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UNEP Global Mercury Assessment 2018

Ocean is one of the most important media because the main 

pathway of the methyl Hg exposure for human is fish consumption.



International monitoring program for oceanic mercury



152°W Line 

Sunderland et al. (2009) Global Biogeochemical cycles 23, GB2010

SAFe station (30°N, 130°W) 
Hammerschmidt and Bowman (2012) Marine Chemistry 132-133, 77-82

Equatorial pacific (180°W～85°W) 

Mason and Fitzgerald (1993) Deep Sea Research I 40, 1897-1993

Munson et al. (2015) Global Biogeochemical cycles 
29, 656-676 

* 100 fM = 20 pg/L

Western Pacific Ocean 

Central tropical Pacific Ocean 

Kim et al. (2017) Environmental Science and 
Technology 51(3), 1186-1194

Data only for depths down to 500m

✓ A lot of observational data exist 

in the Mediterranean Sea, 

North Atlantic Ocean and Arctic 

Ocean. 

✓ There are observational data in 

the east region of the Pacific 

Ocean, but in western region, 

the published data is scarce.

Hg surveys in the North Pacific Ocean



Surveys on Hg in seawater and planktons of 

the East China Sea



October 2015 (KH-15-3)

March 2018

February 2022 (KM-22-02)

AND06

AND22
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AND31

AND34

2022K-1
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2022K-4

2022K-3

St.5
St.0
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St.4

R/V Kaimei

March 2018
Offshore of Kume Islands

Sampling points of Hg survey in the East China Sea



N2 purge  gas

Gold trap for DGM

Gold trap for removing mercury 

from the purge gas

The purge gas 

including DGM

Soda lime column for removing water vapor

Glass frit

Glass valve cock

These attachments are installed 

after seawater sampling

85 cm

4.0 cm i. d. 

Teflon (PTFE) ball

Ball stopper

Teflon (FEP) tube

Collection of DMHg and Hg(0) using 
Bond Elut trap and Gold cartridge

Seawater sampling Clean technique and filtration
using a polycarbonate filter
(pore size is 0.2 μm)

MeHg
400mL

Total Hg
120mL

Hg species Analytical method Detection Limit

Hg(0) [Gas] N2 purge – Gold cartridge – CVAFS 2 pg/L (0.01 pM)
(500mL of sample)

DMHg: Dimethyl 
Hg
[Gas]

N2 purge – Bond Elute ENV Trap – Gold cartridge - CVAFS 2 pg/L (0.01 pM)
(500mL of sample)

MMHg:
Monomethyl Hg
Or 
MeHg
Methylated Hg

Dithizone extraction－Reversed extraction to Na2S solution ⇒ 
Derivatization using STEB－ Tenax Trap－GC separation－
CVAFS detection (Hybrid method with mercury analysis 
manual and draft EPA method 1630)

2 pg/L (0.01pM)
(400mL of sample)

Total Hg EPA method 1631 20 pg/L (0.1 pM)

H2SO4 addition
Refrigerated storage

HCl addition
Refrigerated storage

* Hg(II) = (Total Hg) – (Hg(0)+DMHg+MMHg)

Speciation for mercury in seawater

MMHg
400mL

Nitrogen purge and trap

H2SO4 addition
Refrigerated storage



Full depth profile of seawater Hg in the East China Sea

South North

AND22 AND31 AND26 AND06 AND34

2022K-2 2022K-1 2022K-3 2022K-4

Izena hydrothermal vent



Maximum MeHg were observed at low salinity water mass（σt=26.5～27.2）

Okinawa trough

Ryukyu trench and Okinawa trough



Yasuda (2004) Journal of Oceanography 60, 385-395

Formation site
of NPIW

Is the North Pacific Intermediate Water (NPIW) associated with MeHg maxima?



Total Hg (pmol/kg ww)

Concentrations of THg and MeHg in zooplankton in the East China Sea

(KH-15-03 cruise)

MeHg (pmol/kg ww)

Sampling：Norpak net（Mesh size 100μm）, Vertical towing to a depth of 200 m.

Preparation：The entire seawater is frozen, and collected on a filter after thawing. The filter is freeze-dried.

Partition 
Coefficient*
(L/kg)

Total Hg MeHg

平均 2.12 ×104 1.56 ×106

標準偏差 1.50×104 1.64 ×106

最小値 0.52 ×104 0.17 ×106

最大値 3.68 ×104 4.18 ×106

* (Hg in planktons; ng/kg ww）/（Hg in seawater; ng/L）

Both Total Hg and MeHg concentrations tend to be higher in 
the Kuroshio Current region.
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MeHg concentration in planktons at offshore of Kume Island in the ECS

Sampling：Plankton net（Surface, SCM, 100m, 200m）

Size fraction: 0.2-10、10-100、100-330、>330μm

Preparation： The entire seawater is frozen, and collected 

on a filter after thawing. The filter is freeze-dried.

Concentrations of total Hg and MeHg in unfiltered seawaters

MeHg concentrations in planktons with each size

High MeHg in planktons at St. 1 were observed regardless of size



Kuroshio Current at the sampling day, 13 March 2018

（Data from Maritime Intelligence Division of Japan Coast Guard ）

St.1

St.4

Plankton MeHg concentrations were higher at the site  very close to the Kuroshio 
Current. The concentrations may be higher at lower plankton abundance due to 
oligotrophic currents. This could be the opposite of the bio-dilution effect.



Summary of Hg survey in the ECS

➢ Dissolved and particulate Hg concentrations in seawater increased with depth 

relative to the surface in the ECS, as in other marine areas.

➢ Dissolved MeHg in seawater reached a maximum around 600 m depth, which is 

consistent with a low-salinity water mass layer. Based on the density of seawater, 

there is a possibility of horizontal advection by the North Pacific Intermediate Water 

(NPIW). However, the reason for the high concentration of MeHg in the NPIW is 

unknown.

➢ Concentrations of total Hg and MeHg in planktons (including inorganic materials 

such as sediments) tend to be higher in the Kuroshio Current region. It is possible 

that the concentrations per unit weight are higher due to oligotrophic conditions 

which has lower plankton abundance. This could be the opposite of the bio-dilution 

effect.



Survey on Hg in seawater and planktons of 

the western region of North Pacific Ocean



➢ Total Hg concentrations increased with depth.

➢ Concentrations tended to increase from south to north in the 

mesopelagic and deep layers.

➢ Concentrations may be higher in areas with complex 

topography.

Sampling points and vertical and horizonal distributions of total Hg in seawater

Kushiro

Tokyo

Leg 1

Leg 2

OP-1

OP-2

OP-4

OP-5

OP-6

OP-7

OP-8

OP-9

OP-12
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OP-15

OP-18

North Equatorical Current

Equatorical CounterCurrent

Kuroshio

Current

Oyashio 

Current

South Equatorical 

Current



➢ The concentration of all Hg species increased with depth.
➢ MMHg, DMHg, and Hg(0) maxima in the mid-depth layer at around 500 m depth.
➢ DMHg concentrations tend to increase from south to north in the mesopelagic and deep layers.
➢ Hg(0) concentrations may be higher in areas with complex topography as well as total Hg

Vertical and horizonal distributions of speciated Hg in seawater



Distributions of Dissolved oxygen and DMHg in seawater

The MMHg, DMHg, and Hg(0) maxima 

were observed in the mesopelagic zone 

at a depth of about 500 m where the 

upper edge of the DO minimum was 

formed. 

The DO is consumed by microbial 

remineralization and such reducing Hg 

species may be produced in 

conjunction with it.



Site Depth N %MMHg %DMHg %Hg(0) %Hg(II) %DMHg/MeHg

North Pacific 

155°E line

Subsurface

(10-100 m)

18 2.4 ± 1.8 1.9 ± 2.1 12.7 ± 3.0 83.1 ± 4.9 38.5 ± 29.3

Upper 

Intermediate

(100-1000 m)

36 5.1 ± 2.1 18.0 ± 11 25.2 ± 8.0 51.7 ± 18.2 69.5 ± 18.6

Lower 

Intermediate

(1000-3000 m)

25 4.2 ± 1.3 17.0 ± 6.4 19.9 ± 4.4 58.9 ± 8.0 79.1 ± 5.1

Deep 

(Below 3000 m)

23 3.4 ± 1.3 15.7 ± 3.8 21.1 ± 4.5 59.8 ± 4.1 81.4 ± 7.9

All depths 102 4.0 ± 2.0 14.4 ± 9.6 20.8 ± 7.2 60.8 ± 16.0 69.1 ± 22.6

Proportion of each speciated Hg to total. 
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Sea area Survey 
year

Sampling method of 
DMHg

DMHg
(pM)

MMHg
(pM)

%DMHg for 
MeHg

文献

North Atlantic Ocean: Sea area 

between Greenland and Iceland
1993 Carbotrap collection 0.08 ± 0.07 1.05 ±0.11 7.1 (1)

Southern Ocean (SR3

CASO-GEPTRACES)

AABW

2008 (MeHg) – (MMHg) 0.34 ± 0.14 0.18± 0.08 65.4 (2)

Eastern North Pacific

Ocean SAFe point

(140°W, 30°N)

2009 Tenax collection 0.013± 0.001 0.024± 0.004 35.1 (3)

North Atlantic Ocean

(U.S. GEOTRACES

GA03)

2010-2011 Tenax collection 0.095 ± 0.10 0.095 ± 0.10 50.0 (4)

Central tropical Pacific

Ocean

2013 Tenax collection 0.06 ± 0.07 0.032 ± 0.07 65.2 (5)

Eastern tropical South

Pacific Ocean

(U.S.GEOTRACES GP16)

2013 Bond Elut ENV Trap

collection
0.07 ± 0.06 0.07 ± 0.07 50.0 (6)

Western Arctic Ocean

including Bering Sea 

(U.S. GEOTRACES GN01)

2015 Bond Elut ENV Trap

Collection
0.04±0.027 0.055 ± 0.05 42.1 (7)

Arctic to Atlantic Ocean

(GEOTRACES GN04 and

GN05)

2015-2016 (MeHg) – (MMHg) 0.17 ± 0.12 0.07 ± 0.07 70.8 (8)

(1)Mason et al., 1998 (2) Cossa et al., 2011,  (3) Hammerschmidt and Bowman, 2012, (4) Bowman et al., 2015, (5) Munson et al., 2015

(6) Bowman et al., 2016 (7) Agather et al., 2019, (8) Petrova et al., 2020

Percentage of DMHg to total MeHg in other sea areas  
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The lower MeHg

concentrations in 

planktons at OP-15 

might be occurred due 

to bio-dilution with 

increased phytoplankton 

abundance. 
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Why is the plankton MeHg is lower in the OP-15 point ?

Surface water temperature Surface DO concentration

Salinity in surface seawater



• The concentrations of Hg(0), Hg(II), DMHg, and MMHg, the four main forms, were relatively 

low in the surface layer and higher in the intermediate and deep layers. 

• The presence of MMHg, DMHg, and Hg(0) maxima in the mesopelagic zone at a depth of 

about 500 m and their formation at the upper edge of the oxygen minima suggest that 

oxygen is consumed by microbial remineralization and that reducing Hg may be produced in 

conjunction with it.

• DMHg concentrations became higher from south to north and were higher than MMHg 

concentrations in deeper layers. Around 70% of total MeHg concentrations were DMHg in 

the intermediate and deep layers.

• MeHg concentrations in plankton by size were observed in the western North Pacific Ocean 

(North-South transect and Oyashio region).

• Plankton MeHg concentrations increased in proportion to size increase, suggesting that bio-

accumulation of MeHg is occurred.

• Plankton MeHg concentrations were higher in high latitude zone, but in areas with high 

chlorophyll-a concentrations, bio-dilution effect may cause a decrease in the concentration.

Summary of Hg survey in the western North Pacific Ocean
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