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.workers in the falrly maﬁmg ed plant were‘fo&nd.anéﬁic'{Id%ﬁ by_
:1nspectlon and 42% of the workers héd low heméélobin éomﬁarea_

.with 8;68% of the contro¢ group. However hemoglobin'E was detected .

in 12% of samplesj hemoglobin typed by cellulose acetate electro-
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_phoresis. Only 2.5% of HbE wa the control and 1% in3the;other”

plant-workers° This suggests that manganese exposure may aggravate
the ex1st1ng anemia of. fhvb€ ‘with iron deficiency and those with hemo-

,globlnopathln _
Determlnatlon of 4} —-amino levulinic ac¢id in uriné did not

: . T : i . L ; L -

reveal ;the;;nh;bltlon of . ( -aminolevulinic acid dehydratase

which is one of the enzymes in the pathway of hemoglobin synthesis .-

'_Abnofmaiities detected in workers of faifiy~man%§éd plant énly'
wére metallié:;ihe (6f1%) énd bascphi ‘l'c stlppéhng of “ed bLOOd
éélls' (?,.596.'),"' |

Wrom thls study hengtoloqlca¢ oflLCto of manganPSV exposure'
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“T999 N NRN- control

- No

il_.ggt'

Hb

Fe:

Prot

'."Gl'g'b"i

BUN

alb

Uric ALAD | ALA Ca Hb t:ype

1 42 {2.? 64°$ 7.7 4.4 2 1v43 6,3 24.3 56.0 1.3 10.0 LA

2 lao 1123 | 7000 | 66 4;0 2.6 | 11.3 | 6.5 {8.8 19,5 103_ 9.3 -

3‘ f45’ 12.3 §3na 7,2' 4.3 p2s |iss | s 45»5 30.0 1°Qf 16.2 ‘a

4 {48 |10.2 [140.7 | 7.1% | 4.0 | 3. 6.8 | 6.0 | 343 | 2801 |29 | 102 a

s [as | 13.4 | s2.8 7.6 4.1 3.5 g8 5,20 f gsu?v 27.5 | 2.4 | 10,0 -

6 | 48 12,3 | 58.6 | 7.1 | 4a 3.0 8.8 .| 5.4 | 39.8 7| 26.7 | 2.8 é,s -

I - - 7.2 | as | 2.0 10.0 | 4.8 33n2 - 1.3 | 10.2 -

8 {42 |16.0 |83.0 | 7.9 | 4.7 | 3.2 |11.3 | 4.7 | 28.7 |16.0 | 3.2 | 10.2 -

9 a0 |13 |23 | 6.8 3f9' 2.9 | 12,5 | 7.3 {9¢9 19.6 1.8 9.8 -
10 [ 43 |13.4 | 586 | 7.6 | 48 | 2.8 8.8 | 4.3 | 25.4 | 26,1 | 1.7 | 10.2 -
1 Lar ez fisas | 7.2 a0 | 32 138 | 5.3 | 4.8 22.0 | 1.8 | 1005 -
12 :46_ 14.7 | 99.7 5021 O I TU IR B 8O0 R B | 54.0 4.6 éaé -

13 lraa 2.7 | 762 | 65 |4 | o2u | 12.5 | 6.3 | 25.4 | 20.5 2.5 | 10.2 -
14 ' 43‘ ‘1é°3. 123.1 792. 43 | 2.0 | 138 | 7.8 | 354 | 2100 | 1.3 9.§ -
15 {41 [13.1 [ 880 | 7.1 | 4.3 | 2.8 | 10.0 | 5.8 | 28.7. | 19.3 | 2.5 | 10.9 -
;15 a1 |14 .1%6,5 7.2 | 4.3 2.9 | 10.0 6.2 | 30.9 20.0 3.q 10.0 -
a7 45 139 [111.4 | 7.6 |47 | 2.9 | 13.8 | 6.4 | 32,0 f32.6 | 2.8 | 11.6 ]  -a
1| a1 | 14.2 |16a.2 3.6 | 3.8 | 10,0 | 5.4 | 19.5 27;5l 2.8 f9;; A




b

~ No.

' Hetbo

BUN -

Hb Fe Prot | Alb | Blob uric | ALP | ALAD Cu | Hb type

e | 40 | 12.3 93.8 | 7.1 4.5 | 2.6 16.3 | 5.3 28.7 | 22.6 | 3.9 | 105 | -
20 |47 | 16.3 | s0.1 6.8 | 43 | 2.5 [11.3 ] 5.9 26.5 S24.0°] 1.8 {0;2 )
21| 48 | 12,5 | 146.6 6.8 |45 | 2.3 7.5 | 5.5 | 26.5 ”'fsoaz 1;4 10.9 -
22 | 45 [-14.7] ‘93.8 | 6.9-|5.0 [ 1.9 |10.0 | 5.6 17;7' 201 | 1.9 | i0.7 -
23 | a4 | 137 | 14007 7.1 4.1 3.0 8.8 | 6.3 35;5 20.5 | 0.6. 9.5 -
24| a2 | 130 | 880 _.692 4.4 | 1.8 8.8 | 5.9 | 16.6 29.6 | 0.4 0.2
25 |47 |60 [11aa | 5.9 [ 4 [ | 1123 | 68 | 13.3 | 366 25 | 9| .
126. a3 | 2.7 12000 | 7.2 | 4.3 | 2.9 |13 | 6.6 | 21.0 sa00 | 3 | e o
S 27 | as | 134 12000 6.9. |'a.4 | 2.5 |15.0 | 6.0 .| 27.5 5.0 | 3.3 |05 | oo
28 | a5 | 13.9 7é;2 6.6 4;4T 2.2 | 11.3 | 4.9 | 1606 | 25.1 | 1.9 1005 | -
29| a0 | 123 117.3 | 7.2 | 4.0 | 3.2 [10.0 | 4.2 | 14.4 | i6.9 | 1.7 .'9f3 -
50 [ a7 Lorsar [ 23| 76 faws |32 12 | 67 | 243 | 336 0.5 | 93| a
31| 52 | 151 | 134.9 '6;9' 4.0 | 2.9 [10.0 | 6.8 | 24.3 ._15;2_ 2.7 | 9.8 -

a2 | 4o | 1al 11755 7.6 | 4.1 355 1.3 | 5.8 | 188 | 25.4 | 1.0 | 10.2]| 2

33 | a3 | 13,9 [ 12301 | 6.8 |43 | 2.5 19.371 56" 24;4 39.4 | 1.8 9.3 | B
3a [ as | 130 | 12000 | 7.4 | a7 | 2.7 138 4.8 | 1909 | 301 | 2.3 1000 | -
35| 44 >i3;4ﬂ 88.0 | 6.9 | 4.3 | 2.6 138 | 3.8 | 16.6 | 15.4 | 2.5 | 93| -

ot



-;-:No ! Hot '_Hb ré ‘Prot | Alb .Gibb BUN Uric |.aLp ALAD ALA Ca Hb type
36 0| 43 |12.7 | 1056 | 7.1 0| 4.7 | 2.4 20,0 | 5.0 | 21.0 12003 | 2.8 |11 | -
37 | 48 12.7 93.8 | 7.1 | 5.0 | 2.1 | 11.3 | 5.0 | 19.9 3503 | 3.9 10.0 | ‘&
8 las |13.a | 1349 |62 |43 | 1.9 |i0.0 | 5.8 |16 | 37.6 5 0. -
39 .49f”'14°2 134.9 | 6.6 | 4.4 | 2.2 [10.0 | 6.3 | 22.1 161 2.5 | 10.2 -
40 40 [12.7 86.0 |-7.4 | 4.0 | 3.4 [11.3 | 6.5 | 25.4 30,5 é;9 véqa -
4t | 43 3.9 | 123.1 6.2:| 4.4 | 1.8 [12.5 | 6.8 | 17.7.-| 34.1 1o |0 -
42 |43 |13.9 99.7 | 6.5 | 4.5 | 2.0 [13.8 | 5.7 |19.9 | 23.6 . 0.5 .

'43_;: - - les |35 | 3.0 |10.3 | 5.2 - 2.2 - -
4a | a7 [10.2 105.6 | 6.9 | 4.5 | 2.4 |12.5 = 27.6 | 38:4 2;9: _; A

a5 |50 [15.6 1280 65 |47 | 1.8 | 113 | L lise 2504 | - T0.2 R
46 |42 2|11.0 1 129.0 | 6.2 | 4.0 | 2.2 0} 16.3 ) 4.9 - 29.6° | 3.6 | 9.3 A
47 47 13.1 129i0 6:6 5.0 1.6 15.0 4.7 -22;1 33.6 2.3 10.9 E;
48 45 l13.a 1348 6.9, | 4.0 | 2.9 [17.5 {46 | 22.1 32.6 | 2.0 8.8 | 4
.49' a2 13“.4-_' 170;{ 6.0 4.1 1,,9' | 16.'32 7GO” 22.1 4;3 2.5 10,‘6. Aﬁ

_:50 48 | 13.1 46.0 |47 | a1 |06 |11.3 5.9 |26.5 | 40.0 |05 9.8 A
Sj,a- 50 ._.16.0_5 va0.7 L 76 | a3 | 3.3 138 | 4.9 ] 25.4 | a0.7 | 1.8 |10.7 o

| 52 _47v 16:0 | 123.1 | 74 | 4.4 3,0'. 17.5 | 5.0 | 33.2 19.2 1,4'. 9.8 -




Het |

No Fe ‘Alb | Glob BUN uric | . Aip; aLap- | A | . cu | b type
53 | 40 |11.97| 8.0 | 7.1 | 40 | 3.1 |15.0 | 4.9 |99 | asio | 1.1 9.8 | g
'54 a4 ?4;7 99,7 7.4 4.4 3.0 isfo 5.8 23}2. 12;8 1.7 | fo;o ' -
55 | 43 | 14.7 | 191.4 | 6.2 | 4.7 | 1.5 |00 | 6.9 18.8 | 31.5 - |10.7 .
56 | 44 [ 13.9 140.7 | 5.3 | 4.4 | 1.5 |10.0 | 6.0 |13.3 | 2005 - | 9. -
57 '50_ 18.0 5806 6.9 3.9 | 3.0 8.8 1 6.2 17.7 27.1 - [10.5 -
58 ”42: 13.4 99.7 7.4 4.5 289 4 1.5 7.0 29.8 24.2 ~ .953 -
59 | 44 :13f9 76.2 | 6.9 | 5.0 | 1.9° |16.3 | 7.1 56;5 28;2; 2.0 10.2 .
60 | 38 | 9u4 - 7.2 | 4.5 | 2.9 6.3 | 5.8 |aa2 | 2677 | 41 [10.2 | am
61 | 44 | 12,7 129.0 7.6 | 5.3 | 2.3 10.0 | 5.8 27;6 25.7 .m 10.7 A
62 | 47 | 1314 | 12301 | 7.1 4n§ . 0 S X §a7 13.3° | 2400 | 1.1 éus " BE
63 7| 44 | 11.9°1 111.4 1 6.6 | 4.5 | 2.1 |11.3 | 5.8 | 27.6 | 23.1 3.6 110.0 o
64 1 47 | 15.47 ] 99.7 | 7.1 4.4 2l 1.3 6.1 22.1 iz;o 3.7 1.4 -
65 | 43 21,9  1{?04 éfz 4.4 1 1.8 [10.0 | 6.2 | 35.4 28.9 | 1.3 [10.5

66 a2 | 147 1173 | 7.8 |4 | 35 125 | 65 |26 | 376 | 2.0 | 98| -
67 | 47 13.4 | 111.a 6.6 s |22 |11 les l3e | 192 [ aa |116] an
6o | a8 | 13ea | 173 | 7 | 4 | 2.7 6.8 | 4.7 5.9 | 25.9 | 7.1 |10.2 -
6o | a6 | 15.1 | 105.6 | 8.2 | a1 | 4.9 7.5 | 5.2 | 35.4 | 17.2 | 2.8 |10.7 | -

[A4 2



Het | Hb | Fe pfdt Alb | Glob | BUN | Uric AL | ALap ALA | Cu . |mb type
49 15.a | 997 |66 |45 | 2.1 | 8.8 2e | 174 9.2 | 3.8 :"9f8 -
47 | 16.7 134.9. | 7.9 .4n5 dod | 8.6 s E”47=5 1 26,4 | 3.9 9.5 A
48 %3§9 152,2 52746. | 4] 3287 | 13, 80 [n 3, 3?n6v 6.5 | 3.8 "11,4. A
48 {13,§' 14606 | 7.4 |4 ]33 |17s | s2 | 190 | 21 0.9 ?b;7, E*AE
50 [ 15.0 [117.3 | 6.9 4.3 | 2.6 [17.5 | 5.0 | 3009 | 271 |42 | 0.2 AR
50 15;4 105.6 | 8.0 3.6 | 4.4 |10.0 | 4.9 | 23,2 5.1 1.1 8.8 -
52 | 17.1 | $3.8 | 7.6 | 4.3 | 3.3 [12.5 | 6.0 | 30.9 | 21.7 | 2.3 [10.0 | -
s8 | 143 | 93 | 8.0 |26 |44 | 75 | a7 | 265 23.5 | 2.7 | o5 o
49 7.1 108.6 | 6.3 | 4.3 | 2.0 |12.5 | 5.1 s3.2 | 300 | - l1o.0 'AE_
49° | 16.3 | 146.4 | 7.1 3.4 | 3.7 |10.0 | 4.9 | 23.2 2?,7 3.6 | 93 | .
50 |16.0 |105.6- | 7.4 | 4.8 | 2.6 |12.5 | 4.7 | 28.7 :13.6H o9 10.2 . <
. - - 7.9 - 117.5 " - o 2.2 - -
45 11304 [ 1349 | 7.7 |4l 3.6 11.3 {7,1 L 221 | 2.5 |10.2 -
49_ {va, 158.3 | 6.9 | ‘4e1n' 2.6 |i3.0 | 7.5 2éb5 2707 3.9 16.5 ' -
45 | 15.4 | 14007 | 6.2 |47 |15 | 8.8 . - s a0 |- .
49 ;2,3 146.6 | 7.2 | 4.5 | 2.7 |10.0 7.4 éi}o 30.0 | 3.2 ,12~5 ' AE
47 _13;4 1349 | 7.7 4.0 | 3.7 ]11.3 7.5 ; 24.3 | 24.0 | 0.6 *'9?3 A

€



No | Het | mp | Eé. Pfqg' Alb | Glob | BUN | Uric| ALP ALAD | = ALA - CE- Hb'type‘
a7 1so |13 | ee7 | 7!7 47| 30 88 | 7.2 - - 0.6 | 10,7 | -
88 | 50 6.3 123.1 7.2 | dia | 2.8 | 13.8 | 4.4 2i°§ | 226 3,5 °.8 -
: é9u 50 16,0 |146.6 |76 | 4.0 | 3.6 1 7.5 | 6.3 35.4 | 38.2 1.9 5.8 A
%0 st _i6,3 [117.3 | 7.2 | 47| 2.5 | 1000 | 6.3 | 3504 | 3120 1.7 9;5 -
91 a3 |12.3 0 140.7 | 6.9 | 4.3 | 2.6 | 10.0 | 5.7 | 47.5 | 13.1 ia | AE
92 "\ 47 |12,7 |111.8 | 7.2 | 4,4 | 2.8 [10.0 | 4.1 | 22,0 | 19.2 15é- 11?%. a
93 | 4s |13 |1a0.7 6.6 | 4.3.| 2.3 |11.3 | 3.6 | 33.2 f501 2.0 | 10,9 ?A
94 |47 147 134;9. 7.2 1 a7 | 25 ] 7.5 | 4.3 | 265 24.0 3.3 | 11.8 |
55 x4s _15.% 152.5 :ago 4.3 | 1.7 {10.0 7.4 _.16u5. _1625 5.6 | 12.0 -
95' 47 16,0 [117.3 | 7.4 4.4 3.0 | 6.3 | 7.5 | 2605 |19.2 2.7 | 12.0 | &
o7 |50 | 167 17001 | 8.2 | 47 | 3.5 |11.3 | s.a | 332 24.8 1.9 | 12.0 aE
o8 | 45 |17.5 |120.0 | 7. | 4.7 | 3.2 |13.8 | 5.4 | 32.0 12.5 2.2 | 116 | a
99 | a5 [18.1 |158.5 | 7.4 [ 5.0 | 2.4 [10.0 5.5 | 22.1 | 27.8 - _”12;0 -
195 150 147 l18s.0 | 7.4 [ 5.0 | 2.4 11,3 [ 3.8 |23.2 |48 | 4.0 | 1000 | -
101 {47 147 | 88,07 | 7.4 | 47 2.7 8.8 | 3.8 | 24.4 | 24.0 2.5 | 11.6 -
102 |50 |13 [105.6 | 7.5 |44 | 3.5 | s |30 | 2807 | 27.1 3;2H3. 12°0,:':.A'
L'1d3< a3 3 152.5 | 7.2 | 4.4 | 2.8 [10.0 | 3.8 - 26.3 | ae | 1l AE




No | Het | Hb Fe Prot AlbfffGi¢b' BUN | Uric| ALP BLAD | ALA Ca |Hb type—
104 | - - - 72 | a3 | 2.8 |25 | - - 22.6 L .

105 | 45 | 14.7 [140.7 6.0 | 397 =2l 8.8 | 3.2 | 30.5 35.4 zgéiﬂ 11.6 -

106 | 51 | 14.3 |111.4 6.9 | 4.3 | 2.6 [10.0 | 3.8 | 30.9 28.8 | 1;5?_ '1{34 A

107 | 49 | i5.0 | 93.8 7.1 4.4 | 2.7 8.8 | 5.9 | 30.9 27.1 'f%ﬁé;i 12.0 -

108 | 46 | 12.3 |134.9 6.9 | 3.9 | 3.0 | 6.3 4.6 19.9 | 22.3  :§@§?} 12,0 | _

109 1 51 | 15.4 s4§;6 7.4 &9 ' 2.5 0 1113 ) 6.8 28,8 ééés fféés 1.4 -

110 | 50 | 15.1 . 6.2 [fa.g |Fi1.8" {12.5 [ [V¥a7.6 24.8 - 3,7 10.7 LE

111 37; 9.8 5.9 [ @9 2z g8 | 5.1 | 24.3 15.3 - 9.8 N
112 | 45 xfgf? 6.6 | 4.7 | 2.1 8.8 | 6.4 | 22.1 22,6 | 1.7 | 11.4 -

13 | a6 | 139 7.9 | 4.8 | 3.1 1.5 t 5.8 | 22.1 31.9 | 2.7 | 2.5

114 | 47 | 13.9 | 99.3 5.7 )44k 1,3 R ey el - T 19.2 ~ 12.0

115 | 48 | 13.1 |105.6 6.9 | 3.9 | 3.0 125} - | '~ 1.8 - -

116 | 41 | 13.1 [ 134.9 6.6 4.4 2.2 7.5 _3@{113505 19.3 3.0 10.5 -
1?73_'_43 12.3 | 99.7 Fobo|ded 1|0 342 1.3 .‘5;§ff 30.5 10.5 | 1.4 | 0.9 >

1§éﬂ 43 113.1 | 117.3 7.1 4.1 3.0 11;3v é;jﬂ - - - 11.8 -

19 | 46 {13.9 | 80.1 To 2 [l 457 [ 3.2 GEN T L 24.5 | 2.5 | 13.0 | .

120 | 34 | 14.7 |123.1 17yl i - I O T R 3 5 B S £ 29.9 i




No  Hc; "Hb | Fe | Prot | Alb | Glob | BUN Uric | ALP ALAD | ALA Ca Hb type
121 53 | 143 | es.o 8.0 aa | 3.6 |25 | 53 fos2 23.6 [o ror |-
122 42 '1359 | 80.1 | 7.4 ] 4.4 | 3.0 .8 | 5.3 | 221 [ 13.4 ; 2.0 : 16;9  -
123 | 50 e 158.3 | 6.2 | 4.0 | 2.2 | 10.0 | 3.7 165 | 226 | 0.6 ':_11w€' A
124 |43 | 13.9 12347 | 6.8 |4 | 2.7 1.3 | 5.8 | 23.2 N 28.9 | 3.4 ‘&6,5 Y
125 45, iavg 140.7 | 6.3 | 4.3 | 2.0 113 15,0 | 23.2 .37,6 2.0 |05 |
126 | a4 1139 | 69.7 | 6.9 | a.a | 2.5 | 12.5 | 7.0 22.1 33.4° | 1.9 -12&0 -
.527 44 | 13.4 52.8 | 6.6 | 4.3 2,3 | 12.5 55| 17.7 ésqg 2.3 8;9_ -
128 | a3 | 12.3 {14606 | 6.5 |43 | 2.2 | 138 | 6.0 | 221 | 26.3 1.9 9.5 -
:i29 543 ? 13.1 | 146.6 A 7.4" 4,1 | 3.3 10.0 5@4 | 21.0 26.3 '\- 2.3 10.7 .A
130 | e | 1a2 | so1 | 65 | 43 | 2.2 [13.0 | 6.2 {26.2°] 180 | 3.0 f510,7' .
3 | e 5'1109 1266 | 6.8 | 4 | 2.6 | 11.3 | 47 | 150 | 180 300 | 0.9 - AE
132 | 46 % 13.9 | 105.6 6.0 | 3.9 | 2.1 a8 | a0 | 23.2 | 221 | 3.7 9.3 -
| 133 | 47 168 | 762 | 6.6 IR TS i3w5 .558 18,8 }g_9=5' %. 3.8 RRLIE
{34 48 3 13.4 § 76.2 6.6 f'4,4 2.2 12.5 6.3 15.5 23.5 - 9.8 A
g135.,._52 | 16.0 E- 88.0 " 6;9__3 4;4_ 2.5 | 18.3 L 8.0 | 24.3 | 15.2 -] 1:3_ ;a1o,7‘i s
136 5 {én3v 105.0 | 7.7 | 4.7 | 3.0 | 188 | 8.2 ) 195 | 40.1 L 1.1 .'_,1391': A
137 ‘__41 “L 12,3 123.1 6.5 | 454, é;xr 10.0 | 5.7 | 9.8 8.3 - 2,4 1 ot -
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NG | Hgt | Hb | Fe L Prot | alb |Glob | BUN | Uric’| awp | atap | ata | ca Hb_typé
189 .41 | 10:2 | 113 | 6.5 {1 3.6 | 2.9 | 7.6 | 4.3 | 2.1 | 33.0 C -
190t 40 | 10.6| 111.4 | 7.9 | 4.5 | 3.4} 8.8 | 5.5 [23.2 |-34.4] - | 9.8 A

191 50 | 14.7° | 105.6° | 6.9 | 4.4 | 2.5 11.3 | 7.8 188 {o24.87] - | 9:s
193 1 491 13.3 | 105.6.1 7.4 | 4.7 | 2.7 13.8 {.5,5 [ gz.1 4 115 |+ 10.9

wges sk fatait o sdis ) sie gl faaail BE e Bheaie ] et <t wa i

196 .50 § 13:1 | 129,60 § 65 | 4.0 | 2.9 8.8 | 5.6 17.7 |l20.3 ) x f 9.3

B B 1 7- T G TR] R £ I SRR 7. - S R A B 2.4 | 14.8 7 P T T 5 A T TR S 12.0

199 | as | 13.4.| 99.7 ] 6.6 | 4.0

el
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0

o
W

1172 S8 N1 VIS £PX R NS 5 AR - Y = o8 e BT S S S T s I O S (-1 TR (RN S - - S IR O

"200. 49 | 14.3 - 80.0 1 7.a 407 | 207 [M10.0 &l 29,8 | 1e.4 | - 10.7 |~ &

R0 T AR i O A1 SR o 2 10BN e SR g S O S5 A% 10 R (N7 oSO8 (Rt W =8

81



No | Het aﬁiffi_ Fa. | Prot | (Blb | Glob BUN: | Uric | LAP ALAD ?fgééAf ; Ca Hb type]
172 | a5 | 13.6 70 {41 |30 [11.3 | 5.9 | 155 | 2009 pos i 10.5 | =
173 - x AV‘g;f: x i N N e . 14,7 : Ry v
146 | 13.9 99,7 | 7.4 | 4.3 | 3.1 | 12.5 ©6.9 | 25.4 | 14.7 ¥ g
43 | 134|801 | 7.0 |45 | 2.6 | 10.0 6.3 | 177 | o21e0 &
'*'51}7§ 49 | 13.4 | 76.2 '76;é¥5: 4.0 [ 2.8 {13.8 | 7.0 } 15.5 | 16.1 - :
171 ] a6 | 150 liess | 7.6 {42 | 2.9 | 125 | s -
178 | 43 | 13.9 | 76.2 | 7.7 éﬁéf 3.4 vl 4295 . Y5 . 9.5 ,
179 | 6.0 N ¥ I 2500003 ] s : 10.2 I
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