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A cohort study on blood zinc protoporphyrin concentration of
workers in storage battery factory
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To investigate the effectiveness of the interventions in working environment and per-
sonal hygiene for the occupational exposure to the lead, the blood zinc protoporphyrin
(zPP) concentrations of 131 workers (100 exposed subjects and 31 controls) of a newly es-
tablished battery factory were analyzed. They were measured in every 3 months up to 18
months.

Air lead concentration (Pb-A) of the workplaces was also checked for 3 times in 6 mon-
ths interval from August 1987. Environmental intervention included the local exhaust ven-
tilation and vacuum cleaning of the floor. Intervention of the personal hygiene included
the daily change of clothes, compulsory shower after work and hand washing before meal,
prohibition of cigarette smoking and food consumption at the work site and wearing
mask.

Mean blood ZPP concentration of the controls was 16.45+4.83 ug/d¢ at the preemploy-
ment examination and slightly increased to 17.77+5.59 ug/d after 6 months.

Mean blood ZPP concentration of the exposed subjects who were employed before the
factory was in operation (Group A) was 17.36+5.20 ug/dl on employment and it was
increased to 23.00+13.06 ug/d¢ after 3 months. The blood ZPP concentration was increas-
ed to 27.25+6.40 ug/dl on 6 months (p(0.01) after the employment which was 1 month
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.after the initiation of intervention program. It did not increase thereafter and ranged
between 25.48 ug/df and 26.61 ug/dé in the subsequent 4 results. _

Mean blood ZPP concentration of the exposed subjects who were employed after
the factory had been in operation but before the intervention program was initiated
’ (Group B) was 14.34+6.10 ug/df on employment and it was increased to 28.97+7.14
wg/de (p0.01) in 3 months later(l month after the intervention). The values of sub-
sequent 4 tests were maintained between 26.96 ug/df and 27.96 wg/dé.

Mean blood ZPP concentration of the exposed subjects who were employed after in-
tervention program had been started (Group C) was 21.34%5.25 1g/dé on employment
and it was gradually increased to 23.37+3.86 ug/d¢ (p(0.01) after 3 months, 23.93+
3.64 ug/dé after 6 months, 25.50+3.01 ug/df (p(0.0l) after 9 months, and 25.50+%3,
10 ug/dl after 12 months.

Workplaces were classified into 4 parts according to Pb-A. The Pb-A of part I, the
highest areas, were 0.365 mg/m’, and after the intervention the levels were decreased
to 0.216 mg/m and 0.208 mg/m’ in follow-up test. The Pb-A of part Il which was res-
ulted in lower value than part I was decreased from 0.232 mg/m’ to 0.148 mg/m’, and
0.120 mg/m after the intervention. The Pb-A of part I was tested after the inter-
vention and resulted in 0.124 mg/n’ in January 1988 and 0.081 mg/m’ in August 1988.
The Pb-A of part IV was also tested after the intervention and resulted in 0.110 mg/m’
in August 1988.

There was no consistent relationship between Pb-A and blood ZPP concentration.
The blood ZPP concentration of the group A and B workers in the part of the highest
Pb-A were lower than those of the workers in the parts of lower Pb-A. The blood ZPP
concentration of the workers in the part of the lowest Pb-A increased more rapidly.
The blood ZPP concentration of the group C workers was the highest in part [I.

These findings suggest that the intervention in personal hygiene is more effective
than environmental intervention, and it should be carried out from the first day of
employment and to both the exposed subjects, blue color workers and the controls,
white color workers.

Key words : Air lead concentration, Blood ZPP concentration, Storage battery factory,
Intervention

M B

AR x)ge] EYol oF 20 me/kg(WHO, 1995)2.
2 ZAshs 9L o 6,000 HHE AFI} AMS3
ojg ojg] Folell AMgHo] ghom 54 3 %o
B 15 o] it Goldman 5, 1987; Landrigan, 1989).
doll Z2HANS o Uehe SHoEE 2 57

ol 713k wt thEut FHAE R B2AR A

7F 2, A7), ”‘5}7171% *n‘%ﬂ%ﬂ A7

ol gt gleH, 53 =
(Rom, 1992; Zenz, 1994).
Aol g &, AE Fo] LM B2 2

EAEAAN @ F50] LuHion IR A7)

01%91 d S50 dE S AP E =HL

A S5 77} 3] EolEA HAHGrazian

o, 1994) aeft o33 el B8 W3]

—113—



ZF=o i3t Bavt Yy 3, A% Y] 7|z
H AZEAE ¥ g F8 AP HD Yo
(1LO, 1989; WHO, 1995). ,

AL FFshe Adolle 2R Az, FAA A4,

AE, #2] Az, ZHUEE, A Ax, A AE F

Az} Z7HE T )1, 971 AHjEE do] AZF
X oF 40% oldo] AFEE AZ B Q)
THRatcliffe, 1981).

de gifw 3712 FYEoN Aol 25
a2 9ol gAolv SEFE AFE0] Al S0l
A Hok. B& 27| At F3ad Al7lel= A
g A F50] 9 & Foflok BUE M Ao] H
2ole A FE9| 27149 7tgHoln AY F4o]
gl &AM (subclinical)§l 73-$7} F80] = (Lan-
drigan, 1989), o} W w2 A Z2o digh By
o] FopA| 1 glom, QA es W] Mo A &

E Zol8lZ 83kl tHPublic Health Service,
U. S. Department of Health and Human Services,
1991). 8] UM x 30 dA%E FAds7t 71453
HHA B2 A F5 Al Lasdon, HAF e
=2 gou AT AR Aol HEAA
AATE, FHA) AT Aol 2t A A7}
SRS (TR EE, 1997), olF AAE
& AAdgel A, 224 4% 94 52 A
S AA-E it of wiEd A Al Sk
=g @ 2 Wbt Fesn, AN
{exposure monitoring) %} A4E-8+2 ZHA|(biologic mon-
itoring)7} AREE 3L 9lon, 1 F A FE 37} ¥A
A2 42 A9 29 €% 7PP(zinc protoporphyr‘in)
FEot AMEE) (AR F, 1986, °EF T,
1987; 138 %5, 1990; FRY 5, 1996; Zhang, 1993;
Klein 5, 1994; Schwartz 5, 1995), 21 2Jo 2%
%, dJ-aminolevulinic acid(ALA)%, 8% coprop-
orphyrin®, A% F(Zenz, 1994)7} ¥ 5o
G227 AE HF o S A AEg

X 24 7JA{Seppalainen %, 1975) 50| ARgElo] g
123

olgig EAAE 0|88 JIE AT T A
vl 228 Z2AES Yo sl dd
AR 397} won)(RAwkat o)BE, 1984;
1985; 7140 5, 1986; BFH 5, 1991; AFA
1993; Williams %, 1983; Karim 5, 1986; Matte 5,
1989), MEA Zase ZEASS YAoE A3
A% Qe 2 ARl tg AdxRAE 7t
slo] BAS AHQMFEH 1G4, 1982 B F,
1987; A% 5, 1990; AR} oW, 1992; FH.
%4 %, 1996) = o2 AL Holr}.

ol A7E N2 AYE FAA AZTH 22
ASE oz & o} Z2o} AR F, 18
1 AQeA T AQPAY MARR] F 2HE 22
ASe 8% zep F% W3S FESD, YAKAIZIS
AgAe] 713 4 B8 1F0R BERsl A7
FAZEEZ {ATo 2N ANHRA Y E7E ZARIL,
53] RANSS 53 22AEY o, g ¢ HS
Z

3 Polz AT 224 AR BB LA

oft
pl
o,

_Ll:.,
o
[

o
ot

M ol oly

1. ALY
BARE THAY aAdhe B $44] $730] 4
29 2719 A 224 1008S FE2FOE 311,
[e]

|o}
o
il
=
PN
=N
i
of
R
lo
4
]
4

ARRE 227 31

AT, B B 7HEF AN 227} AldE |

AR, o2 2R A8 F QAR e 7
AR, A4AS o Y HEoe 1218097
Aol R 7|18 F ¥F 7pP. ¥% AEE B4

I oHroL o rfo
IIO

2 Az AlAQ 1987d 829 A
EEE 7|F0Z 030 mg/m' o] @Y F

—114—



HNeg A TEMZ, 030 mg/m P T FHES
ATRMZ, vmd 713 50 3E e 4%
£lo] 1988 1R HE A 71T 4 =t

9 2RSS AN, 283 A4gart 443
A 93 o)FatHA sk 9 #AES AN
N2 st o5 2 BAd 253k SFAES
8z zpp ¥2o WSS 7|13 A Tt Hlu £4d)
Ak 7 Aol &3 7 o8] FAEL A IRAE

x-met, encapsulation, A 124 lead strip, oxide,

Table 1. Age distribution of exposed subjects
and controls

Age Exposed subjects Controls
(years) No. (%) No. (%)
20-24 60 ( 60.0) 21 (67.6)
25-29 34 (34.0) 2 ( 6.5

>30 6 ( 6.0 8 { 25.8)
Total 100 (100.0) 31 (100.0)

Table 2. Distribution of exposed subjects by
groups and parts

Group A Group B Group C Total

Parts No. (%) No. (%) No. (%) nNo. (%)

6 (1500 8 (200 5 (250) 19 (19.0
11 (275) 13 (325 3 (15.0) 27 (27.0)
13 (325 9 (225) 4 (200 26 (26.0)
10 {255) 10 (2500 8 (40.0) 28 (28.0)

=R=N—

Total 40 (100.0) 40 (100.0) 20 (100.0) 100 (100.0}

Group A : Exposed subjects who were employed before
the factory was in operation.

Group B : Exposed subjects who were employed
between the factory was in operation and
the initiation of intervention program.

Group C : Exposed subjects who were employed after
the initiation of intervention program.

Part 1 : x-met, encapsulation.

part [T : lead strip, oxide, paste mixer, green group.

Part Il : small part, formation, final assembly.

part IV : engineering, examination, technical part,
fork-lift.
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z7e 3¢ AeA 5 A FEe 20-24470]
20.82+4.92 ug/d, 25-204)¢0] 21.80+2.83 g/,
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Table 3. Mean value of air lead concentration

by parts and time intervals

Air lead concentration {mg/m')

Parts
Aug. 1987  Jan. 1988  Aug. 1988
I 0.365 0.216 0.208
I 0.232 0.148 0.120
I - 0.124 0.081
v - - 0.110

Table 4. Mean value of initial blood iead con-
centration{xg/ df) of exposed subjects
and controls by age group

Age Exposed subjects Controls

(years) No. (%) Mean+S.D. No.(%) Mean%S.D.

20-24 60 ( 60.0)17.66+4.47 21 ( 67.7) 20.82£4.92
25-29  34( 34.0)19.77%+467 2( 6.5)21.80+2.83
>30 6( 6.0)19.72+5.37 8( 25.8)19.59+4.92

Total 100 (100.0) 18.50+4.66* 31 (100.0) 20.57+4.74

*: p{0.05 by t test compared with controls.
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Table 5. Mean value of initial blood ZPP con-
centration(ug/ df) of exposed subjects
and controls by age group

Age Exposed subjects Controls

A4 339 AHR|E 25.88~26.61 pg/dE F2E F
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tHTable 7).
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MAZX 7} Al & YAket el Me A4 E
Z 7PP ¥57} 21.34%5.25 ug/ #A T, YA % 370
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Table 7. Changes of blood ZPP concentration
(ug! d&) of group A by time interval
after employment

(years) No. (%) Mean+S.D. No. (%) MeantS.D.

Time interval No. of exposed subjects Mean%S.D.

16.08+5.93 21 ( 67.7)18.81+7.24
16.47+5.95 2( 6.5)16.504+0.71
19.00+4.29 8 ( 25.8)14.63+2.67

20-24 60 ( 60.0
25-29  34( 340
>30 6( 6.0

T

Total 100 (100.0) 16.39+5.84 31 (100.0) 17.58 +6.33

~

Table 6. Changes of blood ZPP concentration
(1! d8) of control group 6 month after

employment
Time interval No. of controls Mean £S.D.
Initial test 22 16.451+4.83
Six months 22 17.77 £5.59

Initial test 40 17.36+ 5.20
3 months 36 23.00+13.06
6 36 27.25% 6.40%
9 33 25.48%+ 517"
12 33 25.88+ 5.21
15 33 26.61+ 3.78
18 25 26,52+ 4.15

* : p{0.05 by paired t test compared with previous ZPP
concentration.
** : p{0.01 by paired t test compared with previous ZPP
concentration.
(Note: Paired t test was done for those who had been
tested on both at previous month and at the
other month)
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Table 8. Changes of blood ZPP concentration
e/ df) of group B-by time interval
after employment

Table 9. Changes of btood ZPP concentration
(tg/ &) of group C by time interval
after employment

Time interval No. of exposed subjects Mean+S.D.
Initial test 40 14.34%6.10
3 months 39 28.97+7.14**
6 37 27.87+5.32
9 36 26.96 +4.57
12 34 27.12+3.91
15 26 27.96 +3.80

**: p(0.01 by paired t test compared with previous ZPP
concentration.
(Note: Paired t test was done for those who had been
tested on both at previous month and at the
other month)

point of intervention

Time interval No. of exposed subjects Mean+S.D.
Initial test 20 21.34%5.25
3 months 19 23.37+3.86"
6 16 23.931+3.64
9 16 25.50+3.01®
12 16 25.50+3.10

** : p(0.01 by paired t test compared with previous ZPP
concentration.
(Note: Paired t test was done for those who had been
tested on both at previous month and at the
other month)
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Fig. 1 Changes of blood ZPP concetration by group and time interval after operating the factory
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Table 10. Changes of blood ZPP concentration (ug/d2) of group A by parts and time interval after em-

ployment
Parts | Parts [ Parts [l Parts[V

Time interval No. Mean=+8S.D. No. Mean *S.D. No. Mean £ 8.D. No. Mean £S.D.

Initial test 6 14.21+3.21 11 15.20+3.21 13 17.25+8.21 10 15.21+4.21
3 months 6 18.75+4.72* 10 20.78 £5.50* 10 29.64+4.22* 10 20.00+£6.06*
6 6 25.00+4.96™ 10 29.56 +8.62" 10 29.56+4.75 10 26.38 £5.34"

9 6 24.50£2.65 9 25.67+7.81* 9 27.00+2.83 9 26.33+5.29

12 6 26.00+2.71 9 26.4416.82 9 28.50+4.00 9 25.001+4.47

15 6 27.25+1.71 9 27.88+5.52 9 28.224:3.55 9 25.801+3.68

18 4 24.751+4.35 8 27.63 £5.37 6 29.251+2.06 7 25.401+2.41

* : p{0.05 by paired t test compared with previous ZPP concentration.

** : p{0.01 by paired t test compared with previous ZPP

concentration.

{Note: Paired t test was done for those who had been tested on both at previous month and at the other month)

Table 11. Changes of blood ZPP concentration (ug/ df) of group B by parts and time interval after em-

ployment
Parts | Parts [l Parts [l Parts IV
Time interval

nter No. Mean=+S.D. No. Mean+*S.D. No. Mean=*S.D. No. Mean=*S.D.

Initial test 8 11.38+2.97 13 14.33%5.61 9 15.11+7.39 10 16.80%7.05
3 months 8 26.88+8.37* 12 29.92+7.48™ 9 30.55+8.60* 10 28.10+4.23*

6 8 24.50+5.80 11 28.82+6.03 9 29.33+5.27 9 28.22+3.11

9 7 24.43+4.47 11 27.09%4.99 9 26.78+1.92 9 27.89+2.32

12 6 24.83+4.31 11 27.73%+4.13 8 27.63+4.41 9 27.44+2.88

15 5 25.20+5.07 8 29.00+3.50 6 28.67 +4.50 7 28.14+1.86

* : p0.05 by paired t test compared with previous ZPP concentration.

p(O 01 by paired t test compared with previous ZPP concentration.
(Note: Paired t test was done for those who had been tested on both at prev1ous month and at the other month)
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Table 12. Changes of blood ZPP concentration (ug/dé) of group C by parts and time interval after em-

ployment
Parts 1 Parts [ Parts [ll Parts IV
Time interval ;
No. Mean+S.D. No. Mean*S.D. No. MeanzxS.D. No. MeantS.D.
Initial test 5 22.20£5.07 3 21.67 +8.08 4 23.25+£2.63 8 22.6517.82

3 months 4 24.00+3.56" 3 21.00+5.29 4 25.25+1.50 8. 24.14+3.19*

6 4 24.00+2.94 3 123.00+3.46 2 27.00+5.67 7 23.43+3.95

9 4 23.25+4.19 3 25.00+2.83 2 27.50%3.54 7 24.75+3.58*
12 4 24.75+3.86 3 24.00+4.24 2 28.6711.15 7 25.00+2.58

*: p{0.05 by paired t test compared with previous ZPP concentration.

(Note: Paired t test was done for those who had been tested on both at previous month and at the other month)
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