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Project Title @ The effect of pmanganese and Bead on clinical and

biochemical finding in dry battery workers

Name of the Investigators : Piyaratana Tosukhowong, Kanii Buranasiri,
Prapa Loahapaibul, Chuangchan Chaitachwong

and C. Permsuk Pechyapaisit
Year :  April, 1983
Abstract

Workers in dry-cell battery plant were exposed to manganese and some
lead. Health status of 147 workers were studied by history taking, phy-
sical, hematological and biochemical examination. These workers were 95%

female, 18 = 60 years of ages

Abnormal physical findings were ﬁale conjunctiva, exaggerated reflex
responses, high blood pressﬁre and skin dissases , with history of headache,
rheumatism, respiratoryy gastrointestinal and some ofher symptoms., The
ﬁost common symptom was headache which was found in 38.5% of total warkers.
The next common findings were anemic (27.4%), gastrointestinal (21.5%) ,

neurclogical (20.,7%) and rheumatism (20%).

The blood levels of manganese were 1=5.99 »{ g% with the mean of 2.94g%
The mean level of nanexpoﬂed'control was 0.8?/Qg%. Abnormally high level
) L yg% was found in 15%. The range of blood lead level wasl1-504g%

(ﬁ = 17.95). Higher than normal f‘>4034g%) was found in %%

Symptoms of diseases and abnormal physical findings were equally

distributed among the high arnd the low blood manganese and lead-workers.



Hemoglob{n concentrqticn and red celi morphology Were studiedI13

Thirty ‘thrée percent of warkers had low hemoglobin contentration ({52 g%)
and 36~é% of these nad high bleod méhganese (j)&/Qg%). Although workers
with ﬁérmal bloodlmgnganese leveisﬂalso had low hemoglobin but' the inci-
aghce was lower, Abnormality of red blood céll included taréet cell,
b cell, size, shape and bééophilic stippling; Abnormal in any one

of these {ﬁéfe than 1 +) was found in 25%, L9% of which'had blood
manganese higher than %#{g%. WOrkersiﬁith high Dblood lead level: had

no abnormal red cells;. It may be concluded that 'low hemoglobin;énd
aﬂnormal red.cell morphology mhay have some relation to thg level of

manganese exposure,

Serum enzyne concentration was determined on cholinesterasey SGOT,
SGPT &nd alkaline phosphatase with 11.56%,2%. 2% & 7.4% abnormal activities

respectively.

Blood chemigfry gtudy of tﬁtal protein, slbumin, ure@ﬁ uric acid and
serum iron was found 10.2%, 8.1% L.7%, 3}5% and 5.4% abrormal in congéﬁ-
tration but with no relatidn to blood manganese and/oiflea& levels, .
Gompariséﬁ of blocd menganese and leaQ'levels to the;agnormal finding§

-

had beern discussed. -
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Signs & | Finding %

| Symptoms |Presence| Absence | Abnormality

| Headache - 56 | 91 | 380
Pale Conjunctiva | 39 | 108 | 265
Neuromuscular 7 N Y BT
High B.P 21 | 126 142
Resp. Symptom 4. | 133 95

161 Symptom 33 114 22-4

‘|Dermatitis | 9 | 138 | 6
Rheumatic Pain | 32 | 115 | 217 |
Othes | 9 | 138 61 |

Table | Occurences of signs qnd,-ffsymp‘roms among’-_”:'d'ry
- battery workers ( 147 workers ).
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Hyperreﬂexiqf" }#32

Rheumatic Paln Ne32

High Blood Pressure { in=2!
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Others feg]

F|g 2 Occurences of signs and symptoms among
147 dry baﬂery workers.
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Blood manganese level

Blood lead I@e! )

| Number of workers

(,ug%)

(g %)

2-2-99
3-399
4 -4-99
. >5

I- 199

28
47
36 -
10
i

| - .29
I0- 19-9

20 - 29-9|
30 -~ 399

>40

Number of workers

J:-m«rg_%fé

Table 1| Biood level of manganese and lead in workers.
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Blood magunfesé mvai( %..)

|- 1-99

2-299

3-399

 Total

workers

%
Abﬂmmality

Symptoms
Headache
Pale Conjunctiva
{ Neuromuscular
High B.P.
Resp. Symptom
‘G.L Symptom
Dermatitis
Rheumatic Pain
- 1Others

9(32%])
5(18%!

18(i8%)
3(‘ i%)
oo

2(71%)
3(11%) |

1 7(36%)

12(26%)
10(21%])
4( 8%)
4( 8%)

6(13%)

| € 2%)
4( 8%)
0.

14(39%)

13(36%) |
9(25%) |

4(1 1%)
- 5{14%)
[1{30%)

4(11 %)

13(36%)

5(14%)

237%)|

7{37%)
4{21 %)

5{ , 63’@) :
3(16%)|
4(21%)|. 9 |

7(37%)

1{ 5%)|

47
Y4
28
18
15
28

5

36|
28-5
21-6
138
11-5
215
6-9
20:0
&9

28

26

i9

130

1000 |

Tdﬁgiffe?;isll - Prevalence of signs qndﬁympfoms by blood mungﬁﬂfesejié???-




Blood lead level ( jig%)

LYo |

Signs &  Total | .
Symptoms | - 99110-199]20-299{30-399| > 40 |workers|Abriormality
‘Headache 4(40%)|30(34%)| 15(62%)| 2(66%)| 1(25%)] 52 | 385
| Pale Conjunctiva | 5(50%) {2427 %) 8(27"%) < A R s PG i . 7.4
Neuromuscular 1(10%)[21@3%)| 8(I7%)| 1(33%)| o | 28 | 207
High BP. 0 |I305%)| 62i%)| © | O | 19 | 14i
Resp. Symptom | 3(30%)| 8( 9%} 2(7%)| O o | 15 | 1l
| G.I. Symptom 2(20%)|20(22%}| 74%)| © | o0 | 29 215
| permatitis | 1(10%)] 6(67%)| 3(10%)| O 0 9 67
Rheumatic Pain | 3(30%}| 18(20%)| 7(24%)| 1(33%)] o | 28 | ar5 |
Others 0 3( 3%)| 3(10%)] O 0 6 44
‘Number of workers | 10 89 29 4 | 135 | 1000

TablelV Prevalence of signs and symptoms by blood Iedd level.




Table V Blood Maand duration of employment

Blood Ma "o of workers Rango Average

e (year) : (year)

1=1+99 28 =25 'Z_u;:ﬁﬁﬁﬁ
2-2.99 Lt 125 fjégﬁ%1.7-
2 11416

w0
D
s
o
-t
i
W
(o)t

B

o

10 Hoole S 0l 1945

pie)

+9

\no =

9 . 3=24 16.5

Table VI Blood Po and duration of employment

Blood Pb No of woFkers Range . Average

( &%) (year) . (year)

e

1-5.9 £330 3-22 1k
10-1949 EyL 42k 11425
20-29.9 ‘ é§f 1-2k 244
30~3949 3 40-17 1k .6

ho b P 2-25 1246
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~ Signs &
Symptoms

it

5

g

3

‘{Headache

| Pale Con jdnctiva:.
'Nei’u.romqsci.._zla}'
High BF |

. {Resp. Symﬁfom
6.1 Symptom
Dermatitl.

| Reeumatic: Péln’

| "_the'rs i

I2

1(37%)

I3
41%)
8

(25 %)

kT

- |(93%)

4
(!2=5%}
i
(22%)

N
{ 3%)

&

8
(33 %)

(25%)
.
(21%)
>
(8
3
(12-5%)
B
(25%)
A
{ 4%)
.2

)

44%)
(33%)
(33 %)
f-l |¥;%) |
(3%

(44%)
B+

4

1 7%)

45

(50%)

(28%)
3
(21%)
2
{14%)

4
{28%)

4
(66 %)
(50%)
A,
(33%)
U2
{33%)
R
{1
(66%)
wadif
{17%)
4

0

7%) | ( 4%)

4

(39 %)
8

Q- 1
(26%)
.
(87%)
L)

.
{17%)

- i |
(4-3%)

§4.

(35%) |

3
 (33%)
O
(15%)
itk
(255%)
4
(i

5
8 %)
g

(]

7 '

(4%)|

(28 %)

(28%)

(M%):_
N A
(2B5%)
5%}

9
0 
O.
é

(20%) |

o TR Y < P L < e T

32

| Total workers -

| 24

9

Lg

23

sl

3

- Table VI Occurences of sigﬁ and symptoms ‘among dry qury' workers {147)
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“Mn level | Number Hémegﬁlobin %
(ug%) | of level = |Abnormal
| workers | Normal | Low T

o-1-99| 28 | 22 & | 21-4
l2-299! 47 | 36 | 11 234
3-399] 36 | 26 0 27-7
>4 9 13 ik r57:8

Total 30 | 94 | 38 | 292

Table | The relationship between manganese in
' -~ whole blood and abnormal hemoglobin
’Concen?mﬁon (<i2 g%) in dry-baﬂery

workers. '
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Workers with low hemglobin In %

N=6|f Nellf} N=i0 N=tt
k9 220 389 >4 ag%Mn
28 47 '56 19 Number of wafkers

Fig.2 The pmpernan ef 130 dry baﬂery warkers with low

hemoglobin (<12 g%) at different manganese concentrafion,



Mn leve! | Number rTcu*ége“f* Burr |Shape | Size Basopfhilicj
(ug %) | of cell. | cell stippling
workers |
O-189 ] 28 5 N S i I 2
(IPe%)|( 367  [(35%)] (7:1%)
2-299| 47 | B 25514 A
' | (106%) |( 42%)( 2:1% )i(2:1%)]|
3=399 1 36 AFO.-Fas W | 2 .
- (22:2%) |(8:3%)|( 55%)|(55%)| (27%)
>4 19 =9 188 2| 2 | 0O
|(@7:3%) [(I05%}|(105%) [(105%) |
Total 3o |27 |8 | 5 | s 3
0 2078 ((61%)|(3-8%)|(4-6%)| (2:3%)

’Table 2 T.he relaﬁ_enéhip between manganese in whole blood
and abnormal morphology of red cell.
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Mn level | Number! Morphology of 3 %o
(g %) | of | red cell | Abnormal
workers | Normal | Abnormal AL B3
0O -199| 28 | 21 . 4250
2 =299 47 FIEFPRAG, 12:7
3 ~-399 36 261 klo. - | 277
>4 | -18pio 't -9 | 470
Total 130 | 98 | 32 | 250

Table 2 Reiationship between manganés‘e in whole _
blood and percent of morphologic abnormality
of red cells. e '
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-9 229 | 339 >4 . g% Mn -
28 . 4v 36 % Number of workers
_Fig.3 The propaﬁi’on‘ of 130 dry battery workers with abnorma
hematological finding at different manganese concentration.

 Workers with abnormal morphology
of rad cell in %
&
o O
1



" Pblevel [Number] [ g
b { g %) of Herlnogiaba_n Abnormal
%% | workers | Normal | Abnormal
! 1~93l 10l 4| 6 | e00
lio-199! B9 | 66 | 23 | 258
;:20 292| 29 | 19! 10 344
S §30-399{" 375 2 ] 333
4 >40 4| 4 0 00
Total | 135 | 95 | 40 | 296

Table 4 The reiaﬁénshép between lead in whole blood
| and hematological abnormality in dry-botfery
. workers.
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{= 9-9 IO IQQ 20-299 30*39’9 >40 Hg% Pb
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F’sg 4 The proportion of 135 dry battery workers with low
Mmoglebin(‘f i2 g%) at d;ffemm lead concentration.



Ph level Number | Morphology of Yo
(ug %) | of red cell Abnorma;
£ | workers Ncrm'&‘! Abnormal _
-39 | 10 778! % 300
i0-199 | 89 74 (5 16-8
20-289 | 29 18- 4 ki - 379
30-399| 3 2o SR 333
> 40 4 3 I 250
Totai 35 | 104 | 3l AR

 Table 6 ~Relationship of lead in whole biood and %
abnormality of morphoiogy of red cell.
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99 10-99 20-29930-399 >40 kP
0 .8 28 © 3 4  Number of workers

Fig. 5 The proportion of I35 dry battery workers with abnormal

hematological fi?‘jng at different lead concentration.
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Table 7 Blocd mauganese level and wyhite blood cell

e Blood Mn level ( Ag®) Tetal =abnor
’ (’I—’E 19) (2—2.9) (5"’3:9) > b’ V."OI"};ICI‘
Newtrophil H(50%) | 12(25.5%). | 8(22.28) | 8(kaw) | ba(32.3%)
Bosinophil 1(756%) 9(1G.1%) 5(13.9%) | 1(5.2%) | 16(12.3%)
Lymphocyte 8(28.6%) 14(29.8%‘ 13(3:6%) | 5(26.3%) | 40(30,8%)
Total workers 28 Lo RO, 19 130
Table 8 Blood Pbilevel and white Blood ceil
e Blood Po level (Mg%) Lol
WBC 12G.9 "-1Oh€9 9 T 20-29.9 30-39.9 40 abnormal
5 s - 3 e > ' workers
Neutrophil.. 3(30%) {29(32.9%) |10(34.5%) 4(33:5%) 1(25%) | b4 (32.8%)
osinophil | 1(10%) [11(12.5%) | 4(13.8%) o |1(z5%) | 17012.7%)
Lymphocytes 6(60%) |25(86.2%) | 9(31,0%) 0 0 L0(29.9%)
_g . ;
| Total Workers 10 88 29 3 L 134




Table 9 UBYEY TFerrokinetic |@zred cell sur yival study Tﬂﬂﬁ@ﬁu o ik

Fetient | Blood : .

i ; in|Hema: S ir o i

2y 3 Pp Heng}Obln K ma?gcrit erunm irprn T% of REG|Plasneiron [Plasus dro:

= (it (%) (345 (#g%) | Ferritin stratval 2};3?%9rgn§§'turn.eﬁér

g 1 (80=200) | (100~300) | (24-155mg/m1)| (24-304) (60-90min) (89-1.8mg/c
574" 16.2 12.0 35.0 95.0 25,0 9710 0.83
ab/1 1642 1046 32.0 11340, 20.0 80.0 0.99
8/2 546 1.7 ° k.8 80,0 % 30,0 54,0 0.99
€/ 8a7 10.6 B2t 120,0 =é#.0 9%.0 0,93
1/2 28.6 1140 3420 60.0 21.0 40.0 102
11/3 1245 11k 3745 5540 2740 48,0 0475
"13Z? 1He5 - De2 373 10040 30.0 5040 0e55
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TABLE |

"rhé-'i'_-.;results of bio&hemical examination

_ -P‘urame'?ers' _;Nurmui "-7??'}::_ Unit 'Experimemaffp Mean £5D
e o RS, r L:LD LIS Feebieiits
Serum _
CHS 50-120  |umt | 26-127 | 697ain2
ALP 9-35 {LU/L | V1-52 2358 7.3
SGOT = | 8-40  |unit/mi | 45- 66 14 £7.6
SGPT | 5-35  |unit/m| 2-58 1274 84
Protein | 6-8 | g% | 5.4-9.4 | 7.3435
Albumin 35-55 | g% | 37-70 | 52243
BUN 8- 22 mg%| 8-27 4.8+ 4.2
Creaﬁniﬁe 07- 1.5 md% o.-'S- L5 o.é&-'e.-ze :
Uric acid | 26-75 - mg%| 2.8-8.9 49412
 IRON so-175 | Hg%| 33 -i70 | ssesz0s|
Urine 18N |
Creatinine | 136-.77 | g/L| 0.2-3.6 1.5£0.8
J~ALA : 0.i-57 1 mg/l 0.1-2.4 | 0408
GAG | o-100 | mg/L

I~ 81

22 82166 |
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Table |l Biood manganese level and blocd chemistry

lood Mn leval ( Mg %)

Parameters Totalabr|
-.9 |2-2.9 5-3.9 >4 workers

CHS. 3 74 2 g
ALP 0 4.4 | 9
SGOT ! 5 hilig 0

SGPT 2 i 0 0

Protein 6 ' 2 3 4
Albumin | 5, o 2 | 10
Uric acid | 2 il

BUN |2 | 2 o

Serum iron | O 2 !  '3 6

No. of worker| 28 | 47 | 36 | 19
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