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In this study, total mercury and methyl mercury in whole blood of Korean was analyzed so as to investigate the
correlation between total mercury (T-Hg) and methyl mercury (Me-Hg). 4000 whole blood samples were
divided in four groups, according to T-Hg concentration in percentile: group I (p25-p50), group II (p50-p75),
group III (p75-p95) and group IV (p95-p100). 100 samples were randomly selected from the each group, and
Me-Hg concentration was measured. T-Hg concentration in whole blood was analyzed using a Direct Mercury
Analyzer-80 and obtained limit of detection (LOD) was 0.2 pgL™'. Me-Hg concentration was analyzed with
ethylate derivatization using headspace-gas chromatography-mass spectrometry, and obtained LOD of methyl
mercury was 0.5 ugL™'. The geometric means of T-Hg and Me-Hg were 6.35 pgL™" and 4.44 pgL™!,
respectively, and 71.91% of T-Hg was presented as Me-Hg.
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Introduction

Mercury is the only metal that exists as a liquid in nature,
and can be found in 3 forms on earth: element mercury,
inorganic mercury and organic mercury. Element mercury
and inorganic mercury are used in manufacturing industry as
a thermometer, sphygmomanometer and dental amalgam.'”
Some of element mercury and inorganic mercury convert to
methyl mercury though microbial action*> when it is re-
leased into the aquatic environment.

Methyl mercury was biologically accumulated in human
body, and intake of fish is considered as the main route of
methyl mercury exposure.® Accumulation of methyl mercury
is more deadly and has serious side effects than inorganic
mercury, because longer biological half-life in body (90 day-
120 day).” Biological mechanisms of cytotoxicity of methyl
mercury is not completely known, typically the disulfide
bond created by sulfhydryl group in protein.'*!® And methyl
mercury encroach the protein synthesis as well as thymidine
compound into DNA.!! In particular, when pregnant women
ingest methyl mercury, it has a adverse effect on the growth
of fetus.!+172

The percentage ratio of methyl mercury (Me-Hg) in total
mercury (T-Hg) is form 40% up to 60% in fish such as tuna,
marlin and sharks.*! And higher proportion of Me-Hg in T-
Hg was reported as 60%-96% in human blood, and positive
tendency was observed between fish consumption and
fraction of methyl mercury in total mercury.”'

The aim of this study is to investigation remain value of T-
Hg and Me-Hg in whole blood, and to understand the
correlation between T-Hg and Me-Hg.

T-Hg concentration in whole blood samples of Korean (n
= 4000) was analyzed and four groups were categorized
according to the percentile of the concentration: group I (25
percentile-50 percentile), group II (50 percentile-75 per-
centile), group III (75 percentile-95 percentile), group IV
(95 percentile-100 percentile). 100 samples were randomly
selected from each group and Me-Hg concentration was
measured from total number of 400 samples. In case of less
than 25 percentile T-Hg concentration range of samples, that
are likely to be Me-Hg not detected because the concen-
tration is too low. And most of the low concentration samples
are obtained from infants, so that the sample amount is
insufficiency for analysis of Me-Hg. Therefore, the range of
more than 25 percentile was grouped into the target for Me-
Hg analysis.

Blood total mercury analysis was done using the Direct
Mercury Analyzer-80 (DMA-80, Milestone, Italy) with gold
amalgamation process according to US EPA Method 7473.%
Generally, Me-Hg analysis has been done using gas chromato-
graphy-electron capture detector (GC-ECD),? gas chromato-
graphy-atomic fluorescence spectrometry (GC-AFS),*%
inductively coupled plasma-mass spectrometry (ICP-MS),?%
liquid chromatography-cold vapor-atomic absorption spectro-
metry (LC-CV-AAS)?® and microwave induced plasma-atomic
emission detector (MIP-AED).”° However, in this study,
Me-Hg analysis was conducted using derivatization with
sodium tetra ethyl borate (NaBEty) and utilizing headspace-
gas chromatography-mass selective detector (HS-GC-MS)
for accurate and reproducible analysis.*!

From results obtained by performing using the above
analytical methods, correlation between T-Hg and Me-Hg
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was investigated and concentration of T-Hg and Me-Hg
were compared in relation to concentration (group I, group
11, group 111, group IV), age, gender and residential area.

Experimental

Chemicals and Reagents. Mercury standard (1000 mgL™)
was purchased from Wako chemical (Osaka, Japan) and is
dissolved in 5% (v/v) nitric acid to make 100 mgL ™' mercury
stock solution. The nitric acid was obtained from Dong Woo
Fine-Chem (Iksan, Korea). Me-Hg standard stock solution
(1000 mgL™") was prepared by dissolving 10 mg Me-Hg
chloride that was purchased from Sigma Aldrich (St. Louis,
MO, U.S.A)) in 10 mL methanol. Ethyl mercury stock
solution (1000 mgL™") was prepared as an internal standard
by dissolving ethyl mercury chloride (10 mg) that was
purchased from Wako chemical (Osaka, Japan) in 10 mL
methanol. A derivative reagent, 2% (W/v) sodium tetra ethyl
borate (St. Louis, MO, U.S.A.), was dissolved in distilled
water and stored in dark at —4 °C. Potassium bromide (KBr)
and sulfuric acid (H.SO4) were purchased from Kanto
chemical co Inc (Tokyo, Japan) and J.T. Baker (Phillipsburg,
NJ, U.S.A.), respectively, and 2 M KBr /1 M H,SO4 solution
was prepared in distilled water. Sodium acetate and acetic
acid were obtained from Sigma Aldrich (St. Louis, MO,
U.S.A.) and used to prepare acetate buffer solution (pH 5.2)
was prepared by mixing 0.2 M sodium acetate and 0.2 M
acetic acid. A glass headspace vial (10 mL) that purchased
from the Interface Engineering (Seoul, Korea) was used for
the analysis. All other chemicals were of pesticide residue
analysis grade.

Instrumentation. The concentration of total mercury (T-
Hg) in whole blood was determined by utilizing gold-
amalgam method using Direct Mercury Analyzer-80 (DMA-
80, Milestone, Italy). DMA-80 is a analyzer for the analysis
of T-Hg from solid or aqueous samples without chemical
pre-treatment. Heat treatment chemically decomposes the
samples and then the following products are carried by
oxygen flow to an amalgam. Total mercury is selectively
trapped at gold amalgam, afterwards, quantitative information
can be measured by UV absorbance of trapped mercury.

The concentration of methyl mercury (Me-Hg) in the
sample was measured by utilizing headspace-gas chromato-
graphy-mass spectrometry (HS-GC-MS). The analyzing
system was constructed with the autosampler (Combi-PAL,
CTC Analytics, AG, Zwingen, Switzerland) along with 6890A
gas chromatograph (Agilent Technologies, Palo Alto, CA,
USA) which was interfaced with 5973 mass spectrometer
(Agilent Technologies, Palo Alto, CA, USA). The mass
spectrometer was equipped with electron impact ionization
source and quadruple mass analyzer. The operating para-
meters of this system are listed in Table 1.

The mass spectrometer was operated in selected ion
monitoring (SIM) mode. Total ion chromatograms were
acquired and conducted using G1701DA D.01.02 standalone
data analysis software (Agilent Technologies) that was also
used to control the whole system.
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Table 1. GC-MS parameters for methyl mercury chloride analysis

GC condition

- Column Ultra-2: 5% phenyl-methylpolysiloxane
(25m x 020 mm L.D. % 0.33 pm film
thickness)

- Injector temp. 250 °C

- Column flow rate
- Injection mode
- Oven temp. program

1.0 mL/min, He with constant flow
Split ratio (1:10), Headspace, 2 mL
50 °C to 300 °C (20 °C/min, 1 min hold)

- Running time 14.50 min

MS condition

- Detector temp. 280 °C - Quadruple temp. 150 °C
- lon source temp. 230 °C - Jonization mode EI

- Solvent delay 2.00 min

- SIM measured ion (m/z) 242, 244, 246, 248, 256, 258, 260, 262

Sample Collection and Classification. The aim of this
study was to investigate total mercury (T-Hg) and methyl
mercury (Me-Hg) concentration and the correlation between
T-Hg and Me-Hg according to the concentration group, age,
gender and residential area.

T-Hg concentration in whole blood samples of Korean (n
= 4000) was analyzed and four groups were categorized
according to the percentile of the concentration: group I (25
percentile-50 percentile), group II (50 percentile-75 percen-
tile), group III (75 percentile-95 percentile), group IV (95
percentile-100 percentile). Each of the four groups, we random-
ly selected 100 samples and analyzed Me-Hg concentration.
The collected 400 samples information was represented in
Table 2.

Korea Food and Drug Administration (KFDA) collected
blood sample between 2010 and 2011 in Korea. Collected
whole blood sample was bottled in anticoagulant treated
EDTA tube and stored at —20 °C. The study protocol was
approved by the ethical committee of KRDA, Cheongwon-
gun, Chungcheongbuk-do, Republic of Korea, and informed
consent was obtained from each subject.

Determination of Total Mercury in Whole Blood. 100
ug of blood sample put on the nickel boat, and the boat were
injected into DMA-80 (Milestone, Italy) for analysis of T-
Hg. The calibration curve was evaluated in the range of 0.05
ngL'-50.0 ugL ' by using standard solution, which dissolv-
ed in 5% (v/v) nitric acid. Quartz boat was used for calib-
ration experiment to prevent chemical alteration of the boat
by using nitric acid.

Determination of Methyl Mercury in Whole Blood.
Blood samples of experimental methods were followed.’' 1
mL of blood sample was injected into the 15 mL conical
centrifuge tube, and ethyl mercury (100 mgL™', 50 pL) was
spiked. 1 mL of 2 M KBr/1 M H,SO, was added to separate
organic mercury from protein. After the denaturation proce-
dure, liquid-liquid-extraction was conducted with 5 mL
methyl fert-butyl ether (MTBE) for 30 min. followed by
centrifugation for 5 min. at 2800 rpm so as to separate of
organic and aqueous layer. Upper layer of organic solvent
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Table 2. Classification of collected sample for methyl mercury
analysis

Concentration Group Total
Group Il Group IV~ (N)

Groupl  GroupII

Range p25-p50 pS50-p75 p75-p95 p95-p100

T-Hg conc.” 1.51-4.04 4.05-6.26 6.28-9.66 9.67-41.95

N 100 100 100 100 400
Age

19 - 3 12 31 46
20-29 3 7 11 15 36
30-39 17 27 21 23 88
40-49 23 16 23 14 76
50-59 31 31 17 9 88
60 > 26 16 16 8 66
Gender

Male 68 45 42 34 189
Female 32 55 58 66 211
Region

Coast 69 62 45 33 209
Inland 31 38 55 67 191

“Total mercury concentration range (gL ™)

was transferred into a glass test tube and 1 mL acetate buffer
(pH 5.2) was added. After vortex for 1 min. and evaporate
the organic solvent by using a nitrogen evaporator at room
temperature. Remained 1 mL of acetate buffer layer was
transferred to 10 mL headspace vial and then 50 pL of 2%
sodium tetra ethyl borate (NaBEts) solution was added.
Derivatization and extraction process was conducted auto-
matically agitating as 500 rpm for 30 min. at 80 °C with
headspace auto sampler system (Combi-PAL, CTC Analytics,
AG, Zwingen, Switzerland) followed by taken 2 mL super-
natant gas was injected into the GC-MS.

To create the calibration curve, addition of standard (meth-
yl mercury chloride) and internal standard (ethyl mercury
chloride) in 1 mL distilled water: methyl mercury chloride
(0.5 pgL'-50 pgL™), constant concentration of ethyl mer-
cury chloride (5 ugL™"). And experiments were conducted
for calibration in the same way as above.

Statistical Analysis. Statistical analysis was conducted
with SPSS ver 18.0 for Windows (SPSS Inc, Korea). The #-
test was performed to determine the significant difference of
total mercury and methyl mercury concentration in whole
blood between characteristic groups, and also tested on the
methyl mercury portion in total mercury between each
groups. Correlation coefficient (r) was obtained between
total mercury and methyl mercury concentration in whole
blood.

Results and Discussion

Method Validation. Determination of T-Hg in whole
blood samples is conducted by using two calibration curves,
which were drawn in full concentration range (0, 0.5, 1, 2, 5,
10, 50, 50 ugL™") and low concentration range (0.5, 1, 2, 5
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Figure 1. Total ion chromatogram and mass spectra of diethyl
mercury (ISTD) and ethyl methyl mercury spiked in blank water

(5 ugl™).

ugL ™). Full range calibration curve was applied to analyzed
concentration greater than 5 pgL.™" and low range calibration
curve was used to the concentration less than 5 pgL ™.
Linearity (%) of all calibration curve was 0.999 and obtained
limit of detection (LOD) was 0.2 ugL™', that calculated by
equation: LOD = 3.14*c (o = the standard deviation of
control blood sample analysis, N = 7).

Me-Hg had to be convert into non polar compound before
injection into GC-MS, thus sodium tetra ethyl borate was
used as derivatization reagent. After the derivatization,
ethylated Me-Hg was detected by HS-GC-MS and its result-
ing molecular ion (m/z) was confirmed (m/z 242, 244, 246,
248) through the mass spectrum. Similarly, ethyl mercury
used to internal standard was confirmed as diethyl mercury
compound (m/z 256, 258, 260, 262). The mass spectra of the
compounds (ethyl methyl mercury, diethyl mercury) and
total ion chromatogram are illustrated in Figure 1.

Quantification of Me-Hg is based on a calibration proce-
dure using internal standard (ethyl mercury). And divide the
calibration curve by concentration, which were the low
concentration range (0.5 pgL™'-5 pugL™") and high concen-
tration range (5 pgL'-50 ugL™), and applied depending on
the concentration of the sample. As a result, 0.99 or more
linearity (r*) was identified, and the limit of detection was
0.5 ugL "' (S/AN > 3).

Me-Hg concentration was converted to concentration as
Hg by calculated using the ratio of molecular weight of
mercury and methyl mercury chloride, for comparative
analysis between T-Hg and Me-Hg. Reduced concentration
of Me-Hg was marked as Hg in tables and figures.

In order to verify the validity of the analytical method,
conducted analysis of standard reference material (SRM)
955¢ Caprine blood level 2 for T-Hg and that of level 3 for
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Table 3. SRM results of total mercury and methyl mercury
N SRM 955¢ Reference values Measured values Accuracy Precision
Caprine Blood (ugl™ (ugL™) (%) (%)
T-Hg* 15 Level 2 4.95+0.76 5.17+0.35 104.44 6.79
Me-Hg! 3 Level 3 4.50+1.00 4.49 +0.69 99.79 15.42

“total mercury. methyl mercury.

Me-Hg. The SRM were obtained from NIST (New York,
U.S.A.) and results confirmed the accuracy (99.79% at T-
Hg, 104.44% at Me-Hg) and precision (6.79% at T-Hg,
15.42% at Me-Hg), presented in Table 3.

Analysis of Total Mercury and Methyl Mercury in
Whole Blood. The whole blood samples were collected over
two years from the 4000 people, who live in the Korea.
Collected whole blood samples were analyzed total mercury
(T-Hg) concentration. The geometric mean (GM) concen-
tration of total mercury (T-Hg) of the adults (3.90 ugL™)
was higher than children (2.06 pgL™), that of male (3.11
ugL™") was higher than female (2.76 pgL™"). Based on the
above results, whole blood samples of 4000 people divided
into four groups according to the T-Hg concentration. 100
whole blood samples were selected randomly from each
group and the selected total of 400 samples were analyzed
for Me-Hg, analysis results are shown in Table 4.

T-Hg and Me-Hg GM concentration in randomly selected
in four concentration group were 6.35 pgL ™" and 4.44 pgL™",
respectively. Me-Hg was detected in all of samples (N =
400), ranged 1.34 pgl'-26.32 ugL™'. Study performed in
Sweden,*? the AM (SD) methyl mercury concentration was

1.32 (1.10) pgL " in 30 women, with a range of 0.15 pugL -
4.48 ugL™". From Canada,” T-Hg and Me-Hg AM (SD) con-
centration were 1.10 (0.85) pgL™' and 0.70 (0.70) pgL™
among the 288 persons, respectively.

Research 400 people divided according to age: under 19
years, twenties, thirties, forties, fifties, and older than 60 years.
Increasing with age showed a positive tendency to increased
T-Hg and Me-Hg concentration. The study from Denmark>*
showed that Me-Hg concentration is difference between 7
years and 14 years of whole blood sample. Me-Hg concen-
tration of 14 years (3.81 ugL™) is higher than 7 years (1.93
ugL ™). But, the study performed in Canada’ represented that
the there is no significant effects for age (p = 0.27).

Compared GM concentration of T-Hg and Me-Hg bet-
ween male and female, female values showed higher than
male. The #-test was performed, and the results exhibited
significant difference of T-Hg and Me-Hg concentration in
gender (p < 0.05). According to study conducted in Canada,’
female subject’s blood T-Hg and Me-Hg are lower than male
subject’s. And there is significant effect for gender (p < 0.05).

In addition, T-Hg and Me-Hg concentration of coastal area
residents were higher than that of inland areas residents with

Table 4. Total mercury and methyl mercury concentration in whole blood of South Korean

T-Hg* conc. (ugL™)

Me-Hg’ conc. (as Hg, pgL™)

N Percentiles Percentiles

AMC  GM?  MIN®  MAX AM¢  GMY  MIN® MAXY ————————
75th 95th 75th 95th
Total 400 7.72 6.35 1.51 41.95 9.67 18.93 5.50 4.44 1.37 26.32 6.88 13.98
Conc. group
¥ 100 3.15 3.12 1.51 4.04 3.49 3.97 2.36 2.29 1.37 4.03 2.79 3.39
I 100 4.67 4.63 4.05 6.26 4.88 6.00 3.37 3.24 190 593 4.09 5.24
Ir 100 7.83 7.79 6.28 9.66 8.36 9.53 5.36 5.16 2.08 945 6.53 7.87
IV 100 15.23 14.43 9.67 41.95 17.23 26.79 10.92 10.17 385 2632 13.06 19.67
Age
<19 46 3.72 3.56 1.51 7.41 4.30 6.99 2.55 2.41 1.37  5.56 3.09 4.72
20-29 36 5.04 4.52 1.99 12.57 7.07 11.64 3.50 3.12 148 11.60  3.87 10.29
30-39 88 7.28 6.12 1.98 27.55 8.43 20.40 4.99 4.20 1.64  20.95 5.85 12.53
40-49 76 8.76 6.99 2.87 41.95 11.34 2491 5.91 4.75 1.64 20.19 7.31 15.47
50-59 88 9.22 7.96 2.40 29.53 12.13 19.34 6.75 5.69 1.52  26.32 8.54 14.35
>60 66 9.35 7.93 2.86 25.97 12.74 22.79 7.19 5.93 1.91 2293 10.00 17.79
*Gender
Males 189 9.39 7.59 2.45 41.95 12.26 23.78 6.48 5.13 1.56  26.32 8.36 16.60
Females 211 6.23 5.40 1.51 20.31 7.86 13.68 4.63 3.91 1.37 18.03 5.61 11.56
“"Region
Coast 209 9.02 7.53 1.51 32.17 11.30 23.53 6.60 5.40 1.37  26.32 8.49 16.51
Inland 191 6.30 5.26 1.98 41.95 7.89 1543 430 3.59 1.48  20.95 5.24 10.53

“total mercury. *methyl mercury. “arithmetical mean. “geometric mean. ‘minimum.‘maximum. p 25-p 50. "p 50-p 75. p 75-p 95.7p 95-p 100. *: p < 0.0,
total mercury and methyl mercury concentration by gender. **: p < 0.05, total mercury and methyl mercury concentration by region.
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Table 5. The fraction of methyl mercury concentration in total mercury concentration

Me-Hg" conc. (ug/L)/T-Hg’ conc. (ng/L), %

N Percentiles
AM® oM MIN¢ MAX
25th 50th 75th 95th
Total 400 71.91+£16.27 70.02 30.68 100.0 59.20 71.50 83.78 100.0
Conc. group
G 100 75.33£16.57 73.50 45.31 100.0 61.13 73.14 89.86 100.0
" 100 71.85+16.28 70.05 44.01 100.0 60.76 68.42 82.07 100.0
Ir 100 68.22 +16.08 66.23 30.68 100.0 54.54 68.83 80.18 98.28
v 100 72.23 £ 15.61 70.50 39.36 100.0 58.98 71.72 84.78 98.74
Age
<19 46 69.57 +16.32 67.71 41.57 100.0 57.70 69.56 77.64 100.0
20-29 36 70.71 £ 16.18 68.98 49.53 100.0 56.74 68.68 80.86 100.0
30-39 88 70.73 £16.79 68.66 30.68 100.0 58.47 71.24 82.73 100.0
40-49 76 69.80+ 16.14 67.98 37.11 100.0 58.09 66.63 84.34 100.0
50-59 88 73.45+£17.02 71.44 42.08 100.0 59.26 73.33 86.61 100.0
> 60 66 76.12 £ 14.21 74.73 44,01 100.0 68.01 74.75 86.65 99.82
*Gender
Males 189 68.85+ 13.67 67.51 41.57 100.0 58.36 68.19 77.55 94.88
Females 211 74.64 £ 17.89 72.35 30.68 100.0 61.54 73.50 89.32 100.0
Region
Coast 209 73.42 £15.89 71.64 41.04 100.0 60.63 73.26 84.34 100.0
Inland 191 70.25 £ 16.57 68.29 30.68 100.0 58.25 68.69 83.00 100.0

“total mercury. “methyl mercury. “arithmetical mean. ‘geometric mean. “minimum./maximum. ép 25-p 50. "p 50-p 75. p 75-p 95./p 95-p 100. : p <0.05,

the fraction of methyl mercury in total mercury by gender.

statistical significance (p < 0.05). A study from Japan,*®
compared the T-Hg and Me-Hg concentration in blood
according to the local area: a city, a fishing villages and two
isolated fishing village in a gold mining area. T-Hg
concentration was (12.2 = 8.2) pgL™" in the city, (90.4 +
71.5) ugL™" in the fishing villages and (130.7 + 78.5) pugL™"
and (149.9 + 49.5) pgL™! in gold mining area. And Me-Hg
concentration was (9.0 = 6.7) ugL ™", (90.0 + 76.6) pgL’,
(149.2 £52.5) pgL. ™" and (131.9 = 84.2) pgL™', respectively.

Though the above results, the T-Hg concentration in whole
blood was consistent with the general tendency of the
monitoring results, and Me-Hg concentration also represent-
ing the same tendency was confirmed.

The Fraction of Methyl Mercury Concentration in Total
Mercury Concentration. The present study was performed
to confirm the fraction of methyl mercury (Me-Hg) concen-
tration in total mercury (T-Hg) concentration and shown in
Table 5. The arithmetic mean (AM) fraction of T-Hg present
as Me-Hg was 71.91%, range 30.68%-100.00%. As shown
above, most of the T-Hg in the body that exists in the form of
Me-Hg.

Many studies have investigated the proportion of Me-Hg
in T-Hg. Study performed in Sweden observed that per-
centages (Mean = SD) of T-Hg presented as Me-Hg was (60
£ 27)% from 37 whole blood samples, ranged 6%-100%.*
From Canada, T-Hg and Me-Hg in whole blood and cord
blood of Inuit mother (n = 37) were analyzed, 80% Me-Hg
fraction in whole blood and 98% Me-Hg portion in cord
blood.** Similarly the data from Denmark indicate that the

fraction of Me-Hg in T-Hg was 83%.>> And in the north
America, 1127 men of blood sample collected and analyzed,
the results of organic mercury proportion was overall 75%.%

The AM percentage proportion of Me-Hg in T-Hg of each
group did not show significant difference between them:
group I (75.33%), group II (71.85%), group III (68.22%),
group 1V (72.23%). However, in the study done in South-
west Quebec showed increase in curvilinearity as the propor-
tion organic mercury percentage in total mercury increase.’

The results from the above were divided in relation to
gender. As a result, male of the T-Hg and Me-Hg concen-
tration were higher than female, but the portion of Me-Hg
concentration in T-Hg concentration is higher in female
(74.64% > 68.85%, arithmetic mean). The difference (5.79%,
arithmetic mean) is within the standard deviation, but the #-
test performed using SPSS that there is significant difference
between male and female (p <0.05). Me-Hg fraction of
female was higher than male, and the differences were more
pronounced than by region. Female appeared larger ratio of
the Me-Hg than male represented in Figure 2. So that toxi-
city from mercury is more affects in female by metabolism
of mercury in human body.

The results of T-Hg and Me-Hg concentration were divided
by age and compared. Fraction of Me-Hg in T-Hg of 60s
(76.12%, arithmetic mean) is higher than 10s (69.57%, arith-
metic mean), but according to the results of #-test that there is
no significant difference (p = 0.41).

The T-Hg and Me-Hg concentration results of people who
live in coastal area and inland area were divided and the
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Male Female

Hg
25%

Figure 2. Gender effects on total mercury and methyl mercury
concentration fraction in whole blood.

fraction of Me-Hg in T-Hg was compared. There is no signi-
ficant difference in #-test results although the residents of the
coastal area of Me-Hg content in T-Hg is higher than of the
inland area (73.42% > 70.25%, arithmetic mean). That results
were indicates that intake of fish and Me-Hg concentration
were related and the same result was shown in many re-
searches. A study from Japan,*’ compared the T-Hg and Me-
Hg concentration in blood according to the local area: a city,
a fishing villages and two isolated fishing village in a gold
mining area. From the analysis results of Japan, approxi-
mately the Me-Hg fraction of T-Hg in residents of fishing
village was shown the highest values (98%). According to
data from Canada,” increase in consumption of fish as
increase in percentage of organic mercury: among noncon-
sumers of local fish (51.0 £ 28.5 %, n = 175) < total popu-
lation (56.6 = 27.2%, n = 288) < among persons who con-
sumed local fish in one season (61.4 £ 21.0%, n = 47) <
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Figure 3. Correlation between total mercury and methyl mercury
concentration.

among persons who consumed local fish in two season (68.2
+23.5%, n = 66).

Correlation between Total Mercury and Methyl Mer-
cury Concentrations. The correlation between total mer-
cury (T-Hg) and methyl mercury (Me-Hg) in 400 people was
represented at Figure 3. As shown in the figure, the T-Hg
and Me-Hg have a high correlation (r = 0.92, p < 0.05).

When correlation between T-Hg and Me-Hg concentra-
tions of each group was studied, group IV showed the
strongest correlation while the other groups showed low
correlation between the concentration: group I (r = 0.53),
group II (r =0.59), group III (r = 0.52), group IV (r = 0.80).
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Figure 4. Correlation between total mercury and methyl mercury in gender and region. (a) Correlation between total mercury (T-Hg) and
methyl mercury (Me-Hg) concentration in male blood samples. (b) Correlation between total mercury (T-Hg) and methyl mercury (Me-Hg)
concentration in female blood samples. (c¢) Correlation between total mercury (T-Hg) and methyl mercury (Me-Hg) concentration in coastal
resident blood samples. (d) Correlation between total mercury (T-Hg) and methyl mercury (Me-Hg) concentration in inland resident blood

samples.



Correlation Between Total Mercury and Methyl Mercury

Concentration range of group IV is wide and varied, that
bring about high correlation coefficient.

Compared the correlation between T-Hg and Me-Hg, in
male and female, and in people who live in the coastal area
and who live in inland area, shown in Figure 4. The corre-
lation showed a high correlate of 0.9 of greater and no
difference was observed.

Conclusion

In this study to investigate the correlation between T-Hg
and Me-Hg, analysis of T-Hg conducted in whole blood
sample from 4000 Korean. Based on the concentration of T-
Hg, divided the four concentration group as shown in Table
2. 100 samples randomly selected from the each group. T-Hg
was analyzed by utilizing Direct Mercury Analyzer and the
limit of detection was 0.2 pgL™'. Me-Hg analysis progressed
with ethylation by using sodium tetra ethyl borate (NaBEt4)
and Headspace-GC-MS. The limit of detection of Me-Hg
was 0.5 pgL™". In order to verify the validity of the analytical
method, SRM Carprin blood level 2 and 3 (NIST, New York,
U.S.A.) was analyzed. The analysis results from 400 sample
showed a positive trend, with increasing age, an increase in
the concentration of T-Hg and Me-Hg. T-Hg and Me-Hg
concentration in male was higher than female. In addition,
samples of resident in coastal area were observed high con-
centration of T-Hg and Me-Hg. Comparative analysis of
samples in T-Hg and Me-Hg concentration, Me-Hg propor-
tion of T-Hg was 71.91% (arithmetic mean), and showed a
high correlation (r = 0.9248). The fraction of Me-Hg in T-Hg
is generally similar, but female were significantly higher than
male (p < 0.05). That represents the toxicity effect of Me-Hg
is stronger in female than male.
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