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A Study on the Total Mercury (Hg) Monitoring and
Methylmercury (MeHg) Analysis method and Exposure Assessment of
Methylmercury (MeHg) in Marine Products
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ABSTRACT - The use of microwave-assisted extraction and an acid-base clean-up process to determine the
amount of methylmercury (MeHg) in marine products was suggested in order to improve the complicated sample
preparation process. The optimal conditions for microwave-assisted extraction was developed by using a 10% NaCl
solution as an extraction solution, setting the extraction temperature at 50°C, and holding for 15 minutes to extract the
MeHg in marine products. A NaOH solution was selected as a clean-up substitute instead of L-cysteine solution.
Overall, 670 samples of marine products were analyzed for total mercury (Hg). Detection levels were in the range of
0.0006~0.3801 pg/kg. MeHg was analyzed and compared using the current food code and the proposed method for
49 samples which contained above 0.1 mg/kg of Hg. Detection ranges of methylmercury followed by the Korea Food
Code and the proposed method were 75.25 (ND~516.93) ng/kg and 142.07 (100.14~244.55) ug/kg, respectively. The
total analytical time of proposed method was reduced by more than 25% compared with the current food code method.
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Table 1. Operating conditions of Hg analyzer for total mercury

Parameters Conditions
Instrument MA-3000
Drvin 150°C, 60 s
yimg 180°C, 120 s
Decomposition Amalgamation heating 80°C, 120 s
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Table 2. Operating conditions of GC/ECD for MeHg

Table 3. Levels of Total Hg in marine products

Conditions

ULBON HR-Thermon-Hg
(0.53 mm x 15 m)

Parameters

Analytical Column

Detector Electron Capture Detector (GC-ECD)
Inlet temp. 160°C
Oven temp. 150°C
Detector temp. 170°C
Carrier gas N, (6 mL/min)

Injection volume 1 uL (splitless)
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Table 4. The estimated intake of Total Hg compared with standards by JECFA

Weekly food intake

Estimated Weekly intake"

Species of Total Hg % of PTWI? in Total Hg
(g/man/week) (ng/ke/bw?week)
Fish Marine Fish 28.98 0.0234 0.5862
is
Deep Sea Fish 6.65 0.0280 0.6989
Shell Fish 8.96 0.0025 0.0624
Mollusc
Cephalopod 42.28 0.0200 0.4993
Invertebate Tunicata 0.49 0.0003 0.0081
Total 87.36 0.0742 1.8549

Y[Mean content in each food x weekly food intake]/56.73 (bw)
Ybw : body weight (56.73 kg)

YPTWI : Provisional Tolerable Weekly Intake set by JECFA (4 pg/kg bw/week)
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Table 5. Effect of extraction parameters on MeHg recovery (%)

Recovery (%) + S.D.

Parameters

n=3
10% NaCl 89.79 £ 6.95
Extraction SN HCI 43.90 £ 6.63
Solvent 11 N HCI 47.87+£5.51
0.1 N NaOH 82.73 £2.06
10 112.96 + 8.54
Extraction time 13 100.87 = 8.75
(min) 15 109.80 £ 6.18
20 115.30 £ 8.92
40 91.57+6.18
Extraction 45 92.97£9.95
temperature 50 103.65 + 6.32
O 55 91.65+5.27
60 62.55+5.03
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Table 6. Effect of NaOH concentration on MeHg recovery (%)
Recovery + S.D. (%),

Parameters Concentration (N) n=3
0.05 14.49 £ 4.46
Concentration of 0.25 39.36 +5.62
clean-up solution 1.0 47.74 +5.86
(NaOH) 2.0 90.90 + 3.51
5.0 9221 +5.22
A ‘ Sample, 1g I
| < 10% NaCl 10 mL
‘ Microwave (50°C, 15min) |
< 11 N HCI 3 mL
< Toluene 10 mL
) ‘ Shake (5 min) |
Extraction
\ Centrifuge (3000 rpm, Smin) |
\4 ‘ Toluene layer |
L
<= 2 N NaOH Sol. 5 mL
\ Shake (5 min) |
Clean-up ‘
‘ NaOH layer |
< 11 N HCI 3 mL
< Toluene 5 mL
v \ Shake (5 min) |
[
A ‘ GC-ECD Analysis (Toluene layer) |

Fig. 1. Flowchart of extraction and clean-up procedure of samples.

o_>L o 2

gd4o0 mgdfo0]2(MeHe') HEIE 507 olF
ot HFA o o] £39 11 N HCl 3mLE 7}3}0:] A
3} A]7]3L toluene SmLE A 3] 7}sla 3 El/\] 7 &

5 aksict. 3719 W J-?-SW]
—o—gi %}HHE]-E

% (toluene)S GCEA
zZsto A mEgeo] {7152
= AAIFG o] &3 eItk 0.05~5.0 N NaOH &
2 AAT A3, NaOHEY F=7t sobds 3+
FoMA= A4S vebith 22t 2.0 N NaOH ©]
FTEAA = APl oAl AF A o] AA

;‘é;]
o
]
9]

ox Mo 12 oXx l(_’, o_,>:,
o

Z7}3ke] 2.0 N NaOH £ 8 LA
o, NaOH &9 Fx=d 348 A4S Table 69 2T},

o

L
i

Z42d

G
H

(@)

at
A

ol

=0
=0
T

T

Al GC A& AH o2 AFL-%E ULBON
&5 170°C o) dolM ZH iR Fx=Zol
=] el 08 255 160°C ol3tE &
A efo] mET}. ©

H Rl F&stel 29 E7E e dE

7k A& Al memory effectl] €%t ghost peak
At ol gt Aol ek theke = 280°C
del eEemolME 8] 7Fsd d¥ 3% (DB-5, DB-
1701, DB-35)2.2 wdFe 475 f5 AESAT
(Fig. 2). 23y ¥]=4<l DB-5 Ay 7% vE429
B2]7F Hakelx] 4%k, DB-1701 2L tailing 24o]
g ste] Mdre AFEHEoRE AR B Ao
2 Yepdth 57 5491<] DB-35 AH-2 DB-5, DB-1701
Aol Blsf = 9 EJEL #27F W&kl ULBON
Aol vlsf 7& T2 ZoE YEARE v A1Y
Al Mi‘?iz*«l 719_3 e Xé%‘ﬂ-“%ﬁﬂl A&
37=

2 AFA =
A1 Z 37 o)) T%

st AEE At

=]
RN

i

=
T

= rlo

o
-
1__
-

o

-
0

],

4> ofy

=
T
=°] 2
™, 71
A =
o)

—= o

o

wooH 2 o
\l

N3 e ob AT ok

o
il

-

H‘T il V
—_ ‘h _ILI
rlO o,

3
ﬁ
_l
o)
lo 2 3
b S

a8 EE
71;]3]:/&% 94 21/4 }\é
T2 HEFEY EFEN S Axst 53] wHE =

4 o}‘zit}. AFES s F HAAR U] HEFAE A
gstom AAAFR)E T8te] Table 791 YERIATE
W2 16.5-98.7 pglkg &AA T 0.9991, 98.7-263.0 pug/

AAIE 099950130t T2 735 1-10 ng 4+
AlG 0.9993, 10-40 ng H #lolA = FAAI 0.9998= 13
A frAFgE ghol el 9-pgk Aol yEbsiT

I~

A B

Fig. 2. GC-ECD chromatograms of MeHg standard (range 15.7~251 pg/kg). (A : DB-5, B : DB-1701, C: DB-35, D: Ulbon HR-Ther-

mon-Hg).



A Study on the Total Mercury Monitoring and Methylmercury Analysis in Marine Products 173

Table 7. LOD and LOQ of MeHg and Total Hg

Compound Calibration Range Linearity (R?) LOD" LOQ?
16.5-98.7 ng/k 0.9991
MeHg HERS 5.6104 pg/kg 17.0013 pg/kg
98.7-263.0 ng/ke 0.9995
1-10 ng 0.9993
Total Hg 0.0005 pg 0.0016 pg
10-40 ng 0.9998
YLimit of detection = 3.38/S
JLimit of quantification = 108/S
4 = the standard deviation of the response, S = the slope of the calibration curve
Table 8. Comparison of Food code and suggested method on MeHg
Food code method  Development Method
Food code method  Development
Species No. of sample I\/Eea'n + S'?' I\/Eea.n + S']z’ /Total Hg Method/Total Hg
min-max min-max % %
(ng/ke) (ngke) 0 o
76.44 +5.76 133.70 £9.00
ot Rockfish 11 (ND-84.27) (124.94-190.73) 43.11 101.83
arine Fis
. 52.69 +2.00 128.11 £ 10.05
Halibut 7 (ND-72.27) (104.75-132.12) 44.15 77.67
. 148.72 £5.97 164.56 + 8.30
Deep Sea Fish Tuna 6 (50.03-516.93) (120.79-244.55) 66.38 86.39
55.02+3.08 131.94 + .58
Marine Fidh Cod 3 (58.49-84.56) (124.28-177.47) 3745 66.22
arine Fis
4990+ 1.24 130.35 £10.25
Croaker 3 (46.58-58.77) (120.30-147.55) 4451 89.17
. 64.55+2.45 132.75 £ 8.39
ete. 19 (46.58-84.56) (100.14-157.93) 4243 77.32
75.25+3.30 142.07 £9.63
total 49 (ND-516.93) (100.14-244.55) 4584 84.21

*ect.: Hairtail (2), Mackerel (2), Flatfish (2), Bass (2), Snapper (2), Clam (2), Gizzard (1), Blackthroat seaperch (1), Horse mackerel (1),
Red seabream (1), Scorpion fish (1), Blackmouth angler (1), Squid (1)

7 2 Qg
SHA| (Limit of Detection, LOD)<} 7
Quantitation, LOQ)= A4 Al ¢ ol A
Nogz Awael 71871(S)E Fahi
£ °]
2 73

LOD =3.3 x (c/S)

LOQ =10 x (c/S)

o =the standard deviation of the response

S =the slope of the calibration curve
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