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Abstract: This study aimed to evaluate the effects of exposure to manganese (Mn) and lead (Pb) on immune
system. The subjects were 42 male workers, among whom 13 office workers (Group I) had never been
occupationally exposed to heavy metals, 21 were worked in manufacturing factories (Group II) and 8 were
welders (Group III). The mean blood Mn and Pb level by groups were significantly different. The numbers
of CD19+ and total lymphocytes in Group I were significantly higher than those in other groups, but no
significant differences were found in other T lymphocytes subpopulation. Mn and Pb concentrations showed
negative correlation with T lymphocytes subpopulation, but Mn concentrations were statistical significances with
T lymphocytes subpoplation except CD4+CD45RO+ and natural killer cell. Pb concentration was only statistical

significance with total lymphocytes. Our results suggest that occupationally exposed to Mn and Pb can affect
the cellular immune response.
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g 3 Mn3} PbE E4817] A% A7HE 2=
Ape] Pl AFHE 24 08:30-10:00 Akele] o] Fo] A
o ANEL 10 mL 43]-& FAIE FAHAAM A
Alste] EDTA A 2j® d9-87]0] Y3 283 v+,
WUz AgdE eutetdnh dldate] g9 F
Mn#} Pb == ZTste EAWUHAY wg} Perkin
Elmer A} (St. Waltham, MA, USA)] =4 AAnalyst
800 Y A}5-4 4] 7] (atomic absorption spectrometer,
AAS)E °]&-sto] A8t

4 9l B F M} Pb S
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Mn¢] =7} 1, 3, 5,7ug/dL7}E]‘:§ ‘LZ*‘l—',J—%
WHEA T} 0.1% Triton X-100 €< 1.8 mLol| =X
Mn& E%%‘O Z+z} 0.1 mL, B4 A& 0.1 mL=

Mol # the, BEEA/Y) o8 A
e ARE 2ARA, Aot 2zdel 29
H XA S

¢

& 1.8 mLol| Zol25 0.1 mL, EH*PZM ﬂ‘**]
0.1 mLE 7teto] & o] & ths, ASAIZEFU7E
o83l 15 uLE F st AASE ©|-&-3k Table 19]

Table 1. Analytical condition for the determination of
manganese and lead

Instrument Manganese Lead
Lamp current 5 mA 5 mA
Slit width 0.2 nm 0.5 nm
Slit height Normal Normal
Wavelength 279.5 nm 283.3 nm
Sample introduction Samp'ler Sampler

premixed premixed
Background correction ~ ON ON

232. M Z Pb 24

Pb EF &S dol&47 dAFo R F4sle] pb
10, 30, 50, 70 pg/dL7} HEF FFEHS HEUT
0.2% Triton X-100/2% (NH,),HPO, &<} 1.8 mLol
S Pb EEEH 7247 01 mL, B3 AE o0l
mLE 7}ate] 2 o] FEEH I o3 HEA
248 AR AT AFHY 2R A
= PbE B4 37 Y3 A8 0.2% Triton X-100/
0.2% (NH,),HPO, & 1.8 mLol| 2o]&% 0.1 mL,
kel AEAE 0.1 mLE 7Fete] & 4o] & The,
ASAEFYZIZ 15 uLE #H3te] AASE ©]&3ly
Table 18] ZA 22 231

24. MEMTS o AN 53

AP A W75 A XA AHdAG o=
TEste] S48t

AEgE S AFodate] 18 100 pLs
mouse IgG1-FITC/mouse IgG1-PE (negative control),
anti-T4(CD4-FITC)/anti-T8(CD8-PE), anti-T3(CD3-FITC)/
anti-3G8 (CD16+CD56-PE) & T A £ W < &b 9}
15 & &<t o] &2 XollA incubationE AZATH A&

o] o] 1082 &N 7] IXFACS £ 9 (Becton
Dikinson, USA) 2 mL ¥ A3 £33 & ojF &
Lol A 10 ¥7F incubation] 7] 32 €A1 E2] (1,000 rpm,

7 FMste] 42 FH=S 2 mL phosphate buffered

1aG1-PE
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Fig. 1. Patterns of T lymphocytes subpopulation.
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saline (PBS)2.Z resuspensiond}¢] Flow cytometry (XL
Coulter Epics, Coulter Co, Florida, USA)S ©]&3&}o] =
A3t ThFig 1) AAGHA Z2 AT gt
A AHE dhe AT (2,500 rpm, 1585t &
A< g o5, @33 immunoglobulins (IgA, 1gG
! [gM)ol] Tt So] TAAMEZAHSG A9} A RES
A A8 %, Behring Nephelometer Analyzer II
(DADE Behring Co, USA)S o] &3] | ZAlellA] A
Alshe Wl mEk E4 5k

g

tlo

25 XI2EY
A A7 ol et A FE version 19.0 SPSS A
i:ﬁﬂ(spss Inc., USA)S ©]&3te] &4 6‘}"513} 2
E AR A YL EFHAE A, A
Hln = o)X E4HE A (ANOVA-test) & 4
2 g9 & Mnd} Pbel w9 W

Bolel Bar

31 97 CHaXtel SM % A = MnPb
EE

A7 AR 54, 85 Mnd Pbo] TR Table
23} Table 391 AIASHAL.

A dzte] 545 BH, A A
S2AZA group I tdAHe] H#AE 2 43.15+5.52
MR, group 11 42.29+7.464 28] 3 group 11E=
46.50+ 674412 AEE Folgk AF zlole AR
(Table 2). A A = MnI} Pbe] FES Y
St A3 group 1 t3#2] M3 Pb TEE 7t
0.8710.123} 3.07+1.94 ug/dLo] A}, Group IT th
Z+¢] Mn# Pb =& 1.21+0.163 433+2.37 pg/dL
o)A group 1T A= ZHzE 1.84+£0.273 6.99+
507 pg/dLZ AFF7rol Mn(F %4=75.456, p<0.01)Z
Pb(F %t=4.450, p<0.05) T%=7} F2] 3t 2folE BTt

SR=] 161%-]

ox N FJ

Table 2. Classification of experimental groups

Occupational
groups (n)

Group I (n=13) Officers

Workers in manufacturing

factory

Welders in manufacturing

factory

Characteristics Ages

43.15+5.52

Group II (n=21) 42.29+7.46

Group III (n=8) 46.50+6.74
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Table 3. Blood concentration of manganese and lead in 42
subjects

Occupational groups Concentrations (ug/dL)

(n=42) Manganese Lead
Group I (n=13) 0.87+0.12 3.07+1.94
Group II (n=21) 1.21£0.16 4.33+£2.37
Group III (n=8) 1.84+0.27 6.99+5.07

F-value 75.456" 4.450"
**p<0.01, *p<0.05 (ANOVA test)
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(Table 3). FHHLSE Mn¥} PbE EF}3 &
E5A e dRle Y F Mn Pbe F
7} 0.57-2.33 pg/dLe} 4-22 pg/dLE LA 9l
5, 1997), ol¥l A7 A} A Mnt Pb°l
= g AolE B o A1 FEH ol
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3.2. T lymphocytes subpopulation2} Immunoglobiins
ST Hm

Lymphocytes subpopulation®} immunogloblins®] &
S Table 491 YFeRSATE

CD4+CD45RA+(naive)2} CD4+CD45RO+(memory)
9] FX+ Group 1914 Z+7} 373.8+101.19} 6262+
194.2 per mm® whole blood®] o™ FA %2l F2]4
S gl ey Group II= Group 12T, Group IIE
Group 1ET} @& =7 =A%t} Group I, 119}
] 4 lymphocytes subpopulation &=% ®] 23 2
3}, CD4+ (990.7£228.6 vs 844.7+220.6 vs 313.8+
163.5 per mm® whole blood), CD8+ (582.8+137.7 vs
477.7+130.4 vs 487.3+113.0 per mm® whole blood),
CD3+ (1,387.6+£268.2 vs 1,176.9+£243.5 vs 1,131.3£
210.5 per mm® whole blood) ¥ natural killer (NK)
cell (392.6£180.9 vs 462.8£215.2 vs 291.1£94.7 per
mm® whole blood) S% CD4+CD45RO+9t CD4+
CD45RA+S] s&=9} 222 /o] Wske Blrh. 29
1 apoptosis®t Z&H o] Sl= CD19+2] F%=+ Group 1
ol A 356.1+175.0 per mm> whole bloodZ Group II
(227.4£102.7 per mm® whole blood)$} TIT(199.5+
91.3 per mm® whole blood) 2.t} 2|34 =Sttt
(p<0.05). Total lymphocytes®] T =% AFZLEZ &
o8k 2ol 5 WA TH2,232.5+345.1 vs 1,946.1£337.0
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Table 4. The concentration of lymphocytes subpopulations and serum immunoglobulin in subjects

Group | Group 11 Group 11

T lymphocytesper (numbers per mm’® whole blood)

CD4+CD45RA+H(naive) 373.8+101.1 0.326.1+119.8 313.8+82.8
CD4+CD45RO+(memory) 626.21+194.2 550.24+163.8 511.3+84.0
CD4+ 990.7+228.6 844.7+220.6 8003+ 163.5
CD8+ 582.8+137.7 477.7+130.4 4873+113.0
CD3+ 1,387.64268.2 1,176.9+243.5 1,131.3£210.5
CDI19+ 356.1£175.0° 227.44+102.7™ 199.5+91.3%

Natural killer cell
Total lymphocytes

392.6+180.9
2,232.5+345.1°

462.8+215.2
1,946.1£337.0°

291.11+94.7
1,669.84+251.9°

Immunoglobulins (mg/dl)

IgA 221.8+77.6
IgG 1,137.6+150.2
IgM 101.2+35.0

195.0+80.2 208.4£62.3
1,192.9£231.0 1,209.1+288.5
100.8£28.8 109.1+49.1

The same superscript is not significantly different (p<0.05, ANOVA test).

Table 5. Correlation matrix of selected variables in subjects

Variables Mn Pb
CD4+CD45RO+ -0.194 -0.053
CD4+CD45RA+ -0.306" -0.163
CD4+ -0.323" -0.154
CD8+ -0.358" -0.141
CD3+ -0.447" -0.159
CDI19+ -0.309" -0.212
Natural killer cell -0.195 -0.187
Total lymphocytes -0.550™ -0.318"

**p<0.01, *p<0.05.

vs 1,669.8+£251.9 per mm?® whole blood, p<0.05). 2
A8 Mn# Pb 5% zbolol] T2 immunoglobulins
SE9 zol= HolA sttt ol d A= A4
O 7 fFo)Ae HolA EUS Mn¥ Pbe] FE7F
F7HEH A X750l AaEte RS BAF
A AYZHE

33. Yo MnzZ} Pb =E2 T Lymphocyte
subpopulations?| Zt2A

Frol o
HERY AT

T lymphocytes subpopulation, Mn3} Pb
& FHBAE BAS Table 50
Lymphocytes subpopulation®] &% Z:L—‘\—(Mn»]—
Pb)9| T ME o] FHHAE BT Mn Fk
+ lymphocytes subpopulation % CD4+CD45RA+(r =
-0.306, p<0.05), CD4+(r=-0.323, p<0.05), CD8+(r=
-0.358, p<0.05), CD3+(r=-0.447, p<0.01), CDI19+(r=

-0.309, p<0.05), total lymphocytes (r=-0.550, p<0.01)
9} foet g2 AAAAE B 28y Pb FEE
4] total lymphocytes?} o] gt 9] AJHAAAE H
ATHr=-0.318, p<0.05).

ol o A= immunoglobulinsS Mn3} Pbe] &
o} AR S Holx) 23k

4.8 B

Az AR SEAELS AF WA &
&, 3IEHEd 5 B2 BlEEY =&Y /\A»Q—D:] a
2 st A% A7 #AE red g A
At

= Mn} Pb =F0°] W 7] 5ol
n 2= FFS Fotalr] flste] Alxd ArgEe] o
A 22AE AAse] 9 S Mo Pb FEE B4
o o, W7 s e AEAAS Thetsidh At
o] &9 F Mn3t Pbe] FEE APTER fold 2}
ol& Ho|i oyt et Al Hd F Mn
3} Pb 5= 0.57-2.33 pg/dLe} 422 pg/dl M9 W
2 ZAEAT v F, ol AF Uit Ed F
Mn3} Pbo] F=7F -elubet Bdle] Welef &ate

SEIAT o5 TEEH] TSI Wk CDI9+2t
total lymphocytes®] F=7} 7FAE ok £, A F
Mn3} pbe] FE=+= T lymphocytes subpopulation}
o] AAA[AE Bl wet @S F5 2] Mnd Pbe]
APAA =Zo] NEAHYG7|5E AAE T+ U
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