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Analysis of Heavy Metal Concentration on Working Clothes for

Waste Incinerating Workers
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ABSTRACT

The purpose of this study was to determine the characteristics of an experimental
protective clothing material with regard to comfort and isolation from the hazardous heavy
metals produced in municipal waste incineration. An analysis was conducted on the total
concentrations of heavy metals in some parts such as surface, middle layer, and interior
for the treated fabric, and the untreated one, and working clothes. We conclude that the
processed fabric with charcoal for working clothes showed the least exposure to heavy
metals of the three. Working clothes worn by workers during waste incineration were
much more contaminated than the untreated and treated materials. The material of working
clothes could be chosen according to the function with regard to its original chemical
characteristics, which are the proper results of the dyeing process. The processed fabric
material has high degrees of moisture regain, thermal insulation, water vapor penetration,
and antibacterial function; consequently, it is much more comfortable to wear. The fabric
material proposed in this research contributed much more to blocking heavy metal
concentrations (such as Cd, Pb, Cu, Cr, Zn, Mn) than did the fabric of working clothes at
present. Consequently, we strongly suggest that the material of working clothes be
upgraded by adopting the above-mentioned charcoal-processed fabric. Materials of working
clothes must be improved to increase comfort and prevent harmful gas, flying dust, and
heavy metals from permeating the fabrics.

Key words: non-woven fabric processed by charcoal powder, working clothes for waste
incinerating worker, heavy metal, waste incineration, patch test
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Fig. 2. Thickness of untreated and treated fabrics
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Table 1. Moisture regains and moisture contents of untreated and printed non-woven fabrics by charcoal

powder

Moisture regain (%)

Moisture content (%)

Concentration (%)

polypropylene/rayon polypropylene/rayon
0 3.06 3.06
10 4.19 4.04

Table 2. Air permeabiity by concentration on the non-woven fabric by charcoal printed finishing

(em*/em?/s)
Air permeability
Concentration (%) 45-52/m 53-65/m
polypropylene/rayon polypropylene/rayon
0 2.7 2.7
10 1.5 1.6




44 B=EXHAISME SR X118 15 2007

AXE 3.06%°]3, 10% £ SIEE 4.19%2 F
80 37188 ¢ & AUtk 529 YoNx
AEE 3.06%, £ 7MEEE 404%2 Z7}51Ych

3 iFd=

715 A EE Table 29 AAIE vig} o], £
g9h57] dole Zelzz g 50%/8 0l 50%
FRAX7} 2 7emYem¥sP o, 10%9] £29¢ 3
< A$E 15-16em’iemYs2 23]8 #AIEn
= A7 e ZA 9T VA Y Aoz
21255 ¢=1

0 F54
IS Z 0208 F¢r4e) % ¥iA Yo o

g

3 8 8

2]

Moisture permeability(g/m’hr)
8

8 8 3

Blank Untreated Treated fabrics
fabrics

Fig. 3. Moisture permeability of untreated and treated
fabrics

A vlelAd dAF & WolpleolH dde
2RE IemEAA] E& 99 UAR HXGE ¥
&35t g AIbe, Figure 30 AABIYSE
o] A¥E 29.632g/mhr, 7FEEE 30.067g/mhrE
7VEx7} 28 7M1

5 B4

33 WHE Z33le] FHg HL&L Figure 4
9} o], Y%7} 2005%, 71EX7} 2680%2 7}
3 F 2o U8k

30

25

20

15

Thermal insulation{%)

Untreated fabrics Treated fabrics

Fig. 4. Thermal insulation of untreated and treated
fabrics

6) 344

agITH agSTS AMES 9x9)
10% =2 £ 99 ez 2P 50%/ 0l
50% F-Hxe] §i4de 3% A= Table 3
3 2o}, XM e F AIGEFl i FFAol

Table 3. Antibacterial activity by charcoal concentration(%)

Antibacterial activity

. 45-52ym
Concentration (%)
polypropylene/rayon
S K
0 63.3 64.0
10 99.9 99.9

S: Staphylococcus aureus ATCC 6538
K: Klebsiella pneumoniae ATCC 4352
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Table 4. Measured contents of heavy metals in the first test

F34¢ A

E 2314t} Table 4= 13]
Al 2E3%9] g el I, Table 5€ 2
3 Ao & -’*‘-—4 g, Table 6& 33} 5%
F49) GFE Rt o371

R AN ol H8 FAA7 by

33 &3

(mg/kg)
Cd Pb Cu Cr Mn Zn
P untreated fabric <1 <1 <1 <1 1.0 7.7
re-
work treated fabric by charcoal <1 <1 <1 <1 33.0 10.6
working clothes <1 <1 844 <1 <1 2.8
working clothes 52.5 878.0 203.0 56.5 76.4 1950.0
urf: f treated fabric b
suttace of freafed fabne by 277 5330 619 158 4538 964.0
charcoal
middle layer of treated fabric <1 6.3 <1 <1 339 16.5
i .
Pog.  Working clothes of inside(under) -, , 4538 87.1 <1 23 98.9
treated fabric
work
surface of untreated fabric 271 430.0 57.1 11.5 211 916.0
middle layer of untreated fabric <1 <1 <1 <1 1.2 19.0
king clothes of insi
working clothes of inside(under) ——, ¢ 46.0 863 23 6.0 151.0
untreated fabric
Table 5. Measured contents of heavy metals in the second test
(mg/kg)
Cd Pb Cu Cr Mn Zn
untreated fabric <1 <1 <1 <1 1.0 10.8
Pre- X
work treated fabric by charcoal <1 <1 <1 <1 354 11.3
working clothes <1 <1 88.2 <1 <1 2.1
working clothes 44.7 253.0 171.0 36.3 51.3 1590.0
surface of treated fabric by g, ¢ 1340 119.0 363 61.8 1750.0
charcoal
middle layer of treated fabric <1 10.4 1.9 <1 35.4 12.3
king clothes of
Post.  orang clothes o _ <1 175 84.4 47 18 315
i inside(under) treated fabric
WO
surface of untreated fabric 412 353.0 90.5 26.8 275 1340.0
mldcgile layer of untreated <l < 43 <1 L0 116
fabric
working clothes of <1 <1 93.4 42 1.8 4.0

inside(under) untreated fabric
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Table 6. Measured contents of heavy metals in the third test

(mg/kg)
Cd Pb Cu Cr Mn Zn
untreated fabric <1 <1 <1 <1 1.0 104
Pre-
work treated fabric by charcoal <1 <1 <1 <1 34.8 112
or]
working clothes <1 <1 90.5 <1 <1 9.2
working clothes 825 632.0 307.0 96.6 127.0 3700.0
surface of treated fabric by
10.8 299.0 235 55 382 324.0
charcoal
middle layer of treated fabric <1 4.6 <1 <1 36.2 12.6
working clothes of
Post- 1 8.5 87 1.1 1.1 13.6
o inside(under) treated fabric <
surface of untreated fabric 24.6 617.0 71.2 17.6 15.6 976.0
mldc.ile layer of untreated <t <1 34 < <1 109
fabric
working clothes of
< 2.6 922 1.8 1.0 20.8
inside(under) untreated fabric ! !
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e el FAPE e 29F E3H e Aoz
12225 1= S BRELLY7IEA7}
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H9XE 31.0ppmo 2 el o] ZIE, Table
8b2] 71EXIS} RIS W ALEF A9 FF
<+ 71ER9 A9 FFolut AQdE9 FFe 7
EAE 23t Yk
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8 ATE 4667ppmoz A= £ 71T KW
o] 7b¢ H& Aoz Yepyrh £ Fe @ &
HE FHAA HEE Fe HHZEHE1999)
7v g v} 3704 &7 ubga)d)
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Table 7. Mean values and standard deviations of measured contents of heavy metals in the above three tests

(mg/kg)
Cd Pb Cu Cr Mn Zn
<1 <1 <1 <1 1.0 9.6
untreated(control) fabric 0.0) a7
Pre- <1 <1 <1 <1 344 11.0
work treated fabric by charcoal (1.2) 0.4)
<1 <1 87.7 <1 <1 4.7
working clothes 3.1 (3.9
599 587.7 2270 63.1 84.9 24133
working clothes (20.0) (314.8) (71.1) (30.7 (38.6) (1128.7)
surface of treated fabric 30.3 388.7 68.1 19.2 48.6 1012.7
by charcoal (21.0) (126.2) 48.1) (157D (120 (714.2)
middle layer of treated <1 7.1 1.9 <1 35.2 13.8
fabric (3.0) (L. (1.2) @.3)
Post- working clothes of 23 239 86.2 29 1.7 48.0
work inside(under) treated fabric 1.3) (19.5) 1.5 2.5 0.6) 45.0
surface of control 31.0 466.7 72.9 18.6 214 1077.3
fabric 9.0 (135.8) (16.8) a7 6.0) (229.4)
middle layer of <1 <1 3.8 <1 1.1 13.8
control fabric ©.7 0.1) 4.5)
working clothes of inside 35 29.3 90.6 28 29 68.6
(under) control 2.0) (23.6) (3.8) (1.3) .7 (%))
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Table 8a. Standard values in soil environment

(ppm)

Standard values of soil pollution

Critical point of standard values of

Metals soil pollution
A B A B
As(arsenic) 6 20 15 50
Pb(lead) 100 400 300 1000
Cd(cadmium) 1.5 12 4 30
Cr(6)(chrome) 4 12 10 30
Cu(copper) 50 200 125 500
Ni(nickel) 40 160 100 400
Hg(mercury) 4 16 10 40

A: field, orchard, pasture, forest, school land, park, play ground, pleasure park, religion land and historic spot(a law of

land register, 51-1)

B: factory site, road, rail land and ect.(a law of land register, 51-1)

(source: Soil Environment Conservation Act, 1999)

Table 8b. Standard values in soil environment

la 1b 2 3
Zn 100 400 300 1000
la: preservation waters 1b: a flat country
2: water area 3: a hilly area
(source: Berlin Handbuch Bodenschutz 8790. 8 Lfg VI/1991)
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Table 8c. Standard values of metals in the atmospheric

environment

Metals mg/nd

Cd(cadmium) 0.03
Cr(6)(chrome) 0.01
Cu(copper: dust & mist) 1.00-2.00
Ni(nickel: metal) 0.50
Mn(Manganese: dust & compound, fume) 0.50
Zn(zinc oxide: dust & fume) 2.00

source: 2006, Report Data of Chemicals in Ministry of

Labor
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Fig. 8. Heavy metal contents between working clothes and treated fabrics on surface area in post-work
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Fig. 9. Heavy metal contents between working clothes and untreated fabrics on surface area in post-work
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Fig. 11. Cd contents among those fabrics in post-work
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Fig. 13. Cu contents among those fabrics in post-work
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