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— Abstract —

A Follow up Study on the Mercury Concentration in Air and in Urine of Workers after
Implementing Controls of Work Environment in Mercury Vapor Exposed Industry

Shin Ho Bang, Kwang Jong Kim, Jong Tae Park
Department of Preventive Medicine & Institute for Environmenial Health

In order to evaluate the effectiveness of environmental intervention of work place, metal mer-
cury concentration in air and in urine of the total 43 workers for 3years from December 1991 to
October 1993 in a fluorescent lamp manufacturing industry exposed to mercury, was measured
before and after implementation of controls such as establishing exhaust ventilation at the
department of exhaustion, coating the floor of work place with epostane, cleaning of the floor,
improved housekeeping, and etc.

The results were as follows.

1. Before the intervention(December 1991) 39.0% exceeded metal mercury Threshold Limit
Value(TLV, 0.05mg/m*). After the intervention(October 1993) 10.1% exceeded TLV and geometric
mean of mercury in air was 0,1mg/m’, and showed effectiveness rate of intervention to be 74.4%

2

After the intervention, geomeltric means of mercury concentrations in air were (.013,
0.019mg/m* and showed effectiveness rate of intervention to be 76.6%, 65.5% in A
factory(right tube lamp)and at exhaustion department, respectively, A follow up survey
fround statistically significant reductions in mercury concetration in air three years later.

3. Mercury concentration in urine of 11 workers(29.7%) exceeded warning level of 10044 /1
before the intervention. After the intervention, of 3workers(8.8%) exceeded warning level
and geometric mean of mercury concentration(26.54/ ! ) in urine was 2.4 times than that
of before the intervention.

Geometric means of mercury concentrations in urine of workers at exhaustion department,
at sealing and aging department were 44.0, 77.74/ 1 , respectively and they decreased 2.3,
3.2 times than that of before the intervention.
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Table 1. General characteristics of sampled industry and difference before and after implementing controls

General characteristics of industry

year of establishment 1967

End product

20,40Wt right tube & circle line tube

fluorescent lamp

No. of workers 835

Shift

Amount of Hg consumed/year 2635.2kg
Amount of Hg consumed/lamp 96.9mg
No. of production line 8 line

8 hours, 2 shift

Difference before and after the intervention

before after
No. of local exhaust hood 5 8
Type of local exhaust hood open upper type Enclosed upper type
No. of exhaust ventilator not established 8
No. of air cleaning devices not established 8
No. of air supply duct not established H]

Floor status
housekeeping

uneveness concrete

covered with epostance

poor improved
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Fig. 2. Flow chart on the fluorescent lamp manufacturing process
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Table 2. General characteristics of sampled workers
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FNF & VB AEEE vag AT A
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Male female
No. of workers 26 17
Age(year) Mean(SD) 32.0(7.2) 23.1(3.6)
Range 24 - 47 20-35
Work Career Mean(SD) 8.0(4.8) 4.1(1.6)
(year) Range 2.9-20.6 30-85

(SD) : Standard Devation
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Table 3. Mercury concetration in air of workplace
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Mercury concentration in air(mg/m®)

Year Total

- 0.050 0.050 - 0.099 0.100 -
1991, 12 25(61.0) 14(24.1) 2(4.M 41(100.0)
1992. 6 30(R3.3) 4(11.1) 2(5.6) 36(100.0)
1992, 10 21(87.5) 2(3.3) 1(4.2} 24(100.0)
1993. 6 28(84.8) 3(15.2) - 33(100.0)
1993, 10 34(94.4) 2( 5.6) -- 36(100.0)

( Y G

Table 4. Comparison of the geometric mean(GM) of mercury concentration in air before and after implementing

controls
Year of Mercury concentration in air(mg/m’) % Change
implementing
controls n GM (GSD) UCL* LCL** in GM
Before
1991, 12 41 0.029 (1.91) 0.048 0.032
After
1992. 6 36 0.019 (2.69) 0.027 0.014 -51.3
1992. 10 24 0.026 (2.40) 0.037 0.018 -33.3
1993. 6 a3 0.022 (2.40) 0.030 0.016 -43.6
1993. 10 36 0.010 (2.57) 0.014 0.007 -74.4

GM - Geometric Mean

GSD  : Geometric Standard Deviation
UCL* : Upper 95% confidence level
LCL** « Lower 95% confidence level
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Table 5. Comparison of the geometric mean(GM) of mercury concentration in air before and after implementing

controls by type of factory

Mercury concentration in air(mg/m®)

Factory Before(1991. 12) After(1993. 10)
n GM GSD n GM GSD % change
in GM
A factory 30 0.047 1.78 26 0.011 2.51 -76.6 P<(.001
B factory 11 0.025 1.86 7 0.016 2.69 -36.0 P>0.5

A Factory is a right tube lamp producing workplace
B factory is a cricle line lamp workplace

GM : Geometric Mean

GSD : Geometric Standard Deviation

Table 6. Comparison of the geometric mean(GM) of mercury concentration in air before and after implementing

controls by type of departments

Mercury concentration in air(mg/m?)

Department Before(1991. 12) After(1993. 10) % change Significance
in GM
n GM GSD N GM GSD
Exhaustion 13 0.055 1.58 15 0.019 240 -65.5 P<0.001
Sealing & 28 0.033 1.91 18 0.008 2.23 -75.8 P<0.001
Aging

GM : Geometric Mean
GSD : Geometric Standard Deviation

§ GM before implementation

i GM after implementation

120, 0
§ GM bafore implementation
0. 06~ -
i GM after implementstion § 100,
006~ 5
I § o
& 004 3
; g 60. 0
E 0. 03¢ g
40, 0
2 0. 024
20,04
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} " n

i
i
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Fig. 4. Comparison of the geometric mean (GM) and

95% confidence limit of urinary mercury con-

Fig. 3. Geometric mean(GM) and 95% confidence
limit of the mercury concentration in air trols
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Mercury concentration in air(4/ 1 )

Yeai Total
-99 100-299 300-
1991. 12 26(70.3) 8(21.6) 38.1) 37(100.0)
1992. 6 29(76.3) 8(21.1) 1(2.6) 38(100.0)
1992. 10 30(90.9) 3(9.1) - 33(100.0)
1993. 6 37(90.2) 4(9.8) - 41(100.0)
1993, 10 31(91.2) 3(8.8) - 34(100.0)
{ )%
p<0.01
Table 8. Comparison of the geometric mean(GM) of mercury concentration in urine before and after implementing
controls
Year of Urinary mercury concentration(/ [ )
tmplementing
controls n GM(GSD) UCL* LCL**
Before
1991. 12 37 63.6(2.9) 92.0 45.2
After
1992. 6 38 46,7(3.1) 67.8 323
1992. 10 33 30.7(2.5) 43.0 222
1993. 6 41 33.8(2.8) 47.0 24.4
1993. 10 34 26.5(3.0) 38.8 17.8

GM(GSD) : Geometric Mean(Geometric Standard Deviation)

UCL* : Upper 95% confidence level
LCL** : Lower 95% confidence level
p<0.01

Table 9. Comparison of the geometric mean(GM) of mercury concentration in urine before and after implementing

controls by type of department

Urinary mercury concentration( 4/ { )

Department Before(1991. 12) After(1993. 10) % change
in GM
N GM(GSD) Range N GM(GSD) Range
Exhaustion 20 99.4(3.1) 6.3-427.7 21 44.0(2.4)* 7.9-189.6 -55.7
Sealing & 17 37.6(1.9) 11.6-95.7 13 11.7(2.6)* 2.9-74.8 -68.9

Aging

GM(GSD) : Geometric Mean(Geometric Standard Deviation)

* 1 p<0.01
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