The formula in
this case is shown lower.

C=(As-At)/V B GRAAOOTING s by assssanassranisasansanes shsmnarnsnn formula (4)

Where

C: mercury concentration in the atmosphere at 20°C (ng/m3)

As: mercury amount of the sample (ng)

At: travel blank value (ng)

Operation blank value will be used if it is regarded as being equivalent to the travel blank value.
V sigmasoonn: collected volume measured by the flow meter (m3)

11



Concerns over Mercury
Pollution in Asia

Guey-Rong Sheu

‘Department of Atmospheric Sciences
National Central University
Taoyuan, Taiwan -
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Minamata Disease and Hg Pollution

» Minamata disease, a neurological disease caused by
severe Hg poisoning due to consumption of
contaminated fish, was first discovered in Minamata,
Japan in 1956.

» Hg-containing industrial wastewater discharge was the

major Hg source

Global Hg Pollution
¥ Mercury is still a pollutant of global concern.

Historical Hg concentration as a prepartlan of present-day, %
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Global Hg Pollution

» Fish consumption is the major exposure route of Hg to
many people worldwide.
» Hg concentrations in fish are elevated globally.
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Global Hg Pollution

#  Atrospheric deposition is the major source of Hg to many aquatic
ecosystems.

» Once deposits from atmosphere, inorganic Hg can get methylated
by bacteria to form MeHg then bicaccumulates through food chain,

resulting in higher concentrations in large long-lived predatory fish.

Hg £yele
(GMOS, 2012)




Atmospheric Mercury Cycling

Anthropogenic Hg Emissions
¥ Anthropogenic Hg emission is an important contributor
to the Hg in the atmosphere.
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Sources of Atmospheric Hg

» Natural emissions: mercury released from natural weathering
of Hg-containing rocks or by geothermal activity. 86-600 Mg yr*
~ (about 10% of totzl}
3 Anthropogenic amissions: mercury released as a result of
current human activities. 1968 Mg yi-* {about 30%)
i . > Re-emissions: mercury released to the atmosphere that are
derived from past natural and anthropogenic releases. 4000-
6300 vig yr {about 60%)

Concerns in Asia
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Trends in Anthropogenic Hg Emissions

» Anthropogenic Hg emissions from Europe and North
America are declining, whereas emissions from Asia
are increasing.
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' Projections of Global Hg Emissions in 2050

¥ Itis likely that Hg emission will increase in the future,
The main driving force is the expansion of coal-
burning electricity generation, especially in Asia,

Prajections of Glahal Mercury
 Emissions in 2050

P DAVID G. STREETS,* " QIANG ZHANG,'
CAND YE WUY
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Distribution of Atmospheric Hg Concentrations

and Deposition Fluxes: Modeling Results
Net Mercury Deposmon
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Rising Hg Levels in the Pamfnc Tuna

Mercury levels in Hawaiian bigeye, yeltowfin Mercury levels in Hawaitan yellowdin tuna
tuna rising increasing
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Trend in SW Hg Conc. in Surface Oceans
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International Actions

Minamata Convention on Mercury

» The Minamata Convention on Mercury was opened
for signature by governments at a Diplomatic
Conference on October 9-11, 2013 in lapan.

» Minamata Convention on Mercury entered into force

on August 16, 2017,
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| Currently, long-term or background atmospheric Hg monitoring
35 | activities in SE and 5 Asia are still lacking.

Minamata Convention on Mercury

Article 19
Effeesivenss evaluation

Research, developmans and menitaring
5 P oot 1o £p05R) devibis el wnoeoun talieg. 1. T Cunlarency o the Gities 180T ekt t cthsest of oy
by sl e " e o lmﬁ Conusnion, g mo: B 410 ey St tha s of Grtry Ity
St of thi Comerion and pesodaally thiembe 32 ntevals &
Py st o anh fszions decikedbyn,
o rirohiscat 10 i Fevd e o s S 4 TGV ERm B, Ea talx&lnmmﬂm‘,\uLufmndmermmumalm
5] Modetag 358 geogiaphicaity rlgnmum macsaing of ?mmnmhmww ¥ amaspumants 4 prviciog
Tevals of mertuy end martEy wiinaiabie
mdnmmmummwnumnwnmhw\wm
AR, 353 e and bied, 20 WEE 2 COBOIMIT in the Lolleanan
and echangs of it ard pnirate aeples

Artitle 22

2510 E50 AT ook B 4L e
ek o oacraty M ety e AL ot end s L Prketia wd
swinwably prpuiaions,

(€ Auexunans ol Eva 3mpact of maecury ot My 1. sha ik haa d 01 tha s of aalant scntte,
anmwmwm;mmmwmm aad
i

L) Pemacts vl cihar miovetoring indonnatkn saovided t the
h " o 5

@ Harmonipod meshodulogias fi the oiities wedentadan undot it 1.

. bbb D0, g 34 16 B3 Pmmpres salarettad porsnant bo Brikda 21
N .

Y “ Nmmmﬂnmwmul eytha, waALpon {ngkiding |sfo s

feogrargy w0l merciry ’

T and mecury a0k 1aIge OF poody akmg

L acsunt of thi detiction betmm arthtooogaon i ratual kmusicnd

Tand ielondas ¢ ety s of tamnsbiiunrion of twy oM hlstor

1 depation

Atk

h Faps 38 OTHC WEvant WloMMInon o I opdBon o
e Wasqntmmmhmw el G budiing

ifi mmm o comvmacze and e i mectury 3od sy
and

o iafotnytion an!l JUAAY Y o o jwchaicsl .md DR,
Avabebla

mmwuuumiumnw-mmm

¥ and mertuty

2, et shouhd, wheer appsopesite, bold o eistig paeiteriy
{ metwadka h ey aernas ascihod

n paragreh 1.

Systematically monitor wet deposition
and atmospheric concentrations of
mercury in a network of stations
throughout the Asia-Pacific region -

2% o _



‘Contact:
grsheu@atm.ncu.edu.tw




WHAT IS "MERCURY" P

Mercury Tus Ieen, widsly used in o Tifl. Mercury in poughly divided

IEERL]
(BT

Engr. Ana Trinictad F. Rivera, M5c
i Director IV

M E RCU RY A N D H EA I_T H | Cenler {for Cosmetic Regulation and Resea Inorgenic Wmm"n: "t s,
ond Drug Administration :':.d‘:_"‘-"m 'ﬂ"‘:m.w.m
Philtpplnul o

REFERENCE FOX
IEATR MERCURY CONCENTRATION
ey s trat 6,002 1 e s combabord bn 1000 5
R
BUPPM N Neuroiogical sdverss siect hay
been Ind Among muls Delow tis tevel
HHHORTE; 1680)
44 ppm:  Tha concanirmtion In matemal ek
[rlecis maiyimeroury erporures st would
P o sopeciani adn iha
oftapring In lhn‘!ypq;ul inlicna of
Farces lalsncs and Seychalles LIEGFA, 2004}
Bppi;  AToimar bale eapasan level of
mmyhmrcummmwnc:l.:
boikgiviek}  WHO, 1
2.8 pom: mwmrmmblomwy Imaka lovl
thysarcury n Jupun
oikoiweek)  (JEGFA, Z004) **
2.6 ppm: Mean level of males In Japan®
Z.X PpM: Proavilional LGHrabie woeekly wiske
alot  mathyimarcury (1.8 porkoheasky
(JGCFA, 20043
|.u perm: m-m l-vclofbcwd"il\.fmn‘
0 Dose lownl of

i

Tatal rmeccury concaniraton n hair {ppm)
H
% v acaul MAsEt

gt ot =
bie Heh nld-l-l.r‘uu:-ll-ﬁxdur\nw-
Wetorme (5= EPa, 23217
“ Lot sucves m dnpss (AR, 200064
T corma i el nad cderabie ety Inlube (FTAT s 7 O ugeg b

et

PROTELYING CITLDIEH FrM THE EHVRONMENY

Enviranmental exposures start in
the wemb, and can have effects
througheut lite.

Ll

%-

3

Y

[t v e R avrivtu ey
e e

Core Davelopmentai Niestones of Fillpino Children

s

4 @

......
Un-;.ﬁ'.?h IR 0 T8 Wb i s

O e e e
st s Cesmat Pumipia % famdon g, WA

Mereury

Uncommon syndrome "Pink

SYMPTOMS AKD SIGNS OF METALLIC Hy
EXPE! N e
disease":

+Tramor % Pain in the extremities

+-Alaxia

wCootdinalion ++ Pinkish discoloration and
probiems +

“Excessive saiivalion dESquamauon

“Metaliic aste

+“ Hypertension
<+ Sweating

=Neuroloxlcity

4
~Nephroloxicl 5z Mothers oRen asymptomaticl . e e e
e MeHglra : “+ Insomnia, irritability, apathy

disease) ' eMlcrocephaly.
“CVS: ahevoted sk of haart atiack, hypertuasion . .
-+ Carebral palsy/spast] - . -
+Carinogenlrity MeHg fs o passible human : palsy/spasicty Considered as idiosyncratic
corcinogen S Mental defics i
Mu'uglnulu Hg seams nol 10 be muiogen : reaction.
. R:prndw:hnn. na tlear avidence of eflect wMalformatien of ears,
H icly: undar scientific di ! _ hearl, skelcton, eyes




HEALTH STUDIES ON MERCURY

Integrated Surveillance of the Health and
J I
Pr. Ing {(Maraml al 1

+ 26% (60/230) of the workers usa seme form of
protective device such as facial cover or
masks, boats and gloves

~ 47%(106/230) showed gray or focal deposits
in the gingiva upon PE

» 16% {36/230) had decreased breath sounds

» 11%(24/230) had thyroid enlargement

- cross-sectional survey revealed that blood
mercury levels were elevated in 13 of the
warkers examinad

~ Showed statistically significant asseciation of
blood mercury levels with the duration of work,
eosinophil ceunt and serum giutamic amino
transferase

SUMMARY OF THE RESULTS
ARE AS FOLLOWS:

Five out of 100 residenis from Ml o
Diwalwal are ded te undergo

further healih examinaiion, for possible
detoxification.

These residenis have hlood mercury
levels > 75 ug/ml {peemnissible limit: 15
ug/mi).

39 more residents with blood mercury
levels > 15 wg/ml will alse have o be
sxamined.

39/92 (42.39%) persons exomined have
total hair mercury levels > NV of 4 ug/g.

MERCURY VAPOR" LEVELS IN BARANGAY PALANAS, CAMARINES NORTE
FEBRUARY 25. 2010

Area (Hg fevels}, ngim Remarks

Ambient enviranmant 153 - 1262 Cuisice the barangay hall

(near the barangay hall,

4:35 pm}

Gold Processing Area = 7044 — 28,550 Balmill ng and panning operations
House 1

Gelc Pracessing Atea — 50,000 Blowlorching area; no activity was
Housa 1 prevailing during the monitonng
Told Processing Ared — 428 - 27,200 Ealimilling and panning operaliens
House 2

Threshoid Limit value 50 ug/m3 or 50,000 [Cccupational standards ware
(TLV) ngim3 excaeded In the workplaca in the

UPDATES

Mercury levels in hair, blood,
fish, water, soil/sediment and
water samples were analyzed
at  Natiopal Institute for
Minamata Disease-Japan.

Samples weare collected among
100 residents of the mining
community in Mt Diwalwal,
Monkayo, Compostela Valley in
collaboration with the regional
and local health unit.

Summary of Blood and Hair Total and Methylmercury
Levels, Mt. Diwahwal, 2005

RESULTS OF THE BLOGD MERCURY MONITORING, PARACALE, CAMARINES NORTE, 2010

biowlorching area

Ambiant air monitoring
guidelines in
residences, USEPA

700 ngiea

Lavels were exceeded in the
householdelresidences where the

monlicring was dena,

Wame of Patient Tiood Marcury | Remarka
Igreals® {ugrL)
1. NS LA Elovated, blood Hy level
17 yo, 2mos as small-scals mines
Z. RO 513 Elavated Hp Diocd reval
53 y0. housswife, neskience with 55GM speratiung
3. VD TE94  |ClvaedFgbiosd fevel
51 y0,20 yaurs-versse SSCM oparation)
% AA X Tad Fig Ve
20 yo. 6 mos a3 amall-scals miner
[T TF Elevaled Hy blood (eval
27 yo. 5 mos B3 small-scaln miner
L 231 Elevaled Hg blcod leval
25y, 1 yr. as smell-scale minet
T RE 0L Elevated Hg bood level
16yo, 2 82 small-sala miner
B. EG 18.6 Elvared Eg ‘Blood Fave]
34 yo. 10 yra as emell-scale mingr
9. PH 52 50 yo.20 yaars as small-acalé miref
om0 T[NGO (24

* Alr Monitoring using Lumex Mercury Vapor Analyzer

HEALTH STUDIES ON MERCURY

Health Impact of Mercury Among Small-scale Gold Miners.in
Camarines Norte (1091}

+7 out of 98 (7%) were found to have ¢levated mercury blood levels
-4 miners detoxified

i f

in Apokan, Bavap del Norte (20000

«Blood and hair samples from 162 schoolchildren aged 5-17 years
were collected and analyzed at the NIMD

-Summary of physical examination results showed that predominant
findings include underheight, gingival discoloration, adenopathy,
underweight and dermatological abnormalities ameng children
examined

HEALTH STUDIES ON MERCURY

") . J Mi

precessing acljvities in Mindanao/Philippines {UNIDQ, 2001)

* Clinical symptoms among those examined showed that a fair
amount of workers from Diwalwal showed severe symptoms that
could be very well related 1o the classical picture of mercury
Intoxication

& Symptoms include fatigus, tremor, memory problems, restlessness,
loss of weight, metallic taste and sleeping disturbances

% |ntentional tremor, mainly fine tremor of eye lids, lips and fingers,
ataxia, hyperreflexia and sensory disturbances as well as bluish
disceloration of the gums

# More than 70% {73 /102) of the occupaticnally-burdened poputation
suffer from chronic mercury intaxication

= Higher percentage among amalgam smelters (85.4%)

® 173 of the nen-occupationally burdened is intoxicated



HEALTH AND ENVIRONMENTAL MONITORING

Summary of Blood and Hair Total and Methylmercury
Levels, Mt. Diwalwal, 2005

Mercury levels in hair, blood, fish, water,
soll/sediment and water samples were analyzed as
part of the continuing collaboration with the
National Institute for Minamata Disease-Japan.

Samples were collected among 100 residents of the
mining community in Mt. Diwalwal, Monkayo,
Compostela Valley in collaboration with the Center
for Health Development for Southern Mindanao and
the local health unit.

Samples were analyzed February-March, 2005

Split sampling analysis with the EOH Collaborating
Center

SUMMARY OF THE RESULTS ARE ~ WHAT ISTHE MINAMATA [EmSesemsmmm
AS FOLLOWS: cﬂNVENTInN? LSRR o e s o ey coeed e

articles of fhe Convention
The results of the laboratory tests showed that The health sector is working to:
inorganic/el tal is 1l Jominant .

in the blood samples and this is indicative of the environmental
and eccupalional exposure of residents to the small-scale gold
mining operafions in the area rather than their dietary intake
from contaminated fish.

Controks i supy and on ntemonel ade o mevcury (Avtice 3
Phase-gut and phase-dewn for miercury vse in products and
processes {Articles 4, 5 and 8}

Controls on artisanal and smel sczle gold mining (Articke 7)
mmmmmrmﬂsammmmgme

Storage, waste and contaminated stes (Article 10, 11 and 12}




Partner and Stakeholder Updates from 5ri Lanka
“The Need for Mercury Monitoring”

Anurudda Karunparathna, PdD
Senlor Lecturer In Environmental Engineering, University of Peradenl
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It Sanitary Landfill started in 2014
20 Metric Tons/ Day

2 Sanitary Landfill {Aruwakkalu)
500 MetricTons/ Day (by 2020)

. ¥ 3

RESEARCH, ASSESSIVIENT AND MONITORING

KL Heavr metal concentrations in Jandfll leachate and the maximum tolerance limits of haavy naatala, Valoes arein pg L
— 1mpE r Fe Ni Zn As Se
Matale 345 GoAr 73 573 O870 532 1935 100 1777
Mo pranibantota 8o 5341 236 166 19909 678 paer I 492
| Kataragama a 17 & 58 638 106 gov 50 123
o Bandargame 329 Ay £ 227 5363 jm2 2607 00 459
€1 Kolonnava 568 346930 4473 55 5P FO5 2443 15 4
i.cl?ampoi'ﬂ 220 5546 335 73S 8 184 48 4
o] Gohageda 39 3004 am 834 38 a8 465 ER. ]
74 Wennappuie 363 5w vy 4 409 939 2Bz 53 &7
| Rathnapira 439 56343 LT 6ap 1685 153 4on2 52 168
Negombe 330 zoIn 6566 535 aobz Sq% 2By 5 333
Matara 8z0 7328 S 488 seu Mg 3p05 48 do
Galle J86 33z 673 564 593 1m0 5947 52 165
Max. permissible level 100 3000 JOO0 3060 OG0 308 50¢ 100 100
Mercury

157 STEP- WET DEPOSITION SAMPLING

» Establish "wet deposition collector” station at University of Peradeniya
» Weather statlon  {7°45'7.15"N 80"35'30.86"E) ~500 m above M5L

R SIS ST SIS AWM
ISSUE B CHALLENGES

1} Insufficient infrastructare for MSW, Hazardous, Industrial waste management
< Collection & Transport
+ Treatment, processing and
+“ Disposal

2} Policy & Regulations
+ Gaps in monitoring and regulating {prioritization)
“ Implementation

3} Lack of Research and Development initiatives
< Research and development infrastructure
<+ Research funds

4) Knowledge / Awareness
» Academics, researchers, administrators
«* Pubfic

WAY FORWARD: RESEARCH COLLABORATIONS

MEMORANDLIM OF UROEASTANDING

FOR H COLLA] ION ON NV oF RELATED ISSUES AND
MOKITORING IN SRELANKA
BETWEEH
MINISTRY OF MAHAWEL CEVELOPMENT B ENVIRONMENT, SRILANKA
AKD

UNIVERSITY OF PERADENIYA, SKi LANKA

This MOU made en March 2017, by and betwesn Minltry of Mahawall Davelopment &
Eavironment, S 1anka, whose sddreas 15 B2, Sampath Pays, Rajamalwatte Road, Baltarsmulls,
Sridanka, herelnafier refermed o as 7| &E” and y of Parad Srijanka whose
address is University of Peradeniya, Peradeniys herein referred to as "University™s

1 MaMDAE and University seek ta enhance relatlons belween Institutes by developing
Rezearch Collaboratian on Investigation of marcury ralsted issues and monitoring In §1 Lanks,

2 Wihin each Institute’s framework of the regutallons applyleg In cach Instituta, and

subject to the avaiablity of resources. the following programmes and activities wibl be

encouraged:

+ Collshoratlve Study on Tachnieal Newds of Mercury In %n Lanka by L}
and Univarity

» Qur Strength: Human resources, basic facilities,
multidisciplinary & collaborative research

# Training Needs: Mercury Monitoring {for academics,
researchers, techniclans)

= Collaborative Research & Development: Policy & legislation
formulation, environmental assessment, monitoring

= Knowledge & Technology Transfer: Recovery and recycling,
alternative technologies

» Networking: APMMN

END



Minamata
Convention

Current Status

Convention Details
« 08-10-2014
-19-06-2017(as 60" member

» Date of Signature

«Date of Ratification
counfty)

Mercury Initint Assessiment (M IA)Y Profect Details

+ Date of Commence - 9 September 2016

+ Dhuration - 24 months

* Mercury Initial Assessment — Fealth, Tndustry,
TEducation sectors completed - pending vatidation and
submission

» Institutional capaeity needs identified

* Reviewed existing fegistation. legal gaps identified

¢ Generated National Mercury Profile Report

* Confergnce Room Paper (CRP)submitied on Smalt scale
jewelsy sector — COP | ( Article 07)

» Conducted awareness programmes to minimize heafth
and environmental émpacts in education, health and
industry sectors

« In the process of identifying new { better) technologies
to minimnize health and environmental hazards coused
due 1o mercury.

Sri Lanka

Country Status

Sources of
Mer
Emission

in Sri Lanka

1] Phase

Mercury
Management

1
z
3
4
5,
3

. National Hospital

. Teaching Hespitafs

. Provinsial General Hospitals
. District General Hospilals

. Baose Hospital Tipe - A

. Basc Hospilals Type - B

7. Divisional Hospital type-A
( Morc than 100 paticats beds)
8. Divisional Hespital Tvpe —B

( Between 50 to 100 patients Beds)

9. Divisional Type-C
( Less than 50m paticnt Beds)
10, Primary Medical Care Unit

 Compact floreseent lights and mereury vapor lights

« + Thermometers, manometers, and sphygmomanoineters
* « Balteries

- » Dental amalgams

« + Bome skin lighlening creams

+ « Emissions from coal power plants

+ Cement Industry

+ Agreement Signed with UNIDO {o initiate Study on
Smull Scale jewelry sector ( 3000 jewelers)

* Disjective :

* [improve their practices and introduced more
environmental friendly altematives and technologies

46 Private Hospitals -204,
42 Laboratories 632,
1880 Clinies,

MOOH 330,

12 universitics

129

322

473

(Cenlral Dispeasaries & Malornity Homes)

11, Board Managed Hospilals
12. Special Hospilals

TOTAL 1084

02
05




3t ) Blood Mercury
Monitoring.
Occupational
Safety

*Health Sector

- Procurenient of Mercury containing Blood Pressure
Apparatus {o Health lnstitutions banned

Health Sactor

* Expects to phase out Dental Amalgum from 2019

smissions and
iy
health impacts

+ Mercury Separators procured for dental clinics
+ CFL bulbs collected for reeyeling

« Mercury Spilt Management frained.

+ Relevant Circulars guidelines issued

Incinerator Operations

gition

{MetaMizer - Steam Sterilizer)
£ —_ — 0.5 million

KO SUA O it 4 disposed evary
menth

Cosmetlc product Sample NoJLevel of Level of

O Institutions collecting Mereuryimeske) l[:,::;km
electronic waste are XN )1A0LI 16 WHITESING SP. RE2 150632 <G.08
registered undes Central '@ ca0t FEELEH] ]
Environmental Autharity FAIMETWRITENING SPOT CRM e [56367.¢6 <008
QO Acound 45006 MT of & waste CAINE GINSENGWHITEN GHEAM oL 19699.1 <008
exportad annually for UOREAT, WATTE PERFECT DAY ::: TT IS

recycling EMAM| FAIR AND HANDSOM o4 <0.0F <005

FAIR N LOVELY CFAIANESS C co19 0.0

Drogp off events carried out THAT RGSE WHITENING CREAM. 417 <005
N . c013
15 pmbies B -
. I :.t‘u\‘ A FATREVER FAIRNESS CREAR. coz4 0AE <0.08
- £030 2256 <008
i % <0.0% <0.0%
L]
NATURE SECRETS MULBERRY 152 <005
FAIRNESS CHEAM cosz
NAT URE SECRETS MULBERRE <0.02 <005
EAIRNESS CHEAM covz

VASELINE HELTHY WHITE <0,02 <005




*Ministry of Health Nutrition & Indigenous
Medicine is responsible

* Cosmetic Devices and Drugs Act Fducation

Actions Taken

* Standards are developed ( Consomer aftairs Sector
Authority, Sri Lanka Standard Institute) C

* Awareness creation

Around 20,000 schocls!
16 Govt. Universities

Education Sector: Mercary

Progress | *Mercury procurement for laborator Usaos in S
: 'y procure - Y Usage in St
purposes minimized 8 | anka

Lakwijaya Coal Powar Plant - Norachalai -

Emissions/ 30003 MW (o2 plant)

Storage, Usege to be
impreved
3000 small scale
Jjewelry makers
. . ! *Blood
+Certain Species of Fish in Deep sea has ' Mercary .
been found contaminated with mercury : CrCLrY Waste
+Needs further Research - Testing * Waste water carried out { Discharge
standards available)

Air Qua

lity Regulations — Central Environmental Authority

1 pasbi be d wn s & a0 b Blodebn oo B

Ah— Qua]ity Monitoring : Doy prbbihe e the Loe e ROt b e

'Reguiator BB A AT ) PO ETITY S TR SR INRL IS YEN R T
-One station in Colombo

*Mobile Station

*Measures Air quality in other districts.

i Megabis i ol U




The National Environmental {Ambient Air Quality) Regulations, ——
Pollotant

Annum] Byaragas of P45 at Calombc
Fort Manilonng she {183

PERRERERELEES

‘Research

O

10 Districts — Air quality measuring is
carried out.
It will be expanded to cover the rest of the
districts

“Saterlight
images - Clean Air Action
: - Plan
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Emissian Standard in 5l Lanka

Seienee, Technology and
Research

Minisiy of Edocation
» Ministry of Fhunee

= Minstry of Fisheries +
Miniatry of Health, Nulrition
und Indigenons Medicing

+ Mivistry of Higher T-dication

« = Ministiy of Industry and

Commerce

« 2 Ministey of Lecal

Gavernment and Provingiok
Coungils

o Ministry of Mahaweli

Dgvelopment and
Envitanment

» Ministry of Power and
Reneseable Energy «

+ Cendral Bovironment Authority

v+ Centre tor Enviranmental Justice »
Consimier AlVatrs Authority

<« Conrdinating Secretariat for Seience,
Technology and Innotation

< Cosmetic Deviees and Drugs
Regulsory Authority » Byl Ingtitule

+ « Department of Meteorslogy » Faculty
of Chemical and Process Engineeting,
Ugivessity of Motatuwa

+ « Giern and Jewellery Researsh and
“Training Institule

+ » Import and Export Control Depasuneat

- = Induswial Pevelopntent Board off
Coxlon

o o Indugtein! Technology Instilute




+ Instiwete of Indigenous Medicine

» + Instinme of Oval Health

« « Maring Envirenmentul Protection Autherity

» = National Aquatic Resource Authority (NARA)

= « National Aquatic Rexovrees Resenrch and Drevelopment Agency
[NAARA)

Stakf’,‘h(ﬂderﬁ f - - National Cleaner Production Centrs « National Engineering L Issties
; Research and Trevelopment Centre of 8ri Lanka TS

(JLack of Mercury Disposal  Facility

[ILack of emission standards for -
Mercury

=« Nutional Gemn and Jewellery Aulhority

- « Post Graduate Iastitule o' Agriculiere, University of Peradeniya

M Alternative Technology

=+ S Lanka Chistoms
-« 81 Lunka Standards Instinntion

-+ S0 Lanlka Susteinuble Energy Avthority

+ Askit- Pacific Moereury Monitoriag Nerwork {APPMN)
APPMN has supporled S Lanka 1n providing 03 Mereury Monitoring
Machines. { Wet Depositien Sampler)

* Already 01 machine received

P\ !‘(‘.IIT}" 3 The four Institntions identified mre
I\f}oﬂit{ﬁ‘ing E - Central Enviranments} Authority { CEA)
- : - Nanomal Building Researeh Qiganization (NBRCH

* Depuniment of Meteoriology
+ University of Peradeniya

Dr Anuruddha | gay |
: _ . _ Forward
Karuynaratne







INTRODUCTION

« Hetman Hermawan, Direcionin Research and
" , : .
UPDATE YEAR 2018: Develogment nier for Envilornmental Quality and

MERCURY MONITORING & Laboratery, Ministry of Environment and Forestry, P3# L
IN. _INPONESA : orfre

«Ring Aprishanty, Sentor Technical Staff in EMC, MOEF;

» Florentings Binser Turmind, staff in Hazardous ancd Toxic
Substances Management Departrment, MOEF, £

LINGKUNGAN HIDUP & KEHUTANAN
e s . OUTLINE

*Background
Cutrent status
Progress Data
Next Step

Sttt |

KEMENTERIAN LINEKLINGAN HIOUE.DAN KEHUT,

SRR PR -

Monitoring |
History of ..
MoEF

Indonesia

ercury Maonitoring in ASGM Hoispot

Moniforing activities running under the & fconducted by MEMR, MaH, MOEF) {2012}
coordination from Hazardous Toxic W | wies | cames bt
Substance Management Department MOEF 2 S bl 0 e T
«Mercury Monitonng in ASGM Hotspot for soil and 1 e et Dt Wed Mo Tengpun _[EEIONY

surface water sample 13 it pone e e FEEY ‘oe

(2012 - 2014) b T T —
s Mercury Monitering in Energy Sector for coal, fly s ity ooty o

ash, bottom ash and emission source in 2017 I Py — - —

(UNEP Project with MoEF) R I, e e

i st

if - Sedimare:
1 Canagian Socimeen Crusiny Guihlives for Theashold Etect Leval (TEL
!‘ e

[oidecda et




gMercury Monitoring in ASGM Hotspot .4Mercury Monitoring in ASGM Hotspot

[conducted by MEMR, MoH, MOEF) [2013) J {conducted by MEMR, MoH, MOEF} {2014}
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MERCURY MEASUREMENT
FROM POWER PLANT

(conceniration in pg/M’

ESDA, 2017)

INDONESIAN GOVERNMENT
COMMITMENT

= Indonesia ratified Mingmata Convention through Laow
No 11 year 2087,

Indonesia estatished National Action Pian under
President Regulation that would be applied later this
yedar;

sindonasia estaplished Ministry Decree No 340 year 2018
about Committes tor Research and Moniiaring on
Mercury:

+ Pilest Project Flan for Non Mercury Gold Processing in
Lebak West Java.

Wet Deposition Sampler for Mercury
in Rain Water in East Jakarta Station at Serpong Banten

Proposed EMC Station




RESOURCES MONITORING ACTIVITIES UPDATE

Enviionmental Manggement Cented - : k S dine ting A0 R lecnd Peno vy s ko Vet Lroring ety e

2 Mert
Ak;w:Mg-ﬁw :rrx,
P

Mercury Concent ahon in Indonesia Mercury Concentration in Indonesia
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Total Mercury Concenbation

Ds.Cilantung < 0,00005

Mercury Concentrahon in Woman Hair
Mercury Concentrahon ] Man Hair SCAETE N T AP
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Mercury Concentration in Woman Hair Mercury Concentration in Paddy
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_ o b SAMPLING WITH IDEA CONSULTANTS
Mercury Concen? tion in Fish Sampling in Land Fillat Bantar Gebarng fckasi West Java July 2018
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EXSTING CONDITION.

g I .

Rercury In Wet Deposition Monitoring
in Bast Jakeria Station

)

P
FEET . S PO

ccw L PHY BLAK 2010
PERIOND

Rereury in Wet Poposition Monitorng In fust Jokada Sfatlon
Keaniplt ooy KE 3 MOEE Nrla- 2018
Anhrod oy NE U Tamwd

DATA EVALUATION

The presumption for high concentration data:

1. Sample contaminaiion due to handiing and
exceegding holding time

2. Construction close to the sampling site, by
means of mixing cement with fly ash (special
permi)

iy

Fetrury Contarttation In Vet Depesition

-
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#ereury in Wet Deposition Monitoring In fust Jakarka Sfollon
Loanaph A3 b PT.'Mt» FOiE
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PERIOD

NEXT STEP

sApplying QA/QC in place for next monitoring
*Developing the system for mercury sampling
from ambient air by means of gold
amalgamation

*Reesiabiish the sampling point for bolh rercury
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- wet deposition mercury
monitoring in Thailand

Hathairatana Garivait Nittaya Cha1saard

| Environmental Research and Training Center  Ajr Quatity and Noise Management
Bepariment of Environmental Guality Bureau

Promotion Pollution Control Depariment

Ministry of Natural Resources and Envirenment,
Thailand

Progress on atmospheric and ||

T APMMN is supporttve network for
Minamata Convention on Mercury

Thailand has officially collaborated with APMMN since
26 November 2015 by Ministry of Natural Resources and
Environment (MONRE)

s Auw“ﬂ..w...muw.mj

'I‘r'nnmg Center (ERTC)

Waste and Hazardous
Substances Management

Bureau

1 Pollution Control Department (PCD)
11 o Air Quality and Noise Management
Bureau: “Air Quality Monitoring”
o Waste and Hazardous Substances
Management Bureau;
“Minamata Convention™

® Department of Environmental Quality
Promotion (DEQP)

L.

o ERTC: “Research & Deveiopn‘ml{:‘fwH.,‘.,;é :

© e s s,

| Partlclpatmn in the APMMN Meetmgs

5201 3Mercury MunltoﬂnWorkuho
Wanh[naton D.C.

I
(The 5 APMMN Mceting in Bangkok
: 2016

The 6 APMMN Meeting in Taiwan
2017 .

. APMMN is supportive network for
. Minamata Convention on Mercury

» Thailand ratified MC since 23 June 2017. We
are the 86! country.

» Since 2012, MONRE continuously progress the
capability an atmospheric and wet deposition
mercury measurement through monitoring and
research.
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mercury monitoring

| In Thailand, we have two methods to monitor
atmospheric mercury:

1. Automatic method: PCD use TEKRAN model
2537X

- Mercury Analyzer (NIC WA-5F) and US.EPA |0-5
_method as guideline.

2. Gold amalgam tube method: ERTC use

Progress in atmospheric I8




3. Lumpung [coal-fired power plant)
- Wl Hang Nung Satsatham , Mae Moh

e

Moanitoring classification:
Industrial sites €» Urban site
A Remote site

Sampling: ~2 weeks/site

Atmospheric mercury

monitoring it Thailand

14 Lon, - 17 Feb. 2015 750 083
15 Aug. - 13 Sep. 2015 651 0.56
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* Rural site

B Special purpose

162 043

1.24 126 28 0.17

124

Laboratory for atmospheric and wet depositip‘r_i

_ mercury analysis since 2016

Atmospheric mercury measurement using Goid
-Amalgam Tube method analyzed by CVAFS
technique
-Study level of mercury in air in different areas
ral urban, industrial, contaminated srte etc'

Establlsh a baselme of amblent mercu_ry e

in Thailand,

Provide the basis for the long term momtorlng
statlon

# Evaluate long term atmospheric mercury
trend .

from which to formulate policy, 4
Report atmospheric mercury 5|tuat|0n to 1

Support further lmplementatlon of the

I. Industrlal sites (hot-spet siles)
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Ultra-trace Mercury level laboratory, ERTC
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Study on atmospheric mercury distribution and
contamination from
electronic/ electric wastes disposal siles in Buriram

Objectives

» To investigate the ambient level of
mercury from the e-waste community
area

> To determine emanation factor and emission factor of mercury
from e-wastes
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) Emanation factor of Hg from e-waste |

N vion Fact ng . TotalHg (ng/h)
[2s0 manatton Factor (kg . h) " Weight of waste (kg)

GEM concentrations {ng/m?)

1200 ELECTRIC  FLUORESCENCE

PUR FOAM CABLES LAMPS

Rayong
W min £ average % max

E‘“'SS“’“ factoraf Hg ﬁom ewaste Emanation and Emission Factors of Mercury

Total Hg (ng) from E-Waste in Thailand

Stack conc. (ng/m3) =

* sampling time (min) Hathairatana Garivaitt, Prapat Pangkiatkul?
1Envilanmental Research and Training Center,
Depantment of Environmental Quality Promobon,
“King Mongkut University Technology Thonburi

3
sampling rate (_;:lm)

Stack conc. (ng/m3) X flow rate (m?/sec)
Weight of waste (kg)

ng . _
.5}_

Emission Factor (kg

S

Mercuty vapor is commonly cleasified as s highly texic gaseaus
palltart. One of major concerned souice of mercury is from an
clectranic waste (E-waste). Due to it own propery (law vapar
prassura), mercury vapar can be ewvaperated under a room
Iemperature and will be released more ol higher temperate, [legal _
E-waste manapemen! causes huge amount of mercury vapor [
refeascd ta 1he alt, which causs highly damags to human E
health and environmont. This study ettempted 1o develop an
emanation and emission factors of marcury fram E-wasta that
usually found in the North East of Thailand, The emanation
axperiment wos canducted under & sentrofled enviranment (air light
box soated with Teflon), whereas the emission {est was perdfarmad
In an apen araa. Highest amanation rate was found for a broken §
flucrescerl lamp {174,183 ngfkgsh), whereos olectric cable and
PUR foam (from reftigerator) also released mercury vapar ol &

rate of 0:242 and 0.219 ngAgeh, respoctively. However, 5 glass
and aluminium case from CRT television wera nol ohserved any
releated mercury vapor. Electiic cable Is normally burned openly in
the filed (o separate ooppers. The low-vollape cabls gencrated the
highest mercury emissians al & tate of 109.24 nghges. THW and
VRF cables zlwo released at a rale of 14.30 and 10.24 ngfkges,
whereas lower emissiona wore found for plastic  electronic
eonnector and foam (1,49 and 2.11 ngfhges)

Ermission Rate

RS

3

O voltage i3 whe [KEECacds Foen
tzbie

Hg wet deposntlon sampling with automatrc rain sampler donated hy
- Taiwan EPA has started since 27 September 2016

Mercury wet deposition momtormg
(ERTC)
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{nglL) Mercury concentration in rain water at ERTC {ng/L)

PPT (mm) ; . . T,
" 27 Sep 2016 i ) : et depOSltlon at ERTC
a0 mmHg conc. ng/l 10000 I 5
~+-GALPET {mm} [ 109 27 Sep 2016 (o
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Total Hg Total PPT VWA Number of

wet Hg In zain Buriram {ng/L}
S-CALPBT (mm)

dep.(ng/m?) {mm) _ (ngit) : samples

6557.9 952.2 6.8 28

4433.2 669.1 663 | 25

6356.1 1112.3 6.71 29

£6679.3 812.9 8.22 ; 26
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g wet depos:tmn in e-was

mmunlty area (ng/mﬁ 1 | :be able to measure Particulate BOU
: : _ (PBM)

search project in the 2019 ﬁscal year will be t

aluate the dispersion of mercury from e-waste

Inicipal solid wastes dumping sites using the
nation and emission factors

ate closely with PCD for mvestlgahon o
1 j herlc Hg to assist the establishment:
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an to purchase the Mercury Vapor Calibration Unit -
d amalgamation trap method (Japan's standard mel
oin “the Atmospheric air monitoring of mercury and dat
haring in Asia-Pacific region”

ign for long-term mercury monitoring network

‘Continuous monitoring stations? How many si[_es?
cation? Objectives? Comparable? Urban sites?

iold amalgamation trap site? How many siles Lo
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y WMENTRE FOR ENVIRON MENTALMON]TORI.NG (CEM)
Website: http:/fwww guantracmoitruong. govvn/

MERCURY MONITORING IN VIETNAM

Vietnam Environmental Administration

Manila, September 2018

——industries with m@ emissions
te the envirenment

In Vietnam, some mercury sources are found as below:

> Coo-fired thermal power plonts

¥ Cementfactories/plonts

¥ Steel production plants

¥ Waste incinerator

¥ Goldmining

> Othersources: Oil refinery, thermometer, Compact flucrescent lamp,
dentisiry, electric components, metallurgy, e-waste, landfill,
chemistry...

¥ In Vietnam, currently, Hg has not been managed well and strictly.
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imiliion tons
In 2014, Vicem has produced 16.5 million tons of clinker and 18.46 million

tons of cement, Praduction increase over 2013: 0,7% and 10,3% respectively } 67 million tons

2 @o .r;i mfmm@ e
RESULTS OF MERCURY SURVEYS (2009)

[TE3

Gold ml.nmg » Cement production:
P production » Mercury was discovered in cement with small
.I increased every content {0.02 — 0.08 mg/kg)
* ear
mc m_q. y + Iron and steel production:

+ Mercury was also discovered in coke coal (0.032 —
B E SRA

Vistadm Produztion

0.384 mg/ky)

MINCO




cury-monitoring in the air in Vietham
»  2010: Joint the 7-SEA
program.
|+ 2012: workshop in Taiwan,
- 01 automatic station for
air quality monitoring in Hanoi
(including Hg parameter).
+2013: Workshop in EPA,
Washintong DC.
+2014: Vietham has joined
the Asia-Pacific Mercury
Monitoring Pilot Network.
§ - 01 wetsampler in Hanoi
B (for Hg analysis).
=2015: Pilot of mercury
monitaring for Coal Power
Plants

+ 2016: workshop in Taiwan and
Thailan. —

Updated

2017: Research and design of
the program of mercury
monitoring in the air

2018: The designed programm
is submited to MONRE for
approving.

2019: to do monitoring
mercury in the air.

Location: building No.5586,
Nguyen Van Cu, Gia Lam,
Hanoi

{North of Vietnam)

The wet samples are send to National Central University
{NCU) of Taiwan for mercury analysis

Installatoin of the second wet desition sampler in

Vietnam Rainwater Hg data I .
en erne Danang city, in central of Vietnam

36,70
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Updates on current mercury monitoring from

Uptdates on current mercury monitoring from ]
emission sources

emission sources
= Monitoring and emission control activities (2016):

« Monitoring and emission control activities (2016):

- CEM camy out manual monitoring Hg emission from wasle
incineration follow Vietham Technical Regulation (QCVN 02; QCVN
30; QCVN 61). US EPA 29 has been used as a standard method for
heavy metal sampling and analysis.

= Mercury particle bound phase range from N.D to 0.3 ng/Nm? in
which ¢lose to Vietnam Technical Regulation.

Cincingration type T Numb Concentration’ Duration

v §  sample - - {mgiNm3] g
Municipal waste 05 Nd-0,2 From Jan 2016
Hospital waste 02 ¢.2-0.3 From Jan 2016
Industrial wasle o3 0.1-0.2 From Jan 2018

-CEM is collaborating with Pellution Control Dept (PCD) in order io monitaring
of Hg emission from 03 thermal coal power (TCP)} plants. This activities had
he completed in August 2016.

-Total B4 samples will be collected for total Hg analysis which include flue gas,
fly ash and coal powder samples. Flue gas samples was be collected by both
of US EFA 29 and US EPA 30B.

Mong Duong 2 TCP Ninh Binh TCP

Mal Phong TCP plant
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UpdateS on capacity building of mercury pdatés on capacity building of mercury
monitoring for CEM - VEA monitoring for CEM - VEA
Updates on equipment capacity for mercury monitoring

[Equipment " :
Wet deposition sampler APMMN SCP 01 sampler {USEPA

. sponsor}
Isokinetic sampler US EPA 29 03 sampler
Mercury on-site sampling and US EPA 30A 01 MODULE {US MOFA
analysis (Apex Ainstruments sponsor)
}
AAS US EPA 29 01 analyzer

[T e
ICP-MS USEPA200.8 D2 available EQL,_,__,_,-H—-—’—""‘ Laboratory analysis of Mercury in
# water and flue gas matrix samples
P IS ETRARMANUUNBETNEDN
Mercury analyzer (SMS 100) US EPA 1631 01 available
b gyl

pd'éfé’éwbn capacity building of mercury
monitoring for CEM - VEA

——=""PLAN FOR THE FUTURE

» Monitoring Mercury in the air, 2019;
» Completion of methods for monitoring and analyzing
mercury in the air; WHAT IS NEXT ?
» International collaboration for academic exchange and
technical supporting;
« QA/QC guarantee in sampling, analysis and data
processing + Sharing data among APMMN contry partner.

+ Technical support for Hg monitoring and analysis;




- Background
State Of the N etWO fk . NCU has been working closely with Taiwan EPA, USEPA

H . and NADP since 2012 to establish the collaborative
mercury c.entr.a I, ana lytical Asia-Pacific Mercury Monitoring Network (APMMN).
lab and site liaison

reports

2012 in Taipei {1%) 2013 in DC (2] 2014 in Hanoi (3)

Guey-Rong Sheu and Da-Wei Lin

@ Depa'rtment of Atmospheric Sciences
Natiorial Central University, Taiwén§

i

Background
® NCU Hg Lab serves as the center for ultra-trace
level Hg analysis and training
» To help analyze rainwater samples, and to train
researchers from other Asian countries for capacity
building on ultra-trace level Hg sampling and

Center for Environmental
Monitoring and Technology

analysis
® FPAT funded the establishment of the Center for
Environmental Monitering and Technology on NCU
".cam'pus in 2016
» Adminjstrative offices and [ab expansion to support
' the operation of Asia-Pacific Mercury Monitoring
- Network

Center Opening Ceremony in June 2016 Administrative Area

Main Office

Trace-Level Mercury Analytical Lab ‘Expansion of Lab Space and Equipment
Established in 2007. Expanded in 2016. - -

*  2class 1000 cleanrooms

* 3 Tekran 2600 CVAFS mercury analyzers

¢ Tekran and Gardis atmospheric mercury monitoring systems
*  2clean benches e '

* 2 Dl water systems

« 2 analytical balances

#* 4 chemical hoods

* UHP Arsupply

*  ChHemical furnace

* labware furnace

*  pH/conductivity meter




Expansion of Lab Space and Equipment

- Atmospheric and Rainwater
| Mercury Monitoring Training

Training Activities _ Training Activities
Visit of Vietnam CEM (April 2017_) Site visit, Thailand (February 2017

- T

Training Activities
Site survey and training, Philippines {June 2018}

New APMMN Site at
the Lulin Atmospheric
Background Station (LABS)

Location of Lulin Atmospheric
Background Station{LABS)

® LABS is located atop Mt.
Front Lulin in central
Taiwan, with an elevation
of 2862 m above sea
level.

® Continuous speciated
atmospheric Hg
monitoring started since
April 13, 2006.

. ® Wet Hg deposition

. monitoring since January

L2017, '




Inter-comparison of Wet Deposition Samplers
« There is no “standard” wet deposition sampler.
* APMMN uses MIC-B type sampler, whereas NADP/MDN uses
N-CON sampler
*+  MIC-B vs N-CON : since January 2017
*  MIC-Bvs MIC-B : since April 2018

‘Wet Sampler Inter-comparison

Inter-comparison of Wet Deposition Sampler Inter—corﬁparison of Wet Deposition Sampler

MIC-B vs MIC-B: 6-pair of samples in 2018/04-06 - MIC-B vs N-CON: 43-pair of samples until 2018/06

THg concentration Sample amount : THg concentration Sample amount
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Literature Review-Collocated Samplers ~ Literature Review-Collocated Samplers
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Literature Rewew Evaporation Test
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Passive Atmospheric Hg Sampler
Advantages: —

+ Lower cost

+ No need for electricity and gases
+ FEasyto use and deplay

« Improved spatial resolution

- fomoiET. B vy

promwrsmvpiie s s e
o 1175y i
P of A HighPeecision Passiva Air Sampler for Gasrous Mercery
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'Passive Atmospheric Hg Sampler

Passive Atmospheric Hg Sampler

« Visited to Professor Frank Wania’s lab at the University
of Toronto Scarborough in June 2018

* Trained in lab: sampler assembly, field setup, sample
analysis, applications.

Passive Air Sampler Test in Taiwan

» Began since July 2018

* Deployed at site on NCU campus {suburban) and at the Lulin
Atmaospheric Background Station (remote)

» Side-by-side with Tekran systems

»  Various temporal resolution (1, 2, 4 and 13 weeks)

B NCU Site _ LABSSite

Progress on Wet Deposition
~ Sample Analysis:
QA/QC and Data Summary

Rainwater Hg Analysis
SEPA Total Hg is quantified by dual

Method 1631, Roviston E:
Mercury In Water by Qxidation, Purge and Fluorescence Spectrometry

Trap, and Cold Vapor Atoric Fl idati

T ey apor Atomic Fluoreseence  (VALS) after BrCl oxidation,
Avgust 2002 NH,OH-HCl neutralization, and

SnCl, reduction.

amalgamation Cold Vapor Atomic

Method Detection Limit

The detection limit and inininmun level of quantitation in this Method usnally are dependmt oo
the level of interferences rather than instrment limitations, The method detection limit (MDL;;
40 CFR 136, Appexdix B) far!—}ghasbcmdmrmmed to be 0i.2 ng/L-when oo interferences are
present. The amini level of (ML)} haw been established 35 0.5 ng/L. AnMDL as’
ois,25 0,05 0/l cairbe achieved for low Hg samples by wing 3 Iarger sanple volume, 3 Jowes
BrCl level (0.235), and extra vantion in sample handling.

La\nnsl.llmblcnl Water Quality Ceiterlon for Mercury and the Method Detestlon Limlt and
Minimum Level of Quaatitation far EPA Method 1631

; Acihod Defection Limit (MOL)
; Lowest Amblent Water aud Level EME)
e a
Metal Quulliy Criterfon® DL ML
i . Mercury (1g) 1.3 ngil 02ngl 2.5 nL

¢ .. : % Lewod weter quativy eriterion for the Gt Lakes Syviom ¢Tabke 4., 40 CFRG2AL
¢ X H The bow it Kusloraide prierion ic [ ngil, (401 CFR 131301
| L2 Mooddcicotin il (40 CFR 136, Apprudix B)

i A M bskof quuatiatlon fwe Glossin}

MDL of the NCU. Eab is (3 12 ng/L




Calibration Curve Blanks

y=0001x+0.163
RY= 1,000

s
&8 8

System blank

g
z -
g’“ Fregency (I:‘Aeir:) (:AT_;) (:"Tf;) 1631 rev.E
L 2016/08/16 _ g g g
. SNI4G | 2016—2017 127 0.18 0.05 0.53
f a 000 o060 300 40M0  Soond <0.5 ng Lt
' e | 2008 34 | 007 | 003 | 015
: : : {Jan - Jun)
§ % ¢ 0.002 ¥ 0,081 L ¥n 0000 X+ 0174 BOttle blaﬂk
P Kt D E K= 2000 v Ve v
- ] ean n. ax.
Piopw L E Fregenc : -1 1631rev. E
i . 3 1 ng b | (ng L) | gLy |
R 3 2018, . : .
s msens | ARl ©2016-2017 | 83 012 | 000 | 048
) 4 HON MM IR0 W0 2000 MR "o Kuf ) 15060 e 1. o1 : <0.5n L'l-
L ps r C 208 p | 0ss | 002 | 195 £
as. e e e £
Duplicate Analysis and Matrix Spike Recovery of QCS and CRM
Duplicate analysis Quality control sample {QCS)
Mean Min. Max. Mean Min. Max.
Fregenc 1631 rev.E Fregenc 1631rev. E
WY | ) | ) | (% : Y] e | e | ()
2016 - 2017 128 1.0 0.0 4.9 .| 2016-2017 83 100.5 95.6 106.3
_ RPD 3 Recovery
2018 29 3.8 01 | 109 | <*20% 201 33 102.5 | 917 | 113.7 | 80-120%
{3an —Jun) {Jan—lJun}
Matrix spike/duplicate . Certified reference material {CRM)
Mean | Min. | Max. | p -
; ] Mean Min. Max. .
Fregency (5%} (%) (%) 1631rev. E 2 .| Fregency (%) (%) %) 1631 rev. E
20162017 130 101.5 96.5 119.6 ] 016/12 —-
7018 — ' Recovery § 2§§f§}§s | 24 | ea1 | 875 | 996 -
L 32 985 | 785 | 1100 | 71-125% | =
{Jan = jun} i 5
R L
Source of CRM APMMN Site Information
NoN Y e ‘ Canadd - P T oy APKRAZ (AP 2016]
Natlanal Research Counul Canada b ' e r"""“::d"‘:"g“:::?
mumm x / Ae g n.'-c:u-mm -ln-\mﬂ'l! Funicted N-m o Ers Vaatar
ORMSES ElevatEd MEFaIng i il iter
Predure documentation
+ RN 3 (PLA 130 KW
ORUST 11 3 rivar wate ypllad wth nngenis, marzuny, Tha mutedsl Iy pacisgee A 32 md glass sapoder abligd wha it LA
rmﬁwﬁﬁﬁﬁﬁ?ﬁﬁ:;%*f
| T
% ::::::-::dﬁlrwhwm wwmdhmulmﬂ 13wl 23wty
. % Dty okt HAK-1337
iim;iiiiiiiZiL;I;-;‘I"“""' e
Samples Received and Analyzed Samples Received and Analyzed
Rain water sample QC sample {Reagent blank, bottle blank, ...)
From 2016 to June 2018 From 2016 to June 2018
Number of samples Number of samples
Site ID City Subtotal Site 1D City Subtotal
2016 | 2017 | 2018 : 2016 | 2017 | 2018
APIDOL lakarta 19 20 10 29 f APIDO1 Jakarta - - - -
APTHO1 Pathum Thani 44 44 20 108 APTHO1 Pathum Thani 14 g <] 28
APTWO1 Nantou - 44 22 66 APTWOL Nantou - 45 20 65
APVRO1 Hanoi 12 13 & 31 | APYNOZL Hanoi 4 1 - 5
APKRA2 Gwangju 9 § 28 | 15 | 7™ o | apxgaz Gwangju . - - .
' Suimary 104 | 149 67 326 : S.umrn'a'ré ' 18 54 26 98

139 ' : g L




Samples Received and Analyzed Data Summary of January-June 2018

Other samples {e.g. surface water)

20 2018 :
From 2016 to June 20 Site ID Location Number of | Rainwater Hg Conc.
Number of samples . _ Sample (Meanz5.D; ng/L)
Site ID City Subtotal S
2016 | 2017 | 2018 APIDO1 lakarta 10 16.8+19.6
APIDOL Jakarta - - - - ; APTHOL | Pathum Thani 14 11,135.3
APTHOL Pathum Thani 11 9 12 22 . APTWO1 Nantou 22 12.749.1
- APTWOL Nantou - - - -0 | -APVNOL Hanoi 6 329148
. APVNOL Hamol | - . - 1| APKRA2 | Gwangu 14 " 6.2447
apknaz | Gwage | - |- | - | - | OVERALL 66 | wea |
Sutiary: ST I g. RS

Summary of Rainwater Hg Conc. Worldwide

Locatlen THg conc. {ng L) References
APMMN G.2-32.8 January - June, 2018
12 sites in Talwan 6.6-14.3 Linetal, 2016
10 sites in Japan (estimate) " 5295 Sakata and Marumato, 2005
H EMEP (2013) 2.6-12.5 EMEP, 2015
; NAGP/MDN (2016} ‘ 2.0-215 NADP 2016 Annual Summary
; . Chungheon, Xorea 88 Ahnetal., 2011 P b ' 1P f PMMN
Seoul, Korea 10.1-16.3 Seo et al,, 2012 u l C I TY 0 A
Nam Co; China 4.8 Huang et al., 2012
Mt. Leigong, China 4.0 - Fuetal, 2010
i bhongqlng, China 30.7 Wang etal, 2012
: 11.4-14.0 Xu et al, 2014
529 Zhu et'al,, 2014 P
58 Canaway et al,, 2010
11.4-15.0 Mason et al, 2000, |
T gg e T T Steding dbd Flegal, 2007 IR
47 Glchuki and Masen, 2014 H
R 2% | L Rowiand et'at, 2010 " -
20,6488 7 'L 7 Glchukiand Masen, 2013, . i R . ;
LR © Harisen and Gay, 2043 ¢ : :

Publicity of APMMN
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Introduction to the Asia Pacific Mercury
Monitoring Network (APMMN}

Asia Pacific Mercury
Monitoring Network
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""Whaf.iPrOgres's_ Have We Made?

} Asfa Pacific Mercury - -
Monitoring Network -

Progre'ss Made :

~m AJ-year pilot wet depomhon network. established
- - sties in Indonesis, Thailang, and Vietnam-
i « ‘Established Standard Operating Procedures
v One Laboratory; Natlonal Central Untversity of Taiwan -~
« New Site in Philippines (Tast week)
“ 7w 7hew mopitors available for distr'ibution

+ Data seported back to operatmg country
= US, led capacnybulldmgand site operator traimngworkshops

Transition to fuiiy—operahonal contmental wet deposmon and. .
gaseous Hg network seon. -

2012

2013
2011
2015

2016

. APMMN Milestones 201-2-2017’

Ideritified key data gaye.m the regionand artzculated aneed fora’
. coordinated network to monifor mercuzy transportand deposition

¢ Agreed to develop astaidirdized pilot nelwork to meriitor
mercaryin rainwater and in air; established a nefwork Seience
Advisory Group (SAG) to giifde network activities

Developed and adopted APMNMN SOPs to monitor mercury in

ramwate: Estnhhshcd E!\fee mereury wek &cposmon pxlot sites; cenh'ai

Bxpanded nefwark partners; forther develeped netvork
infrastrciure; hired a network site liaison; websife

Expanded 3ab, laundh moniloring and technology center; EEAT
commiitied fo providing 15 samplers-to ADMNMN partners; plans for

monitoring afmospheri¢ mercury concentrations; training

l\‘few wet depnsmon samplers delivered fo Vietnam, Th:ulami, lndonesxa, Sri
La:nka, Japan commits fo training and snanplers for g

More Information Here

“hitp:/apmmn.org/

APMMN Laboratory and APMMN Offxces
at NCU Ta;twan

On Your Dota_ Si’:iok

+ Folder: “"APMMN _Hg Documents”

»  Network documents, like the wet deposmon SOP
" summary, information worksheet '

* 30 mercury jowrnal articles, bqsm papers, and papers from
Asia research (by couniry) mcludmg the Philippines

*  UNEP documents; Hg assessiment from 2013

*  Sampling justification documents, to help you if Fyou are i
looking to join this effort :






Why is it Important to Monitor - Summary:
For Mercury? Why is it important to Monitor For Mercury?

* Human Health
* Health of Animals and Insects
* General Environmental Health, Hg Cycling in the

David A. Gay Environment
Associate Scientist * Policy Ramifications
National Atmospheric Deposition Program _ * Local regulations
1.217.898.1444, dgay2@wisc.edu * Minamata Convention on Mercury'

%’ National Atmospheric .+ Scientific/Research, cycling of metals
@4 Deposition Program o

Mercury is a health concern,
particularly to children and
Measuring Mercury For developing fetuses
Human Health -'

_ Human Health: Accumulation of Methyl Mercury
A Human Health Concern in Fish and Shellfish

-+ Neurological Disorders

+ Persistent bicaccumulative
neurotoxin

» Large problem in children up to
about 7-12 years
» Birth defects
» learning disabilities

* Problem in adults undet
certain conditions

Measuring Mercury For Human - Mercury exposure to humans is
Health . -primarily through the
| consumption of fish

Asians in particular, along with
Indigenous peoples
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Asian Fish Consumption is High and Growing - Fish Consumption High In Asia

Traaers
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Mercury is damaging to wildlife
exposed to mercury

(eating within the same food chain)

Impacts on wildlife include

+ reduced reproduction, ‘
» changes to egg incubation times, : i

+ behavioral changes, and ; It Is Important To Monitor For .

= neurological problems : 1 :
s From Wright et al, 2018; Aerosol and Afr Qunlity Research, 18: 1953-1952 Atmospherlc Mercu ry

+  Iimunotoxicity
* nephrotoxicity
« diminishes neurological capacity and neurobehavioral function

+ alters functioning of three major endocrine axes and impairs
reproduction and

= alters offspring quality
s From Engles-Smith et al., 2018 Ambio 47, Issie 2, pp 170~187




Mercury in water bodies

Asia is the world’s largest

Envirt:;n. Sel. Tachnol, .2005, 40, 62616268 : atmOS heric mercu SOUr
Mercury in Soils, Lakes, and Fish in = Hg source to water bodiesis P . ry ce
Voyageurs National Park overwhelmingly atmospheric regl'on

(Minneseta): Importance ol deposition end anthropogenic

Atmospheric Deposition and
Ecesystem Factors

G, WIENER. ! B, &. KNIGUHTS,!
- B. SANDBEINKICH.Y

D JEREMIASON,S M, B, BRIGHAM.A
R. ENGSTROM.! L. & WOODBRUFF."
F. CANNON.* AND S. |. BALOGH=

“We concliide that nearly all of the mercury in fish in this seemingly pristine
Indseape was derived from ntmospheric-deposition, that most of this
bisaccumulated mercury was from mnthropogenic sources, and that both watershed
and lacustrine factors exert important controls on the bisaccumidation of
methylmercury.”

st

Largest Emissions Area and Growing

Torat Hg kg per grid cell
i <05 W 1o0- 1000
2] 05-10 W 1000 10000
W 00 W 10000 27767.6]

| Ghobal emiwions ftensyr)

Estimated Global Wet Deposition of Mercury

Modelled Net Mercury Deposition, Corbitt et af, EST 2011

Mercury stays in the atmosphere for at
least 6 months (as elemental)

so regardless of whether your country
emits mercury, you are receiving
mercury as wet and dry deposition.

A true global pellutant........

Minamata Convention On Mercury

*® 128 signatories, 95 ratifications

* (Controls emissions and releases

Res'vonding tO the * Calls for dati and cooperative monitoring
Minamata Protocol




Many Asian Countries have [ et [syimusaie ~ Brand New Article {on your data stick)

- Particiants (APMMN. wal
igned onto this agreement VRS i B
slgne - : ’
8 2 : ol . Vlﬁ ey
Australia Oct-13 . Tl Tmronen it e FAG R, A I8 L
Bangladesh Ol novagy )
Combodia Qa3 A Critical Time for Mercury Science to Inform Global Policy
Canada Oct-13 Juk17 Celia Y. Chen, S Charks T2 Driseoll, ™ Collin A EaglorimitiE Chelv A Bcklen™ Davkd A, Liagy .
Crira 013 Jug-ls -
Tndia SepM Jun18
Indanesia Oald Sep? * Review of history to the Minamata Convention on Mercury and its aim o protect human
Irpan Oct13 16 haalth and the environment from human-generated Heg;
Korea Republic of Sepd :
e T + Quiick review of Mercury 2017 (ICMGF) in: Providence Rhode Island;
¥ P
- M:'% x:g Sep 13 + Human activities have the potential to enhance mercury methylation,
Niow Zoalared e »  Larger scope changes driving alterations of mercury cycling, methylmercury
Thlippins ) bioavailability and trophic transfer due to ¢limate and land use changes;
Sarmic 0a12 Sepis .
Siigapare [e¥EE) Sep17 + lmpertant policy and mansgement actions are needed now to control Hy release including
31 Lanka pug it Jene17 adeguate monitoring and comnmunication on risk from exposure to various forms of inorganic
" Thalland Jun17 metcury as well as methylmercury from fish and rice consumption; and
Urited States of Amemica. Jn13 Nov-td
Palau SepM4 Jut-17 +  Successful management of global and local mercury pollution will require integration of

merairy research and policy in a changing world.

Few Long-Terrn Mercury Measurements Made
111 Asm

Much of Asia Deposition

is not currently being recorded or
measured consrstenﬂy

S AMIP & EAMmz S EMEP W SMOS & GMOSawocted o« NADHAROR  « NACRMON
© At + precpiialion T * Pradptabon

Currenily, there is no long- term or background atmospheric Hg monitoring actvity In
SE Asia; few measurements in East Asia; limited accessible data; no regional netwaerk

Several East Asia Countries Have Monitoring Programs
+ Korea — National institute of Environmental Research (NIER) i
» Japan- Dr. Maramoto, Dr. M. Sakata, e al,, wet deposition . S Clen tlﬁ C Needs for
) : : = o

+  Taiwan - Mt Lulin and other stations - see work by Guey-Rong Sheu : unders tan ding the Mercury
+ China - see work by Xinbin Feng, others ‘ ‘ P,ro blem

+ Thailand = Dr. Hathairatana Garivait, part of APMMN
*  Vietham =Ms. Linh, part of APMMN .

Great Lakes Mercurv Wet Concentratlon and Deposmon

Trends in Concentrations e AN
= '

» Measurements are needed..
— to determine if deposition is being reduced
— How fast deposition is being reduced
~ If deposition is going down in all areas ' =
— If fish concentrations are also being reduced ;

g Concentration |
2 2 B
2 8 2 8 B8
E
i
.-?-
.-j_.
:
a »
2 B

b

s
£

2
2

a1 202 2003 2004 2005 006 207 2008 o009 ne

— If human exposure is decreasing . o

i 800 200

« Mercury reduction is proceeding in some i - =
countries, and the Minamata Convention ¥ : 2‘:
should continue this trend. - -

000 a00f M0 W03 004 005 005 2007 2008 2009 X010

whderveragr wewmedian



Determining Rates of Deposition over Space

Sites nat pleeursd:
Fuso Rico 20 168 ppm’

Depalion
oo Hinginedy

Impacts of Mercury Emitting Sources

Back Trﬂjcluries Arriving at 1/07/2007 07:00 EST
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Given Measurements, you can determine

where the Hg comes from...

Local
regional

or global

Latitude
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Strength in Network Design

The Asia-Pacific Mercury Monitoring
Network could provide these
measurements/

» All Scientists need sound measurements

from everywhere, particularly in Asia

— To understand the global problem...
— To run global models...
— To track results of the Minamata Convention

DR LR ! demaon afsereny
i degnsiBan fur on & proial 1000 e 201G Ther
D emithegs thoven Josenen o e EMEF dstmam,

The Value of Monitoring

Using same methods!il
- “apples to apples”
— ona glebal basis
- Harmonlzzton af measurements

Long terin monitoring is required to see small changes.

Sharing Data
= Waneed global data to undesrstand a global pollutant
—  Working together {s the beut way forward

Understand the problem through science

Is Policy Working?
= Put legislation in place
— Butis it working
- Is the problem improving

!‘5 % %0 gimiq!
ifi&i
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Environnement et S

I"l Envircnment and Cana

Cfimota Change Canada  Changement climatique Canada

Minamata Convention: Perspectives
on the Monitoring and Effectiveness
Evaluation Plans

MLUCATE CYENTION
L AL

Alexandra Steffen
Air Quality Research Divislon
Sclence and Technology Branch

Ad hoc Group of Mercury Experts

First Conference of the Parties (COP1)

Agreed fo: Create an ad hoc group of experts to provide
he COP with recommendations for arrangements for
comparable monitoring data, and the elements of an
effectiveness evaluation framework (article 22)

The ad hoc expert group was given a mandate by the
§ COP

e Canadid

I"' Eavironenon| and
g ‘Chmata Changa Carada chmgwm elimatique Camnids

a) Mandate continued

i. An outline of the types of data that could be comparable on
a global basis, as well as their availability;

{+ii. Adraft plan for future monitoring may be done by:
; a. Reviewing existing menitoring programmes

b. Assaess if the existing manitoring Is sufficlent to me our needs;

G, Be prastical about what kinds of data we will nead;
d

, ldentify how we can model mercury to assass changes in mercury levels within and
across diflerant media;

. Identify how we define a basaling;
identify how the monitering can be used for EE

™ o

l“ Enviemont and Environnsment sl
) Clmare Change Canada  Changamant climatiqua Canade

Canadi

March 4-9, 2018 Ottawa, Canada

Objectives of the convention

To protect the human health and environment from anthropogenic
emissions and release of mercury and mercury compounds

| v October 2013, the Minamata Convention on Mercury opened for 5|gnature
' and was signed by 128 governments -

v Canada ratified and became a Party April 7, 2017

¥ Convention come into force August 16, 2017

¥ First Conference of the Parties (COP1) September 2017
¥ Convention comprises of 35 articles

Environnamenl ut
Changament chimatiqua Caneda

.* Enviroamenl asd
g Chmate Changs Carada

Mandate

_a) Develop monitoring arrangements, taking into account the

: experience of other multilateral environmental agreements,
including the Stockholm Convention, for consideration by the COP
at its 2™ meeting.

Develop elements of an effectiveness evaluation framework, taking
into account the experience under other multilateral environmental

agreements, including the Stockholm Convention, for consideration
by the COP at its 2" meeting, inter alia.

Prepare a report on its work for submission to the COP for
consideration at its 2 meeting, including recommendations on
moenitoring arrangements and effectiveness evaluation.

Canadi

l‘l Entronmean and Erviroanamanl st
v Climats Chanpe Canada  Ghengement chimatiqus Canada

blc) Mandate continued

evaluation;

Suggesting a process flow (schedule}
evaluation planning;

he effectiveness

ii. Identifying arrangements fo ucting the effectiveness
evaluation;
. Drafting terms of e developing the first

effectiveness-évaluation;
) Prepare a repert

"! Emironment and Environnemen &1
= Cimple Changs Canadn,  Changameant cimatiqus Canada

Ad hoc expert group

Presentations by each expert on their role, expertise and
. information from country/region

‘(’”—'—“—E*‘“———.‘.
Greoup 1: Monitoring Program -

Group 2: Effectiveness Evaluation of the treaty

Article by Article recommendations on what information
E could be used to evaluate effectiveness

L Submiited report June 2018

i Out for public consultation

UNEP review and prepare for COP2 {November 2018)
| Resuits presented to COP2 for discussion/negotiation



Report

» Comparable monitoring data on a global basis

Air, Biota and Human tissue

L Air (total gaseous mercury and wet deposition)

- Humans (scalp hair and cord blood)

.- Biota (3 types of outcomes: human exposure (HE}, environmental
health (EH) tempaoral trends (TT})

Review of existing monitoring

= Air (GMOS, EMEP, APMMN, AMAP, ECCC-AMM, NADP, Korea,

Talwan, Japan, China, Norway)

Initial'assessment: The data available through existing

menitaring under Article 22 of the Minamata Convention on

were identified.

Cost effective considerations

i
monitoring programs partially meets the needs for ge
!

Mercury; however, a number of limitations and gaps L

* Air:
i — Use and build upon current networks and methodolegies
Engage countries where expertise exists
Employ passive mercury samplers to fill gaps at lower costs
Canadian passive sampler

= Now employed in the Arctic network

« Being used in South American network

« Will be deployed at GAPS global network sites

« |s being considered in APMMN

Link databases together to have one stop where anyone can find
the data but maintain regional werk (GOS*M}

",l Ervironimanl ana Environement el
- Climale Change Canadd  Urangamert climatiqus Canada

Canada

Defining a baseline

The baseline can be considered as the state of knowledge
* A lot of mercury data exits - should we use only existing data??

5 We need to determine which media will be used (TGM and wet)
Significant time variability in current data sefs

Should we consider the date of entry into force? Should we consider the
date of the 15t EE assessment? Should it be a random date?

s Currently there is not a formal process under the convention to establish
a baseline within the COP

 So...7

‘*l Environmant asd Environnaman et
- Chmats Chanps Canada  Ghasgsmant climatiqua Canada

Canada

Recommendations put to the COP

* Develop a global monitoring plan (including
.{ recommendations in regard to the gaps in available
information)

For air, a combination of hoth active and passive
sampling and wet deposition (where feasible)

Encourage Parties to develop and improve research to
| include and validate models (include gaps i.e. ASGM)

| Final recommendation...

, *l Environmant and Emvironnamaeni st
- Climala Changs Canada  Changemant clinatiqus Canada

Canadd

Monitoring Gaps

. *. There is not coverage of air levels in:
(s - Africa

4~ Latin America
Parts of Asia
Australia and New Zealand (the Pacific)
The Caribbean

Asia is the largest source region for Hg and is the werlds largest
fish consumers; so, important to fill these gaps

Canadi

".'l Envimamanl and Environnarnont st
o Chmate Crange Carada  Changanmi cmatique Ganaia

Modelling capabilities

; * Alr—we are in good shape
o GEOS-Chem

GLEMOC

ECHMERIT

CMAQ-Hg

- WRF/Chem-Hg

- GEM-MACH-Hg

H

v Several intercomparisons have been done

v Wil be able to assess levels going up or down

v Wil be able to assess source receptor relationships
v Will be able to lock at transboundary transport

Canadi

I‘l Enviraamant and Emviroanament st
g Chmatp Chinpé Gahada  Gnangemont climatiaua Canada.

Overall effectiveness evaluation : Potential
indicators for individual articles of the Convention

Arilele Totemtbal il Tt wnrind swmee af

~ Dlacuanion
Dy Foarsnmiion

wr e
Aniicle 1 il LT (L T g ey
Frrrdier e niara will be consldered

el 2 PR S -

¥ prbnary Ha miines, - ave lnpaorcant

W inlnedd G prieeary | =

- = Elsat binve developed mn
T Aral miniree el

= Ades ses hudiemes

S . - Gnirads and swestw.

hres OF partien irmlinm bn amersieg

-
I"' Eswironiiianl and Enviconnemant al
. Glimals Change Carada  Chiangemen! lmatiqus Canada

How does monitoring fit into assessing how
effective the convention is?

Canadi

T Dageriptioh SEhewW global meniering data (alr, hiiman, biotaj can
Ef ‘sontiibute to svaluation of the effecl_lv,cn:c’s‘s‘ of the C_'q'rjtl’r_ij.[o_:n. .

Lavel of mercury in‘air, human and blofa
Afiribution of levels of Hg in environment and numarn from anthropdgaine.
amissions and réleasss astimated by madalling information

Mercury levels in humans {note 1hat for mingrs, urine mereury may be
appropriate)

Mercury levels In fish and other bicta
Mercury levels in alr

10f ASGM activiti

Mercury lavels in amblend air
Mercury levels in biota 1o consider local Impacts and fong-rangs fransport

ﬂl:|!12;mnﬂnﬂ¢;ﬂh: + Mercury levels in alr, human and biota

f Artlcle 18

[ A i Number of parties thal have public information on mercury levals In alr,
3 sutickini s
f =<

humans and kloia

. Number of parties that cooperate {o develop and improve Informattion available
Rérésteh, devalopment 2nd for Inclusion [n the global monitoring report {neluding through existing data

rinkaring i Bources)
: i

SRR R and



Proposed schedule for effectiveness evaluation

Effectivenass svaiuation

R ic Y GOP2 considers result of COP2 considera result of
: Interseasionnd work and how £o  intersesstonal work and considers
sddress gaps and organke now o astabiish EE framework

“'£ | Moxt MiAs completed
™ future monitoring inciuding
organizatonsl arrangemants

“iArticly 21 reporting: First biennial  Approva monitoring arrangemants, EE framework adopted
shamt report by 31 Dec ingluding tim efine for submission o1 EE committes members nomlhated
cata

" Firet NAP submssion stans
*Submisslon on release source
cateparias

Arti¢le 21 teporting: First full rapat COP4 inltiates the first meritodng A Stage 1 reports i be submitied
31 Dec report, which will feedinto {o the Secretariat {axcept for giobal
| i repatt)

Anticla 21 national raports Prapare monktering report and June: stage 1 compieted

- s compliad, submissicn to EE group to feed December: Secretatat s develop
.- ; Emission/ release invantories start into EE report-to address At 22 preliminary analysis.

1o be submitted para 2 in faciltating the evaluation Commiltee meats o review the

information.

EE repert.

anad%i

:Blennial report COPS
NAP reviaw

report. COPS

I* I Environment and Envirannement et
Climate Change Canada  Changement climatique Canada

Path Forward

* Present report to the COP in November
*: Parties will negotiate the new path forward

1 Continue to inform APMMN to ensure inclusion and input
- to the global monitoring plan

& Lead to the success of the goals of the Minamata
| Convention — reduce global mercury

Canadi

‘*' Climate Changa Canads  Chanpamem ckmaiique Canada.



Praamble Racall rigk of marcury, i ol luzkera of Wi disenza

Frotect human haalth and anviranmant from anthropogenlc smission and

Ciectiva (Articts 1) ralesses of marcury #nd mercury compounds

Supply and trada {Article 3} Regulata marcury mining and intarnational trade
Mercury-added products (Article  Regulste manufacturing, Import, export of mereury—addad preducts
4) (batteries, switches, (amps, th sphygr wte)

ing procase {Article 5)  Ragulate marcury uts in spacific manufschuring procassay
ASGM (Article 7) Marcury use raduction in srtispnal and emali-scals gold mining
Emlgslone, releasns (Articlo 8,9} Regulute stmospheric smissTons, releases to witer and suil

Intarim atorage (Articls 10) Environmantally dourd intarim storage of marcury and marcury compounds

Mercury waste {Article 11}

Environmentatly sound managemernt of mercury waste

Identify and nsasas sites contaminsted by mercury and marcury
compounds

Financial apurces and machaniym, technical axsistence and capacity

Contaminated sitas (Articla 12)

Finance, technical sssistance

(Article 13, 14) building
R h, [~ ion for ming and impreving invantariey. menitoring. modelling.
manitoring (Article 18) Impact assessment
Reporting (Article 21) Report on measuras taken to imal tha provisions of tha G
Eg)“h“"'” evalustion (Article Evaluate tha effactivansss of the Convention

a

Swilches and felavs
Comput ﬂuomcqnt lamps for genenl L

Unear ﬂuorescent lamps for :eneni Triband phosphor < 60watts: >Srng,
lighting Haloghosphate phosphor <= 40watts: >10m)

| High prassiira mercury’ vapuur!arnps fnr ;
general IlghﬂnV
Cold cathode ﬂuarescent Iamps, externa
electrede fluerescent lamps for
electrunlc dlsplav

. <= 500mm: >3.5mg,
»500mm and <=1500mm: Smg,
>1500mm. >13m:

{Renponsitle subject: Elﬁ[u o
5hall endepvour to cogperate | ; .
lronprnve to develop and CShall avaluate the affsctivenass of this
«Invertories convention.
r-nunTturin; and i ative C5hall initlate the estsblishment of

-strangements for providing itsell with
comparable monitering data

QOThe avaluation ghall be conducted on the
basis of availabls solantific; environmental,
tachnical, financie! and economic information

~ Assessment of impact on human health and
environment

bt ized methedologies far
= Information
Oﬂ:mdj_hulld_nn exlsting monitering networks and
resesrch programmes,

.

{“~arrangements for providing h.
2 e .comparablel monitoring data on'the presence;
curm:uunds Irewiinembile sooilationg and o and movament.of murcury and marcury

wlmgd&. fncluding biotic medls suck ad compounds in the gpvirgnmant as well as
ﬁth marfna mnmmal: sna turtfes aod birds, ax-well as trende In Tavels of marcury and mercury:

gt of fs obiseried [n b ipjigmagm and
e ulnerable popUiabione™ T

Not eligble to GEF

Elglhla to GEF B

PO N

O Emissions standards: 5 emission categories {Annex D)
O Mercury waste thresholds: under discussions in COP (Article 11)
O Mercury-added products: mercury levels for products (Annex A}

Environmental  Drinking water  Industrial effluent  Fish consumption
standard standard standard standard
0.0005me /L D00¢5megt O.0I5me/L OAmg/kg

RoHS direcilve
1000mg/kg

O Mercury Is released to the environment from various sources
including natural ones in various forms.

O Asitdoes nat discomgose but circutates globally and may impact
wild bicta and human by accumulating via food web, global

actions to reduce anthropogenic emissions are necessary. .



Agin Pacific Mergury
Monitoring Network

erview on the effort to monitor

Mercury and other Air Polfutants
in the Philippines
JUNDY TIGLEY DEL SOCORRO

7' Asia Pacific Mercury Monitoring Network
Seda Vertis North, Quezon City

: y, United States
.& Enviranmenial Pratection
BLRLAY i Agency

&amn}uumm PHILIEPINES
= B ENVIRONMENTAL MANAGTME

Ambient Air Quality Standards for Source Specific Air
Pollutants under Philippine Clean Air Act (RA 8749)
DAO-2000-81
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Wet Deposition Mercury Sampler

Turn Gver Ceramony, DENR-EMB, AGMTC
karch 7, 2013

Air Quality Guideline Values under Philippine
Clean Air Act (RA 8749) & its IRR DAO2000-81
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Efforts to monitor Ambient Air Mercury (Hg)
Monitoring

Mercury is one of the most potent neurotoxins

It bioaccumulates in food chain, inorganic and ionic
mercury can convert to methyl mercury.

Sub-ppt levels in air can accumulate to toxic ppm levels
in fish

Mercury in air ; Elemental {GEM) , Reactive (RGM]) ,
Particulate Bound {PBM)

Spatostel Eacitohtzent b Briomees

Minamata Convention and APMN %—m;menu Maiagement Burera

Technical Assistance / Training to qlperate the Hg
Deposition Sampler { US-EPA, EPAT, TECO

T v T
rOaRaACeg. AW 1

petmin T .
Wleoiental Management Burean



* Commitment of the
Philippines to the Asia
Pacific Mercury Monitoring
Network (APMMN]}

* To be located beside the EU - -
SWITCH Clark, Pampanga "G i
Ambient Air Monitoring
Statlon

Wet- oniv pretipitation collector-MIC type

Hg Deposition Mercury Sampler
Urhan Area Station, Clark , Angeles

@ gt of
Iuvl.mnmcnn!l lﬂm‘mmt Buroan

D e Tekran 2537X 11304 .
. . . . Analyte: TGM (Total R : SR

Efforts in Mercury Monitoring in Gaseous Mercury)
rinclple: Gold -
preconcentration wit|

Coal Fil"Ed POWEF P|antS ) Miniﬂg atomic fluorescence

. . detection.
Sites other Contaminated and senstivty: <0 ng/m3 5
Background Areas ampmg for umnterrupted
;zﬁpgg%d as Hg Adsarbent

United States
q EfrA
@ Enviro&manlal FProtection ﬂ/‘\‘ . TAIWAN

Tekran 1135-Particulate H |\/IO Taiwan Assistance in operatin
le 13 art & nitor Tekran 2537X and 1138 &

Allows simultaneously
monitor particulate
bound mercury {Hg"),
elernental mercury (Hg? )
and reactive gaseous
mercury (RGM) in
ambient air.

FEHRAN EYSTEM T0AX TI0-11 85

T p—

Haoagement Bm-r.an

@ Deparismcul sFTomkuzmrat h aturel Exboutr Da-Wef Lin @nnl.wnmenul

‘Eovironmental Munegement mu-nu

TR AL SRR, e Barure)
% Environmentul llnl:ment Buuln

Proposed Location of the TEKRAN 2537X, 1135
in Coal Fired Power Plants in Calaca, Batangas

Mercury Monitoring in Mining
site

Puerto Princesa, Palawan

August 16 ~19 2017

“‘\ gniled Stedaisa! Eron EPA
( Y Environmenlat Protection 88 /\I TATWAN
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Samplmg Site Locations
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Management of Stationary Srces

= US EPA Stack Emission Testing
Methods

TANTAY CXIMNETA

w41 Envlamnrat & Batnivk Bamers
@ !nvircnm- ntal Mansgerment Inmnu

Coal Analysis in a Coal-fired Power Plant

o =l

Indonesian  Indonesian @ -

HHV Coal  Indonesia i‘;‘f g

Parameter =
AVERAGE (%)
f Ash (%) 5.39 231
¢ Sulfur{S) 0.66 011
Moisture {%) 15.15 2.31
Fixed Carbon { C} 43.48 27.7
| Mercury (Hg) ppm 0.04 0.02

¢ Mercury (Hg) % 386606 1.95E-06 Eovironmertal Managerment Burexn

Grpatsest o Eavkmsacat & daral Besmusces

skt bntl Courk, Taghures s on
1 Fooind Plaen
St Lerdes, Honds S Wit

Ly

Supeetimen of Rericwan ot & Tutuosl dewrasaes 3
SF Eavironmental Mazagemont Bareau

ATInIry 4F SR SISt

Atmospheric Mercury monitoring by gold
amalgamation trap

Point Source Monitoring in Coal Fired Power
Plants { US EPA Method 29 ,101-A)
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STACK EMISSION MONITORING IN A COAL-FIRED POWER PLANT
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Continuous Emission Monitoring System {CEMS)
US EPA Performance Specifications (PS)

Airsheds in the Philippines

Under the Philippine e Q;&‘ r} 7/ o
Clean Air Act of 1999, 1 3& & /|
the DENR is mandoted —
to designate AIRSHED

within the entire
country.

a2 Tl "-'P‘

A

AIR QUALITY SYSTEMS 1iv THE PHILIPPINES
PER TYPE AND POLLUTANTS MONITORED

Hdenr-dashboard.h somf

N 17 |
k FAANUAL Fpriiculste Matter 10 NCR
R 5 DUTSIDE NCR

e ¥ f[m
LY 7 p—
m'/ s '?\5\(- et

=R Uni

& B e Protoction M EPA m - M5 R T A5, United States agim

3 Agency w TANVAN ¥\ f"riﬁll'%ﬁ't‘lﬁﬁﬁﬁ {.&g ‘E\S\éirv;ggmentnl Protectlon Ait
2 LE)

2. Continuous Ambient Air Quality

i ! Differential
Monitaring Station (CAAQMS) — Optical
Open Path Stations Absarption
Spectroscopy
Emitter B Recelver

Tapered
Element
Oscillating

Microbalance

Analyzer

3. Manual TSF/PM10 Ambient Air
Quality Monitoring Staticn

AIR QUALITY MONITORIN
NETWORK

+ National Alr Quality Moenitoring Network
+ Total Suspended Particulates (TSP}

« Particulate Matter 10 & 2.5

+ Gaseous Alr Pollutants (SO2, NO2, 03}

Nationai Air Quality Monitoring Netwaork

Continuays Amblent Alr Manitoring Station {DOAS]
Total Suspended Monitors Particulste Matter 10 (PM10) and 2.5 (PM2.5), Sulfur
Particulates Dionida {$O2, tiltropen Dioxide {NOZ), Phatochemical Oxidants as
Ceone103), Carbon Monaxide [C0), Meteorological Data and othar
ases such bs Banzend. Xytene and Taluena

UT:

23
~ Particulute Matter 2.5

Coathiyous Maaltors Pattica)ace fharter

Ambient Al AQ{PMLYL Particulata Mattor

‘Monfioreg Stativn 2.5 {FMZS) and
Taateomliorica Data {EAKIS)

QUTSIDE NCR

| TOTAL NUMBER NATIONWIDE: 98
JIC OF THE

104l
= NTRORHINTAL HANAGHAEST Toka

;  Tevirsaeienral Buteston Mleidataton
Lernctivg i@ 0T R

1. Continuous Ambient Air Quality Beta

Monitoring Station (CAAQMS} — Attenuati

PM10/2.5 an
Monitor

DENN-EME CIMTRAL CONT ROL
watan

+EMB
Regional
Offices

Malabon

HI VOLUME SAMPLER

The sampler uses a continuous
duty blower to suck in an alr
stream. When fitted with a
particle  size classifier, it
separates particles  greater
than 10pm size from the air
stream. The air stream is then
passed through a filter paper to
collect particles lesser  than
10um size (PM10). Gravimetric
measurements yield values of
suspended particulate matter
#SP ), as the sum of the two
ractions, and PM10, the
materiat retained on the filter
paper.




Actual Amblent Alr Quality Menitaring and Predicted (AERMOD Var8.5} Concentration
of Total Suspended Particulates (TSP) 24-Hour Aversge

Lageng: ot anuary 732,

VOLCANO AVIBIENT AIR QEAE-.-!TY MONITORING

Fhere are 1an16) sampling statuwe s antabi bod g Jaeapey 14 B3 LB 22 24 PRIB A,
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Google Earth

TRI GAS AMBIENT AIR
SAMPLER

* Used for gaseous sampling
procedures. It has absorbers with
bubblers in series. An air pump is
connected which is capable of
drawing at least 0.2 to 2.5 L/min of
air for 60 min.

+ Separate particles from the air
stream by using inertia of particles.
Forces deposition into liquid
collection medium {usually a dilute
bufferjby aggregating cells.

4. Gaseous Ambient Air Quality
Monitoring Station (CAAGMS) -

BT, Looper e of Evbicssrvens o i
" Eavironmental angment Burean

Vehicle Distribution in Metro Manila 2015

PUJ Modernization
2015 NCR Vehicle Distribution In Percentage  Total No. of Vehicles in Metro Manila
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Volcano Ambient PM Monitoring

The APDA-372 dust manitor Is specifically designed for indoor
and gutdoor alr quality m and provide

and simultaneous measurements of PM1, PM2.5, resplrable
fractlons (PM4}, thoraclc fractions {PM10}, inhalable fractions
{T$P), the particle number, and {upon request) the particte size
distribution in 32 slze classes per decade within the partice
sire range of 0,18 — 18 pm,
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Total Suspended Particulate (TSP)
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Particulate Matter (PM10) Particulate Matter (PM2.5)
Particulate Matter 10 2011-2017 Trend Particulate Matter 2.5 20:15-2017 Trend
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Wet Deposmon Monltonng in MMD
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_ Monitoring Network Stations
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Samplmg & Chemlcal Analy3|s

" lnstruments

: Sampler [A75)

Rainwater Sampler

cid Precipitation -

Ecotech Wet-Onty

1week

';Kx-
i

] Sam_pllng Pertod -?arametemna'tvmd Chemical Analysis

1 - strurnent

'Weiﬁepnsl_tlunillweek' ':Wltl‘lepasit:lnr;:‘ T :
- Conductivity, pH, Anlons[Cl,

T NDy, 502, organic acids),

2 Catlons (Na*, K, Catr, Mg, Plasma Mass o
- NH#} & Metals {€2, Cu, Fe, " Spectrometry [iCP. N'E]
.- Pb, Mn, Hg, N1 & 2n). “pHmeter & .

Oy Deposition:

Condu:tivlw, pH Anions[cl
NOy', 50,%, organic acids),

Cations [Na”, K', Ca™", Mg,
NE,*1 & Metals (T4, Cu, Fe,
Pb, Mn, Hg, Ni & Zn).

inductively Coupled

Wet mﬁmlltiom
len Chromatography,

Conductivity Meter

. & Dry Deposition: 1 menth
. . . - Dust welght, Metals (Mg, Ca, .
i Cu, Fe, Pb, M, M. HE Ni & Ory Deposition:
A2l . lon Chromatography

ton Chromatography,
ICP-MS, pH meter &
Conductivity Meter

Constramts

1 Lack‘o{ facnlmes for:

N

curv chemlr:al analvﬂs.

i Current 1nstrument use are Iimitetf up to trace leuel detecuon only

1, Monthiy wet Deposmon Data - Pe{ahng Jaya GAW ' tatson (Urban Slte)
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sl - 1. Introduction 1] pobatantlic

Martury and human beaith

Zero-valent mercury, Hg(0)

2018 APMMN meetin
g +  <0,01% bioavailability after ingestion

= Afterinhalation it easlly sross blood-brain barrier

*  Disorder of central nervous system

*  Nervousness, erethism

National mercury monitoring
activities in Korea

Seunghee Han and Eunji Jeong
School of Environmental Sciences and Engineering Divalent mercury, He(tl)
Gwangju Institute of Science and Technology (GIST)

7-15% bloavailability after ingestion

T « Kid d
Gwangju, Korea . Re::lyl'u:m:?:leamage
+ Nephritis
& R i 3 a1
2. National monitoring network for TGM | Rokiotiall i 2. National monitoring network for TGM il zarat

= TGM has been monitored using CVAFS (Tekran system} at the 12 acid
precipitation monitoring sites fram 2012 (2 hr mean).

= The lowest TGM is found from the southwest area {leju, Gwanyang and Gwangju).
= Peak conc is commeonly found in fall and winter in the other sites with large
seasonal variations.

014

. e @ Residentia?

i Batkground
@ Industrial
® Rura! .
Courtesy of Youngji Han and NIER e Courtesy of Youngjl Han and NIER
Sources: Air Korea [http://www.airkorea.or.kr} 5
. . , it N . . e
2. Natlonal monitoring network for TGM [ 2z 3. National monitoring network for wet deposition

* lefu, Padori, Incheon, Secul: national manitoring, weekly sampling, 2015-present

» TGM shows relatively steady trend after 2005, * Andong, Seakpo: event sampling, 2003-2011
Ansan m

= Ansan, chuncheon: event sampling
» Gwangu: APMMN supporied, 2016-present

0 - |.-'j\‘\
: . © “‘,‘\ ¥ Chun\EheDn e
%
BT
g 1
0
:,
= of-
. Gwar!giu Ve Jusme, «
o ' LR
i iy *s‘}g’*ifﬁ‘f;
. o
Courtesy of Youngji Han s “ ¥ Wet depasition
felu.. 1l Drydeposition
5 '/,V 4 f
3. National monitoring network for wet deposition 3. National monitoring network for wet deposition
»  Gwangju site has bean operated from Aprlil 2016, = VWM THg is peaked in winter (November and January) and wet deposition is
" THgis measured at the Dr Sheu’s lab in Taiwan and MeHg at the GIST lab. peaked in summer (August}.
30 oo procipnatan 1 1°
:EE: a |z
H 7%
THg £ £ 1§
:E Z 4=
& T B 2 ey
PR & % 20— _} E
BrCl oxidatian £ =
10 12
0 <o

N e o April 2016-March 2017, VWM THg: 4.7 ng/L, THg flux: 6.0 ug/m2fyr
Distillation Ethylating and sorption GC.CVAFS April 2017-March 2018, VWM THg: 4.9 ng/L, THg flux: 4.3 pg/m3fyr :




3. National monitoring network for wet deposition

3. National monitoring network for wet deposition

Precipitation {mm/raonth)

Aprii 2016-March 2017,

= VWM MeHg is highest in spring {(March) and wet deposition follows the
precipitation trend.

R

WVl Hg -

0 - - 160
vz Precipilaiion q
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201604

VWM MeHg: 31 pg/L, MeHg flux: 40 ng/m¥/yr (0.67% of THg)

&

3. Natlonal monitoring network for wet deposition

= VWM is highest in January and wet deposition is highest in July except Jeju,

Padori 7"

Jeju Oct 2015 - Sep 2016, VWM THg: 4.5 ng/t, THE flux: 8.0 ug/m3fyr
Secul April 2015 — March 2016, VWM THg: 21.1 ng/L, THg flux: 16.1 ug/mifyr
Incheon April 2015 — March 2016, YWM THg: 13.2 ng/L, THg flux: 11,0 pg/m3fyr

3. National monitoring network for wet deposition

VWM-Hg (ng/L}

= VWM concentrations of THg and MeHg were negatively correlated to
precipitation.

00
Praciphation {mm/month] Praclphation {mm/month)

3. National monitoring network for wet deposition

b Seo twar Gwangju
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= Wet deposition/precipitation: Seoul » Incheon > Padori » Gwangju, leju
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3. National monitoring network for wet deposition

4, Conclusions

3 -
1w s
e
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Py
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Battle precipitation [mm)

¥ = 3.8601x +1.917
R'= 08998

n £z 108 e w0
KMA precipitation (mm)

= Hg and MeHg deposition fluxes of Gwangiju site might be underestimated by ~14%.
aw

”l FEDIHEY

et o e Mo

VWM Wet deposition
Slte Type Sampling | Annual prec Ing/L) (/o fyeh Reference
period {mm)
THg MeHg THE MeHg

Chongqing China| Industrial | 222111'"“ 1104.4 343 | o4s | 378 | ©53 | Qinetal,2016
changaing china| Urban | ! 22%11‘:”"“ 921 307 | o031 - < | wangetal, 2012
Lh“:'hi;::na"‘ Urban [Jan-Des 2009 359 24.8 - 8.2 . Huang et al., 2013

Seoul Aprlt 2015-

oren Urban | o s 74 211 161 - This studty
Three Gorges Nov 2012-Cet|
Resarvoir, China Rural 1013 743 18.0 0.23 12.0 Q17 thaoetal, 2015
Xiamen, China | Suburban | JUM202 1 00y 123 | o053 | 140 | apss | xuetal,2014

* May2013 * ) ! ) "

Pengjiayu Talwan| Remote |lan-Dec 2009 1438 28 - 10.2 - Shew and tin, 2013
Minamata Bay Sep 2009-Aug {Marumote 2nd Mats

Japan Castal 2010 59 0.061 137 0.14 uyema, 2014

Gwangju Aprll 2016- by

o uban 1274 47 0.031 50 0.040 ‘ This study
Tibetan Plateau, May 2010-Oct)

China Alpine 2012 978 4.0 el1t 3.9 011 Huang et al,, 2015

5. What happens after deposition?

i 3z

it b bt sk e

‘The median TGM concentration of each manitoring site ranged from 1.0 to 2.8
ng m and peak concentrations were found in fall and winter (national
network, 2012-2014).

The concentration range of TGM was low and seasenal varlation was smallin
the southwest part Korea including Jeju island {Seoul, Busan and Inchesn)
{national netwark, 2012-2014).

The wet deposition of THg normalized to precipitation {Secul > Incheon >
Padori » Gwangiu, Jeju} follows the trend of TGM (national network 2015-
2016 and Gwangju 2016-2017).

VWM of THg and MeHg was highest in winter and spring, respectively. MeHg
preduction and scavenging should be better understood with extensive data
collection {Gwangju, 2016-2017).

Pilot project for the comprehensive mercury menitoring network in Korea

{1) Preliminary study (2013-2015)
{2) Pilot praject {2016-2020)

(3} Cperation of the national menitoring network {2021 }
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5. What happens after deposition?

T 22z

5. What happens after deposition?

Preliminary study (2013 - 2015}
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Monitoring project for atmospheric mercury &
other heavy metals in Japan
by Ministry of the Environment , Japan and
National Institute for Minamata Disease

Update on recent mercury

o . N Objectives:
monitoring activities in Japan =Monitor current levels of mercury and other heavy
(2018) metals in air, particles, and precipitation;

m0btain useful information on the long-range
transportation of trace elements in Asia-Pacific
region;

mDevelop monitoring methodologies;

mContribute to the international efforts in mercury
monitoring

;pheric H moh_'i_. ri|'1‘_' netw r

W NIMD_ Wet deposition Hg
& MOE] apd NIES_ Wat daposition Hg
‘#‘ Atmaspheric Speciated Hg monltoring

Measurement of mercury in
atmosphere and wet depositions
at Cape Hedo, Oga Peninsula
conducted by MOE of Japan

A Amaspheric gaseous Hy menitoring

‘Kashiwazaki .
{NILT}
End by March 2017

Fukuoka
‘Hirado " " \ : Omaezaki

%’? Awa_u Cape hedo
' Minamata Startfrem June 2017 WJ and NIES)

of
Sxpaegpais! TP TEE brs e o, B R B 4
Measurement items, sampling, Cape Hedo Atmosphere and Aerosol
and analytical method Monitoring Station (CHAAMS)
A = Cape Hedo
Component Measuremaent ltems Sampling and analytical methods slte 26.87N 128.28E
B0
Mercury speclation | Continuous measuremant with Cape Hedo,

Atmasphere | Mercury {GEM, GOM, PEM} | Tekran® mercury speclation system | Oga

Pb, Cd, Cu, Zn, As,

Particulate | Cr, v, NI, Se, Sb, Ba, 7 days centinucus sampling by

the Jow-volume sampler and Capa Hedo
matter Ca, Mn, Sn, Te, Tl, Be,
Al Fa. Ca, Na, K.8g analyzed by ICPIMS Ny
- Tosiogn eserury AP vt
Sampling by the automatic Cape Hedo "f! s ahn Stons: only sampie
Precipltation Hg wet-only sampler and analyzed by o ': '
CVAAS (EPA methed 1631) 9

CHAAMS operated by Tekran mercury speciation
National Institute for Environment analyzer and other heavy
metals monitoring systems

GEM: Gaseous Elementary Mercury A
GOM: Gaseous Dxidized Mercury Studies
PBM: Particle-Bound Mercury

CVAAS; Cold Vapor-Atomic Absorption Spectrometry

5 ]
_ Mercury monitoring station in Observations of mercury species
¥ g Cape Hedo, FY2016 (Apr 2016-Mar 2017)
Oga ? Japan ) L 150 - GEM + GOM - PEM e
Oga Momlomg Sla!.'q'_r- A
| :E‘XS.G U;D%
¥ -y
g:m 630
..... 3 = 5 ) 5
39.89N 130.85€ § § 2 § E § EE T § g

2imas..

Oga, FY2016 (Apr 2016-Mar 2017)

LGEM - GOM < pBM
%0 - 036/14/5 16:00 - os0
| 20:5/5/3022:00 | i | 2016/6/322:00 GEM :oznuv :

GOMOD.16sng |1 [ PEMO224ngS . ! o

=

To strengtihen the capatity - T ; | Mwmees =
5 E ¢ H 2018064100

of the mercury-observation 3 roM oa3En GEM 174 Dm". o3 E

network in Japan, - z ] :_

a new observation site was §

set up at Oga city,
Akita Prefecture,
in September 2014.



Observations of mercury species
Annual variations of GEM

Statistics
Hourly Mean of GEM
Unit: ng/m3

Cape Hedo Oga

g [FY2014|FY2015)FY2016
(ALY 2014 | {Aor 2045 | {ADr 2015,

il ) - Har 2015)|. Mar 2016); Mar 2017}
Mean { 19 [ 21 | 20 | L7 | L7 | 1.6 | 17 16 | 16 | 1.6

Median | 1.8 | 2.0 1.9 1.6 1.7 1.6 L6 1.6 1.6 1.6

Min 1.2 | L1 13 | 08 1.2 1.0 | 1.2 09 | 07 | 07

Max 60 | 47 | 73 | 48

Standard
Deviation

39 | 34 [ 35 67 | 21.8 | 20.2

05 ;05|05 (03| 03] 03|03 04 | 04 | 05

Observations of mercury species
Monthly variations of GEM
Cape Hedo, FY2016 (Apr 2016-Mar 2017)
T

i
i

Mean | 19 | 1.8 | 17 | 1.6 | 16 ] 17 [ 27 | 18 | 18
Median | 18 | 37 | 16 | 16 | 16 | 16 | 16 | 17 | 17 | 16 | 17| 17
Min | 14 | 13 | 12 | 22|23 |12 ] 13| 14|15 ]3] 1e] 12
Max | 32 | 33 | 355 27 | 21 |21 |26 26 | 34 | 28] 3.3 | 28
Standard| 54 | 04 | 04 |02 |02 02|02 02|03 | 03] 03|02
ﬁ 460 | 457 | 464 | 468 | 457 | 431 | 407 | 457 | 444 | 465 | 187 | 462
Dga, FY2016 (Apr 2016-Mar 2017) Unit: ng/m3
Fr2016 | Aer | Mag | i | 0 | Ag | Sep | Ok | Nov | Dec | an | Feb | Mar
Mean | 16 | 18 | 17 | 37 ] 16 | 1.5 | 14 | 16 | 1.8 | 16 | 16 | 16
Medan | 15 | 17 | 47 | 17 | 15| 14 | 13 | 25 | 1.6 | 16 | 16 | 16
Mn 11411 |07 |08 |08 |as| to|08|12]13)]14]13

Max 30 | 70 60O | 45 |35 |56 | 46 |202) 46 | 28 | 3.2 | 50

Standard
Devlation

| Tomies | 463 | s | 454 [ 480 [ 463 | 465 | 479 | 449 [as0 [a7e | 433 | a0 |

g3 |05 |05 |03 |03 (04|03 |22)04(02]02](03

Observations of mercury species
Diurnal variations of GEM, GOM and PBM

Cape Hedo, FY2016 (Apr 2016-Mar 2017)

AT --GOM e PEM urly mean
23
k1) : ue :E-
B m E
E:n 120 E
g w3
g
R i I - e
Time
Oga, FY2016 (Apr 2016-Mar 2017)
) - GOM e hourly maan
5 it ap
we E
W iy T R
B R e 8 g " §
o0 -2 _.:""':":":—.,‘ oy :-:-_ e Ak g,
Time

13

Observations of precipitation
Wet deposition of mercury

Cape Hedao, FYz016 (Apr 2016-Mar 2017)  Oga, FY2016 (Apr 2016-Mar 2017)

Ha Conc. (ngl}

Observations of mercury species

Annual variations of GOM, PBM

Statistics
Hourly Mean
Unit: ng/m?

Cape Hedo Oga

2014
Mean | 0002 | 0.002 | D.001 | 0.002 | 0.002 | 0.001 0.002 0.002 0.003 0,00

Min | <0.001 | <0.001 | <C.001 | < 0.001 | < 0.001 | <0.001 [ < G001 || <Q.001 | <0001 | <0.001
Max | 0,058 | 0.044 | 0.024 | 0.039 | Q.047 | 0.044 | 0.046 0.048 | 0152 | 0.165

PEM o PBM
FY2010{FY2011.FY2012(FY2013|FY2014|FY2015|FY2016] [FY2014 | FY2015{FY2016

(Apr 2010 |{Apr201L {tApr 2012 |(Apr2033 |(Aprani4 |(Apr 7015 | (her 2016 | |Gaug 2014 (AGK20LS - Thgr 2016
- Mar 2011) |- Mar 2012) - Ma - Mar 20143|- Mar 2015)|. Mar 2016} Mar o Mar 2015) |« Mar 20{6) 1= Mar 2037}

Mean | 0002 | coo2 | 0.002 | 0.004 | 0.004 [ 0002 | 0.003 0.009 | 0.00% | 0.011
Min |} <0.001 | <0.001 [ < 0,001 | <001 |<0,00}|<0.001|<0.001(| <0.001]<0.001 <0001

Max | 0.048 | 0.041 | 0.027 | 007 | 0.044 ¢ D.020 | 0.030 0.144 | 0.557 | 0.234
10

Observations of mercury species
Monthly variations of GOM and PBM
Cape Hedo, FY2016 (Apr 2016-Mar 2017) Unit: n
AprfMay, | Jun:] Jut }Aug: | Sep ] Oct:{ Nov | D | gan [

g/m3
- mar-

<C,001| 0,002 | 0.002 | ¢.003 | 0,004 | 0.001 |<0.001] 0.00L | 0.002 | £.002 |<(n001] £2.002
<0,001 § <0,00] | <0.001 | €0.001 | «0.001 | <0.001 | <0001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001

0.000 | 0.0:5 | 0.012 | 0.046 | 0.028 | 0.008 | 0.008 [ e.008 [ e.007 ! 0.ot1 | 0005 | 0007
0,002 | 0.002 | 0.002 | 0.001 | 0.002 | 0.002 | 2.002 [ 0,004 [ 0,005 | 000z | 000z | Dons
<0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0002 | <0.001 | <0001 | 0001 | <0001 | <ei001 | <001
013 | 0.000 | 0.006 | 0.007 | 0,008 | 0,023 | 0.019 [ 0,012 [ 0030 | 0.003 [ c.ona | 0018
OQga, FY2016 (Apr 2016-Mar 2017) Unit; ng/m?
| apr [y Junidul:| Bug | Senet Dt | Nov |- Yanii| Feb:iiMar
0.002 | 0,008 | 0.003  0.003 | 0.002 { 0.co1 | 0.001 | 0.001 [ 0.004 | 0.001 | 0.001 [ 0.002

<0,001 | <0001 | <0.001 | <0.001 | <0.001 | «<0.001 [ <D.001% 0,001 | <0.001 | <0.001 | <0.001 | <0.001

0,019 | 0.165 | 0.033 | 0.0352 | 0.014 | 0.026 | 0.008 | 0.021 { 0.012 | 0.018 | 0.012 | C.014
0012 | &.010 | 0.008 | 0.005 | 0.004 | 0.005 | 0.014 | 0.012 | 0,016 | ©.022 | .06 | 0.010
<0.001 | <0.001 | <0.001 | <0.001 | <0001 | <0.001 | 0.001 | DOOL | Q002 | 0.003 | 0.002 | <0.001
0,196 | 5,19 | 0,234 | 0,063 | 0,035 | 0.087 | 0.075 | 0.079 | ¢.106 | D.057 | 0.042 | D.O9E | 12

Observations of precipitation
Mercury concentration in precipitation
(Annual mean)

+Cape Hedo Unit: ngfL
FY2008 | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014 | FY2015 | FY2016 |
(Apr 2008 {Apr2009  |{Apr2010 {Ape 2011 (Apr30J2. {Aer- 2013, (Apr 2014 {Apr 2015 At 2015
- Mar 2005} | - Mar 2016) | - Mar2QUa) | -Mar 2632) |- Mar2013) |- Mar 2014) | - Bar 2015 | - Mar 2016 | - tar 2047)

3.4 3t 2.4 3.0 19 2.2 1.4 20 4.3

+0ga . Unit: ng/l
FY2014 ; FY2015 | FY2016
{Apr 2014 (Apr 2015 2016

- Mar204%) ('-mr_zuw) %nzom .

2.5 2.9 4.7

14
Thank you!
For more information:
https:/fwww.env.go.jp/en/chemi/mercury/bms2016.html
16



L L Overview
Mercury monitoring activities
and plans in Fiji " Introduction
* Limitation and knowledge GAPs
* Future activities

+ Concluding remarks

University of the South Pacific
Institute of Applled Sciences

" Saptember 2010

Dr. Wincent Vishant LAL
Manager Analytlcal Services

Introduction

* Background

- The Institute of Applied Sciences (1AS} of the University of South Pacific i5 a
research and commercial entity of the university that provides service to its 14
Pacific Island member Countries in the Pacific Istand Region {PIR)

- One of six regional reference laboratories for POPs under the Stockholm
Cenvention (ambient air, human milk, plasma and water)

- The Analytical Laboratory of IAS has 4 units (Water, Food, Microbiology and
Biofuel) that is dccredited under 15017025 and IANZ {International Accreditation
of New Zealand}.

* Total mercury (accredited test under compliance with 1ANZ requirements)
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Limitation and knowledge GAPs

* Lack of capacity {air quality assessment for Hg)

* No monitoring program in place for Hg

* No baseline on wet deposition (levels of Hg)

« Lack of capacity methyl mercury (biological and environmental)
« Lack of inventory (storage, disposal and emission sources of Hg)
* Trends for Hg in Fiji and the PIR

Conclusion remarks

« The amount of available data on Hg in Fiji and other PICs is very
limited

« Capacity building (sampling and testing Hg and methyl mercury}

» Developing monitoring and assessment capacity in a regienal centre

. Lema mwrcury Mary mercury
- Lobsisr
ACCREDITED LABORATORY Aussein &1 Bwordllsh
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" 4 5 : s l :

! {
I R oot
[l L] Spanish mackeral
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Tt s o sy o 40 By b

N s @t
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WETIMRINNE | Grtory SUA Underps Mercury ]

" e i Sampling Tradldheg

RPN

Future activities

» Networking {joining the APMMN and “expert laboratories”}
= Capacity building and training (Hg in air and wet deposition}
« Establishment of Hg monitoring sites (active and passive samplers)

» USP-1AS service to regional member 1slands Countries that are
signatories to the “Minamata Convention”

» Article 19 (Research Development and Monitoring)

* Article 22 (Effectiveness Evaluation)

* Extension of compliance for Hg accredited tests

« Data towards “baseline” for Hg in fish, water, air and population

Thank you...any questians.
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Atmospheric mercury monitoring in
Canada

Alexandra Steffen
Geoff Stupple, Ashu Dastoor, Andrei Ryjkov,

Andrea Darlington and Deyong Wen
Alr Quality Research Division
Sclence and Technology Branch

What are the major emission source regions
contributing to Canada’s burden?

Relative contributions from
individual source regions to
net Hg deposition

- Long range transport
i - ECCC Glaobal Hg Model

Total deposition in Canada

% Contribution
%

oceanic
anthropogenic w East Asia
& Other
1 USA
95% anthropogenic Hg + Europe
pposited in Canada is from South Asia

cutside of Canada
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What factors have we considered for Hg
monitoring in Canada? '

: Air monitoring

4 1) input levels of Hg to
ecosystems
| 2) ambient levels from
domestic and
regional emission
| sources

3) transboundary
transport of Hg into
Canada
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Data coverage in Canada
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Mercury (Hg) in Canada

Methyl Hg levels can be high enough to pose a risk to the
reproductive health of fish and fish-eating wildlife

Most annual provincialfterritorial fish consumption advisories are for Hg
(~90%)

Canada is a net recipient of mercury
f — 95% of anthropogenic Hg depesited in Carada comes frem external source regions
List of Toxic Substances in CEPA -~ mercury and its compounds
Contaminant of Mutual Concern (GLWQA)

Current Hy issues in Canada
— Wabigson-English River (Grassy Namows and Whiledog First Nations)
— Muskrat Falls, Labrador -

"&. cmaucnan:rcm Changament ul:;mmcmm

Hg deposition regional contribution
Global/Regional Atmospheric Heavy Metals Model for 2005
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sub-Arctic
avut sub- Arctic
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Site selection to meet goals

1. Etcosystems
2. Regional emissions
3. Long range transport

S
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" Chmale Change Canada  Changamani cimatique Canada

How do we fill the gaps?

* Passive mercury sampling

i New method developed at University of
; Toronto, Canada in collaboration with
Environment Canada

* New Project in Canadas
Arclic

+ Address large spatial gaps

+ Osites

= 2 lecations active and
passive monitering

Canadid



Pilot project — global Hg passives

+ 1 year of sampling
Global Atmospheric Passive Sampling + Samples collected every 3 months

i . {BAPS) Network *+ Sent to Environment Canada for
= analysis
A 'f .«5”*,1.,,":_» + Demonstrate feasibility, show ease

of use
%:.' 5 jf} * Identify gaps, hot spots efe.
%‘% " * Use POPs GAPS network as a
.tj. \)_\(‘&ié start
¥ e * Want to initiate with
4 \) ’ governments/collaborate with
¥ researchers

+ Use current infrastructure

1ot
Fall Eveomwoed Environnemant xt Canada
o Chmate Chengs Canada  Changemaént climaticue Canaca

Total gaseous mercury and mercury in
~ precipitation

Trends (annual)

i b Méasirement “Trend .~ Measurement - . Trepd
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Little Fox Lake, Yukon

* Measuring TGM since 2007
* Initiated and continued from the International Polar Year
(2007-2009)

Long range fransport of Hg from the Pan Pacific Area
FL goed site for LRT from Asia
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Overall trends of atmospheric Hg in Canada

Are Canadian ecosystems responding to recent reductions
in domestic atmospheric emissions of Hg?
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Why are we seeing this trend?

It is the only region in Canada with an increasing trend in
Hg concentration

jttle Fox Lake
at can affect the concentration of Hg at this site?

— Increase in Hg in the area

i — Changes in meteoralogy

— Increase in Hg transported in

I*I Envlmnrmm.l-ﬂdw F_pvimnnmnla

Measurement/Model comparison of
meteorology and Hg trends

16
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in

/\//\ GEM-MACH-Global-Hg
model configuration:
* Horizonial resolution = 1°
latiludeflongitude
> Meteorological fields —
\ ECMWF ERA-Interim for
2005 - 2015
* Emlssians = AMAP 2010,
constant for all years

-
-
=

>

v
A

—-Chs

—a=GEM-MACH-Hg 1°

GEM yearly average concentration, ngfm®
it ¥ E
3

[
a

2005 2005 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Conclusions:
Appears to be impacted in more recent years by inter-annual variability of meteorology

East Asian Contribution to Hg
concentrations in Canada

East Asian
emission
impacts
only on Hg
lavels using
GEM-
MACH- Hg
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Thank you!!!

Canad?

'&l Environmant and Environnenent el
i Cimpnta Changs Canain  Chapgamant cimatiqua Cannda

“

n - E F 11
Forest Fires around Little Fi .imﬁ ﬁ éi
Biomass buming is a source of Mg fo the atmosphere ddddidiidda
Forest fires emitted 6-14 tonnes of Hg in Canada between 2010 and 2015 (May-Sep)

1. Hectares burned within 500 km around the site In the last 10 years
: 2, Monthly distribution of hectares bumed around the site
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Is there a dominant area?
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Summary

* Canada continues to monitor atmospheric Hg

*i Some locations have closed but working on filling gaps
; with passive samplers

New project with passive samplers to get global snapshot

| TGM levels are going down in Canada except in the west
E Attributed primarily to emissions from China

| Keep going and monitor Hg and perform research
| studies to better refine our understanding of transport,
transformation and deposition

Canada
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Mercury in Australia- background for group at MU

First Austroiisn Power Station Measurements of mercury speciss
*  Austroian nventory from ail sources- informing responze to L

First gos ghase concentrotions of mercury in Austraina - Almost no SH dato, prowiding constraints end tests
of globel mercyry modehing gnd mercury otmosphenc chemistry

Imatation ta join the Globo! Marcury Dbserving System (GROS) led by EU
First meusurements of mercury in wel ond ory deposinon sarmples

v

L

v

First mercury meosured n fires in Austrotio; emission foctors. ond firefighter exposure
Mernber UNEP Expart Group on Giobal inventary (2010 Globa! faventon: 3018 Assessmant)

v Fater Nelson, Lead author fhon fectous smelting and roosting), UNEP Expart Group on Minemets
Conventin

v

r

Long-term megsurements and madelling in Syaney Huater valiey and Novthetn Austrolie - lncladed in
Global Mercury Observing System

L

Peter Metson, Codead UN Envirenment Portaership on idareury from Cosl Combustion ferth Cr Lestzy
Slass, 1A Clean Coal Centre)

s Currently regonioting larae project with the Glonal Ervironment Faclity (GEF) ta cemanstrate mencury (orzeolin
inghr e processes in deveicping couriins
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“Glenville” site location

Equipment:
* Tekran 2537 + 1170 [GOM) module
*+ 50, -Therme-Sclentific

* PM - OSIRIS -Turnkey Instruments.
= WSWD

Changes in TGM, 50, and PM, s concentrations (5 min
averaging peried) al "Glenwille® in the periad 1-8 July,
2014
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Gunn Point: Tropical savanna grass

s } RS

. Dry Seasons 2014-2018 NH-Tnfluenced {Wet Seasans)
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GUNM POINT, NORTHENN AUSTRALM
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Voyage: RV Investigator
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Outcomes-long term
peci mercury
{hourly averages} at “Glenville” sampling
e site, Navember 2013-Aprll 2014
e (n=1393)
™
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lpgfn®)  lpg/m¥y
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Outcomes-long term

Total gassous mercury concentrations (five min
25 , : collection period) at *Glenville” sampling she, April
. . 2014 - Apsit 2014 (n=45005)
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Atmospheric Mercury Measurements at
NOAA’s Air Resources Laboratory (ARL)

Winston Luke, Mark Cohen, Paul Kelley, and Xinrong Ren
NOAAJARL, College Park, MD

Prepared for he Asia-Pacific Mercury Monitoring Network Meeting
September 5-7, 2018
Manila, Philippines

Airborne Mercury M&

n « GOM ations.
—— A —=axg|| GEM peak spring to summer
——5bp B g % PR R T S
] I A « Max, [GOM] at =34, km
4 e;
N (- Y « Relatlvely uniferr GEM
&4 g4 proflles from Aug. 2012 to
|3 L | g B Feb. 2013, Slight GEM
il == depletion above 4 km.
« Flights from Apr. to Jun,
2013: GEM levels
d d as altitude
20 48 sa a0 109
1GOM] (pg mY o8 (s increased

Agkrda (ur)

o

ARL’s Long-term Mercury Monitoring: NADP

What is the National Atmospheric Deposition Program?

A cooperative effort among many groups -federal, state, tribal,
local governmental agencies, educational institutions, private
companies, and non-governmental agencies.

Program Office and Central Analytical Lab at University of
Wisconsin's State Laboratory of Hyglene

Determine the pollution flux cut of the atmosphere/into the
biosphere by measuring wet deposition {“acid rain network”) and
estimating dry deposition of atmospheric pollutants

North America, actlve In Asla

Now in its 40% year

MLMIM
NADP's Mercury Networks
',g,; .

M‘““—»«::m
Mercury Deposition Network (MDN)

+ Since 1996

* Weekly wet deposition of Hg

+ 84 active North Amaerican sites
+ Total and methyl Hg

Tolst Marcury Wi Oeposilion, 2018

s AMNet Sites

TN memait

Atmospheric Mercury Network (AMNet)

« Mercury speciation in the atmosphere - 1 Tekran
= elemental, reactive gaseous, particulate Hg : Continuous
(GEM, GOM, PEM, 5) Mercury Speciation

¢ Estimates dry deposition flux

+ Meteorology, leaf wetness, land cover
variahles

Usually co-locates with wet deposition
fiux {MDN)

As in all NADP Networks, standardized
protocols for operation, data reduction

+ ~20 Active sites ; Since 2009

Typical monitoring station

A rural coastal site in the SE U.S,,
20 km from the open waters of the

EY Gulf of Mexico

o i s 10 i ek
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Beltsville, Mafyiant
Since 2007
A suburban
site NE of

Washington, DC

Also an EPA Clean
Ajr Status and
Trends Network
site

The Mauna Loa QObservatory with Mouna Kes i the
bagkground. Located at

Since 2011:

3,387m on the
north slope of
the Mauna Loa
volcano

Premier site for
€O, measurement the study of
tower background
atmosphere
{(NOAA ESRL)

Often samples
clean air from
the remote
middle
troposphere,

Mauna Kea in winter, as seen fram MLO

e

GOM Co

o0 3 3387 m ASL |

Gaseous Cxidized Mercury [pg mT)
o
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Anticorrelation indicates
0.5 + direct oxidation of GEM to GOM
g4 1 .
E
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Alr Resources Laberatory

Trend Detection at

%

£ Beltsville, Maryland
e

g Trends in concentrations

H of GEM, GOM, and PBM,

and in total mercury
deposition from 2007-
2015 at the Beltsville,
Maryland AMNet site

{PEM] g m”)

ey,

e aruin

2013 2014 2016 2018

v,

{€0) (ppb)

CO+ 0l — CO, +-H

2011 2012 2013 2014 2015 216 017

Summer maxima of GOM correspond to minima in CO (driven by
Increased -OH oxIdation) and suggest a photochemical origin of GOM
from direct oxidation (0,7 "OH? Br-?) of GEM in the free troposphere

Trend Detection
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Mercury: Measurements and Modeling

e seposton | s starce

Modeling used to aid in
data interpretation and
3 measurement planning

A

MODELING

back trajectories

Measurements used for
model evaluation and
improvement

comprehensive fate and transport

source-attribution for deposition
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tnstead of single-event anulysis,
a way to analyze a more extensive
data record at a given site

i « When measured concentratlons
at a given site are relatively high
{or low), where do the alr masses
arriving at the site tend to come
from?

How does this geographlcal
“trajectory gridded frequency”
pattern compare with locatlons of
known mercury air emissions
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GOM Source Testing

GOM Permeatlon Source

Measure GEM output of source

by injecting GOM into the inlet of
the speciation system in a zero
air matrix.
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Humidity Effects on GOM
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Background IR ' Background

Backward Trajectories from middle Taiwan (Mt.Lulin) in 2016
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Bagiurd tiectouins ot ME Lo in 2016 Summee Vo) Baciwned fecories o M asi o 2016 Wi e

-
e A0
oo 3006
N oo
e
N
WL 130 1L 1ML H2E BI'E e 1M°E 3I0'E [FH3 AN'E 146 ¢
In summer In winter

#etcury embssion 24 ofiomd - <
2 % 4§ 1o ioo oo

Giobal disiibulion of anthrepogenis mercury emissions o airin 2010.  (US EPA websile )

wasie Atmospheric Hg Monitorin
tor.0%6
i 05 STemator.o?
ot -Gaseous Element Hg,
Chomer gaseous oxidized Mg, and
mmnaof Voer dd% particulate-bound Hg (Mt.LuLin
cremator 0.004 non-ft ; . . .
Coal-fred powerbailer o mem 1% e - Monitering Station )
and Cogeneration Boiler " Smelting of . .
FCl;al-l:reglslc;lm|b£:]cr g.lz)g: -Wet Depos:tlon (Mt. LuLin
el and other fuel Crs A
Cemenl rotary kiln 0336 and NCU by MIC-B samplers,
Asphalt mixing planl 0,176 mfﬁf;::r . .
Sintering piants 0123 a boller, another 12 sites based on acid
Elcetric arg fumacss. 0137

rain sampler)

Smelting of EAF dust 0181

Secondary smelting of 0.028 Aspbalt mixing Cemend rotaryFuel and other
non-ferrous metal - nlant @84 filn 1690 fned hailaes M94
Gthers 0,261

Total LUgY

, DT ‘Water Body Monitaring Frequen
Mercory in Water B rremiency
Monitoring @ River 303 stations / Meath
@ Seawater 105 stations / Season
. Groundwater 247 stations / Season

L e i
Lulin Mountain GEM i o i
o - 2006/4-2018/3 - . p2 |
i o Shtiamind L
i i 8 i i l 1976 2002 2018
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Mercury Monitoring of Environmental Medium® . | Mercury Monitoring of Enviro

o o soaan e ] Kl;ﬁercurv in

- Mercury in Water Monitoring

water Body Measuved range | Number of statfons i G Mercury average of Organism In River
{mg/L} detected A ‘ {mglkg}
L B Drinking water{108 samples):
& River ND ~0.0007 2 i r ! - . | ;;]nfm-m to standard s @2 mg/L) 2011 Wu River 0,043
@ seawater ND : ‘ ' LM 2012 Xindlan River 0,018
@ Groundwater ND ~0.0024 .

Bereition Lhnl 300043 gl
Hyglntory sinmdardad 08 npid.

Mercury Monitoring of Environmental Medium Batteries
~The distribution of total mercury content in the river (5)Sellers and Collection Channels
- i3;_sediments O ——— Y '

e T H a, Based on the Article 15 of Waste Disposal Act, Sellers shall bear the responsibility of
Average total mercury content collection. . ,
3 050 ranges from 0.017 to 0.551 mg/kg ™" b. Sellers designated by TEPA shall Install collection facllities an_d t:i_te‘li k R
ES dry weight (standard: 0.23 my/kg Recyclable Wastes. e X
Eoan dry weight) ducing 2008-2012. ——— @ B. Collection Channels A
§_ -v-ﬁ a. Batteries : Supermarkets, Whatesala Stores, Chaln
Eow R Convenlent Stores, Village/Community
] Siingli Coliection Stands, Municipal Coliection
én.zn Trucks, Telecommunications, Chalh
g . Pharmacies, Schools, Convenlent Stores
£ I in Traffis Station and Colectors
I"“ ] I =,“E| I Im b, Lamps : Lamp Sellers, Village/Community Coliection
- el 1l w“glﬂ HUWIET Slands, Municipa Collection Trucks and
‘1 : : : E”;’ gl;x"f’ ann L3 ’ "

H iy
A B R M

The Recycling E"x_béri’éhce of Mercury Lamps' .....
Batteries TP T L T e e ey N
{6) Municipal governments and grants

A. Lacal governments have the responsibility of collecting RRW
{including waste lamps and batteries) from the household.
B. Racycling Fund Management Board (RFMB) provides grants for
locat governmenis to :
a. bulkd or run callection, storage and sorting facikties.
b. procure gallecting trucks and equipment.
¢. implement educational ang promational programs.
C. The hocal govermnments can reimburse part of the educational
programs and equipment costs by selling or auctioning off the
collected RRYWY.

T we Initiator @ Taiwan EPA, USEPA
since 2012 to establish

» Goal : Systematically monitor wet deposition
and atmospheric concentrations of mercury Ina
network of stations throughout the Asla-Pacific
region

= Samplers deployed from TEPA: Vietnam,
Thailand, Philippine and 8ri Lanka so far

= The 7% APMMN Annuat meeting :NOW

> Center For Environmental Menitoring and

Technology({2016}

QOperating
AMliated Network
Phase Il

?ﬁlﬂ‘ i




Cape Point location, Location, LOCATION

Mercury Monltormg at the Cape Point
GAW Station in South Africa

Lynwill G Martin (PhD)

Senior Scientist

Global Atmosphere Watch
SA Weather Service (SAWS)

ot Pl

31 GAW Stations with WMO Network

During subsequ

v

. Greenhouse gases
€0, (1992); CH, (1984}, Nzo {1994); 5F6 (2009)
Other trace gases = C0 {1978); 0, (1983); 22Rn
{1999)
= Halo/Flucrocarbons: CFCI ccly CH,CCly, CCLF-CCIF,
and CCl,F; (1579) :
Total Gaseous Mercury {1995) |
Aerasol optical properties (AOD) [2008): [
Solar radiation - {UVA, UVB, Global, Total & Diffuse)
Met parameters: Wind, Pressure, Temperature,
Relative humidity, Rainfall {early 90's)
+ Reglonal Dobson - Irene {1989) & Springbok {1995)

. .

T T fM W0 0H e 2 7o W10 on
TEAR

SUSauth, AIHcan N . o
wenher Servics Reduction Gas Analyzer discontinued in Dec 2015

SRS b

Atmospheric Chemistry of Hg

[ i,
Natural and
re-emissiong

'GEM (Gaseous Elemental Mercury)
GOM (Gasecus Oxidized Mercury)
PEM (Particutate Bound Mercury}

Cape Point Hg Results

. F——
@ 02y ATHOSPHERSC
L EHYIRONMENT -

PGy

—

Atomherke mercury meaisirements st Cape Puint,
South Afrim

PAL Baler), BCL B, F B’ AW, Gonadtsd
TS e sttt oty s
et e B s _\-‘.'.".m..."..,..n‘ T e G

Artlzle clted mare than 159 times



' Capeg Paoint Mercury Monitoring Key Findings

ed for Iong term monitoring of background trends in

5 CPTis répresenta't'ive, fbr the Southern Atlantic Ocean

¥ GEM trends inSH s|m1|ar to th

"observed in NH but §-12 menth Iag (M,
Wank Cornparlsun) o A

> Continued measurements at CPT will provide information onthe No A
- -South dlstnhutuqn of nat_ural_am:l :apthropngenic_ Hg emissions: 5.

CPT Latest Hg Publication.

LE

w‘ﬁ alh Attjen

A vegetation cantral on seasonal variations in
global atmospheric mercury concentrations

Martin Fskra*™, Jeroen L Sonka’, MHM"MWHN‘MM‘
i ", Kot

State of Mercury in South African Alr
for 2005 - 2015 >

APRIL 2013

Mercury in Rainwater 2007 2008 data CPT and PTA

“» Hyin rainwater SA Is compara
Sltes. ' ' 3
Hg concentrations. higher in urban PTA:
than CPT. R

» VWM for Hg CPT 40.6 nglL. PTA 15.8 gt
CPT impacted by both marine alrand>
local course - :

Alniran
i Smivith

ﬂl_:hllkl L3 Ml_lﬂll 2043, Atmorpheris Efvironnmnt

0u_tpt§ts of CPT Hg Monitoring Programnie
> "Hons Proje&' ZQGS i'.c'-‘;:Martln, Stellenbosch University .

¥ 2x MSe- PGL Baker 1999
» 16 Martln 2007, Mercury Specuatmn in Coal (Funded by ESKOM)

¥ 1x PhD A Venter 2016 North‘ West Unlver5|ty {Funded by SASOL)
F+20Hg Publlcatlons slnce 2002 on CPT data onlv _;

¥ Several Oral and Poster presentations at SASAS NACA ICMGP and ICHMET

> CPT Hg data set the Iongest Hg data set in the SH and 2™ 'Eongest In the World.

Current Status of CPT GEM Background .Conceniré'tio:;sh

Clear Influence of El Nino Sduthéi‘h_Oscil]aﬁo’n&(E_NSO) on GEM_ ..
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ON MERCURY AS A GLOBAL POLLUTANT
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CAPETOWN | SOUTH AFRICA
1116 JULY 2021

' We won't JUDGE you if you come for THIS instead of _IQMGP 2021

Theme:

[ Addressing Mercury challenges in
Global Environmenta) Change

15t INTERNATIONAL CONFERENCE ON

MERCURY AS A GLOBAL POLLUTANT

LAPE TOWR | SOUIMAFRICA | 11-16 JULY 2021

16 INTERNATIONAL CONFERENCE ON

@ a dropiet of guicksitver, the
Y historic nama for mertiry.

W and “Cape Town™ ecquales 1o the
colour of e clear bive skies and oceans
at the tip of Alrca, the meeting place for
enperts to share global Hg maiters,

'\ ' the warm Aguthias & cold Benguela
currents, with directionat flows from norh
te south 2nd south 10 notth, respectively,
which alse Mgnilies the “rortfsouthnorth
interactions” of the merury legacy of the
conlerence In Cape Town.

From Minamata to Afdea and beyordu FRCURY AS A GLOBAL POLLUTANT

Cape Town | South Afdca | 11~ 16 July 2021
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* the Jocation of e Global
Atmospheric Watch Station at Cape Peint
whete mercuy is measured. and whese
tourists mistakenly think the “twe oteans
nseat”,

Higy the element symibot tor mercury is
placed in the ocean. as the ocean is a
sink for this ublkquitous teate metal.

HeJ. mcmGr: and <2021 represents

the eolout of guicksiver / mercury, for e
conference to be held in 2022,




The Asia-Pacific Mercury Monitoring
Network (APMMN) Meeting
September 5-7

Overview of mercury hazard in Nepal

Ms. Safala Shrestha
Deparment of Environment
Nepal
Date: 2018/05/06

Nepal at a glance

Federal Republic of Nepal from 2008, consist of seven
provinces and 753 local government.

Area: Approximately 147,000 sq km,

Three ecological zones

Lowland: 17 percent.

Midland: 64 percent soars up to 487m.

The highland: 19% ranges between 4877 m — 8848 m,

(8 highest summits out of 14 summits around the
world)

Population: 26 million (2011est. )

Status of Minamata Convention
Implementation

* Nepal signed Minamata convention on 10
October, 2013 and is in the process of ratification
by the Parliament

Nepal is preparing for ratification to become its
party and to be obliged to the convention.

Nepal has translated Minimata Convention into
Nepalese Language.

Cont..

The overall objective of the MIA is to strengthen
Nepal's national capacity to fulfil the obligations
under the Minamata Convention and promote
effective implementation of its provisions.

Now it is working in collecting baseline
information on mercury use and releases within
the country.

Map of Nepal

S Tarwan
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SAALDIVES

Legal Practices on Controlling Mercury
Emission
Environment Protection Act, 1996 and Environment
Protection Rule, 1997
Solid waste management Act 2011

There is no specific act/regulation for the management of
mercury till date.

Mercury and mercury compounds are listed as hazardous
substances in the annex of recently drafted Hazardous
Substance Management Regulation which is in the
process of approval.

The government of Nepal has set standard tolerance limit
for Mercury in Effluent discharge from industries as
0.01mg/1 and emission from incinerator as 0.05 mg/Nm3.

Conti...

GoN is executing a project entitled "Enabling
Activities to Conduct Minamata Convention
Initial Assessment (MIA) in Nepal".

The project has technical support from UNEP.

The MIA activities will complement the country’s
efforts to significantly reduce the exposure of
mercury to human health and the environment.

Status of Mercury in the country

Nepal does not produce Mercury. There is no
mining facilities in the country.

Mercury and mercury compounds are being
imported form other countries and used for
different purposes in different sectors as per the
requirement.



Mercury containing product

+ Thermometer

* Barometer

* Hg-Lamp

* CFL bulb

» Dry/ Wet cell batteries
= Hg-metal

» Dental Amalgam

» Hg-compound

« Electronic products

« Ritual product

conti,

Lamps and bulbs

» Mercury containing lamps (bulbs) like fluorescent
tubes, compact fluorescent CFL, high intensity
discharge lamps were used as standard for energy
efficient lamps. Government of Nepal used to
encourage the public to use CFL but now a days
mercury free alternatives such as light emitting
diodes (LEDS) are also available. The use of CFL
is being phase out slowly.

conti.

Herbal Medicines

* Mercury compound cinnabar is widely used for
the production of herbal drugs. Specially drugs
are prepared for the relief of bone pain. Even up
to 150 kg cinnabar are used per year by a single
herbal drug industry .

» Many herbal products contains mercury
compound.

» Cosmetics product contains mercuryare widely
used.

Existing situation of awareness

+ Mercury and mercury containing products of different types
are increasingly imported and consumed in Nepal.

+ There is no proper information on the import and
consumption.

+ Even alarming is the situation that the general public does not
know potential sources of Mercury,

+ Unaware of mode of it’s release into the environment and
about its health impacts.

» Safety measures and trainings on hazards of mercury is
lacking.

+ Workers/assistants do not use any personal protective
equipment/measures

Uses of Mercury

As dental filling

= Mercury is used as amalgam in general hospitals
(Dental Departments) and dental hospitals.

* It is declining for higher income group due to the
practice of alternatives like glass ionomer
compomers but these types of mercury free
alternatives are applicable for higher income
group only.

Florescent lamp separately kept

conti.

* Mercury / Mercury compounds in laboratories

s Mercury / Mercury compounds are also widely
used in laboratories of higher secondary schools,
universities, public and private laboratories

+ Many alternatives have been developed for
mercury containing reagents but mercuric
chloride, mercuric iodide, mercuric sulphate are
still.

Disposal pattern

* Mainly through hospitals and dental practices,
where proper segregation of wastes at the source
is not done, larger amount of mercury released
into the environment.

s Health care wastes (hospitals, dental
hospitals/practices, pharmacies) is the significant /
potential source of mercury release.

* The academic institutions and laboratories are to
be considered as major release sources.



Conti...

Artisanal activities releases high amount of mercury
to the environment. Nepal is popular for products of
gold pleated idol, which is developed as household
industry which add on mercury pollution,

During the combustion of coal, elemental mercury is
emitted in considerable amount, Many industries are
using coal as a source of energy.

The mercury is released from broken or just thrown
fluorescent lamp which adds on increasing release of
mercury to the environment.

From incineration of dead human body.

contk..

Needs to develop guidelines, build up and
enhance capacity on the environmentally
sound interim storage of mercury, mercury
compounds and wastes.

Raise resources to develop, implement and
monitor mercury related programs,

Awareness generating and capacity building
programs on monitoring of mercury .

Idol with gold plated

Thanks for
your attention!

Way forward

There is great need to develop and execute national
implementation Plan for monitoring mercury.

Develop an inventory of import, export of mercury
and mercury containing products

develop data base of emission and release of
mercury and mercury added products.

Control and reduce mercury emissions and disposal,
wherever feasible.

Needs to work hard for Ratification of mercury
convention.

Contd.

Mercury monitoring program should be run
with the support of APMMN.

Capability development programs.
Accreditation of Environment Laboratory.

Developing some research program in the
field of hazard Chemicals.

Develop Collaboration with developing
partners in order to develop knowledge and
skill of staffs of the laboratary.

~ Waste dumped in River side

2%
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" Wet sampler
| Automatic rain sampler, , P s
niodel, U320, wet only ' . _ :Cooperat:on procedure with APMMN

(Oaasawara Keiki CQ,. . Slte selectlon‘
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MERCURY (GEM) AND
SPECIATED MERCURY
(RGM/GOM & PBM, )
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PARTICULATE
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Top view

Control
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Enclosure door

Power/Sensor adapter



Mercury collection device

PrAcollection
Bottie [1-1)

Retrieve your sample

* Cap the bottle
* Take 2 plastic bags to cover hottle

. Station
. Observer

. Bottle
. Observations

. Site operations
. Precip. record
Overflow

. Enclosure Temp.
. Remarks

W NmWU s W e

Lab/APMIAN
use only

{APMMN Field SOP Ver 1.3, Pagel4)

Deployment of new sample collector

* Change your gloves |

* Deploy new sample collector

* Avoid to touch the inner surface of glass funnel
* Close the Iid and enclosure door

* Write a NOF for coming sample

Retrieve your sample

* Changes on Tuesday morning between 8 to 10 am LT
= Approach collector facing into the wind

* Open the enclouse door

* Put ot the gloves

+ Take off PFA sample bottle

Clean hand

Retrieve your sample

* Open the lid
* Take out the used sample collector {funnel)
* Fill in the Network Observer Form

Cleaning the collector

* Clean any surfaces by D! Water and paper towel

* Clean any debris off sensor by brush or compressed
air

Dirty hand

Weigh, transfer and storage

* Weigh the sample bottle and subtract the weight of empty
hottle {recode it on the NOF)

» Carefully pour the sample from 1L to 125mL sample bottle



Weigh, transfer and storage | Sample label

* Label the sample with sampling site |D, start/end date « The most important part of taking sample
* Place the sample into double sealable plastic bag

« Store the sample in a Hg-free and secure place (or o ™
refrigerator) if not shipping immediately. Site [D
« Capture rain gauge data Start Date (MM/dd/yyyy}
» Complete the NOF | End Date J)
£ 1\
APTWO1
08/28/2018
\ 09/04/2018 )

Shipping Info. Acid Clean of Collection Devices

Ship samples at least monthly by int’l logistics service
Ex: - Material/Equipment

E;I,j;] ?ﬁwﬁwﬂ * Personal Protective Equipment
el - ' = * Deionized water — p218.2 MQ
: EaT: s;.mp‘[es ?ndnl\rl‘QFssr;lzrgly or in bulk * Hydrochloric acid — J.T Baker Hydrochioric Acid,
0'd SNIPRINg Is unnecessary 36.5-38.0%, BAKER INSTRA-ANALYZED® Reagent or

+  Description of goods : Rainwater
Dr. Guey-Rong Sheu
APMMN: . .

equivalent
* PE box/tank

Department of Atmospheric Sciences National Central University
300 Jhong-Da Road Jhong-Li 320, Taiwan

I Mercury coflection devices . |

Certificate of Analysis o I
o ‘ | Wash 3 times by DIW |
|
SRR e ‘ Ag_éy_‘q-gﬂ ! 1
- = | First use*/Chviously dirty | | Used |
Cenilficate of Anatyiis 1 l
S o | Soak in 10 ¥%{v/v) of HCI | | Soak In 0.4 %{v/v) of HCI |
- ‘ = ' I Three days
Hydrochloric Acid, 36.5-38.0% g ] ¥
BAKER INSTRA-ANALYZED® Reagent é | Rinse at least 3 times by DIW ‘
For Trace Metaf Analysls | [ e e e e _l ________ |
FACS - Assay {as TCH thy Feid-base thim TS L 377 : I Alr dry l |
iTmce rpurittes - Mercury (Hg) = 0.5 pph 0.5 I I l E
| | Cover and Storage ] E

= . independent 1ank, fresh selution Under the ¢lean room/clean banch

Acid Clean of Collection Devices Acid Clean of Collection Devices

« Separate the collection device and wash b;( DIW « Soak within hydrochloric acid for 72 hours {except O-ring)




Acid Clean of Collection Devices o Acid Clean of Collection Devices

* Rinse thoroughly each component with deionized water . .
(p218.2 MQ) at least 3 times * Air dry each component in the clean bench

Acid Clean of Collection Devices ~ Cases in the past years

Case 1:
No sealable plastic bag (double bags)
No lable on sample bottle

* Caver each component with
clean plastic bag and store

*» Assemble each component
before use

Cases in the past years Cases in the past years
Case 2: Case 3: .
Single sealable plastic bag only No label on the bottle
Number of Sample bottle and NOF were unequal No NOF

Not use the suggest PETG bottle

THANKYOU

Da-Wei Lin
APMMN Site Liaison
dwlin@g.ncu.edu.tw

Center for Environmental
Bala Pacific Mer:ur;;‘ Monitering end Technology
HMonltoring Networ National Central University
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Select Applications

Remote sites ~ no power

Artisanal gold mining

identifying and mapping hot spots
Community exposure monitoring
Contaminated site cleanup monitoring
Indoor spill cleanup and menitoring Vedital grofin .naucfr} site
Personal exposure industry, schools, workplace & homas

Area source emsssion estimates thigh spatial resolution and
vertical gradients)

v tkEanm
Egts -t asftakran com

New methods have increase our understanding of
atmospheric mercury species behavior

1993

24 hour manual method
for TGM and Hg,,

2004

S-min autemated for Hg',
hours for RGM & Hg,,

St anten s on A lay
B R R T S A

Elamndai g (s} and GO

Jutan By, UTC, 2004

MerPAS Development Summary

Developed at UL of Toronte by Mclsgan, Wan end Mirehell

Global <rudy showed MerPAS 15 highly sensitive, accurate and precice for
ambient ar fevels (1-5 np/m ). Only passive sanpler vapable of accurate
are precise ambient an nessurements.

Seudy eompleted [ press) 10 quantdy annual emassions ar a tarmaer
mescury ming (max 6.7 ugim'}

Further studies underway for performance i mdoor are and e xtreme
LOACENETANIGNS {Up [ fagim '}

Tekran iz commercialinng sampler through hoonsing agreement with U,
Toronte and scientets

Gt Wk AR
rabea e be L

MerPAS Features

* No power required

* Simple to deploy & retrieve

* Low entry ¢ost ~ low temporal resolution

= Range likely unlimited (1 ng/fm? to |0 mg/m%)*

® Relatively immune to wind and temperature effects

« Uses well known Radieflo diffusive barrier h

* Highly rested and characterized

* See spechics i subsequent slide

TN b

MerPAS Sampie Rate Calibration (m3/day)

paing the Tekran 25707 at 20 sites

« Global ambient air study — sensitive, precise, accurate

= From Mclagan et al., {hapsifdoiorg/10.51947cp-18.5905-2018)

e
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Former Hg Mine Site Mapping
Mciapan et al, 2018 [submitled)

Yalues in ngfm?

Area of ~0.6 km?

Survey arcund mine site
buildings

{sweek sample deployment

Seasonal differences

vtk e Lo
Fab- F e RaPrextan - um

Tekran MerPAS Analysis

« Tekran is offering MerPAS Analysis Service
using the direct thermal analysis method (EPA
method 74733
CQur analysis team has over 90 years of
experience all focused on mercury
measurement

Teloran will offer to be an independent
reference laboratory for nationat and
international networks

Wtk P
U IFLENSL

MerPAS Analysis Challenges - Il

+ Direct thermal analysis is destructive

- Must transfer 100% of sorbent to analysis boat for
accurate results
fasy to spill sorbent during preparation, weighing and
transfer - 10ss of results can cause karge data gaps

+ Easy for analyticalrun to go bad »> data gaps

+ Blank control
Field blanks, trips blanks and materizf blanks are
necessary to evaluate accuracy and performance of the
site operator, shipping/storage and analyst.

MerPAS Sampling Procedure

Can include ¢lean hands sampling kit
Multiple mounting options

Handwritten sample info or bar code
may be used

Sample location, blanks ard replicates
should be considered

O WA Lo
pp-Anfi fiteseps eon

MerPAS Analysis

Analysis must be done in a trace:
clean analytical lab by skifted
mercury chemists

Direct thermal analysis is prefert
no acid digestion (EPA Method | S -
F473) Nippon MA-3000

Multiple instrument vendors ~$40-30K USD

EPA Method 1631, acid digestion may be required for very
high Hg loading teg. artisanal gold mining)

e ebran o
(ath AR

MerPAS Analysis Challenges - |

The sulfur rich carbon sorbent is a tough matrix that can
cause fow bias, catalyst failure and gold trap degradation

Matrix issues are mitigated with addition of sodium
bicarbonate and limiting amount of sorbent for each
analytical run

Typical ambient air sample split into 2 ¢r more runs of
sorbent

Many quality assurance samples must be run to maintain high
quality results

hEgFL P
hiat LLva

Sample Range and Conditions

Carbon media capable of adserbing Hg up 1o 10% by weight

Praven for ambient air {120 ng/im*). integrated samale time of Faweek
MNUM U (- year Y B LR

Proven for former mergury mine site and surrounding area. Integrated
wample vine of Eweek tor low uglm! levels

For sites with mean an Hg > 100 ugim!
+ vhert sample times ey ke perecary houss)
For Tofget sarmphe times, apalysr, will coguite mare aralytlosl runs o meebe dane using
Epd hlethod 1631€
Feyending an project goals, BYsaunf a repreoditatiae retdlt may sessosatate gang
nusltipls Merlas amplers ton each medsarement loration

.2 tkrat Ao
1at> alk a0t

Tekran MerPAS Updates ~MerRAS

b A

Weatherproof plastic label AT

Vi
Bar Code 1D R
More versatile bracket

Threaded plastic panef mount Radiello
and bracket attachment

Developing electronic tracking to verify
sample locations, times & chain of
custody

wree tekracom
o bitat (20 00N




Why Use MerPAS

Radial diffusive surface has better performance than 2-D badge
type passive air samplers

Proven to be highly accurate and precise

Media has low consistent blanks and massive uptake capacity
Robust packaging and simple to deploy

Direct thermal analysis can be faster. easier and lower cost
compared to liquid acid digestion and analysis

Real-Time Hg Speciation Monitoring Example
Winston Luke & Mark Cohen NOAA-ARL
Back Trajeciories Amiving at 1/07/2007 07:00 EST
i

AMNet Rural Site

Close to high emission source region

100 b e asart
Pt
80f-- & s
O 1%

3

For MerPAS Project Design,
Planning, and Budgeting

contact
Lucas Hawkins or Eric Prestbo
at

or call
+1-416-449-30824
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Example data at same site when uéing
only seasonal MerPAS Sampler

MerPAS = 4 dala values per yea i
Tekran 2537 = 95,000 data values per year

A4
-
i

@
(=3
Gaseous Cxidized and Partitulale Bound Mencury (pa/m®)

Urban Co-Located
MerPAS + Tekran 2537

Remote Co-located
MerPAS + Tekran 2537

MerPAS Only

Co-located sites provides both high
resolution data and ongoing
calibration of the MerPAS method
and results
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