st 221453[X], AM41# ®4=(2015)
J Environ Health Sci. 2015; 41(4): 268-276

& X-||Origina| articles|

PISSN: 1738-4087 eISSN: 2233-8616
http://dx.doi.org/10.5668/JEHS.2015.41.4.268

A Study on Schoolchildren’s Mercury Exposure and Related Health Effects

ik

rfo

A
T

in High Mercury Exposure Areas in Korea

Dae Seon Kim, Seung Chul Ahn, Hee-Ung Chung, Young Min Kwon', and Kyunghee CHOI

Environmental Health Research Department, National Institute of Environmental Research

ABSTRACT

Objectives: According to the 2007 Korea National Environmental Health Survey (KNEHS), some areas in the
Gyeongsang Provinces showed very high blood mercury levels in adults. We conducted this project to investigate
any related health effects in children due to mercury levels in these areas.

Methods: In total, 1,097 students between grades 3 and 6 at 19 elementary schools were recruited from four
areas with high mercury exposure as identified by the KNEHS. Total mercury levels in biological samples were
compared with health check-ups performed on the schoolchildren. Biological monitoring, supported by
questionnaires, a computerized neurobehavioral test, a posturography test and a personality test, were applied.

Results: Triglycerides showed a significant relation with mercury in blood, urine and hair. Total mercury
concentrations were divided into two groups: upper and lower concentration groups based on the median value.
In the computerized neurobehavioral test, the upper blood mercury group showed a greater reaction time for
color-word vigilance (p<0.05). In the posturography test, the intensity value of the tremor test showd high
significant relations with mercury levels (p<0.01).

In the personality test, self-consciousness, misdeeds and family relationships showed significant differences
between the upper and lower urine mercury groups (p<0.01), and specific reactions, ego resilience and
hyperactivity also showed some differences (p<0.1).

Conclusion: Some items in the neurobehavioral test, posturography test and personality test showed significant
relations with biological mercury levels. Therefore, monitoring and appropriate management of students showing
high mercury levels are recommended in order to reduce their mercury exposure.

Keywords: Children, Health effect, Mercury
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Table 1. Contents of neurobehavioral test using computer

Kinds of test Areas of test

- attention & concentration

simple reaction time . .
P perception & reaction time

attention & concentration
perception & reaction time
visiospatial perception functions

choice reaction time

abstraction & concept formation
color word vigilance - frontal lobe function
attention & concentration

- abstraction & concept formation

digit classification . .
g attention & concentration

reading comprehension

digit addition . . .
arithmetic reasoning

- visual search
short term memory
perception-motor speed

symbol digit
substitution

motor performance

- tracking lateralized brain damage
- motor coordination

motor steadiness

finger tapping speed
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Table 2. General characteristics of study subjects
. . Health Neuro- Personality and
Students  Blood Urine Hair checkup  behavior Posturography 1Q test
Male 584 583 581 555 584 301 309 510
Gender
Female 513 510 509 S1 513 286 290 460
Third 247 245 244 238 247 135 139 226
Grad Fourth 268 267 267 261 268 142 141 235
rade
Fifth 288 287 288 279 288 163 166 251
Sixth 294 294 291 288 294 147 153 258
Total 1,097 1,093 1,090 1,066 1,097 587 599 970
Participation rate (%) 100.0 99.6 99.4 97.2 100.0 53.5 54.6 88.4
Table 3. Summary of results on health check-up (unit : N, (%))
Item AM=zSD Criteria Within standard Exceeding
standard
. . BUN 11.49+2.82 6.2-23.3 mg/dL 1,096  (99.9) 1 0.1)
Kidney function .
Creatinine 0.69£0.08 0.6-1.2 mg/dL. 1,082 (100.0) 0 (0.0
Diabetes Glucose(before a meal) 81.38+£7.40 70-99 mg/dL 1,073 (99.2) 9 0.8)
Total cholesterol 163.45+£24.31 98-199 mg/dL 1,019  (94.2) 63 (5.8)
Triglyceride 90.24+50.39 10-149 mg/dL 959 (88.6) 123 (11.4)
Hyperlipidemia HDL cholesterol(male) 62.82+9.32 40-99 mg/dL 577 (100.0) 0 (0.0)
HDL cholesterol(female) 62.04+8.92 50-99 mg/dL 486 (96.2) 19 (3.8)
LDL cholesterol 82.95+£19.95 1-129 mg/dL 1,061 (98.1) 21 (1.9)
SGOT(AST) 25.3516.68 0-33 1U/L 1,033 (95.5) 49 4.5)
. . SGPT(ALT) 17.60+£14.38 0-38 IU/L 1,033 (95.5) 49 4.5)
Liver function
y-GTP(male) 14.8816.23 0-56 1U/L 576 (99.8) 1 0.2)
v-GTP(female) 13.38+£6.24 0-38 1U/L 500 (99.0) 5 (1.0)
AM: arithmetic mean
SD: standard deviation
BUN: blood urea nitrogen
SGOT: serum glutamic oxaloacetic transaminase
SGPT: serum glutamate pyruvic transferase
y-GTP : gamma glutamyl transpeptidase
2. AZHT A ZH[ZCA FAR SR F2lgk 2] 7t AT (p<0.05).
AA 2F5HES o= dvkdl A dHE AN FEEE ANE T Feed w2t
7P A At e A AaE e FABAE T A, 840EAR) BF TR,
upel 2k FEEE Uere] duE A, FEE 2 A g - 8 - B F Fesn, defd o)
Z, 3894 T2 HARERAA 4R gEe] 7] 1= HolEAALTS EF F25% FESolA 4
FAE Hojue 23E vERiTh WATFE =4 FRed, sAFeR fFoldt Zpol7}
AW F& &5 obss Aok Bd A TH(p<0.05)
e W7kl flsted, 72+ A AaE AN E
T ToERe] FHFE vre] Akl 2EAtel B 3. AFEH MBYSHAL 2
e uh, FHoM = Foldh Apole BolA| &% AFH AP sHAE AAE 8 253l 8
A, 8 5ol AaellA Agoteda} AU=Ee A 58780 AAANE T FEEES A F9
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Table 4. Correlation coefficient of health check items by mercury level

Ttems Blood Urine Hair
Total r p-value  Total r p-value  Total r p-value
BUN 1,082 0.0055  0.01 809 0.0004  0.59 1,051  0.0021 0.14
Creatinine 1,095  0.0015  0.26 1,066  0.0003  0.60 1,082  0.0004  0.51
Glucose 1,082 0.0004  0.51 809 0.0000  0.99 1,051 0.0000  0.99
Total cholesterol 1,082 0.0022  0.12 809 0.0000  0.99 1,051  0.0008  0.36
Triglyceride 1,082  0.0081 <0.01 809 0.0059  0.02 1,051  0.0054  0.01
HDL cholesterol(Male) 575 0.0014  0.36 447 0.0002  0.76 545 0.0000  0.94
HDL cholesterol(Female) 504 0.0015  0.38 360 0.0056  0.16 503 0.0049  0.11
LDL cholesterol 1,082 0.0008  0.34 809 0.0005 0.52 1,051 0.0001 0.75
SGOT(AST) 1,082 0.0000 0.94 809 0.0002  0.67 1,051  0.0001 0.73
SGPT(ALT) 1,082 0.0041 0.03 809 0.0015 0.26 1,051  0.0010  0.29
-GTP(male) 575 0.0052  0.08 447 0.0026  0.28 545 0.0013  0.39
-GTP(Female) 504 0.0070  0.06 360 0.0070  0.44 503 0.0017 035
Table 5. Results of neuro-behavior test by blood mercury level
. Lower group (N=291) Upper group (N=292) Total (N=583)
Test items p-value
AMzSD AMtSD AMzSD

Simple reaction time (msec) 381.1£122.8 389.2+121.1 385.1+121.9 0.42
Choice reaction time (msec) 546.9+161.3 546.0+£120.0 546.5+142.0 0.94
Color word vigilance (msec) 4779%122.6 499.0+129.3 488.5+126.3 0.04
Digit classification (msec) 732.4+338.0 741.7£313.7 737.0+£325.8 0.72
Digit addition (msec) 3832.7+1499.8 3853.2+£1581.5 3842.9+1539.9 0.87
Symbol digit substitution (msec) 3188.4+£762.8 3218.5%£718.1 3203.4£740.3 0.62
Right finger tapping speed (times) 58.5+8.6 58.4+7.9 584183 0.83
Left finger tapping speed (times) 53.4%8.6 53.218.0 533183 0.71
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Table 6. Result of posturography test between lower and upper group by urine mercury level

Lower group Upper group Total
Test items (N=227) (N=228) (N=455) V:l;e
AM=SD AM=SD AM=*SD
. Intensity(mm/s2) 0.21£0.09 0.20£0.07 0.21£0.08 0.08
Right hand
Hand termor Center ffequency(Hz) 490+1.28 4.63£1.07 477£1.19 0.01
Left hand Intensity(mm/s2) 0.28+0.13 0.25+0.10 027£0.12  <0.01
Center frequency(Hz) 4.52+1.05 4.45+0.95 4.49+1.00 0.49
.. Right hand Average reaction time(sec) 0.2610.05 0.2710.04 0.26+0.04 0.07
Reaction time T
Left hand  Average reaction time(sec) 0.271+0.04 0.271£0.04 0.27+0.04 0.07
Mean sway(mm) 6.28£2.08 6.52+£2.39 6.401£2.24 0.26
Open Sway area(mmxmm) 381.50£240.63  408.47+282.81 395.01£262.67 0.27
eyes Sway velocity(mm/s) 10.84+£3.15 10.68+£3.22 10.76£3.18  0.58
Sway intensity(mm/s2) 4.85+£1.50 4.78+1.57 481+1.54 0.60
Posturography
Mean sway(mm) 7.20£2.56 7.33£3.12 7.27+2.85 0.64
Closed Sway area(mmxmm) 596.67+442.65 606.00+482.37 601.34+£462.49 0.82
eyes Sway velocity(mm/s) 14.67%5.40 14.20£5.12 14.44£526  0.33
Sway intensity(mm/s2) 5.76£2.01 5.80+£2.47 5.78+2.25 0.87
Table 7. Result of personality test between lower and upper group by urine mercury level
Lower group(N=217)  Upper group(N=217) Total (N=434)
Items p-value
AM=SD AM*SD AM=SD
Test reliability 49.8+10.5 49.7£10.2 4981104 0.97
Self-consciousness 51.9+£9.6 49.1+11.3 50.5+£10.6 <0.01
Specific reaction 45.716.2 46.81£7.0 46.316.6 0.09
Ego resilience 51.719.5 50.0+10.3 50.8+10.0 0.06
Language development 49.61£10.2 50.4+10.9 50.0+10.6 0.45
Physical development 49.3+£10.8 49.1+£10.9 49.2+10.8 0.86
Anxiety 48.619.6 48.619.6 48.619.6 0.98
Depression 48.9+9.2 49.6£10.8 49.2+10.0 0.44
Somatization 48.0£9.5 48.51+10.3 482199 0.58
Misdeed 48.2+10.0 50.7£12.6 494+114 0.01
Hyperactivity 482198 50.0+£10.5 49.1£10.2 0.07
Family relationship 49.9+11.1 52.6x11.4 51.3x11.3 0.01
Social relationship 50.3+10.2 49.0+£10.5 49.6+£10.3 0.22
Phychosis 48.7£10.1 50.0£11.1 49.4110.6 0.19
FAE 9 223 5 dF 2] A A = @UTHp=0.10).
A2eM B w2 Aow yestoy FAFcR
oAl ettt (A p=0.09). EI 2 F F& Iv.n &
g 2NN AN FFEY H7 o A e
H(p=0.09), B F&=F Felwollr FA 2 SR EH o3 FFAAA )V EE 270l T
o] ¥ ¥ HAFE HYoY AR FoFK] A7) 213 WRoR AREHE A HAE A
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Table 8. Results of 1Q test(T scores) according to mercury levels of biological samples
Biological Lower group Upper group Total
Item p-value
samples AM=*SD AM=SD AM=SD
Vocabulary ability 48.8+10.4 49.6+£9.8 49.2+10.1 0.36
Verbal analogy 482194 49.4+9.9 48.81£9.7 0.14
Schematization 49.119.3 50.4%9.5 49.719.4 0.09
Blood Numeracy 48.3+8.7 48.7£7.9 48.5+83 0.57
(ug/L) Spatial perception 48.6+8.9 49.8+9.0 49249.0 0.09
Reasoning 49.1£9.6 49.7+8.9 49.4£9.2 0.46
IQ 97.1£14.6 99.0+14.8 98.0+14.7 0.11
N 296 297 593
Vocabulary ability 48.8+10.1 49.7+10.1 49.3+10.1 0.31
Verbal analogy 48.0£9.5 49.6£10.1 48.81£9.8 0.09
Schematization 48.71£9.4 50.4+9.4 49.6+9.4 0.05
Urine Numeracy 483+£8.5 48.8£8.5 485+8.5 0.47
(ug/g_cr) Spatial perception 49.1+89 49.1+8.7 49.1+8.8 0.98
Reasoning 48.9+8.7 50.0+9.7 494192 0.19
1Q 97.0£14.0 99.1£15.3 98.0+£14.7 0.13
N 227 227 454
Vocabulary ability 4924103 49.3+£9.8 49.2+10.1 0.93
Verbal analogy 48.71£9.2 48.9110.1 48.81£9.7 0.81
Schematization 49.849.3 49.7£9.5 49.8194 091
Hair Numeracy 48.318.6 48.6x8.1 48.5£8.3 0.68
(ug/e) Spatial perception 48.6+8.8 49.8+9.1 492490 0.10
Reasoning 49.0£9.2 499193 49.4£9.2 0.24
1Q 97.6£14.3 98.5+15.2 98.1+14.7 043
N 295 296 591
A, 7 AAA RS FLEE FNFE NF0R  Hrk] fskd, AL MER Bewke
g SO thre] MR} Sk NS A7 MRS I RF), SATE, 57
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