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Table 2, Pl among subjects by the general characteristics

ol @F Mnd mEo] AP Uit =
L Ao
. =

ol
A SR Table . Characteristics No VWelder - Control Pl value
=15 (=14 P
Table 1, General characteristics of subjects Age (year)
o 35 4 2 2 106,7+1.8
Welder gro ntrol grol
Characteristics (n_r 12; w (r:— 13; w p-value 35-39 16 7 106.0£5.0  0.707
> 40 9 4 5 108.0£6.8
38,6142 39.1+45 -
Age (year, ’ ’ ’ ’ 0.652 Education
ge (yea) (340-49.0)  (33.0-49.0) :
< High school 8 10 8 1067455
125+1.4 12.7+1.6 7E5.
; . . . : graduate
Education (year) (9.0-16.0) (9.0-16,0) 0780 . 1.000
High school " _ 6 106,644
Smoking 7.7%6.9 8.4%7.4 0.914 graduate > O
(pack-year) (0-20.0) (0-27.0) ’ BMI (Kg/m?)
+ + +
Alcohal (ghweek) 178._9 231.1 173._66 176.7 0.683 Normal 7 5 2 100.7+5.7
(0-691.0) (0-617.0) Risk 19 9 10 1067%5.1 099
+ + +
BM (Kg/md) 23.6 1—.5 23.6%15 0.561 Obese class 1 3 1 2 106.6+6.6
(20.9-25.9)  (20.3-25.5) Smoking
+ 5.7+ +
GOT (UL 27.9*8.7 25.718.6 0.425 Ever 23 12 11 106.8+4.8 0.500
(16.0-44.0) (13.0—48.0) Never 6 3 3 105.3%5.9 :
+ +
GPT (UML) 32.3114.0 27.5%£14.6 0.234 Alcohol
(17.0-71.0) (13.0-69.0) Ever 25 12 13 106.3+4.7
0.655
+ + ’
(TP (UL 437217 41,4%19.0 0.847 Never 4 3 1 107.8£7.1
(19.0-76.0) (20.0-87.0) Exercise
. 15.1+0.7 15.3%0.6 Sometimes or
Hemoglobin (g/: 0.42
globin (g/a:) (13.8-16.1) (14.2-16.2) ° frequent 22 1 i 106.124.9 0.600
+ + Never 7 4 108,3£6.0
Blood Mn (ug/dt) 1.3+0.2 0.8%0.2 0.000 i 5 3
(0.80-1.93) (0.58-1.20) Duration of working (year), Only welders
o 111.8%4.1 102.8%2.3 14 6 6 - 109.7%3.5
PI {palicl index (104.7-116.8)  (99.5-1006.6) 0.000 > 14 8 8 - 116.6+4.6 0.181
Duration of 15.2+3.8 _ Blood Mn (ug/d1)
exposure (year) (11.0-24.0) 093 4 3 11 103328
0.000
Arr Mn level 0.364+0.049 _ > 093 15 12 3 111.6*4.6
(mg/m?) (0.016-2.168) GOT (UL)
= p (0,001 by Mann-Whitney U test, Mean=+SD(range), 250 14 8 6 105.2*4.1 0,20
* GM*GSD > 250 15 7 8 108.0£59
GPT (UL
+
2. QBIX SH0 2 MRI A0 PI HIZ 2.0 O T
> 270 14 9 5 108.8£5.4
fMRI thdAH=2] gytd 4o W& MRI 49| PIgk rGTP (IU/L)
o] Zpo|5 Uukd EAof whet vlugt Ayt A, wsA 350 14 8 6 106,9%5.3 070
=, BMI, %, &5 &6, =& 25 FE, GOT, > 350 15 7 8 1065%52
GPT, rGTP, Hemoglobin®] W& xjo]i= H2E|x] o¥of Hemoglobin (g/a)
o}, % Mn =& 0.93ug/dl oA o] 0.93 ug/de 163 5 8 7 W6SES
Hlgkel Lot Pgto] f-ol5hA| =kthp € 0.001)(Table > 158 47 7 1068%53
2) 1 p (0,001 by Mann—Whitney U test, Mean = SD
' The standard of classification is median(Blood Mn, GOT, GPT, rGTP,
Hemoglobin)
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3. fMRI Kl 8ol HISAIZt ¥ HEE Table 4, Brain regions of activity from within-group analysis
A% TS salshe Eote] Alglio] 7 Hale] df during gnthmenc tgsk at p (0,01, FDR corrected
for multiple comparison
3 S AZRS mEo] 1.3+0.2secE TiRT 1.1+
= = Coordinat
01 sec E-I:]‘ ‘:_%\_O_UZL 40‘5‘_%]’ de'ﬂoﬂ EHTE} ]a— /\]Z_]: Brain region Side Cl;;;er —Or nares P?_ak
E3 =E5L0] 54.746.9secOR TR 45,045 2sec XV
woh LalA el EAsH S-oujat xo]2 rrk(zh Controls  Occipital cortex R 1354 2 74 30 584
v =0 L 404 22 =90 44 435
7} p€0.001), AHES thRto] 98,742 3%0]1L, & ( (
Middl | ¢ L 44 -42 -74 20 4.1
2 06,644 9%5 = 2 Aolo] Solak 2o mo]x] ok iddle temporal cortex 6 7 6 4.17
Inferior parietal cortex R 444 50 =76 30 3.83
ITHTable 3).
Middle frontal cortex R 361 2436 34 346
Superior frontal cortex R 139 2 02 8 4,09
Table 3, Reaction time and Correct answer rate according Welders  Occipital cortex L 3019 =6 -2 26 485
to fMRI task Superior temporal cortex R 1564 50 -6 -8 3.62
o Welder arou Control aroul Middle temporal cortex L 2148 60 -4 -10 6.16
Characteristics group gop p-value ‘ ’
(n=15) (n=14) Inferior temporal cortex R 208 34 -8 -4 616
Mean reaction time Inferior parietal cortex L 478 50 56 22 4.01
1.3%+0.2 1.1£0.1 0.000
(sec) Superior frontal cortex L 560 -18 52 20 428
Total reaction time Inferior frontal cortex R 117 10 12 28 371
54 7+ 50+
(seq) 547269 5.085.2 - 0.000 Insula L 265 -4 12 50 494
Correct answer rate Corpus callosum C 102 0 32 6 346
+ + 5
(%) 96.6%4.9 987123 0.451 Lateral ventricle R 190 4 0 4 498
* 1 p{0.001 by Mann-Whitney U test, Mean®SD(range)
4. ZE W 24: JHgEs 5. Mt 2t BM: = ZH 29 Hlw
e S e 5 o :rL«] 5’4 243t 49 T 27 Blae & &5 Aol ths] 2-sample
2 S %ulZ(occipital cortex)9] - &= Ay E7HAE t—testS A]-.ilo}oq o|2ojAL} AkE TAS el =
1] (superior - inferior frontal cortex)_L]‘ ST A oF &8 =R ud 949 xdlele] 9= =T
(inferior parietal cortex)?] 9=, $7t&F3]|&(middle oz F= /‘]":7551.47” e Zeoz I Ay
temporal cortex)?] %5 FHo= ‘n‘—‘]@' 7 UE (cerebellum) 59 FoA tiztEtt FostH o &=

ek wEEe) o BAS 99 gaRe BHS 99 & 3718 mod s o
3 ui5E AAeIAE BrF W RS BAS AHE B ol o BAHE e gglchTable 5,
Qi wETE YaPe BHE oo F1stel 4 - 3

Z5 1] & (superior - inferior temporal cortex)2] =,
¥ ¥ (insula) ] F=, YulF(corpus callosum)d} =k
“l(lateral ventricle) gHoNA o3+ F7HE Hebch
(Table 4, Fig. 1).



g7 S8t Vol 34, No. 1, 2011

Fig. 1. The activations from within-group analysis in controls@ and welders(b) (p (0,01, FDR
corrected for multiple comparison),

Table 5, Brain regions of activity from between-group analysis during arithmetic task at p< 0.01,
FDR corrected for multiple comparison

Brain region Side Clgster Coordinates Peak T
Size X Yy Z

Middle temporal cortex R 67 52 —24 -8 2.58

L 674 —44 -58 -16 3.06
Inferior temporal cortex R 72 30 -4 —42 3.10
Superior parietal cortex L 237 =22 -62 44 3.04
Cerebellum L 59 -40 12 —-48 2.68
Occipital cortex L 664 -2 -92 -10 2.61
Medulla L 38 -8 —42 =50 2.69

006606

Fig. 2. The brain area, which activated in welders compared to controls from between-group
analysis in 3D(a) and slice image(b) (p < 0.01, FDR corrected for multiple comparison).
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Analysis on the Degree of Cerebral Activity According to
Cognition Task in Welders Exposed to Manganese

Jae-Ho Choi

Dept. of Radiological Technology, Ansan College

In this study, we examined the impact caused by chronic exposure to Mn by investigating the degree

of brain activation based on the data of recognition activities using fMRI (functional magnetic resonance

imaging). A questionnaire survey, blood tests, and fMRI tests were carried out with respect to two groups,

Group 1 was an exposure group consisting of 15 male workers who are 34 years old or older, and who

worked for longer than 10 years in a shipbuilding factory as a welder, Group 2 was a control group con-

sisting of 15 workers in manufacturing industries with the same gender and age. The results showed that
blood Mn concentration of Group 1(1.3 ug/dl) was significantly higher than that of Group 2(0.8 ug/dl)(p
0.001), and Pallidal Index (PI) of Group 1 was also significantly higher than that of Group 2 (p 0.001).
PI value of the group whose blood Mn concentration was 0.93 ug/dl or higher was significantly higher
than that of the group whose blood Mn concentration was less than 0.93 ug/dl (p {0.001). As for brain
activity area within the control group, the right and the left areas of occipital cortex showed significant

activity and the left area of middle temporal cortex, the right area of superior - inferior frontal cortex and

inferior parietal cortex showed significant activity. Unlike the control group, the exposure group showed

significant activity on the right area of superior - inferior temporal cortex, the left of insula area. In the

comparison of brain activity areas between the two groups, the exposure group showed significantly high-

er activation than the control group in such areas as the right inferior temporal cortex, the left area of

superior parietal cortex and occipital cortex, and cerebellum including middle temporal cortex. However,

in nowhere the control group showed more activated area than the exposure group.

As the final outcome, chronic exposure to Mn increased brain activity during implementation of arith-

metic task. In an identical task, activation increased in superior - inferior temporal cortex, and insula area,

And it was discovered that brain activity increase in temporal area and occipital area was more pro-

nounced in the exposure group than in the control group. This result suggests that chronic exposure to

Mn in the work environment affects brain activation neuro—network,

Key Words : manganese, fMRI, cerebral cortex, neural network
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