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Deposition flux gr‘kmzlyear

Study goal(s)

Collect "all fish mercury data available from Fennoscandia"

...in order to investigate the effects of long-range atmospheric

transported mercury on freshwater ecosystems!
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Mercury: an old challenge
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Pike (Esox lucius L.) and some other
aquatic organisms in Sweden as indicators of mercury
contamination in the environment

A. G. JonnELsl, T. WESTERMARKZ, W. BErg!, P. I. Persson! and B. SIGSTRAND3

Oikos 18: 323-333. Copenhagen 1967



Mercury relevant (again) now

Minamata Convention on Mercury
(ratification and monitoring)

Water Framework Directive
(Hg prioritised substance)

Arctic 2030
(Ministry of Climate and Environment)
Arctic Council
(ACAP and AMAP)
Present work
(ICP Waters, ICP IM)
Other circum-boreal work
(Lescord et al.)
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5%

367 peer-review papers
between 1996-2016

[ Russia
B N.A.

O Fenn.
® China
@ Other

Lescord et al. In preparation. A review of mercury research in
freshwater ecosystems across the global boreal zone.
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Minamata Convention on Mercury

Science of The Total Environment

Volumes 569-570, 1 Movember 2016, Pages 888-903

Evaluating the effectiveness of the Minamata Convention on
Mercury: Principles and recommendations for next steps

David C. Evers®. @ . B gysan Egan Keane®, Niladri Basu®, David Buck?®

Ia"cﬂ "ﬂ pubs.acs.orglest

A Holistic Perspective Is Needed To Ensure Success of Minamata
Convention on Mercury

Yan Lin,"® Shuxiao Wang,.”‘i Emk Hovland Stemdal Zuguang Wang,
Hans Fredrik Veiteberg Braaten, Qingru Wu," and Thorjern Larssen’
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HAZARD
(Hg source & deposition)

Biological Hg Hotspot (a geographic area
- = where the environmental Hg
concentrations are sufficient to be

RECEPTOR EXPOSURE hylated at levels of biological concern

(e.g., reproductive harm) for biota that are
(fish-eating biota) (sensitive ecosystem) at upper trophic levels.

«The use of existing biotic Hg data will define
spatial gradients, baselines to develop relevant
temporal trends, and an ability to assess risk to
taxa and human communities»
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Time trends and historical

B decreasing » 5%
I decreasing = 1%
] no trend

I increasing = 1%
B increasing = 1%
W increasing = 5%

[ non-finear trend

Riget et al. 2011. Temporal trends of Hg in Arctic

biota, an update. Science of the Total
Environment, 409, 3520-3526.
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Akerblom et al. 2012. Temporal change
estimation of mercury concentrations in
northern pike (Esox lucius L.) in Swedish
lakes. Chemosphere, 86(5): 439-45.
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Akerblom et al. 2014. Half a century of

changing mercury levels in Swedish
freshwater fish. Ambio, 43: 91-103.



NIV4-

StUdy periOd Country/region L pOPUIations
(lakes)

Munthe et al., 2007

Akerblom et al., 2014

Paasivirta et al., 1981

Akerblom and Johansson,

Paasivirta and Linko, 1980

Miller et al., 2013

Fjeld, 2010

Fjeld, 2009

Rask et al., 2007

Akerblom et al., 2012

Braaten et al., 2014b

2008

Trend analyses

1965-2004  Arctic charr, perch, pike, trout, Finland, Norway and
whitefish Sweden

1965-2012 Arctic charr, perch, pike, roach, Sweden
trout + 10 others

1970-1980  Pike Finland

1972-2006  Perch, pike Sweden

1973-1978  n.a. Finland

1974-2005  Perch Finland and Sweden
1990-2010  Perch South east Norway and

Northern Norway

1991-2008 Perch South east Norway
1993-2003  Perch, pike Finland

1994-2006  Pike South to mid Sweden
2010-2012 Perch South east Norway
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Bioaccumulation of mercury
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consumers
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Figure modified from:
Clean the Lakes, National Wildlife Federation, 2000
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Food consumption advice

Norway has nationwide «advice against consumption of freshwater fish» due to Hg contamination

. : Lake_name
The adVICe: ® EBreidtjern

° Pike and perch >25cm | @ Tolreien
* Trout and charr>1kg

(Not to be eaten more than once a month)

Target groups: 5 Z; ) RIS "'_ . EU’s max. limit
* Pregnant woman Ela 2 Sees Ve

* Breastfeeding mothers g " o "'."_’,:-._:E N

*  Small children I ,:":."r.'-..'-- E

(Should stay away from freshwater fish) al e K

Similar consumption advice exist in other countries with e
similar issues |+ taTe WFD limit
(Scandinavia, North America etc.) ”

PRV N

10 20 ] &0

Length (cm)

Braaten et al. 2014, ET&C 33, 12, 2661-70.
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Research questions

Analyse spatial and temporal trends of mercury in fish

Analyse on other themes than country (e.g. deposition, water chemistry,
climate, catchment characteristics)

Spatial patterns
- Variation with country/region/latitude
- Point sources give higher Hg conc. than air pollution
- Variation closely linked to TOC and sediments
Temporal trends
- Catchment stored Hg limits the long-term decrease
- Variation significant between decades/latitude

NIVz-



The database

Originally n = 66 464 specimen were collected

Country 0.3 %

B Sweden
B Finland
I Norway

Russia

Hans Fredrik Veiteberg Braaten

Criteria for selection:

Concentrations of mercury

Measurements of weight

Realistic length vs. weight relationships

Fish species (perch, pike, charr, trout and roach)
* Distributed throughout Fennoscandia

e «Mercury relevant»

At least 5 measurements per lake/river

Final database consists of n = 54 560 specimen

12.05.2017



Number of specimen (n)
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The database

Arctic charr
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Fish species
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A total of 2775 lakes with data
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Number of specimen (n)
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Why size

mg/kg (w.w.)

Hg concentration in fillet
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matters...

Hg concentration for 600 mm cod
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All figures from: Ruus, Hjermann, Beylich, Green, 2016.
SETAC poster, Mercury trend governed by fish
population demography?
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Data calculations

Several approaches exist for data
transformation between:

years, lakes and fish species

We follow 3 approaches:
1. Observed mercury concentrations

2. Weight adjusted mercury -

Observed Hg (mg/kg)

- (13 ° .
concentrations = w T SET

3. UN/ECE manual transfer function Hg normalised by weight (mg/kg)

[Hg] std — [Hg]um/ (f HeY 1 fHgw wzﬁ)

Hans Fredrik Veiteberg Braaten 12.05.2017 17
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Spatial patterns

Munthe et al. 2007,
Pike data only
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Fish mercury and sediments
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Extrapolated TOC and fish mercury

T(.;C (mg C1) ‘ ‘ = 70N
= -20 ! X i “Te
& 10 o S
-, .
65°N
g_ o
60°N :
-+~ Mean Hg observed
= Fish
= | 3 - mg/kg (kriging)
2 I <025
' [ 025-05
=K [Jos-o7s
i N oTs-10
SN uokm
- | X P 15 Investigate changing fish Hg concentrations
N s —T - in lakes with high/low TOC?
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Observed Hg (mg/kg)

Fish species

WHO/FAO

Arctic
charr

Brown
trout

Hans Fredrik Veiteberg Braaten

12.05.2017

Concentrations following the theoretical
fish trophic level

Roach higher than expected

Number of fish in each population > 0.5
mg/kg:

Arctic charr: n =43 (5 %)
Brown trout: n =310 (15 %)
Perch: n =2933 (13 %)
Pike: n = 18725 (66 %)
Roach: 325 (37 %)

21



Observed Hg (mg/kg)

Temporal trends
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How mercury can enter our environment

Cement plant

CoaHfired Chlor-alkali plant

B power piant mﬂ‘fmr"ﬁgm Artisanal and
Deposition from * small-scale
atmosphere Non-fem gold mining
C metal plant

Mercury is released
into streams and
water bodies

= - Waste
' , ' ' , ) . Incineration
_ - Soilcontamination " _ "", w . and cremation
Landfill 4 » =t

Leakage into { (
groundwater

Mercurydiffusion, deposition *

~and suspension
Urban L . L
sewage
System Contamined surface .
5§ _l waler evaporation ~ - .
P — - -
., | Biomagnification
Leakage in
-
groundwater and ":.' it
water bodies .
Large predatory fish .
Micro-organisms
Sources: adapted from UNEF, Mercury Awareness Raising Package, accmd Unlmeln September 2012 (hitp: /h s,
Institute for Agruculture and Trade Pokicy, High fruct ¥, 2009

syrup's
Designed by Zoi Environment Network / GRID-Arendal, December 2012
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What can explain a declining trend covering the
last 35 years? (1980s — 2016)

We have in the database differentiated between:

~

Lakes only affected by air pollution
2. Unknown
Lakes affected by local point pollution sources

w

«At some point polluted — always polluted»

12.05.2017 23



Observed Hg (mg/kg)

No local pollution

NIVA-

2 3
Unknown Point pollution

Hans Fredrik Veiteberg Braaten

Characteristic | Mean Hg Level | p (Student’s t)
(mg/kg)

1(n=14062) 0.44+0.46 <0.0001
2(n=26535) 061047 A <0.0001
3(n=13938) 042+041 C <0.0001

* How do effects from local sources and
air pollution differ?
[local point pollution] < [air pollution]

* Air pollution contaminate lakes similar
to local point pollution sources?

e  What do we know about the «unknown»
lakes?

12.05.2017 24



Observed Hg (mg/kg)

Time trends - overall
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Time trends - overall

1 —air pollution affected lakes

Conclusions from time trends and LRAT versus local pollution:

- Similar concentrations overall for local pollution and air
pollution influenced lakes

- Brown trout and pike mostly influenced by local pollution

3 — point pollution lakes - Point pollution lakes: peak in the mid-to-late 1980s
Mean 1980-90: 0.79 + 0.45 mg/kg 70 %
Mean 2000-10: 0.24 + 0.28 mg/kg

- Less of a reduction in LRAT influenced lakes
Mean 1980-90: 0.69 + 0.53 mg/kg
Mean 2000-10: 0.38 + 0.41 mg/kg 45 %

g observed (mafka)
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Trends similar between concentration normalisation methods
(here shown for lakes influenced by air pollution)

Time trends - overall
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Time trends - individual lakes

2. Lakes with > 10 years of data .
= 1—air pollution affected lakes . .
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Temporal trends — some conclusions

* Peakinthe 1980s — generally reducing trends

the last 3 decades

* No differences seen between normalisation

techniques for overall trends

* A lot of individual variance inbetween lakes

* How we treat the data is not irrelevant

* Sweden decrease

* Finland/Norway increase

* Analyse on individual species; climate regions;

deposition patterns?

NIVz-
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Weight adjusted Hg (mg/kg)

—Arctic char

— Brown trout
Sweden —Perch
—Pike
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Examples for further exploration

Analyse on climate and deposition gradients
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Examples for further exploration

= Finland
m Norway

Observed Hg (mg/kg)

Hans Fredrik Veiteberg Braaten 12.05.2017

Why is the Trophic Magnification Slope higher for Finnish
lakes compared to Norwegian lakes?

Increased accumulation in Finnish lakes may be a result of
colder temperatures, which gives:

- Reduced excretion of MeHg; and
- Reduced fish growth.

Finnish lakes are generally located at a higher latitude than
Norwegian lakes:

- Norway: 58N to 62N;
- Finland: 66N to 69N

31



Main conclusions

Spatial patterns reveal effects from air and local pollution

Temporal trends reveal generally reducing trends, but differences
observed between regions and fish species

Treatment of data has strong effects on conclusions

Individual lakes with long time series and only affected by air pollution
will be subject to further hypotheses testing

Report on "Spatial and temporal trends of mercury concentrations in
Fennoscandian freshwater fish” finalized September 1st 2017.

The database has enormous potential for further exploration of
relevant research questions
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