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Relationship between Dietary Mercury Intake and Blood 
Mercury Level in Korea

This study was performed to evaluate the effect of dietary factors for mercury exposure by 
comparing with blood mercury concentration. Study population consisted of 1,866 adults 
(839 men and 1,027 women) in randomly-selected 30 districts in southeast Korea. Dietary 
mercury intake was calculated from food frequency questionnaire (FFQ) on seafood items 
and 24 hr recall record. Blood mercury concentration was measured with atomic 
absorption spectrometry. Mean age of the subjects was 43.5 ± 14.6 yr. The FFQ showed 
that mercury-laden fish (tuna, shark) and frequently-eating fish (squid, belt fish, mackerel) 
were important in mercury intake from fish species. The recall record suggested that fish 
and shellfish was a highest group (63.1%) of mercury intake and had a wide distribution in 
the food groups. In comparison with the blood mercury concentration, age group, sex, 
household income, education, drinking status and coastal area were statistically significant 
(P < 0.001). In multiple regression analysis, coefficient from the FFQ (β = 0.003) had 
greater effect on the blood mercury than the recall record (β = 0.002), but the effect was 
restricted (adjusted R2 = 0.234). Further studies with more precise estimation of dietary 
mercury intake were required to evaluate the risk for mercury exposure by foods and assure 
risk communication with heavily-exposed group. 

Keywords:  Blood Mercury; Food Analysis; Dietary Exposure; Seafood; Adult; Korea

Chang-Hun You,1 Byoung-Gwon Kim,1,2 
Yu-Mi Kim,1,2 Sang-Ah Lee,3  
Rock-Bum Kim,1,2 Jeong-Wook Seo,1  
and Young-Seoub Hong1,2 

1Department of Preventive Medicine, and 
2Environmental Health Center, Dong-A University, 
Busan; 3Department of Preventive Medicine, College 
of Medicine, Kangwon University, Chuncheon, Korea

Received: 29 July 2013
Accepted: 29 November 2013

Address for Correspondence:
Young-Seoub Hong, MD
Department of Preventive Medicine, College of Medicine, 
Dong-A University, 26 Daesingongwon-ro, Seo-gu,  
Busan 602-715, Korea
Tel: +82.51-240-2888, Fax: +82.51-253-5729
E-mail: yshong@dau.ac.kr

This study was supported by the Dong-A University research 
fund 2014.

http://dx.doi.org/10.3346/jkms.2014.29.2.176 • J Korean Med Sci 2014; 29: 176-182

INTRODUCTION

Mercury is an important environmental and health issue to 
take priority in the harmful material list published by The US 
Agency for toxic substances and disease registry (ATSDR) (1). 
Currently, people were easily exposed to this harmful material 
by eating the mercury-contaminated food (2). Particularly, the 
mercury was converted to methyl-mercury (Me-Hg) in aque-
ous condition and the Me-Hg was well-absorbed in human ali-
mentary tract (3, 4). Eating mercury-contaminated fish and 
shellfish was the main source of mercury exposure for human 
(5, 6). 
  For evaluating the risk for mercury exposure by ingesting 
foods, Korea Food and Drug Agency (KFDA) performed total 
diet study (TDS) by using data from Korean National Health 
and Nutrition Examination Survey (KNHNES). However, the 
study population in the TDS report was focused on the general 
population (7-10), and therefore it was not sufficient for risky 
group by frequently-eating the fish and shellfish to be safe. South-
east Korea have largest seafood markets including Jagalchi mar-
ket and local residents in these areas traditionally consumed 
the shark which were mercury-laden fish species (11). It was 
needed to evaluate the risk of dietary mercury exposure for the 
residents in these areas, but bio-monitoring studies were just 

performed (12-14). 
  This study was planned to evaluate level of dietary mercury 
intake for the residents in southeast Korea and to identify the 
effect of the dietary mercury exposure on the blood mercury 
concentration as a biomarker. For this purpose, the residents in 
Busan, Ulsan and Gyeongsangnam-do were investigated with 
two kinds of dietary examinations (Food frequency question-
naire, 24 hr recall record) and blood sampling. Additionally, the 
significant demographic variables, which affected the blood 
mercury concentration in this study, were adjusted in compari-
son between blood mercury concentration and dietary mercu-
ry intake. 

MATERIALS AND METHODS

Study population 
The study population was adult over 20-yr-old residing in Busan, 
Ulsan and Gyeongsangnam-do in southeast Korea. To recruit 
the representative subjects in the area, 30 of total 41 adminis-
trative districts were randomly selected and convenient sam-
pling was performed by distributing age group (The 20s, 30s, 
40s, 50s, and 60s) and sex proportionally. The survey was inves-
tigated from June to September in 2010 and collected the data 
of household income, education, smoking status, drinking sta-

ORIGINAL ARTICLE
Occupation & Environmental Medicine

http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2014.29.1.1&domain=pdf&date_stamp=2013-12-23
http://crossmark.crossref.org/dialog/?doi=10.3346/jkms.2014.29.2.176&domain=pdf&date_stamp=2014-01-28


You C-H, et al.  •  Dietary Uptake and Blood Level of Mercury

http://jkms.org    177http://dx.doi.org/10.3346/jkms.2014.29.2.176

tus, residential district (coastal or in-land area) and amalgam 
treatment. Coastal region was determined by the map of coastal 
zone boundary map prepared by The Korean National Geo-
graphic Information Institute. This study consisted of 1,866 sub-
jects with available data on the dietary intake among total 2,019 
subjects. 

Questionnaire for dietary mercury intake assessment 
Two different dietary examinations were performed to estimate 
the dietary mercury intakes in the study population. In semi-
quantitative food frequency questionnaire (semi-FFQ), it was 
focused on the seafood known as main source of mercury in-
take. Specifically, two kinds of seaweed and seventeen kinds of 
fish species, which were selected from our pilot study on the 
preference of fish species for the local residents, were included. 
Shark and whale meats were added because of the high risk for 
mercury exposure as local foods. Dietary mercury intake from 
the semi-FFQ was calculated by multiplying consumption fre-
quency (such as below once a month, once a month, 2-3 times 
a month, 1-2 times a week, 3-4 times a week, 5-6 times a week, 
once a day, twice a day and three times a day), standard intake 
amount (below-standard, standard and over-standard) and 
mercury contents by the individual items. Calculation of the 
mercury intake was used in the Korean Nutritional Society and 
the mercury content by seafood items were provided by KFDA 
(15) and Kim et al. (16). 
  In 24 hr recall record, kinds and amount of foods by the sub-
jects were examined in the day before this survey as meals and 
snacks. The total 115 food items were investigated and the mer-
cury contents in each food were obtained from KFDA (15). The 
dietary mercury intake from the recall record was sum of indi-
vidual mercury intakes from items consumed by subjects, and 
individual mercury intake was determined by multiplying weight 
and mercury content of the item. Calorie was calculated from 
the recall record with Canpro Program (ver 3.0, Korea Nutrient 
Study Society) and was utilized in multivariate analysis as an 
adjustment variable for extremely eater’s dietary intake. 

Measurement of blood mercury concentration
Blood samples of the subjects were collected in the tube treated 
with EDTA (BD Vacutainer, Becton and Dickinson Company, 
Franklin Lakes, NJ, USA), stored in dry ice and transported thou
gh express bus on that day. In our laboratory, they were stored 
at -70°C before the analysis. Blood mercury concentration was 
analyzed by gold amalgamation method with Mercury Auto-
matic Analyzer (DMA-80, Milestone, Shelton, CT, USA). The in-
ternal quality assurance for mercury measurement was per-
formed by checking every 40 samples with the standard mate-
rial (Whole blood metal control, Sero, Billingstad, Norway) and 
the external quality assurance was commissioned by German 
Environmental Quality Assessment scheme (G-EQUAS, Insti-

tute and Out-patient clinic for Occupational, Social and Envi-
ronmental Medicine of Erlangen-Nuremberg , Erlangen, Ger-
many), biannually. 

Statistical analysis
The general characteristics of the study population and the mer-
cury intake from the dietary questionnaires were presented with 
descriptive epidemiology. As the blood mercury concentration 
of the subjects had a right-skewed distribution, log transforma-
tion was applied and that was described as geometric mean. 
The comparison of blood mercury concentration was analyzed 
with analysis of variance (ANOVA). The dietary effect on the 
blood mercury concentration was investigated with multiple 
linear regression analysis. The significance level of all statistical 
analysis was set as 0.05; and it was analyzed using SPSS pro-
gram (ver. 19.0, SPSS Inc., Chicago, IL, USA).

Ethics statement
All the participants gave informed consent of the utilization on 
private information and blood extraction. The collected perso
nal data were used for the statistical analysis and sending the 
results. All of the procedures were performed after approval of 
the institutional review board of the National Institute of Envi-
ronmental Research (IRB No. EHRD-220-2010.8.11). 

RESULTS

General characteristics of the study population
Mean age of the study population was 43.4 ± 14.6 yr and males 
(44.4 ± 15.2 yr) were older than females (42.5 ± 14.0 yr). Males 
had a high proportion of current drinker (77.7%) and current 
smoker (37.2%). Residents in coastal areas (69.9%) were more 
than those in in-land areas (30.1%). Household income and 
education were not different by sex; females received higher 
amalgam treatment than males did (Table 1). 

Dietary mercury intake by questionnaires 
Table 2 shows the dietary mercury intake when examined by 
the semi-FFQ and from the 24 hr recall record. The semi-FFQ 
showed proportion of the mercury intake by individual fish and 
the 24 hr recall record described the proportion by 15 kinds of 
food groups. The semi-FFQ revealed that frequently-eating fish 
(mackerel, belt fish, squid) and mercury laden fish (tuna, shark) 
were more risky fish species for the mercury exposure than oth-
er species (Table 2A). In the 24 hr recall record, fish and shell-
fish group was a highest proportion of total mercury intake and 
had a widest range of 95% confidence interval (Table 2B). Geo-
metric means of the dietary mercury intake from the semi-FFQ 
and the 24 hr recall record were 18.59 μg/week (Table 2A) and 
30.17 μg/week, respectively (Table 2B). 
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Table 1. General characteristics in the study population

Variables
Total 

(n = 1,866)
Men 

(n = 839)
Women 

(n = 1,027)

Age (Mean ± SD, yr) 43.4 ± 14.6 44.4 ± 15.2 42.5 ± 14.0
Age groups (yr)

20-29
30-39
40-49
50-59
60 ≤

407 (21.8)
424 (22.8)
363 (19.5)
355 (19.1)
314 (16.9)

178 (21.3)
167 (20.0)
157 (18.8)
171 (20.5)
163 (19.5)

229 (22.3)
257 (25.0)
206 (20.1)
184 (17.9)
151 (14.7)

Household income (1,000 KRW/month)
Lowest ( < 1,000 )
Low (1,000 to 1,999)
Moderate (2,000 to 2,999)
High (3,000 to 3,999)
Highest (4,000 ≤ )

271 (15.5)
387 (22.2)
380 (21.8)
320 (18.3)
389 (22.3)

119 (15.3)
172 (22.1)
184 (23.6)
138 (17.7)
167 (21.4)

152 (15.7)
215 (22.2)
196 (20.3)
182 (18.8)
222 (23.0)

Education (yr)
Middle school ( < 9)
High school (9 to 12)
College (13 to 16)
Graduated school (16 < )

363 (19.5)
441 (23.7)
427 (22.9)
630 (33.9)

146 (17.4)
194 (23.1)
202 (24.1)
297 (35.4)

217 (21.2)
247 (24.2)
225 (22.0)
333 (32.6)

Smoking status
Current smoking
Ex-smoking
Non-smoking

331 (17.7)
236 (12.6)

1,299 (69.6)

312 (37.2)
224 (26.7)
303 (36.1)

19 (1.9)
12 (1.2)

996 (96.9)
Drinking status

Current drinking
Ex-drinking
Non-drinking

1,182 (63.3)
145 (7.8)
539 (28.9)

652 (77.7)
62 (7.4)

125 (14.9)

530 (51.6)
83 (8.1)

414 (40.3)
Residential district

Coastal area
In-land area

1,302 (69.9)
561 (30.1)

582 (69.6)
254 (30.4)

720 (70.1)
307 (29.9)

Amalgam treatment
Yes
No

1,082 (58.1)
779 (42.1)

456 (54.4)
383 (45.6)

626 (61.3)
396 (38.7)

Table 2. Dietary mercury intakes and proportion from the FFQ and the 24 hr recall 
record 
A. Dietary mercury intake and proportion from the FFQ 

Fish species 
Standard  
intake (g)

Hg content 
(µg/g)

 Mercury intake (µg/week, %)

G.M. (95% CI) Proportion

Mackerel 35/70/105 42.16 2.01 (1.83-2.18) 10.79 
Canned tuna 50/100/150 42.67 1.38 (1.23-1.53) 7.41
Anchovy 7.5/15/22.5 23.50 0.68 (0.63-0.74) 3.65
Tuna 25/50/75 389.88 2.93 (1.91-3.95) 15.74
Mackerel pike 25/50/75 62.45 0.79 (0.66-0.93) 4.24
Yellow corvina 25/50/75 22.56 1.33 (1.22-1.45) 7.14
Alaska pollack 35/70/105 22.06 0.51 (0.45-0.57) 2.74
Sea bream 25/50/75 113.00* 0.49 (0.39-0.59) 2.63
Flat fish 25/50/75 54.00* 0.57 (0.51-0.63) 3.06
Belt fish 25/50/75 62.50 2.19 (1.98-2.41) 11.76
Squid 17.5/35/52.5 108.48 2.20 (1.95-2.46) 11.81
Crab 35/70/105 25.01 0.44 (0.39-0.49) 2.36
Whelk 17.5/35/52.5 4.92 0.07 (0.06-0.08) 0.38
Oyster 17.5/35/52.5 16.62 0.14 (0.12-0.17) 0.75
Muddy loach 35/70/105 13.77 0.28 (0.24-0.32) 1.50
Carp 35/70/105 26.00* 0.09 (0.04-0.13) 0.48
Shark 35/70/105 1,584.00 1.43 (0.90-1.96) 7.68
Whale meat 35/70/105 288.00 0.27 (0.18-0.36) 1.45
Raw sushi - - - -
Pickled fish 35/70/105 13.28 0.26 (0.22-0.29) 1.40
Laver 1/2/3 7.42 0.04 (0.03-0.04) 0.21
Sea mustard 15/30/45 12.21 0.53 (0.48-0.57) 2.85
Total mercury intake 18.59 (16.99-20.21) 100.00

*Mercury content was obtained from Kim et al. (16). Hg, mercury; G.M., geometric 
means; CI, confidence interval.

B. Dietary mercury intakes and proportion from the 24 hr recall record

Food category
Weekly mercury intake by food groups (µg/week, %)

G.M. (95% CI) Proportion 

Grains and cereals 3.95 (3.79-4.11) 13.08
Potatoes and starch 0.17 (0.15-0.19) 0.57
Sugars and sweets 0.23 (0.22-0.24) 0.77
Pulses 0.19 (0.17-0.20) 0.61
Nuts and seeds 0.01 (0.00-0.01) 0.02
Vegetables 2.34 (2.28-2.40) 7.75
Fruits 0.59 (0.53-0.65) 1.95
Meats and poultry 0.99 (0.99-1.08) 3.28
Eggs 0.25 (0.24-0.27) 0.84
Fish and shellfish 19.03 (14.13-23.93) 63.10
Seaweed 0.11 (0.10-0.12) 0.35
Milk and dairy products 0.81 (0.74-0.89) 2.70
Oils and fats 0.17 (0.16-0.18) 0.56
Beverages 1.08 (0.98-1.19) 3.59
Seasonings 0.26 (0.24-0.27) 0.85
Total mercury intake 30.17 (25.26-35.73) 100.00

G.M., geometric means; CI, confidence interval.

Blood mercury concentration
Geometric means of the blood mercury concentration in the 
subjects was 5.12 (4.99-5.26) μg/L. Males had a higher blood 
mercury concentration as 6.01 (5.77-6.26) μg/L than in females 
as 4.50 (4.36-4.64) μg/L (Table 3). Age group (P < 0.001), educa-
tion (P < 0.001), household income (P < 0.001), drinking status 
(P < 0.001) and residential district (P < 0.001) were significantly 
associated with the blood mercury concentration (Table 4).

Multiple regression analysis
In multiple regression analysis, the blood mercury concentra-
tion was significantly associated with the dietary mercury in-
takes obtained from the semi-FFQ (β = 0.003, P < 0.001) and 
the 24 hr recall record (β = 0.002, P < 0.001). Age groups, sex, 
drinking status and residential district as well as the dietary mer-
cury intakes were also significant in the regression analysis. High 
household income and education level of graduated school 
were also significantly different in the regression analysis. Esti-
mation of blood mercury by prediction equation from the re-
gression was restricted to explain distribution of the mercury 
concentration by the dietary mercury intake (adjusted R2 = 0.234) 
(Table 5). The prediction equation in this study was: Ln (Blood 

Hg level) = 0.238*(Male sex)+(0.224-0.539)*(The 20s, 30s, 40s, 
50s, 60s in Age group)+0.185*(Coastal area in residential district)- 
(0.117-0.128)*(Non-drinking or ex-drinking in drinking status)+ 
0.109*(High or Highest household income)+0.105*(Graduated 
school in education)+0.003*(Hg intake from FFQ)+0.002*(Hg 
intake from 24 hr recall)+0.964.



You C-H, et al.  •  Dietary Uptake and Blood Level of Mercury

http://jkms.org    179http://dx.doi.org/10.3346/jkms.2014.29.2.176

the food groups. The dietary mercury intake significantly affect-
ed the blood mercury concentration, but the effect had a rela-
tively weak correlation. 
  KFDA reported that the dietary mercury intake of general 
population in Korea was 2.18-2.40 μg/day based on the results 
reported in KNHNES in 2005 and 2007 (7, 8). Choi et al. (9) re-
ported that an increased amount of the intake (4.29 μg/day) 
was obtained from KNHNES in 2008. The dietary intake level of 
the TDS in 2005 and 2007 was lower than that in this study (7, 

DISCUSSION

This study showed the dietary mercury intakes from the semi-
FFQ and the 24 hr recall in the study population of southeast-
ern Korea. The semi-FFQ suggested that mercury laden fish 
(tuna, shark) and frequently-eating fish (squid, belt fish and 
mackerel) were important in the fish species. The 24 hr recall 
record pointed that fish and shellfish was a most heavy source 
of the mercury intake and had a widest range of the intake in 

Table 3. Distribution of dietary mercury intakes and blood mercury concentration  

Group G.M. (95% CI)
Percentile

5 25 50 75 95

Mercury intake from FFQ 
22 seafood items (µg/week) Total

Male
Female

18.59 (16.99-20.20)
19.26 (17.13-21.40)
18.05 (15.70-20.40)

1.32
1.36
1.27

5.69
5.76
5.66

10.91
11.38
10.55

20.09
21.60
19.08

52.53
54.99
50.85

Mercury intake from 24 hr recall
Total 115 dietary items (µg/week) 

Fish and shellfish items (µg/week)

Total
Male
Female
Total
Male
Female

30.17 (25.26-35.07)
29.02 (27.01-31.03)
31.10 (22.33-39.87)
19.03 (14.13-23.94)
17.51 (15.54-19.49)
20.27 (11.50-29.05)

6.42
6.58
6.37
0.00
0.00
0.00

11.14
11.62
10.89
0.49
0.82
0.41

18.67
20.48
17.65
7.13
8.46
5.71

33.26
35.82
31.58
20.93
21.50
20.66

72.64
76.02
68.24
62.20
62.30
57.09

Blood mercury concentration
Total mercury (µg/L) Total

Male
Female

5.12 (4.99-5.26)
6.01 (5.77-6.26)
4.50 (4.36-4.64)

2.10
2.20
2.10

3.50
4.20
3.20

5.10
6.30
4.50

7.50
8.90
6.20

13.27
15.45
10.10

G.M., geometric means; CI, confidence interval.

Table 4. Comparison of blood mercury concentration by the demographic characteristics with ANOVA 
Unit: µg/L

Variables
G.M. (95% CI) G.M. (95% CI) G.M. (95% CI)

All P value Male P value Female P value

Age group (yr) 20-29
30-39
40-49
50-59
60 ≤

4.29 (4.08-4.51)
5.73 (5.39-6.08)
6.42 (6.04-6.81)
7.62 (7.18-8.07)
6.57 (6.12-7.01)

< 0.001 4.58 (4.19-4.97)
7.21 (6.48-7.95)
7.99 (7.30-8.69)
9.01 (8.34-9.69)
6.99 (6.32-7.65)

< 0.001 4.07 (3.84-4.30)
4.75 (4.50-5.02)
5.23 (4.87-5.59)
6.31 (5.80-6.82)
6.11 (5.55-6.68)

< 0.001

Household income
   (1,000 KRW/month)

Lowest ( < 1,000)
Low (1,000 to 1,999)
Moderate (2,000 to 2,999)
High (3,000 to 3,999)
Highest (4,000 ≤ )

6.17 (5.72-6.62)
5.26 (4.99-5.53)
6.30 (5.85-6.76)
6.44 (6.06-6.84)
6.56 (6.16-6.97)

< 0.001 6.66 (5.92-7.39)
5.88 (5.41-6.35)
7.42 (6.62-8.22)
8.00 (7.36-8.64)
8.44 (7.68-9.20)

< 0.001 5.78 (5.24-6.33)
4.77 (4.47-5.07)
5.24 (4.81-5.66)
5.30 (4.88-5.71)
5.12 (4.79-5.45)

0.051

Education (yr) Middle school ( < 9)
High school (9 to 12)
College (13 to 16)
Graduated school (16 < )

6.55 (6.09-7.01)
6.27 (5.93-6.61)
4.99 (4.70-5.28)
6.33 (6.04-6.62)

< 0.001 7.52 (6.61-8.43)
7.22 (6.63-7.81)
5.75 (5.25-6.25)
7.87 (7.37-8.37)

< 0.001 5.87 (5.45-6.30)
5.55 (5.17-5.93)
4.29 (4.00-4.57)
4.98 (4.72-5.24)

< 0.001

Smoking status Current smoking
Ex-smoking
Non-smoking

6.86 (6.41-7.30)
8.19 (7.51-8.87)
5.48 (5.32-5.66)

< 0.001 6.94 (6.47-7.41)
8.40 (7.69-9.11)
6.42 (6.01-6.85)

< 0.001 5.62 (4.58-6.66)
4.63 (3.35-5.90)
5.19 (5.01-5.36)

0.439

Drinking status Current drinking
Ex-drinking
Non-drinking

6.39 (6.15-6.61)
5.34 (4.82-5.87)
5.59 (5.32-5.86)

< 0.001 7.44 (7.08-7.80)
6.32 (5.45-7.19)
6.04 (5.46-6.63)

< 0.001 5.44 (5.14-5.75)
4.64 (4.01-5.26)
5.08 (4.87-5.30)

0.026

Residential district Coastal area
In-land area

5.40 (5.24-5.56)
4.50 (4.29-4.71)

< 0.001 6.27 (6.00-6.55)
5.35 (5.01-5.72)

< 0.001 4.79 (4.50-4.98)
3.89 (3.67-4.13)

< 0.001

Amalgam treatment Yes
No

5.10 (4.90-5.30)
5.17 (5.00-5.34)

0.605 5.93 (5.61-6.27)
6.02 (5.70-6.35)

0.717 4.41 (4.19-4.64)
4.63 (4.46-4.80)

0.132

G.M., geometric means; CI, confidence interval.
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8), but Choi et al. (9) was not. Yaginuma-Sakurai et al. (17) re-
ported that dietary mercury intake level was concurrently in-
flated as number of dietary items increased. Choi et al. (9) ex-
amined 178 food items (47 items were fish and shellfish) of their 
examination, but the other TDS had comparable food items to 
this study (7, 8). Thus, it suggested that the level of the dietary 
mercury intake in our study population was higher than the 
general population in Korea. 
  Moon et al. (10) reported that the dietary mercury intake in 
the general population in Korea was 0.52 μg/week using data 
from KNHNES in 2001. Moon et al. (10) calculated the intake 
level using 5 more fish than this study and mercury contents of 
the fish species was measured by their laboratory. It was not 
confirmed whether the dietary mercury intake from the semi-
FFQ was superior to Moon et al. (10) or not. However, the fish 
species with high risk of the mercury intake between our study 
(tuna: 15.7%, squid: 11.8%, belt fish: 11.8%, and mackerel: 10.8%) 
and Moon et al. (10) were consistent (mackerel: 16.0%, tuna: 
14.0%, squid: 12.5%, belt fish: 6.4%). In Japan, tuna, sword fish, 
and marlin, which were the fish species with high mercury con-
tents, were the main source of mercury intake by ingesting the 
fish (17). Like Japan, the mercury-laden fishes (tuna, shark and 
whale) were also important to increase the risk of mercury ex-
posure in this study population. Such large predator fishes as 
shark and tuna are known to have a large variance in mercury 
contents according to the size of the fish. Therefore, it was con-

sidered that detail information on mercury contents by the size 
of these species will help to judge the precise evaluation for mer-
cury exposure by ingesting the fishes. 
  Lee et al. (18) reported that a single item taking highest pro-
portion in dietary mercury intake for Koreans was cereals. Pro-
portion of the mercury intake from the cereals in the 24 hr recall 
record was 13.2 %, which was the second-highest in this study. 
In the Korean TDS, the cereals was the second heavy food group 
of the mercury intake as 15.9% and 16.7% (7, 8). It was reported 
that the countries consuming rice as their staple food might 
have increased risk of mercury exposure even though the mer-
cury content in rice is low (19). However, because the confidence 
interval of the intake by cereals had a narrower range than that 
of the fish and shellfish, fish and shellfish were more important 
to manage the risk of the mercury exposure in the subjects. 
  This study showed that geometric means of the dietary mer-
cury intake by sex in the semi-FFQ was opposite to the 24 hr re-
call record. Considering males’ mercury levels at every percen-
tile were consistently higher than in females, this discrepancy 
was caused by minor over-reported participants in females. 
  Geometric mean of the blood mercury concentration in this 
study was 6.07 μg/L, which was higher than the concentration 
(3.23-4.15 μg/L) of the researches in Korea (12-14). This study 
showed the male predominance and the peak of fifties in the 
blood mercury concentration. These finding were consistent 
with other bio-monitoring studies (12-14), but its mechanism 

Table 5. Multiple regression analysis of the blood mercury concentration

Variables β S.E. P value

Constants 0.964 0.074 < 0.001
Age group (yr) 20-29

30-39
40-49
50-59
60 ≤

Ref.
0.224
0.332
0.539
0.438

0.037
0.040
0.044
0.052

< 0.001
< 0.001
< 0.001
< 0.001

Sex Female
Male

Ref.
0.238 0.026 < 0.001

Dietary mercury intake from the FFQ 0.003 0.001 < 0.001
Dietary mercury intake from 24 hr recall record 0.002 0.001 0.002
Household income (1,000 KRW/month) Lowest ( < 1,000)

Low (1,000-1,999)
Moderate (2,000-2,999)
High (3,000-3,999)
Highest (4,000 ≤ )

Ref.
-0.057
0.046
0.109
0.109

0.044
0.046
0.049
0.048

0.188
0.317
0.026
0.024

Education (yr) Middle school ( < 9)
High school (9-12)
College (13-16)
Graduated school (16 ≤ )

Ref.
-0.035
-0.056
0.105

0.042
0.049
0.047

0.409
0.254
0.025

Drinking status Current-drinking
Ex-drinking
Non-drinking

Ref.
-0.128
-0.117

0.046
0.029

0.005
< 0.001

Residential district In-land area
Coastal area

Ref.
0.185 0.026 < 0.001

Adjusted R2 0.234

Prediction Equation: Ln (Blood Hg level) = 0.238* (male sex)+(0.224-0.539)*(Age group)+0.185*(coastal area)-(0.117-0.128)*(non-drinking or ex-drinking in drinking status)+ 
0.109*(High or Highest in household income)+0.105*(Graduated in education)+0.003*(Hg intake from FFQ)+0.002*(Hg intake from 24 hr recall)+0.964; Regression was ad-
justed with calorie from 24 hr recall record.
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was not clarified yet. It was observed that the subjects with cur-
rently drinking had a significantly higher concentration in this 
study. Animal experiment showed that alcohol potentiated the 
toxicity of mercury and increased the concentration in tissues 
dose-dependently (20). The significance was continued after 
adjustment with intake of raw sushi, which was favorite dish 
during drinking in Korea and acted as confounding (data was 
not shown). However, further study was expected to determine 
whether stop drinking was an effective way to reduce the risk 
for mercury exposure or not. Especially, it was observed that 
college level subjects with education background had a rela-
tively lower blood mercury concentration than others. It as-
sumed that the difference was caused by the increased propor-
tion of young participants in the college level: proportion of the 
20s participant in college level (47.4%) was prominently higher 
than other education level. 
  In multiple regression analysis, the dietary mercury intakes 
from nutritional examinations were significantly associated 
with the blood mercury concentration. Coefficients of the di-
etary factors suggested that the mercury intake from the semi-
FFQ had a strong effect on the blood mercury concentration. It 
assumed that the semi-FFQ better provided the data of the mer-
cury exposure by ingesting foods because of weakness for one-
day recall survey in this study (21, 22). Additionally, a goodness 
of fit in the regression did not prove that the semi-FFQ was bet-
ter predictor of the blood mercury concentration. Though we 
performed calorie adjustment in the regression analysis, these 
problems was sustained. Yaginuma-Sakurai et al. (17) pointed 
the difficulty of finding a significant correlation between dietary 
mercury intake and mercury level in biospecimen. Stern et al. 
(23) observed that the dietary mercury intake by fish consump-
tion was significant in the regression of hair mercury, but had a 
weak correlation. Sirot et al. (24) reported that a group with low 
mercury intake had a poor reflection on the mercury concen-
tration. The precision in the regression was underestimated be-
cause the subjects had a difference of fish consumption with 
fisherman who consumed fishery products as main dishes dai-
ly. However, researchers developed estimation models to ex-
plain blood mercury concentration by dietary intake and the 
models had good prediction in comparing with the actual mer-
cury level in their study population (25-27). If the estimation 
model for the Korean is developed, it contributes to establish 
plans for management on the mercury exposure for the Koreans. 
  This study was the large-scaled study with strengths of recruit-
ing even-distributed subjects with age and sex, and investigat-
ing into the dietary survey and bio-monitoring together for the 
local residents in southeast Korea. Additionally, it compared 
the dietary mercury intake with the blood mercury concentra-
tion by individual. However, the considerations on tools for in-
creasing the accuracy of the nutritional information were not 
sufficient to verify the effect of the dietary mercury intake on 

the blood mercury level. If these limitations are overcome by 
sophisticated designs for the nutritional survey and detailed 
data on the mercury contents by fish species is available, it was 
expected to evaluate the risk for the mercury exposure by in-
gesting foods and ensure effective communication with heavi-
ly-exposed group. 
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