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Mercury Exposure Factors among Residents in the
Highly Mercury Exposed Area, Seoksan-ri, Korea

Dae Seon KIM, Young Min Kwon', Hee-Ung Chung, and Kyunghee CHOI

Environmental Health Research Department, National Institute of Environmental Research

ABSTRACT

Objectives: The 2007 Korea National Survey for Environmental Pollutants in the Human Body found the
highest blood mercury levels nationwide among residents in Seoksan-ri, Goro-myeon, Gunwi-gun,
Gyeonsangbuk-do. With the aim to reduce the blood mercury levels of residents in this region, we conducted
this study to identify the association between mercury exposure levels and shark meat consumption.

Methods: This survey was conducted with 118 participants in Seoksan-ri before the Chuseok festival and 113
residents were added afterwards. Information on participants was collected via questionnaires. Total mercury
concentrations in biological samples were measured using a mercury analyzer with the gold-amalgam
collection method.

Results: To identify this, we conducted mercury exposure level analysis before and after the Chuseok
festival and found that blood and urinary mercury levels after Chuseok (GM of 6.9 ug/L in blood and
1.68 pg/g_cr in urine) were higher than those before (GM of 5.29 ug/L in blood and 1.44 pg/g_cr in urine). This
area maintains a custom of using shark meat as one of the ancestral rite foods, and the performance of such rites
and shark meat consumption have been identified as main sources of mercury exposure. Other than this,
smoking, dental amalgam treatment and residential period in the area also contributed to an increase in mercury
exposure levels. On the other hand, recent consumption of oriental medicine and vaccination did not have a
significant influence on mercury levels.

Conclusion: The results were attributed to the local custom of consuming shark meat with high mercury
concentrations during rituals taking place during the festival and ancestral rites. Given that the blood mercury
levels in 23.2% of the residents exceeded the HBM II values recommended by the German Commission on
Human Biological Monitoring, it is suggested that further appropriate actions and follow-up measures be taken
to reduce the mercury exposure levels of the residents that exceeded the reference values.

Keywords: Exposure factor, Mercury, Shark meat intake
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Table 1. Number of general characteristics of study

subjects
1% survey” 2" survey'
Male 53 (44.9%) 56  (49.6%)
Gender
Female 65  (55.1%) 57  (50.4%)

~9 3 @25%) 3 (2.7%)

10~19 12 (102%) 11 (9.7%)

2029 4 (34%) 2 (1.8%)

3039 2 (1.7%) 4 (3.5%)

Age  40~49 11 (93%) 9  (8.0%)

50~59 28 (23.7%) 22 (19.5%)
60~69 23 (195%) 21  (18.6%)
70~79 22 (186) 31 (274%)

80~ 13
Total 118

*1Ist: before Chuseok festival
"2nd: after Chuseok festival

(11.0%) 10 (8.8%)
(100.0%) 113 (100.0%)

L XS Falo| f2rgts
B 2R FHL 1F0E R4 A F A

Oﬂ AA Y=o, 4 A 12k 24 189, F
A & 22k ZA} 11390] ZAFITH(Table 1). 3o
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Hako g ALY AAAEE T dEx T =@ 529 ug/l, & 144 ug/g cr)2ot F4
Ab A3 7k zF A7) §-94-S SPSS 18.0 program T =8 690 ugL, £ 1.68 ug/g cry’t =4 1
< o]gsted dYnx] EAHEA (one way ANOVA) EFsttH(Table 2).

I AR ERIEor, pgtol 0.05 PR gPgAe] FRIEe] HBM ¥ EPA Fax|e] 3}
8 BAM0R fel8 oz PFa A 5g AvEE, 8% eEmd 4 R4 AR
Table 2. Mercury concentration of biological samples according to survey
1% survey 2" survey
N AM. S.D. GM. 95% CI N AM. S.D. GM. 95% CI

Blood 114 6.59 4.48 529  4.68~6.00 112 10.57 10.50 690  5.80~8.22

(ng/L)

Urine 2.19 239 144 1.18~187 103 2.16 1.67 168 149~1.97
(ng/g_cr)

Hair

116 2.79 2.18 2.13 1.87~2.60 114 2.50 1.84 1.92 1.71~2.28

(ug/g)
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Table 3. Number of exceeds to mercury reference value

HBM I HBM 11 EPA
N AM. GM. Reference Exceed Reference Exceed Reference  Exceed
value N (%) value N (%) value N (%)
Blood  1%survey 114 659 529 5 9 G18) 8 10 54 (47.4)
(L) 2% survey 112 1057 6.90 67 (59.8) 26 (232) 62 (55.4)
Urine I** survey 95 219 144 s 6 (85 20 0 (0.0
(ng/g cr) 2% survey 103 2.16 1.68 8 (7.8) 0 (0.0
Hair 1™ survey 116 2.79 2.13
(hg/g) 2 survey 114 250 1.92
Table 4. Mercury concentration by each factors
Classification Smoker Non-smoker Total p-value
Blood GM. (N) 7.46 (28) 537 (74) 5.88 (102) 0,019
(ug/L) (AMASD.)  (8.79%5.16)  (6.48+4.06)  (7.1244.49) :
. Urine GM. (N) 1.30 (23) 1.56 (60) 1.49 (83)
Smoking (ugle_cr) (AMASD)  (1.92+198)  (24%12.69)  (2.2742.51) 0427
Hair GM. (N) 3.09 (27) 2.17 (74) 2.38 (101) 0.027
) (AMASD.)  (3.8£12.90)  (2.72+1.84)  (3.0£1221) :
Classification Yes No Total p-value
Blood GM. (N) 6.19 (36) 5.71 (66) 5.88 (102) 0.803
(ug/L) (AMASD.)  (727+4.09)  (7.0344.72)  (7.12+4.49) '
Alcohol Urine GM. (N) 1.49 (32) 148 (51) 1.49 (83) 0326
consumption (ug/g cr) (AMASD.)  (1.93t134)  (24943.02)  (227+2.51) :
Hair GM. (N) 2.35 (37) 2.40 (64) 238 (101) 0.667
) (AMASD.)  (2.88£1.83)  (3.08+2.42)  (3.041221) '
Classification Yes No Total p-value
Blood GM. (N) 5.82 31) 5.09 (72) 530 (103) 0718
. (ug/l) (AMASD.)  (6.88+4.01)  (6.52+4.80)  (6.63%4.56) :
Pas;;l;ft‘;z oF ™ Utine GM. (N) 1.65 (23) 2.02 (74) 143 (34) 0357
treat rient (ug/g_cr) (AM.AS.D.) (2.3612.48) (1.9+11.74) (2.0311.96) ’
Hair GM. (N) 2.26 (30) 2.02 (74) 2.09 (104) 0822
(ug/g) (AMASD.)  (2.68£1.50)  (2.78+2.43)  (2.75+2.20) :
Classification Yes No Total p-value
Blood GM. (N) 4.99 (15) 539 (99) 533 (114) 0.870
(ug/L) (AMASD.) (6.4514.50) (6.6614.49) (6.6314.49) ’
Herbal medicine Urine GM. (N) 1.40 (11) 1.48 (83) 1.47 (94) 0416
intake (ug/g_cr) (AMASD.)  (1.66£0.97)  (229+2.52)  (2.2%12.39) '
Hair GM. (N) 1.98 (15) 2.14 (100) 2.12 (115) 0543
(ug/e) (AM.AS.D.) (2.45%1.62) (2.82142.26) (2.7842.18) ’
Classification Yes No Total p-value
Blood GM. (N) 3.93 (12) 5.53 (102) 5.33 (114) 0.174
(ug/L) (AM.ASD) (4.9613.67) (6.8314.55) (6.6314.49) ’
. Urine GM. (N) 1.57 (10) 1.46 (84) 1.47 (94)
Vaccination (uglg_cr) (AMASD)  (2794359)  (2.158223)  (2.2+12.39) 0428
Hair GM. (N) 1.65 (13) 2.19 (101) 2.12 (114) 0,440
(ng/g) (AMASD.) (2.3442.05) (2.8412.21) (2.7812.19) ’
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Table 5. Mercury concentration by residence period in survey area

10~19
year

Below

Classification
10 year

20~29
year

More than
40 year

30~39
year

Total p-value

Blood
(ng/l)

GM. (N) 431 (39)

6.60 (24)

526 (18)
(AMASD.) (550+4.18) (7.8£14.43) (6.053.50)

532 (9)
(6.44+4.48)

6.17 (24)
(7.785.38)

533 (114)

(6.63+449) 1%

Urine 128 32) 231 (18)

(ug/g_cr)

GM. (N)

1.36 (14)
(AMASD.) (1.8242.02) (3.6743.74) (1.73+1.23)

136 (9)
(1.73+1.22)

134 21)
(2.10£2.10)

1.47 (94)

@2t1239) 2071

Hair
(ug/g)

GM. (N)  1.56 (41)

2.83 (23)

2.04 (18)
(AMASD.) (2.02£1.53) (3.3742.02) (2.45+1.55)

220 (9)
(2.53+1.55)

2.86 (24)
(3.8343.21)

2.11 (115)

@78t2.18) 201

Table 6. Mercury concentration by participation of ancestral rites

Classification

Yes

No Total p-value

Blood
(ug/L)

GM. (N)
(AM4S.D.)

5.81 (71)
(7.4045.11)

458 (16)
(5.5443.27)

5.56 (87)

(7.06+4.87) 0.168

Urine

(ug/g_cr)

GM. (N)

st
I* survey (AMAS.D.)

1.57 (64)
(2.48+2.48)

127 (13)
(1.54+1.06)

1.51 (77)

(2.26+2.32) 0222

Hair
(Lg/e)

GM. (N)
(AM.£SD.)

232 (71)
(3.072.42)

1.86 (17)
(2.45+1.82)

222 (88)

(2.95+2.32) 0.327

Classification

Yes

No Total p-value

Blood
(ng/h)

GM. (N)
(AM.1S.D.)

7.40 (72)
(10.92£10.37)

432 (15)
(7.6319.68)

6.75 (87)

(10.35+10.28) 0.263

Urine

(ug/g cr)

GM. (N)

nd
2" survey (AMASD.)

1.66 (69)
(2.1241.60)

1.47 (15)
(1.99+1.84)

1.63 (84)

(2.10+1.63) 0.779

Hair
(ug/g)

GM. (N)
(AM.1S.D.)

1.99 (73)
(2.53+1.84)

1.30 (16)
(1.74£1.40)

1.85 (89)

(2.3841.79) 0.109
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Table 7. Mercury concentration by dietary habits

Classification Like Common Don’t Like Total p-value
Blood GM. (N) 5.96 (41) 485 (32) 5.05 (42) 530 (115) e
(ug/L) (AMASD.)  (7.231425)  (5.9044.47)  (6.50+4.74)  (6.59+4.48)
Fish intake Urine GM. (N) 1.58 (32) 1.43 (30) 132 (33) 144 95) oo
preference  (ug/g cr)  (AMASD.)  (2.5743.00)  (2.09+231)  (1.92+1.72)  (2.19£239)
Hair GM. (N) 241 (42) 1.77 (32) 2.17 (42) 213 (116) ) o
(Lg/g) (AMASD.)  (2.99+1.75)  (2.5312.90)  (2.79+1.72)  (2.79+2.18)
Classification No intake  <Itime weekly 1time weekly Total p-value
Blood GM. (N) 5.38 (8) 5.42 (73) 5.58 (28) 5.46 (109) 0.896
(ug/L) (AMASD.)  (6.2£14.00) (6.9014.87) (6.59£3.81) (6.77£4.53) ’
Fish intake Urine GM. (N) 1.13 (5) 1.50 (62) 137 (23) 144 90) (e
frequency (Mg/g cr)  (AMASD)  (1.5241.18)  (24+12.79)  (1.8+11.33)  (2.2+1244) =
Hair GM. (N) 2.37 (9) 227 (71) 2.02 (30) 221 (110) 50
(ug/e) (AMASD.)  (27741.76)  (3.08+248)  (24%11.44)  (2.87+220)
Classification No intake  <ltime weekly 1time weekly Total p-value
Blood GM. (N) 5.04 (9) 5.64 (71) 5.17 (30) 546 (110) (oo
(ng/L) (AMASD.)  (6.8245.58)  (6.93+4.50)  (6.324.30)  (6.76+4.51)
Meat intake Urine GM. (N) 1.64 (7) 1.36 (62) 1.57 (22) 1.43 91) 0.960
frequency (ug/g cr)  (AMASD)  (2.10£1.58)  (224+2.73)  (2.08t1.71)  (2.194243) =
Hair GM. (N) 222 (9) 242 (73) 1.68 (29) 219 (11D oo
(Lg/e) (AMASD.)  (2.884220)  (3.09+228)  (2.24+1.92)  (2.85+2.20)
Classification No intake  <Itime weekly 1time weekly Total p-value
Blood GM. (N) 6.17 (74) 445 (30) 3.08 (5) 546 (109) o0
(ug/L) (AMASD.)  (7.4t1442)  (5.7944.76)  (3.2341.05)  (6.7744.53)
P roc‘fzf:lfemeat Urine GM. (N) 1.58 (60) 1.32 (25) 0.75 (5) 14400 oo
frequency (Mg/g o)  (AMASD.)  (25t12.77)  (1.73£149)  (0.96+0.79)  (2.2412.44) =
Hair GM. (N) 2.59 (73) 1.74 (32) 0.99 (5) 221 (110) o
) (AMASD.)  (3.23£230)  (2.34+1.88)  (1.044037)  (2.874220)
Table 8. Mercury concentration by shark meat intake
Classification No intake group Intake group Total p-value
Blood GM. (N) 4.13 (28) 6.40 (59) 5.56 (87) 0.015
(ug/L) (AM1S.D.) (5.2314.52) (7.9244.82) (6.5914.48) ’
. Urine GM. (N) 1.16 (24) 171 (33) 1.51 (77)
¥ survey (ugle._cr) (AM2S.D.) (1.9042.56) (2.424221) Q26232 0304
Hair GM. (N) 1.74 (29) 2.51 (59) 2.22 (83) 0.191
(ug/e) (AM1S.D.) (2.4812.89) (3.18£1.98) (2.95£2.32) '
Classification No intake group Intake group Total p-value
Blood GM. (N) 4.07 37) 9.80 (50) 6.75 (87) 0.000
(ug/L) (AM1SD.) (5.6416.45) (13.83+1121)  (10.35£1028)
nd Urine GM. (N) 1.38 (37) 1.85 (47) 1.63 (84)
2% survey (uglg_cr) (AM2S.D.) (1.8241.56) (2.3241.67) @063 161
Hair GM. (N) 1.42 (40) 2.28 (49) 1.85 (89) 0.005
) (AM1SD.) (1.8411.36) (2.86£1.96) (2.3841.79) '
J Environ Health Sci 2015; 41(5): 349-357 http://www.kseh.org/
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Table 9. Mercury concentration by time trend after shark meat intake

Classification Within 1 month  After 1 month Total p-value
Blood GM. (N) 7.54 (8) 539 (79) 5.56 (87) 0212
(ug/L) (AM.1S.D.) (9.£115.60) (6.85+4.78) (7.06+4.87)
I* survey (u;izir) (ﬁl\l\/ﬁg&) (22.i69i2(‘63)8) (21.?31(2?315);) (21256115737;) 0405
Hair GM. (N) 276 (8) 2.17 (80) 2.22 (88) 0775
(ug/e) (AM.1S.D.) (3.17£1.77) (2.9242.38) (2.9542.32)
Classification Within 1 month  After 1 month Total p-value
Blood GM. (N) 9.78 (51) 3.99 (36) 6.74 (87) 0.000
(ug/L) (AM.1S.D.) (14.14£11.60) (4.99+4.11) (10.35£10.27)
2 survey (u[gj/rgir_lzr) (ﬁl\%&g&) (21:3851(14.‘79;) (11.%1(13.2) (21163J_r(182) 0.078
Hair GM. (N) 223 (51) 143 (38) 1.85 (89) 0.006
(ng/g) (AM4S.D.) (2.83£1.98) (1.78+1.28) (23841.79)
2% A deol me FReEres AvE 4 v.1 #
7, FAALE Fo3 AAE & AAARE A
AFE s BAME 5 T2t 52 A BAEEE 9 A2 AAEs FH ot
= & Fdslen, [ AFNErE BEeE Sl TAkE AP A sEAGoH, 34 5 <)
T FeEIE 22 AEFE 2ok B3 VRS 2o 53 ool @ vk AJdo] gle o]
AFRIEE SE5E g 3l RN ey Atk 20079 TR AN E T Feled dEx
Fol mgtov] BAHOE fod AHE btk Ab oM 8F FeBws b BA ek it 9
(p<005). £F HFMES] ME AAE SUF & AT A9 WY D A] AFEOR Aol
Age wolA it 7)), A 5)E ARSI, SlFAe Frlo] 4
FROAG F 1270 2A BE i 003 vl el Be golusE 4kl He AV B
go g golr] A ool mE 772 Table 89, A AL FeETes ok A3, gl 4 o
7P A2 Aol AR mE FEARel= T TEERe] g T4 Aol Hs| 4 Foll A
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